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NOTICE 

This document is disseminated under the sponsorship 
of the De par tme nt of Transportation in the interest of 
information exchange. The United States Government 
assumes no liability for its contents or use thereof. 

The contents of this report reflect the view of Foundation 
Sciences, Inc, , which is responsible for the facts and the 
accuracy of the data presented herein. The contents do 
not nee es sarily re fleet the off ic ia 1 views or po 1 icy of the 
De pa rtme n t of Transportation. This report does not con -
stitute a standard, specification, or regulation, 
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1. Introduction 

The studies presented herein were made to increase preliminary 
knowledge of the engineering properties of the rock material at the 
Forest Glen Station site. Figure 1 shows the location of the project. 
The results of the work will be utilized to: 

(a) provide basic information for cavern and tunnel design, and 

(b) evaluate the performance of pre-construction explorations in 
estimating actua 1 conditions. 

The work was authorized by Department of Transporation Contract No. 
DOT-FH-11-92 72, dated May 25, 19 77. The scope of the work may be 
summarized as follows: 

1.1 Scope of the Work 

The work was divided into two ma in sect ions: 

(a) Downhole loading tests using t be Goodman jack to measure the 
static defonna tion pro pert i.e s of the rock, and 

(b) Laboratory tests of selected rock cores at, or near, the locations 
of the downhole tests to determine the deformation constants and 
compare them with in situ results. 

1 . 2 Synops ls of Work 

Field work began on January 5, 1978, and concluded on January 14, 
19 78. Laboratory testing and report writing began on January 1 7, 19 78, 
and is concluded with the s ubm is s ion of th is re port. The f i.e ld work and 
report writing were perfonned by Donald J. Dodds and Frank S. Shuri, 
and the laboratory testing was performed by Frank S. Shuri and E. Christine 
Peterseri. 

1. 3 General Commentary 

In the design or evaluation of the stability of an underground cavity, 
knowledge of the mechanical properties of the material in which the cavity 
is to be constructed is essential. During this study, static mechanical 
properties were obtained by both laboratory and in situ tests. These 
methods complement one another in that the laboratory tests allow wider 
and more precise control over the variables affecting the properties to be 
measured. However, the exact field conditions are difficult to reproduce 
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during the test and were often difficult to measure adequately in the field. 
The field tests, of course, provided the exact environment under which 
the rock properties need to be known, but allowed for very little indepen­
dent control of those variables. During the examination or utilization of 
these test results, the following points must be remembered and the data 
utilized accordingly. 

1. 3 .1 Non-Distribution 

The field testing was conducted i.n one borehole, and laboratory 
samples were taken in two borings. The actual volume of material tested 
is only a minute fraction of the total cavern volume; the small number of 
tests does not permit the application of statistical methods to the resul­
tant data. Conditions away from the borings could be different, but this 
report cannot reflect any such variations. 

1. 3. 2 Absence of Joints 

The effects of joints, faults, and fractures on the material cannot be 
assessed by laboratory tests. Generally the values of the physical proper­
ties are lowered by the presence of joints. 

The rock affected by the Goodman jack is a cylinder some 12 inches 
long with a diameter of approximately three feet. The amount of joints, 
cracks, and weak areas contained in this volume is minimal, and so the 
results of the test generally show values for in-place intact rock. If an 
abnormality does pass under the plate, the relatively large area allotted 
to the abnormality compared with that allotted to the normal rock tends to 
overwhelm the results and produce a very low value of the modulus; the 
end result then being that the upper and lower bounds are obtained rather 
than the deformation modulus of the material mass. 

1. 3. 3 Changed Conditions 

The laboratory samples have been removed from their normal environ­
ment and subjected to surface conditions. The resulting change in physi­
cal characteristics due to this exposure is difficult to ascertain; it is ex­
pected, however, that the physical properties measured on in-place rock 
would be somewhat higher. 

1.3.4 Optimization by Selection 

The weaker rock in the mass is subject to breakage durLng drilling 
and recovery because this rock generally contains more natural joints 
and other weak structures. In badly broken or jointed rock, it is difficult 
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to find a piece of core large enough to obtain a sample for testing in the 
laboratory. In the field, care must be taken to prevent broken rock from 
falling out of the sides of the hole and wedging the instrument into the 
hole. As a result, the field technician tends to select test areas in 
sound rock. Borh of these se lee tion processes tend to fa var te s ti.ng the 
better material in any given s i.tua ti.on and could produce material proper­
ties for the stronger material. 
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2. Static Deformation Characteristics 

2 .1 The Borehole Jack 

The borehole jack i.s a borehole probe with movable rigid bearing plates 
for measuring wall deformation as a function of applied load. Calculation 
of directional deformation in the rock is determined through load-deforma­
tion measurements using an assumed Poisson's ratio. The probe is designed 
to operate in a three inch, NX dimater borehole; the pressure plates can 
span diameters ranging between 2. 75 and 3 .25 inches, creating an effec­
tive working borehole size of approximately 2.9 to 3.1 inches to allow for 
average rock deformation during testing. Hydraulic pressure is transmitted 
to the rock through 17 square inch movable plates, transm itti.ng a maxi.mum 
bearing plate pressure of 9,300 psi to the rock surface. Two LVDT displace­
ment transducers are mounted within the jack at each end of the movable 
plates allowing precissi.on measurements of deforma ti.on to be made. The 
system also includes a portable solid-state indicator for measuring dis­
placement, hydraulic pump, pressure gauges, two hydraulic hoses and 
electrical cable. 

The advantages of this test are i.ts relatively low cost in comparison 
with other in situ tests, its ability to measure properties at depth, and 
minimal disturbance of the in situ conditions. The disadvantages are the 
relatively small bearing surfaces, which sample material properties at 
selected points along the borehole , and poor mating of beari.ng plates to 
the rock surface. The U.S. Corps of Engineers, Missouri River Di.vision 
Laboratory(Ohnishi,1971), and the U .s. Bureau of Mines, Spokane Min­
ing Research Center (1969) have tested the Goooman jack and report low 
results relative to other methods of modulus measurement. 

2.2 Field Testing 

The borehole jack was used to obtain the static material properties 
of the rock in situ at Forest Glen . Three borings of sufficient length 
to intersect the cavern were available at the site. These borings were 
made on a small angle of the vertically grouted areas,to prevent failure 
of the borehole walls,and redrilled to three inches with a rotary bit. This 
method of drilling produces an oblong hole with the short axis parallel to 
the strike of the hole. Thi.s eliptical nature of the resulting hole was not 
disclosed by the caliper log because it measures the average diameter, 
which was shown to be slightly under three and one-half inches. While 
lowering the probe into hole T-2, an obstruction was encountered at 
approximately 113 feet (inclined di.stance) which prevented the probe from 
going any deeper. Similar obstructions were encountered in boring T-3 
andRP-27 just below the casing. The borehole jack is, of course, designed 
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to operate in a circular ho le w Uh a nom ina 1 diameter of three inches • 
By expanding the jack parallel and perpendicular to the strike, the diame­
ters were measured at less than two and seven-eighths and greater than 
three and one-half, respectively~ The lack of time and funds available 
to redri.11 the holes to three inches in diameter prevented the test from 
being performed, except in the top 25 feet of T-2,where two tests were 
performed at 109. 6 feet. Of these two, test number 1 was conducted 
with the applied stress perpendicular to the d i.recti.on of Georgi.a Avenue 
at the site, and test number 2 was performed with the stress parallel 
to Georgia Avenue. The tests were conducted using the equipment des­
cribed below, as shown in Figure 2 , according to the procedure outlined 
below: 

2. 2 .1 Equipment 

(a) Model 52102 Goodman jack, 

(b) Schaevitz TR 100 L VDT (1 inear variable dis placement transducer) 
readout box, 

(c) 600 feet of hydraulic line, 

(d) 300 feet of electric cable, 

(e) 3 00 feet of BX ca sing, and 

(f) hydraulic pump and pressure gauge. 

2. 2. 2 Procedure 

(a) Low pressure and high pressure hydraulic lines and electric 
readout cable were threaded through the first section of BX 
ca sing, Figure 2 A. 

(b) The hydraulic lines and cable were attached to the Goodman 
jack which was threaded onto the cable by twisting i.t to pre­
vent fouling of lines and cable , Figure 2 C. 

(c) The jack and casing were placed in the borehole , Figure 2 E, 
and additional casing and lengths of cable and lines were added 
as necessary to position the jack at the desired depth. 

(d) The test surfaces were oriented and the bearing was recorded. 

(e) The hydraulic ltnes were attached to the pump and the electric 
cable to the readout box. 
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(f) Pres sure was a pp lied u n tit the jack contacted the s i.de s of the 
dri 11 hole. The L VDT read i.ng s were recorded as the zero read­
i.ng s, 

(g) The load was a pp lied in 10 equally spaced increments. 

(h) The load was held 15 minutes at the peak of each cycle to de­
term i.ne tf the ma teria 1 exhibited ti.me-dependent strain charac­
teri.stic s. 

( i) The load was removed in 1 0 equa 1 decrements to obtain an un-
1 oad ing curve, and the mini.mum load was held for 15 minutes 
to allow the rock to rebound. 

(j) Two additional and similar cycles of loading were performed to 
successively higher loads. 

(k) The jack was collapsed and rotated 9 0 degrees, and steps 6 
through 10 were repeated. 

(1) Upon completion of the second test, the jack was collapsed and 
moved to the next test position. 

2. 2. 3 Data Reduction 

The equation used to ob ta in the modulus va 1 ue s was derived by as sum­
ing the actual pressure to be a constant radial boundary pressure plus shear 
and rad la i pres sure s dis tri.buted sinusoidally over the width of the plate. 
If the angle subtended by the width of the plate i. s a bout 4 5 degrees, 1 itt le 
effect on the res ult s occurs from the finite plate width. The res ult s of a 
finite element program (Hali, 1972} show that a reduction of 14 percent 
in the value of the rnodu lus i.s necessary to adjust to the actual length 
of the jack. The rn od ul us was obtained by the use of the following equation: 

E = 0. 86 

where P = applied load 

h = diameter of borehole 

wh = diametrical deformation 
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2 . 2 . 4 Re su lt s 

The results of the bore hole jack i.ng tests are summarized i.n Tab le 1 
and di.splayed as stress-strain curves in Figures 3 and 4 • The values 
obta i.ned from ea ch orientation are es se ntia lly the same, considering the 
small number of tests and the statistical scatter of results typical of all 
rock mechanics testing. The modulus values are relatively low; inspec­
tion of the stress-strain curves reveals crack-closing at the start of each 
cycle, and a moderate amount of permanent defonna ti.on. In add i.tion, a 
significant amount of time-dependent strain occurred at the top of each 
cycle; this behavior has been plotted as strain vs. time in Figure 5 . Dur­
ing test number 1, similar creep rates took place at all stresses, while 
the total time-dependent strain increased in proportion to the a pp lied 
stress • Total time-dependent strains in test number· 2 were less than in 
test number l , indicating that working of the material had ta ken place 
during the first test. 

The borehole jacking test results compare well with the laboratory 
test results. The jacking measurements were made in situ and wil 1, of 
course, reflect the effects of confining pressure, cracks, joints, and 
moisture. The confining pressure would tend to increase the moduli, 
while the macro-rock qua 1 i.ty would tend to de ere a se them. In add i.tion, 
strongly foliated materials such as these will sometimes show a modulus 
de pendent upon the orientation of the a pp lied stress. When the stress i.s 
a pp lied normal to alternating low and h tg h mod u 1 us layers, the low mod u-
1 us material compresses and controls the bulk modulus of the rock. When 
the stress is a pp lied para 11 el to such layers, the high modulus material 
contra 1 s the amount of strain and, thus, the modulus. Whtie th is effect 
was not observed i.n the unwea thered sample , it could we 11 ex i.s t in the 
weathered rock because of the d iff ere nt weathering char a c teri st i.c s of 
quartz , feldspar, and the m leas • The jack tng test was conducted with the 
stress basically parallel to the foliation, whi.ch dipped 23 ° to the axis of 
the core. Thus, the values are similar, rather than the jacking test re­
sults being lower, as might be expected. Vertical in situ modulus values 
may proved to be lower than the figures presented here. 

2. 3 Laboratory Tes ts 

A total of 11 unconfined uni.axial compression tests were performed 
on air-dried rock core specimens to determine their deform a ti.on constants. 
Ten tests were perfonned on unwea thered ma teria 1, five from boring T-2, 
five from bortng RP-27, and one on slightly weathered material from boring 
T-2. Eleven core samples were re turned to Portland and tested for mod u t us 
of deformation values and Poisson's Ratio using the equipment and procedures 
as follows: 
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Table 1 

Borehole Jacking Test Results 

Test No. 1 Test No. 2 

Depth, Ft. 109.6 109.6 

Orientation, degrees 
relative to Ga. Ave. 90 0 

Tangent Modulus x 
106 psi 0.24 0.18 

Secant Modulus x 
106 psi 0.08 0.09 

Recovery Modulus x 
106 psi 1.4 1. 9 
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2. 3 .1 Equipment 

(a) A 250,000 pound compression tester with a 2. 25 inch ram operated 
by a hand pump. 

(b) Four SR-4 type strain gauges mounted on opposite sides of the core 
in two T-shaped rosettes. 

(c) A 6.5 volt solid state DC power source, a 10 channel switch and 
balance unit, and a hi.gh impedance digital voltmeter in a Wheat­
stone bridge circuit. 

(d) A Hewlett-Packard 9830 computer in direct hookup with the volt­
meter for data acquis iti.on and ca lcula ti.ans. 

2.3.2 Procedure 

(a) The samples were cut and their ends ground in accordance with 
ASTM D2938. 

(b) Strain gages were applied according to the gage manufacturer's 
recommenda ti.ans. 

(c) A spherical seat and hardened steel platens were cleaned and in­
spected to see that they would perform properly. 

(d) The test specimen bearing surfaces were cleaned, and the speci­
men was placed on the bearing platens. 

(e) The axis of the specimen and the center of thrust of the spherical 
seat block were carefully aligned. 

(f) The load was applied in 10 equally spaced increments at a constant 
rate without shock. 

(g) Readings were taken of axial and radial strain after each increment 
of loading. 

{h) The peak load was maintained for several minutes to observe time­
dependent strain behavior, if any. 

(i) The sample was unloaded in 10 equally spaced increments with 
strain readings at each step. 

(j) Two additional and similar cycles of loading were performed to loads 
of twice and three times the first cycle's peak load. 
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2 . 3 • 3 Re s ult s 

Because rock i.s not actually an elastic material, its behavior may 
be described by the use of the three deformation moduli shown on Figure 6, 

(a) The tangent modulus of deformation is the slope of the stress­
stra in curve obtained be_tween two adj a cent sets of data pd nts. 
It neg lee ts the end effects of the curve and is better suited to srna 11 
stress changes. 

(b) The secant modulus of deformation is the slope of the line between 
zero stress and the stress in question. This modulus should be 
used for complete load steps from zero to the desired load. Some­
times the initial portion of a curve is concave upwards. This is 
often attributed to c los i.ng of m icrocra ck s caused by stress release , 
blasting, etc. and lowers the value of the secant modu 1 us. The 
rat i.o between the secant modulus and tangent modulus , then, can 
be used as a means of measuring the micro-damage of the material, 
A ratio of one indicates no damage. 

(c) The recovery modulus of deformation is a tangent modulus on the 
stress-releasing portion of the s tres s-s train curve. Thi.s modulus 
is generally higher than the other two m odu 1 i. and is used in ca lcu­
la t ions where unloading conditions a re present. The d iffere nee 
between the tangent and recovery mod ult indtca te s the ma teri.a l's 
ca pa city for hysteresis or energy s tori.ng. In a 1 inearly elastic 
ma teria 1 all three moduli would be identica 1. 

The results of the unconfined uniaxial deformation tests are pre­
sented in Table 1. Stress-strain curves for each sample are 
shown in Figures 7 through 16. 

The modulus values for unwea the red material generally range be tween 
7 and 12 x 106 psi with relatively little spread in the data. Poisson's Ratio 
averages 0. 1 8 7 . These figures are re pre se nta tive of relatively high modulus 
ma teri.a l. The stres s-s train curves are fairly linear, wi.th unload i.ng cycles 
sim Har to loading cycles. Very lit tie penna nent deformation (pla sti.c defor­
m a ti.on) was observed, and almost no ti.me-dependent strain (creep) at peak 
stress levels. This material is highly elastic in its behavior. 

This slightly weathered rock, on the other hand, exhibits modulus 
values ranging from 0.2 to 0.4 x 106 psi. and a Poisson's Ratio of 0.037. 
Inspection of the stress-strain curve for this material, Figure 17, reveals 
unloading curves which are substantially different from loading curves, 
ind i.ca ting that much of the energy i.s stored un ti.l low stress levels are 
reached. In add i.t ion, there is significant creep exhibited at the peak of 
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Table 2 

Modulus of Deformation Results 

Sample No. Depth, Ft. 

Weathered Material: 

T-2-l 113.6-114.3 

Unweathered Material: 

T-2-2 190.8-192.3 

T-2-3 198.0-198.7 

T-2-4 208.0-208.7 

T-2-5 218.4-219.0 

T-2-6 226.9-227.5 

RP-27-1 193.4-194.3 

RP-27-2 201.5-202.3 

RP-27-3 213.0-214.1 

RP-27-4 223.0-223.9 

RP-27-5 233.0-234.2 

Ave. Unweathered Material: 

Range: 

Tangent 
x 10 psi 

0.24 

12. 4 

8.2 

7.2 

10.3 

10.2 

9.4 

10.0 

7. 1 

7.7 

8 .1 

9. 1 

7.1-12.4 

2-12 

Sec.ant 
X '10b psi 

0.20 

14.2 

8.0 

6.9 

10.4 

l 0. 7 

9.6 

10.2 

6. 7 

7.8 

8.0 

9.2 

6.7-14.2 

Recgvery 
x 10 psi 

0.40 

12.0 

8.4 

7.5 

10.3 

10 .1 

9.7 

l 0.1 

7.6 

7.9 

8.4 

9.2 

Poisson's 
1 Ratio 

.037 

• 179 

.167 

. 111 

.187 

.268 

.198 

.175 

.179 

.198 

.205 

.187 

7.5-12.0 .111-.268 
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ea ch eye le and a large amount of penna ne nt deformation at the bottom. 
Th is ma teria 1 shows a combination of elastic, plastic, and vi scoe las tic 
behavior, and the defonna t ion va 1 ue s a re in the low range of roe k values. 
The behavior of this rock reflects the weathering it has undergone and 
may indicate the presence of a significant amount of clay minerals. 
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1 • Sl.NCAAY OF F I f<ll I t«;;S 

Although only I lmlted useful Information has been developed from the 

I lterature review, It has been posslble to produce three equations that 

predict the probabl l lty of Impacting roadside signs, trees, mal !boxes, 

lumrnalre supports, culverts, underpasses, overpasses, piers, abutments, 

bridge ral I lngs and guardral Is. These equations apply to both sing le fixed 

objects such as lumlnalres, trees, or sign posts and to I !near types of fixed 

objects such as guardral Is, underpasses and I Ines of closely spaced trees. 

Taking such impact probabl I ltles and Information on accident severity, 

the costs of accidents may be developed. By correlatlng accident costs with 

Information on the costs of roadside Improvements such as guardral Is, tree 

removal, and break-away signs, it Is possible to produce benefit-cost analyses 

of proposed roadside Improvements. 

Although such benefit-cost analyses are beyond the scope of this report, 

simple examples are provided so that their use may be made clear. For 

example, these analyses could answer questions such as the fol I owing: 

1) Should a I lne of trees be left ln place, removed or protected by 
guardral I when the ADT Is 3,000 vehicles per day? When the ADT Is 
500 vehlcles per day? 

2) For AOT = 6~000, should a sign be made break-away If It costs an 
additional $100 per sign to do so? An additional $1,000 per sign? 

Use of the procedures developed In this report may ald those 

responsible for safety related benefit-cost analyses as part of resurfacing, 

reconstruction or rehab I I ltatlon (RRR) projects on the nation's highways. 

The procedures developed have been programmed for an IBM PC computer to 

analyze tree removal or protection and use of break-away signs. The 

documentation for these programs are being delivered to FHWA. 



2. I NTROOUCTI ON 

There Is I lttle question that Interstate freeways should and do have 

their roadsides protected to the maximum extent possible. Signs and 

lumlnalres are made break-away or protected by guardral Is. Plers, abutments, 

underpasses and overpasses are protected by guardral Is and other types of 

barriers or by Impact attenuators. Close-In trees are removed wherever 

possible and culverts are covered with grates. Median barriers are employed 

where traffic volumes are high and medians are narrow. 

When conventional htghways and particularly two-lane rural roads are 

programmed for resurfacing, rehab I I ltatlon or reconstruction (RRR), there Is 

often a question as to whether concurrent upgrading of safety devices Is cost­

effective. These decisions depend upon many variables of which traffic volume 

Is one of the most Important. Because the number of accidents per ml le of 

highway is highly dependent upon the average dally traffic CADT), It may be 

cost effective to remove nearby trees when the ADT Is 6,000 vehicles per day 

but not when the ADT is only 500 vehlcles per day. 

The objective of this report Is to review aval lab le I lterature and 

develop a procedure that may be used to estimate accident Impact probabl I !ties 

with various types and configurations of roadside hardware on highways wtth 

various ADTs, roadside development, curvature and other variables. Methods 

for estimating accident severity and cost are also Included, and It Is shown 

how these may be employed in the benefit-cost analysis of the safety of 

roadside features. 

The roadside features Include: mal I boxes, sign supports, trees, 

lumlnalre supports, culverts, barriers, bridge ral I lngs, overpasses, 

underpasses, piers and abutments. Utl I lty poles are being extensively covered 
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In a separate effort by Zegeer and Parker for the Federal Highway 

Administration and are, therefore, not Included here. Sldeslopes are being 

covered In a separate report for the Transportation Research Board (lRB). 

The I lterature review was lnltlal ly based on a computer prTnt-out of 

TRB's Information storage and retrieval system (TRIS) and Involved about 500 

references. Review of the print-out and further review of the reports 

themselves reduced the I 1st to 102 references which are I isted In a related 

effort for the Transportation Research Board. Some 12 of the most pertinent 

references are shown at the end of this report. In general, crash test 

results, although very important In determining the exact confTguratton of 

roadside hardware, were not Included because the purpose of the present 

analysis Is directed toward benefit-cost analysis which requires accident and 

Injury data. Although reports relevant to RRR analysis were of primary 

Interest, some studies encompassing freeways were Included where the 

Information was pertinent and/or no other Information was aval I able. 

One final point needs to be made. The objective of this analysis Is mu: 

to summarize everything that ls known about the safety of roadside features. 

Rather, It Is to review the I lterature and use the pertinent aval I able 

Information plus Judicious analytic techniques to produce estimates of Impact 

probabl I !ties and severity relative to roadside features suitable for use In 

RRR benefit-cost analyses. This has been done. Those who wish an extensive 

sunmary of safety and roadside features are urged to consult an excel lent 

publ !cation by the Federal Highway Administration, (Reference 1) Chapter 3. 
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3. mJTICAL REVIEW At«> ANALYSIS Of THE LITERATI.RE 

At the outset of this analysts, It was bel laved that It would be possible 

to obtain at least some information on the probabl I lty of Impacting various 

types of roadside objects directly from the I lterature. This was not the 

case. The aval I able accident studies provide Information on accident severity 

but very I lttle on Impact probabl I lty. 

Fortunately. aval lab le Information on total accidents and on single­

vehicle accidents combined with loglcal analysis can produce reasonable 

estTmates of the probabl I lty of Impacting various types of roadside objects. 

Methods for estimating severity are also Included. 

It would be desirable at some future time to approach this problem In a 

more direct manner by employ Ing a detal led Inventory and measurement of 

roadside objects on thousands of ml les of roadside coupled wtth accident data. 

The presence of roadside objects could then be associated with the probabf I lty 

of Impacting these objects. The results of such a study could be compared to 

the results of the present analysis as a form of val ldatlon. 1n the meantime, 

the analysis developed hare may be used for benefit-cost analysis appl led to 

RRR projects. 

The next section wl I I provide a method for estimating Impact probabl I lty 

for break-away and nonbreak-away highway signs. The fol lowing section wl I I 

extend the method to other types of roadside obstacles. Both sections wl I I 

show how the method may be used to predtct accident severity and accident 

costs over 10 years. Finally, examples of applying the method to a benefit­

cost analysis will be provided. 

4 



3.1 Signs 

On freeways and other major highways, supports for highway sfgns need to 

be protected by guardral ts or made break-away. On two-lane rural highways, 

particularly on lower volume roads, there Is a question as to whether 

break-away treatment Is cost-effective. 

It has been clearly shown that the break-away concept comes close to 

el tmlnatlng severe Injuries and fatal ltles In col I ls Ions with signs. For 

example, In Texas during the mid 19601s, a study (Reference 2) of 82 

accidents lnvolvlng break-away sign supports showed the fol lowing: 

43 accidents: 
38 accidents: 

1 accident: 

vehicle did not remain at scene 
8 cases of minor Injury 
1 severe tnjury when vehicle passed through sign 
support and struck culvert headwall 

Most existing sign support structures were designed for heavier vehicles, 

weighing 4500 pounds. The weight of 1984 model smal I cars averages about 

2100 pounds. In 1979, only 31 percent of car registrations In Cal tfornla were 

under 2500 pounds; the comparable figure nationwide in 1985 wi I I probably be 

about 67 percent (Reference 3). 

Because of this continuing trend towards smaller and I lghter weight 

vehicles, newly lnstal led break-away sign support structures need to be 

designed to accommodate vehicles weighing 2000 pounds or less. Extsttng sfgn 

structures need to be modified to accommodate these smaller cars (References 

3, 4). Several studies have provided data and suggestions for modification 

of these sign structures (References 4, 5, 6). The results shown above 

In the Texas study may not be as favorable for the current vehicle mix unless 

the break-away features have been modified to accommodate smaller vehicles. 

The present analysis assumes that this wl I I be accompl !shed, at least for new 

Installations. 
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Whl le It Is clear that properly designed break-away sign supports nearly 

el lmtnate severe Injuries and deaths, It has not been possible to find any 

Information that shows the probabl I lty of Impacting a sign structure. The 

latter Information Is essential In order to perform a benefit-cost analysis of 

break-away signs on conventional rural highways. The next section provides 

an Indirect procedure for computing such Impact probabl I !ties and shows how 

they may be employed In benefit-cost analyses. 

3.1.1 Probabll Ity of Sfgo Impact 

It has been shown that break-away signs, when properly designed, nearly 

e I 1ml nate fat a I it I es and severe I njur I es and substant r a I I y reduce I ess severe 

Injuries. It has also been shown that nonbreak-away signs account for about 

3 percent of al I impacts and 1 percent of fatal Impacts lnvolvlng roadside 

objects. These data, however, are not sufficient for a benefit-cost analysis 

of roadside signs. Required Is a determination of the probabl I lty that a sign 

wl 11 be Impacted. A combination of geometric analysis and aval table data wl 11 

be employed to develop that probabl I lty. 

Figure 1 r l lustrates the hazard length along the highway for any sign, 

given Its width between posts, the car width and the departure angle of the 

car. Thus, for example, a sign with outside posts 20 feet apart, which may be 

Impacted by a car 6 feet wide at a departure angle of 15 degrees, results In a 

hazard length, as computed from Equation 1, of 97.8 feet. The average 

departure angle Is taken as 15 degrees (Reference 7); the car width of 6 

feet Is typical of medium size cars; smal I cars now average about 5.3 feet. 

The width "W11 In Equation 1 assumes that posts for each sign are spaced 

less than 6 feet apart and that some signs may have 3 or more posts. If the 

posts are more than 6 feet apart, al I spaces greater than 6 feet must be 

om I tted In comput Ing "W" (the post spac Ing), I.e., If the s I gn has four posts, 

and they are 8 feet apart, Its effective width (W) Is 18 feet. This 
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W = Width between sign posts In feet. 

e = Departure angle of car In degrees. 

C = Car width rn feet. 

H = Hazard length along hJghway In feet. 

H=--1(_ + 2C 
Tan 8 SI n 8 

I 
I 
I 
J 

l 
I 
j 
j 

t 

I 
l 

(Equation 1) 

Figure 1 - Computation of Hazard Length 
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procedure, which Is approximately correct for smal I angles of O Class than 20 

degrees), ls necessary because some cars may pass between wldely spaced posts 

without Impact. Because highway signs are usually at least 8 feet above 

ground, cars may easl ly pass under them. 

The near edge of the sign Is assumed to be placed 10 feet outside the 

shoulder or 20 feet from the edge of pavement. These are typical placement 

locatlons for roadside signs. 

Figure 2 shows the equation developed to determine the probabl I lty of a 

sign being Impacted over Its presumed service I lfe of 10 years. A certain 

proportion of vehicles leaving the roadway wl I l avoid hitting the sign but 

wl I I rol I over or strike other objects. These accidents should not be 

Included because It ls desired to predict only sign-related accidents. For 

signs which are typically 20 feet away from the shoulder, about 25 percent 

wl I I '~et-away" as suggested by Perchonak, 1978 (Reference 8). Strlctly 

speaking, the latter study appl les to vehicles which leave the roadway and are 

not Involved In any col I tslon. Here, they are assumed to be Involved In non­

sign accidents. In addition, an additional 25 percent of multi-vehicle 

accidents result In vehicles leaving the roadway (Huelke and GI lkes, 1967, 

Reference 9). Equation 2 Is developed recognizing that each ml le of two-lane 

highway has 10,560 feet of roadside (right and left). 

The foregoing analysis treats signs as Independent roadside objects at 

least 800 feet apart. It Is not good practice to place such signs closer. 

Greater spacing Is deslrable because drivers cannot read! ly understand the 

sign messages with closely spaced signs. Therefore, the "continuous barrier 

effect" of closely spaced utl I lty poles, as suggested by Zegeer, does not 

apply here. 

Inserting the foregoing Information Into Equations 1 and 2, It Is now 

possible to determine the probabl l lty of a sign being hit during Its service 
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W: 

H = Hazard length In feet (From Figure 1) 

S = Single vehlcle accident rate (Number of accidents per 100 mill Ion 
vehicle - miles of travel) 

G = Proportion of vehicles that "get-away" I.e., leave the roadway near a sign 
but avoid htttlng It. 

A= Average dally traffic (thousands of vehlcles) 

M = Added factor for multlvehlcle run-off-road accidents (1.25) 

p = Probabl I lty of sign being l·mpacted over 10 years. 

-6 
p = HSAM (1-G) {3.46 x 10 ) {Equation 2) 

~: To derive equation 2, for ADT = 1,000: 

a: 365 x 10 x 1,000 x S ~ 108 = single vehicle accidents per mile of 
highway tn 10 years. 

b: H ~ 10,560 = proportion of 1 mile of roadside (both sides) occupied 
by the "hazard". 

Multlplylng ax b above= probabll lty of sign being hit, I.e.: 

365 x 10 x 1000 x _s___ x H 
108 10,560 

= 0.00000346SH 

which translates to Equation 2 when factors Mand A are Included and 

sfmpl lfylng exponential notation Is employed. 

Figure 2 - Computation of Sign Impact Probabll lty 
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I lfe. For probabl I ltles greater than 1, the sign wl I I I lkely be hit more than 

once In 10 years. Readers who doubt such high probabl I ltles should consult 

their local state highway department's traffic or maintenance engineers who 

usually have "horror stories" of specific sign locations that have been 

Impacted several times In a single year. 

For benefit-cost analyses, the slgn Impact probabl l ltles may be computed 

for the fol lowing suggested values: sign widths of 1 foot (single post), 6, 

12, 18, 30 and 42 feet: ADT values of 100, 1000 and 10,000 vehicles per day 

for 2-lane highways: single vehlcle accident rates of 50, 100, 200 and 400 

accidents per 100 ml I I Ion vehicle-ml les of travel. Other variables, such as 

curvature and roadside development, result In combinations of variables 

numbering In the thousands. Therefore, a better procedure ls to develop a 

program for a microcomputer or programmable calculator that may be employed 

for each specific signing situation. 

3.1.2 Single Vehicle Acc!dent Rates 

Deslrably, the single vehicle accident rate to be employed tor any 

analysis should be the rate for the highway under consideration. As an 

alternative, the fol lowing slngle vehicle accident rates may be used for two­

lane rural highways (Reference 51} single vehicle rates are 32 percent of the 

total rates. 

Number of businesses per mile: 0 10 20 30 40 50 
Total accident rate: 210 280 350 420 490 560 
Single vehlcle accident rate: 70 90 120 140 160 190 

For sharp curves, the accldent rates are greater yet, as shown by Raff 

(Reference 10) for two-lane roads, and a curve factor has been computed based 

on the tangent accident rate which has a curve factor of unity: 
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Accldeni" Curve 
Curvature Rate Factor 

Tangent 230 1.0 

0-2.9 degrees 160 0.7 

3-5.9 degrees 250 1.1 

6-9.9 degrees 280 1.2 

10 degrees or more 350 1.5 

These curve factors may be multlpl led by The single vehicle accident rates to 

account for i"he higher rates for sharp curves. In addition, Perchonak 

(Reference 8) has shown that the outsides or outside of a curve has 2.67 

times as many run-off-road accidents as the Insides of curves. To account for 

this difference, centrifugal force CC.F.} factors have been computed and are 

as follows: 

Outsides of Curves: 1.4 

Insides of Curves: 0.5 

The C.F. factor Is also multlpl led by the sing le vehicle accident rate 

and by the curve factor. 

3.1.3 Benefit-Cost Example; Break-Away Signs 

An example of appl !cation of the foregoing procedure to benefit-cost 

ana I ys Is f o I I ows. GI ven a two- I ane h 1 ghway w 1th cons 1 derab I e roads I de 

development- J.e., 40 businesses per ml le and ADT of 6,000 vehicles, should a 

proposed large destination sign with four posts 18 feet apart be made break­

away when lnstal led on the outside of a 7 degree curve? 

From Eq. H = 18 t 
Tan 15° 

12 = 113 feet 
srn 15° 

-6 
From Eq. 2 P = (113)(269)(6){1.25){0.75)C3.46x10 ) = 0.59 

NOTE: In Eq. 2, S = {160)(1.2}(1.4) = 269 
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Therefore, a sign on the outside of such a curve has a 59 percent chance of 

being hit once In 10 years. If such a sign can be made break-away for an 

additional $100 In lnltlal costs and $100 In repair costs and If net accident 

costs are $6,000, the benefit-cost ratio Is 18, I.e., (6.000 x .59), for a 
200 

10 year service I lfe and no Interest. With Interest at 10% annual Jy, the 

bene f It-cost rat Io on a present worth bas 1 s ts about t 2, 1 .e., (3725 x .59). 
162 

where: 

lnltlal Cost: 
Repair Cost: 
Accident Savings: 

$100 now, present worth: $100 
$100 ln 5 years, present worth: 
$6,000 In 5 years, present worth: 

$62 
$3,725 

Note that the accident, If It occurs, Is assumed to take place In 5 years 

Chai f the service I lfe). ''Net accident costs11 are the difference between cost 

estimates of a nonbreak-away accident of $6,500 and a break-away accident of 

$500. Recorrmended ace 1 dent costs (MI I I er, et a I, Reference 11) In 1980 

dol tars range from $2,291 for a low severity (MAIS category 1 Injury accident) 

to $10,306 for moderate severity (category 3) to $261,581 for severe (category 

5). 

Clearly, such a sign lnstal latlon should be made break-away. Indeed, 

even If the break-away costs are 10 times as great (I.e., $1000 Initial costs 

and $1000 sign repair costs), the break-away features yields a benefit-cost 

ratio with Interest which Is greater than unity. 

The foregoing procedures, with minor modlflcatlons, may be appl led to 

four and six-lane divided and undivided rural and surburban highways that do 

not have ful I control of access. 
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3.2 Other Roadside Obstacles 

Desirably, roadsides should be clear of obstructions and have flat slopes 

of 4:1 and preferably 6:1. For roadside safety activities In connection with 

resurfacing, rehab I I ltatlon and reconstruction (RRR) work on ext sting 

highways, prlmarl ly two-lane rural roads, the choices are often I lmlted to: 

removal of trees; retocatlon of utl l fty poles, signs and mal I boxes; and 

protection of fixed objects by guardral I. The key question Is whether any of 

these options Is cost-effective. 

Required first Is the probabl I lty of Impacting any roadside object. 

Several studies have obtained Information on the number and severity of 

accidents lnvolvlng roadside objects but (apart from utl I lty pole accidents, 

which are beyond the scope of this analysis) have not obtained comparable 

inventory data on the number of such objects along the roadside or the space 

they occupy. Therefore, Indirect means are required to obtain such 

probabll !ties. 

As shown under the preceding section, single vehicle accident rates 

may be estimated for two-lane rural highways with various levels of roadside 

business, curvature and Inside/outside of curve. As an alternative, locally 

obtained rates may be used for the highway under consideration. The next step 

Is to apportion the roadside object as part of the highway roadside. 

3.2.1 Hazard Length 

For Isolated objects such as trees, lumlnalres and ma! ]boxes, the 

method shown In Figure 1 may be used directly to compute hazard length, taking 

11W11, the object w I dth, as one or two feet. For I I near obs tac I es para I I e I to 

the roadside, such as guardrai I, I Ines of closely spaced trees, bridge rat I, 

underpasses, abutments and ditches, the hazard length Is computed as fol lows: 
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H=L+ 2C 
Sin 9 

(Equation 3} 

where H = Hazard length along highway In feet 
L = Length of I fnear obstacle parallel to highway ln feet 
C = Car width in feet (usually 6 feet) 
8 = Departure angle of car In degrees (usually 15 feet) 

3.2.2 Impact Probab[I Jty 

Given the hazard length, H, the sectton on single vehicle acctdent 

rates, Figure 2 and Equation 2 may be used to compute the probabl I lty of the 

object being Impacted. Roadside objects tend to be placed at varying 

d I stances from the edge of the pavement and, therefore, In Equat I on 2, the 1'G11 

factor or proport I on of veh I c I es that "get away"., I.e., I eave the pavement but 

do not hit the object wt I I vary as shown below (Perchonak, Reference 8): 

Distance of Object From 
Edge of Pavement 

Feet 

1 
5 
10 
15 
20 
30 
50 

3.2.3 Accident Severity 

11G11 factor 

.17 

.20 
• 21 
.23 
.25 
.30 
.33 

Once the Impact probabl I lty ls determined (Equation 2) to complete the 

benefit-cost analysls, It Is necessary to determtne the relative severity of 

each type of coll lslon with a roadside object. Cir! I lo (Reference 12) has 

shown that guardral Is protecting overpasses, underpasses, piers., abutments and 

sign posts experience about half the severity In terms of cost per accident 

compared to that experienced by these same objects not protected by 

guardral Is. It Is reasonable to expect that the relative severity of other 

fixed objects such as trees and lumlnalre supports wl I I also have the same 
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severity ratio. Therefore, If the costs of accidents for the highway under 

consideration are known, those Impacting guardrat Is may be multlpl led by 0.67; 

those rmpactlng f.lxed objects not protected by guardral Is may be multipl led by 

1.33. 

If costs for the highway under consideration are not known, 

MI I I er, T. R., et a I, 1984, (Reference 11) show d I rect cost data by McFar I and 

and Roi I Ins, 1982, for rural single vehicle accidents lnvolvJng fixed objects 

of $850 for each property damage only (PDO) accident and $4,000 for each 

Injury accident (1980 dol Jars). Indirect costs bring the total for each PDO 

to about $1,000. The Indirect costs are about one-third of the direct costs 

for the less severe and moderate accidents and equal to or greater than the 

direct costs for the more severe accident groups. A rough average may be 

taken as 50$ of direct costs for Indirect costs bringing the total tor each 

Injury accident to $6,000. If the Injury and PDQ accidents are equal In 

number, a typical situation, the overall average Is $3,500 per accident In 

1980 dollars and $4,200 when the lntlatlon rate has Increased 20% (1985 

dol I ars}. 

3.2.4 Benefit-Cost Example; Trees 

An example of appl Icatlon of the above procedure fol lows. Given a two­

I ane h I ghway w I th I l tt I e roads r de deve I opment (I.e., 1 bus I ness per m I I e, a 

level roadside, and ADT of 3,000 vehicles) should a I lne of closely spaced 

trees, 300 feet long on a tangent and 20 feet from the edge of pavement be 

left In place, removed or protected by a guardral I? Assume that tree removal 

costs are $500 and guardral I costs $20 per I !near foot, I lfe of guardrail 1s 

20 years, and tgnore Interest. 
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From Eq. 3 H = 300 + 12 = 346 feet 
SI n 15 

-6 
From Eq. 2 P = (346)(1.0)(72)(3)(1.25)(.75)(3.46 x 10 ) = 0.24 

Therefore, there Is a 24 percent chance that the I tne of trees wl I I be 

hlt once In 10 years or 48 percent In 20 years. The average accident costs 

over 20 years w I I I be (0.48)(4,200) = 2016 and 1.33 x 2016 = $2,681 If not 

protected by a guardral I and .67 x 2016 = $1,351 If protected by a guardral I. 

Assume 50 feet of guardral I wl l I require repair for each accident at a cost of 

$500; I.e., 0.48 x 500 = $240. The costs w 11 1 then be as fo I I ows over 20 

years. 

Tree 
Accident Costs Removal Guardrat I Iota! 

Trees left In Place $2,681 0 0 $2,681 
Trees Removed 0 $500 0 $500 
Trees Protected by Guardrail $1,351 0 $6,240 $7,591 

Clearly, the best alternative Is to remove the trees. If local sentiment 

precludes such an option, protection of car occupants by a guardrail Is not 

cost-effective. The trees should be left In place. If the ADT ls only 

18,000 vehicles per day, however, It is cost-effective to protect the trees by 

guardral I, compared to leaving them In place without a guardral I. If the ADT 

Is less than 500 vehicles per day, It Is not even cost-effective to remove the 

trees even lf local sentiment approves. They should simply be left In place. 

lf the trees are not closely spaced, the above procedure may be used by 

asslgnlng a tributary length to each tree and adding these values: The 

trlbutary length Is the diameter of the tree plus 12 
Sin 0. 

The procedure developed In this report for estimating accident 

probabl I lty of roadside features has been based on aval I able accident research 

findings combined with Judicious analysis. It should be of assistance to 
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those officials undertaking benefit-cost analyses of safety Improvements of 

roadside features In connection with RRR projects. The benefit-cost procedure 

has been programmed for a IBM PC computer. 
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FOREWORD 

This report, FHWA-RD-93-122, contains a conceptional plan for an interactive 
highway safety design model (IHSDM). The IHSDM is envisioned as a geometric 
design tool to assist engineers in evaluating the safety of alternative 
highway designs. The IHSDM will enhance the consideration of safety, as well 
as other social, economic, and environmental factors, when developing highway 
projects. The conceptional plan was developed with input from numerous 
individuals with backgrounds in highway engineering, research, statistics, 
human factors, and traffic operations. It should be noted the IHSDM is still 
evolving in the sense that specific details of the model are still being 
developed. 

Sufficient copies of this report are.being distributed io provide a minimum of 
one copy to each Region and Division office and State highway agency. Direct 

'distribution is being made to the Division offices. Additional copies for the 
public are available from the National Technical Information Service (NTIS), 
Department of Connerce, 5285 Port Royal Road, Springfield, Virginia 22161. A 
small charge will be imposed by NTIS. 

~a~ ,, 
e Saxton 

rector, Office of Safety and 
Traffic Operations Research and 
Development 

NOTICE 

This document is disseminated under the sponsorship of the Department of 
Transportation in the interest of information exchange. The United States 
Government assumes no liability tor its contents or use the_reof. 

The contents of this report reflect the views of the contractor who is responsible 
for the accuracy of the data presented herein. The contents do not necessarily 
reflect the official policy of the Department of Transportation. 

This report does not constitute a standard, specification; or regulation. 

The United States Government does not endorse products or manufacturers. 
Trade or manufacturers' names appear herein only because they are 
considered essential to the object of this document. 
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APPROXIMATE CONVERSIONS TO SI UNITS APPROXIMATE CONVERSIONS FROM SI UNITS 
Symbol When You Know MultlplyBy To Find .Symbol Symbol When You Know Multlply By To Find Symbol 

LENGTH LENGTH 
in Inches 25.4 millimeters mm mm millimeters 0.039 Inches in 
ft feet 0.305 meters m m meters 3.28 feet ft 
yd yards 0.914 meters m m meters 1.09 yards yd 
ml miles 1.61 kilometers km km kilometers 0.621 miles mi 

AREA AREA 

ln1 square Inches 645.2 square mllllmeters mm2 mm2 square mllllmeters 0.0016 square Inches in2 
ft2 square feet 0.093 square meters m2 m2 square meters 10.764 square feet ft2 
ycfl square yards 0.836 square meters m2 m• square meters 1.195 square yards ycfl 
ac acres 0.405 hectares ha ha hectares 2.47 acres ac 
ml2 square miles 2.59 square kilometers km2 km2 square kilometers 0.386 square miles ml2 

VOLUME VOLUME 

11oz fluid ounces 29.57 milliliters mL mL milliliters 0.034 fluid ounces 11oz 
gal gallons 3.785 liters L L liters 0.264 gallons gal 
ft2 cubic feet 0.028 cubic meters m3 m3 cubic meters 35.71 cubic feet ft2 

-'• 
-'• Ill yd' cubic yards 0.765 cubic meters m3 m3 cubic meters 1.307 cubic yards yd' 

NOTE: Volumes greater than 1000 I shall be shown in m3. 

MASS MASS 

oz ounces 28.35 grams g g grams 0.035 ounces oz 
lb pounds -0.454 kilograms kg kg kilograms 2.202 pounds lb 
T short tons (2000 lb) 0.907 megagrams Mg Mg megagrams 1.103 short tons (2000 lb) T 

(ot •metric ton") (or •r, (or "t") (or "metric ton") 
TEMPERATURE (exact) TEMPERATURE (exact) 

"F Fahrenheit 5(F-32)/9 Celclus ac ac Celclus 1.8C + 32 Fahrenheit "F 
temperature or (F-32)/1.8 temperature temperature temperature 

ILLUMINATION ILLUMINATION 

fc foot-candles 10.76 lux Ix Ix lux 0.0929 foot-candles fc 
II foot-Lamberts 3.426 candela/m2 cd/m2 cd/m2 candela/m2 0.2919 foot-Lamberts fl 

FORCE and PRESSURE or STRESS FORCE and PRESSURE or STRESS 

lbf poundforce 4.45 new1ons N N newtons 0.225 pound force lbf 
!bl/int poundforce per 6.89 kilopascals kPa kPa kilo pascals 0.145 poundforce per lbf/in2 

square Inch square Inch 
I 

• SI Is the symbol for the International System of Units. Appropriate (Revised September 1993) 
rounding should be made to comply with Section 4 of ASTM E380. 
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I. INTRODUCTION 

Background 

There has never been a formalized process for incorporating highway safety 
considerations into the highway geometric design process. Traffic operational effects 
of geometric design decisions can be evaluated with the Highway Capacity Manua/<1> 
and related software, analytical models ·and computer programs are available to 
assess the effects of projects on air pollution and noise, but there is no comparable 
approach to highway safety considerations.<1> Instead, highway safety considerations 
are incorporated through application of geometric design policies, through engineer­
ing judgments by designers and design reviewers, and through highway agency 
experience with similar projects. There are fundamental problems with this approach 
because the judgments of experts may not agree and because particular project sites 
may have specific.characteristics that make experience at other sites inapplicable. 
Tradeoffs between safety and other design considerations such as traffic operations, 
air pollution, noise, or historic preservation are difficult to make when the safety 
impacts are not well quantified. 

The implementation and development of an Interactive Highway Safety Design 
(IHSD) model will move the highway design process toward the ultimate goal of 
11quality11 design. Conceptually, quality is achieved at the junction of accepted, safe, 
and efficient designs (see figure 1). 11Accepted" designs meet established criteria/ 
standards specifications, such as the policies of the American Association of State 
Highway and Transportation Officials (AASHTO).(2) 11Safe11 designs ensure that toler­
able thresholds of the driver, vehicle, or roadway performance are not exceeded. 
11Efficient11 designs provide operational levels of service commensurate with a road­
way's functional classification and access control. Quality is increased and ultimately 
achieved when compatibility among these three attributes is attained for each 
individual design consideration. 

Figure 1 calls· attention to the point that the safety aspects of a highway design 
cannot be considered alone. Consideration of safety must be coordinated with 
consideration of other key design issues including traffic operations, environmental 
effects, right-of-way needs, and construction costs. The development of an IHSD 
model provides an opportunity to change the way that safety is considered in the 
highway design process. If safety considerations can be made as explicit as traffic 
operational or environmental analyses, then better, safer, and more cost-effective 
designs will result. 

There is a substantial body of research on the relationships between geometric 
design and accident experience. The results of this research have been abstracted 
and summarized, but have never been synthesized, codified, or put into a consistent 
form to allow engineers to easily apply these results in the design process. Research 
studies have addressed different highway types and different parts of the highway 
system, but the results are not available in consistent form for comparative purposes. 
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Figure 1. Compatibility of design considerations. 

Even various research projects that have addressed the same issue have used 
different safety measures of effectiveness to quantify the safety implications of that 
issue. 

Because of these concerns, the Federal Highway Administration (FHWA) has 
recognized a need to develop a model for evaluating the expected accident experi­
ence associated with different geometric design configurations and to incorporate that 
model in an interactive computer program. This program will allow designers to 
optimize their design from a safety viewpoint and will provide the necessary inputs on 
safety for cost-effectiveness analyses of the tradeoffs between safety and the other 
design considerations described above. The program will also provide the capability 
for highway designers to ensure that their design is in compliance with established 
design policies and design consistency guidelines. The development of this model 
and an interactive· computer program to apply it will require research over a multiyear 
period. 

This report provides a conceptual plan for development of the IHSD model. 
The plan provides a "road map" for model development that addresses the recom­
mended organization and structure of the model, the appropriate role for the model in 
the design process, and the Mure research needed to develop the model. This plan 
. consolidates the recommendations made in separate plans originally developed for 
FHWA in three independent efforts.c3

,
4
,S) The plan also incorporates recommendations 

for roadside safety research from another report recently prepared for FHWA.c6
> This 
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consolidated plan has been reviewed and improved in response to comments from an 
expert panel including the authors of the four reports mentioned above and invited 
experts in the fields of geometric design, highway safety, human factors engineering, 
and statistics. C3,4,s.6J · 

IHSD Model Objectives 

The objectives of developing and implementing the IHSD model are to: 

• Improve the ability .of designers to consider safety in the highway design 
process. 

• Provide improved quantitative relationships between geometric design 
elements and accidents for use by designers. 

• Automate the consideration of safety in the highway design process so 
that safety considerations can be incorporated more efficiently and more 
consistently than has been possible in the past. 

The concep~ual plan presented in this report is intended to show how these objectives 
can be achieved. 

User Community 

The primary user community for the IHSD model comprises highway designers 
in State highway agencies. However, other potential users include local highway 
agencies, consulting firms, and FHWA. The IHSD model could be employed by 
highway engineers, both in the development of designs for highway improvement 
projects and in the design review process. For example, the IHSD model could be 
used by internal design reviewers within a highway agency and by external reviewers, 
such as FHWA. This approach would enable .both designers and design reviewers to 
be working from the same knowledge base concerning relationships between 
accidents and geometrics. 

The Challenge in IHSD Model Development 

The development of an IHSD model will be one of the most difficult challenges 
ever undertaken in traffic safety research. However, the potential payoff in terms of 
the number of highway projects for which safety can be improved is also very large. 

Past research has taken a piecemeal approach to the development of 
relationships between accidents and geometrics. Improved accident data bases such 
as the FHWA Highway Safety Information System (HSIS) present some hope of 
developing better safety relationships at lower cost than has been possible in the past. 
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However, only an integrated approach like that recommended in this plan provides a 
chance of developing reliable safety relationships. 

Key features of this plan that are essential to the success of the IHSD model 
development are: 

• Use of consistent accident definitions in safety research. 

• Strong and effective management of research by FHWA. 

• Coordination by a central data quality assurance contractor. 

• Formation of expert panels of geometric designers and researchers to 
guide the model development. 

· • Formal validation of safety research. 

• Peer review of all safety research results by recognized experts. 

• Development of user-friendly software that is designed for effective use in 
the operating environment of a highway agency. 

• Complete testing of software by potential users. 

The development of quantitative accident predictive relationships for the IHSD model is 
one of the largest accident research undertakings ever proposed. The required time, 
level· of effort, and funding level to develop an IHSD model have not been determined 
in detail, but they are substantial and should not be underestimated. 

Organization of This Conceptual Plan 

The remainder of .this conceptual plan for the IHSD model is organized as 
described below. 

Section II presents an overview of the conceptual plan for the IHSD model as a 
whole. This overview addresses both the accident predictive model and other ele­
ments of the model such as the design policy review module, the design consistency 
review module, and the benefit-cost module. 

Section Ill presents an overview of the conceptual plan for the accident 
predictive portion of the IHSD model that includes guidelines for model development, 
model structure {including a preliminary flow diagram), geometric and traffic control 
features to be incorporated in the model, safety measures of effectiveness, and issues 
to be resolved. 
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Section IV presents a discussion of the submodels of the accident predictive 
model that address roadway section accidents, intersection accidents, interchange 
ramp and speed-change lane accidents, and roadside acci.dents for specific geometric 
alternatives. 

Section V presents a conceptual plan for other elements of the IHSD model 
including the design policy review module, the design consistency module, the benefit­

. cost module, the vehicle dynamics model, and the graphics package. 

Section VI summarizes the research needs for development of the IHSO model, 
including a flow diagram for the recommended research program. 

Section VII discusses computer requirements for the IHSD model. 

· Appendix A presents a table of relationships between accident rate and traffic 
volume developed by the California Department of Transportation (Caltrans) for use in 
their accident surveillance system. This appendix provides an example of how safety 
relatior:,ships can be organized for a variety of roadway, intersection, and ramp types. 

Appendix B presents research problem statements that ·describe the research 
needed to develop the IHSD model. 
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II. OVERVIEW OF INTERACTIVE HIGHWAY SAFETY DESIGN MODEL 

This report presents a conceptual plan for development of an IHSD model to 
improve the ability of engineers to consider safety in highway design decisions. 

The IHSD model is intended as a tool to enable designers to evaluate the 
relative safety of various geometric for specific highway improvement projects. Thus, 
the IHSD model will be a site-specific, project-specific safety analysis tool. The poten­
tial users of the model are geometric designers assigned to evaluate geometric alter­
natives for a specific projects and internal or external design reviewers assigned to 
review and evaluate the proposed design. 

The IHSD model can be used to evaluate one site or one project at a time and 
is not intended to perform the functions of an accident surveillance system or a state-

. wide safety management system. The model is not intended to identify high-accident 
locations from systemwide data or to evaluate the increased effectiveness of accident 
countermeasures that might be expected at such locations. Instead, the model is 
intended to include an evaluation tool that can predict safety under typical or average 
conditions on the highway system. 

The frequency and severity of traffic accidents are known to vary widely over 
the highway system, even between locations that are nominally very similar; accident 
frequency and severity can also vary widely over time at a given location. These 
variations are often difficult to explain and are certainly difficult to predict. No model 
can be expected to predict the number or severity of accidents that will occur at any 
particular location in any particular year. However, research results indicate that some 
geometric features (sharper curves, narrower lanes and shoulders, congested inter­
sections) are associated with higher accident rates, and it is reasonable to expect that 
predictions of the expected long-term accident experience associated with particular 
alternative geometric features will be of assistance to designers in choosing among 
those alternatives. The intent of the model is to assist designers in deciding, under 
typical or average conditions, which of several geometric alternatives can be expected 
to have the best safety performance. 

The IHSD model will also have the capability to assist designers by directing 
their attention to particular portions of the design that have the highest accident rates 
or severities, have inconsistencies between particular geometric features that could 
violate driver expectancy, or are not in compliance with accepted design policies. This 
should assist designers in improving the safety performance of particular geometric 
alternatives. 

The scope of the IHSD model as recommended in this report is limited to safety 
analyses and does not incll!de other types of analyses, such as operational or 
environmental analyses, that might be conducted as part of the design process. 
However, it is recommended that the IHSD model be developed so that operational or 
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environmental analysis software could be incorporated at a later date and called from 
within the IHSD model if this capabillty is desired by users. 

The IHSD model will consist of six separate modules or programs. These are: 

• An accident predictive model to estimate the expected number and 
severity of accidents tor different geometric design alternatives for 
specific highway projects including both new construction and 
improvements to existing highways. 

• A design policy review module to identify and flag aspects of the design 
that do not comply with established AASHTO or State and local design 
policies. 

• A design consistency review module to identify and flag aspects of the 
design that violate design consistency and driver expectancy rules. 

• A benefit-cost module to evaluate the cost-effectiveness of proposed 
geometric design modifications intended to improve safety. 

• A driver/vehicle dynamics model capable of simulating vehicle operation 
as influenced by roadway geometry, driver preferences and performance 
limitations, and vehicle performance limitations. 

• A graphics package·to display the geometric design features of any 
alternative under consideration in plan view, in profile view, or as a view 
of the roadway from the driver's perspective. 

An overview of each of these six modules is presented below. 

Accident Predictive Model 

The accident predictive model will be an interactive program that can be used 
by highway design engineers to estimate the safety performance of specific geometric 
design alternatives for highway improvement projects. The program will enable the 
user to determine the expected accident experience for any specific geometric config­
uration, interactively make changes in the geometric design, and then reevaluate the 
effects of those changes on accident experience. This will enable highway designers 
to optimize their designs from a safety standpoint. 

Most of this conceptual plan focuses on the development of the accident 
predictive model, since this will present the most challenging research and develop­
ment problems. Section Ill of this report summarizes the organization and structure of 
the accident predictive model. Section N presents a plan for specific submodels of 
the accident predictive model to address roadway sections, intersections, ramps and 
speed-change lanes, and roadside areas. Section VI addresses many of the research 

8 



issues in development of an accident predictive model. In particular, this section 
stresses the importance of validation of the accident predictive model. 

Design Policy Review Module 

Discussions with State highway agency design engineers during the 
development of this conceptual plan concluded that it was unreasonable to expect 
that the accident predictive portion of the IHSD model would be capable of address­
ing all geometric design elements of interest. For this reason, it is recommended that 
the IHSD model include two other programs: a design policy review module and a 
design consistency review module. 

The design policy review module would be intended to identify and flag 
elements of the design that do not comply with established AASHTO or State and 
local design policies. This module would assist designers in evaluating design ele­
ments that are not directly addressed by ·the accident predictive model. For example, 
if the accident predictive model did not include a safety effect for the amount of 
superelevation on a horizontal curve or the curb return radius at an intersection, 

. overall safety of the design could still be assured by comparing these geometric 
elements to established design policies. However, design policies alone cannot be 
used to optimize safety cost-effectiveness as quantitative accident predictions can. 

The identification of a design element as not in compliance with established 
design policies does not necessarily mean that the design should be changed. 
Exceptions to policies are often granted when it appears that full compliance with 
established design policies would not be cost-effective. However, a design policy 
review module as part of the IHSD model would provide a means for assuring that 
such decisions are made explicitly and are well documented. The design policy 
review module is addressed in more detail in section V of this report. 

Design Consistency Review Module 

The design consistency review module is intended to identify and flag elements 
of the design that violate design consistency and driver expectancy. Such inconsis­
tencies often arise from changes in cross-section between adjacent roadway sections 
or from poor transitions between tangent and horizontal curves. 

Development of a design consistency review module will require design 
consistency to be transformed from a generalized concept to a specific concept to 
which quantitative definitions and procedures can be applied. A current FHWA 
research contract is examining this issue and further research may be required. 

The design consistency review module will include a simplified procedure for 
evaluating the lateral accelerations generated by passenger cars and trucks when 
traversing the design. These procedures will identify and flag any geometric elements 
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that generate lateral accelerations that are large enough to involve risk of vehicle 
skidding or rollover. Designers can then evaluate the need for changes in the design 
to reduce lateral acceleration (e.g., increased radius of curvature). Such problems 
can, if necessary. be studied in more detail with the driver/vehicle dynamics model 
discussed below. 

Benefit-Cost Module 

A benefit-cost module will be provided to determine the cost-effectiveness of 
additional expenditures whose specific purpose is to improve the safety of a highway 
improvement project. Thus, the benefit-cost program could be used to determine if an 
incremental increase in construction cost could be justified on the basis of accident 
reduction alone. No attempt would be made to incorporate other types of benefits, 
such as traffic operational benefits or environmental benefits, in the program. Con­
sideration of nonsafety benefits would make the benefit-cost program much more 
complex. Furthermore, other computer programs already exist to evaluate traffic 
operational and environmental effects, at least for some types of projects. 

DriverNehicle Dynamics Model 

The driVer/vehicle dynamics model is intended as a tool for designers to 
evaluate and compare the adequacy of alternative geometric designs to accommodate 
a range of vehicle types including passenger cars, single-unit trucks, and combination 
trucks. The model should be capable of simulating vehicle operation -as influenced by 
roadway geometry, driver preferences and limitations, and vehicle performance limita­
tions. Driver behavior, including path following and speed selection, is an important 
element in evaluation of vehicle dynamics for specific geometric alternatives. However, 
existing vehicle dynamics models do not consider driver behavior other than rudi­
mentary path following. Therefore, development of a driver/Vehicle dynamics model, 
incorporating a realistic driver model, is recommended. 

Graphics Package 

The IHSD model should include a graphics package capable of displaying the 
geometric design features of any alternative under consideration in plan view, in profile 
view, or as a view of the roadway from the driver's perspective. 
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Ill. OVERVIEW OF IHSD ACCIDENT PREDICTIVE MODEL 

This section of the report presents guidelines for development of the accident 
predictive portion of the IHSD rriodel, including the structure of the model (illustrated 
by a flow diagram), the portions of the highway system to be addressed, the geo­
metric features to be addressed for each portion of the highway system, and the 
safety measures of effectiveness that will be used. 

Guidelines for Accident Predictive Model Development 

The following guidelines have been developed for the accident predictive 
model: 

• The primary function of the IHSD model is as a tool that can be used by 
a designer to estimate the safety performance of various geometric 
alternatives (line, grade, and cross-section) for a highway project. 

• The IHSD model should be an interactive computer software package; 
i.e., within the same software package, the designer should be able to 
make changes in the geometrics and evaluate the safety effects of those 
changes. 

• The IHSD model should be ·built in modular fashion to implement a safety 
assessment analysis process for comparing design alternatives. A 
modular structure will allow updated or revised accident predictive rela­
tlonships to be incorporated in the IHSD model as they are developed. 

• The IHSD model should be based on valid research findings concerning 
the relationships between geometric features and safety. Where valid 
relationships do not currently exist, they should be developed in Mure 
research in a form suitable for incorporation in the model. The plan 
presented in this report takes the optimistic view that, with improved 
s~fety data bases and analysis techniques, it will be possible to develop 
valid statistical relationships that quantify the incremental effects of geo­
metric features on safety. However, it should be recognized that major 
improvements in the quality and completeness of accident data may be 
required to make improved statistical relationships feasible. 

• Safety relationships in the IHSD model must not only address the safety 
effects of geometric features but, for completeness, must also incorpo-

. rate the effects of traffic volumes and traffic control. 

• The safety relationships in the IHSD model will be most effective if 
accident rates, severity distributions, and accident type distributions are 
related to the geometric features and traffic control elements having a 
causative effect on those accidents, rather than the features at the 



immediate site where the accident occurs. For example, a rear-end 
collision at the end of a queue on the approach to the signalized 
intersection should be attributed to the intersection and not to the 
roadway section on which the approach is located. 

• The predictive model should make a careful distinction between on­
roadway and roadside accidents. The cause of on-roadway accidents is 
directly related to geometric, driver, and vehicle factors on the roadway. 
The cause of roadside accidents is also related to geometric, driver, and 
vehicle factors on the roadway, but roadside design features are a · 
severity-increasing feature in roadside accidents. 

• The previous points call attention to the general need to make a careful 
distinction between causative and severtty .. increasing factors in selecting 
candidate geometric and traffic variables for use in accident predictive 
models. For example, the percentage of trucks in the traffic stream is 
not a causative factor for head-on collisions on rural two-lane undivided 
highways, but it certainly could be a severity-increasing factor. Predictive 
models for accident rate should focus on causative factors, while 
severity-increasing factors should be employed in predicting the severity 
distribution. 

• The predictive model should be validated using a validation data set that 
is independent of the data used to develop the model. In addition, the 
model should be validated using an approach that is completely different 
from the approach that is used in developing the model. 

Levels of Detail in Accident Prediction 

ft is envisioned that the accident predictive portion of the IHSD model would be 
developed at two levels of detail: 

• Level 1 analysis would be intended for location studies and would focus 
on comparing the safety performance of alternative alignments. Some 
cross-section variables would be set to default values and the roadside 
would be represented by a generalized rating (e.g., 1 to 7 scale) such as 
that used by Zegeer et al. (7) 

• Level 2 analysis would require complete data on the roadway alignment, 
roadway cross-section, and roadside design for each geometric alterna­
tive under consideration. This level of analysis would be intended pri­
marily for detailed design of geometric alternatives for a given alignment, 
but could also be applied to comparison of alternative alignments for 
which full geometric details were available. 
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The level 1 analysis would apply primarily to projects involving new facilities or 
projects involving facility reconstruction in which a change in alignment (e.g., flattening 
a horizontal curve) was being considered. The level 2 analysis would be potentially 
applicable to development of either a preliminary or final design for any project. 

Current State highway agency practices generally require determination of 
geometrics for all roadway design elements and most roadside design elements in the 
preliminary design phase. Thus, most geometric design decisions are made before 
the development of the final plans, specifications, and estimates (PS&E) package 
begins. Thus, both the level 1 and level 2 analyses would generally be applied in the 
preliminary design phase. However, level 2 analysis could also be employed in mak­
ing any necessary revisions to a preliminary design during the final design process. 

Since level 1 analysis should require only simple geometric input (e.g., 
centerline alignment, centerline profile, typical cross-section), input procedures for 
geometric data should be included directly in the IHSD model. Level 2 analysis will 
require the geometric design of each alternative to be specified in greater detail. 
Therefore, it is recommended that the level 2 analysis capabilities be developed to 
interface directly with a computer-aided design and drafting (CADD) system. The 
design for each geometric alternative would be developed in a CADD environment 
and then imported into the IHSD model for analysis. Alternatively, the IHSD model 
could become an analysis capability included in the CADD system. lh either case, the 
designer would return from the IHSD model to the CADD environment to make any 
desired changes in the alternative designs and then return to the IHSD model again 
for subsequent analyses. 

Model Structure 

The accident predictive portion of the IHSD model will be intended to estimate 
the expected accident experience for any given geometric design alternative for any 
particular site. The model will include submodels for four distinct portions of the 
highway system. These are: roadways between intersections; intersections; inter­
change ramps; and roadside areas. Separate accident rate and/or severity estimates 
will be developed for each of these four portions of the highway system and summed 
together. Accidents should be assigned to one of these four submodels based on the 
location of the first harmful event in the accident and the relationship of that first harm­
ful event to specific geometric features. For example, the intersection submode! 
should be based on accidents in. which the first harmful event occurred at an inter­
section or in which the first harmful event was related to the backup of traffic from an 
intersection. 

The recommended conceptual structure for the model is illustrated in figure 2. 
The submodels for these four portions of the highway system will be highly 
interrelated since, for example, the accident experience on the roadside depends not 
only on the roadside geometrics and obstacles, but also on the geometrics and traffic 
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Figure 2. Accident predictive model structure-portions of the highway system 
represented by Individual submodels. 



volumes on the roadway which determine how many vehicles are likely to run off the 
road at a given location. Ramp accident rates may depend on entering traffic speeds 
which are a function of conditions on the mainline roadway. Thus, output data from 
one submode! may be used as input data to others. Each submode! will also need to 
be further subdivided into models applicable to freeways, two-lane roadways, multilane 
divided and undivided roadways, etc., in both urban and rural environments. The 
specific definitions that will be used for each portion of the roadway system are 
presented in section IV of this report. 

In accordance with the model structure shown in figure 2, the number of 
accidents (by severity level) for any project would be the sum of the number of acci­
dents for each individual roadway segment, intersection, ramp, and roadside area that 
makes up a specific project. All roadways would be segmented into relatively homo­
geneous subsections for accident estimation purposes. Each intersection and inter­
change ramp would be treated separately. And, each roadway segment, intersection, 
and interchange ramp would have one or more roadside areas whose accident 
experience would need to be estimated. 

A preliminary flow diagram tor the accident predictive model is presented in 
figure 3. This flow diagram illustrates how the IHSD model would operate sequentially 
to develop predictions of both the on-roadway and roadside accidents for a given 
highway project. Each accident prediction submode! shown in figure 3 is addressed 
in more detail in section IV of this report. 

Geometric and Traffic Control Features to be Incorporated in the Model 

The accident predictive model will potentially need to incorporate the safety 
effects of all geometric design features for roadways, intersections, ramps, and 
roadsides for which design alternatives need to be considered in the design process. 
This is a very large list, as illustrated in figure 4. The figure shows the geometric 
features that would be most desirable to incorporate in the model. 

The figure also shows traffic characteristics and traffic control data that are 
potentially needed for each submode! and safety measures of effectiveness that are 
potentially applicable. Each of these aspects of the model is discussed below. 

Safety Effects of Geometric Features 

The safety effects of some of the features listed in figure 4 have been 
established (at least for some highway types), while others clearly need to be 
addressed in future research before they could be incorporated in the model. A 
number of the key sources in the literature are reviewed in the compendium of rela­
tionships between safety and geometric design elements currently being prepared for 
FHWA.<8> 
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Figure 3. Preliminary flow diagram for the accident predictive model. 
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Figure 3. Preliminary flow diagram for the accident predictive model 
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Figure 3. Preliminary flow diagram for the accident predictive model 
(continued). 
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Figure 3. Prelim.inary flow diagram for the accident predictive model 
(continued). 
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Figure 3. Preliminary flow diagram for the accident predictive model 
(continued). 
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Figure 4. Candidate geometric and traffic features and safety MOE's. 



A review of the literature makes clear that existing safety relationships are based on a 
variety of measures of effectiveness and functional forms that are not consistent with 
one another and would be very difficult to use together. Therefore, this plan recom­
mends that new safety relationships be developed for use in .the IHSD accident pre­
dictive model. This new research must be carefully coordinated to assure consistency 
between the safety relationships developed for different parts of the roadway system. 
These new safety relationships should be developed using consistent definitions of 
accident types which are presented in section -IV of this report. The research needed 
to develop these relationships is described in section VI and appendix B of this report. 

Traffic Characteristics and Traffic Control Features 

The basic inputs to the accident predictive model will include traffic volumes 
and traffic characteristics on the roadways and intersections of interest, and traffic 
control features that are present. 

Traffic volumes are important not only as an exposure measure, but also 
because accident rates for roadways and intersections may themselves be a function 
of traffic volumes. At intersections, turning volumes (percent left and right turns) are, 
in effect, exposure measures for accidents involving those movements. Traffic. charac­
teristics such as percent trucks may also have quantifiable effects on safety at some 
locations. 

Traffic control will need to be considered as well. For example, the type of 
traffic control present at an intersection (signal, four-way STOP, two-way STOP, YIELD, 
or no control) may be the single best predictor of accident experience other than 
traffic volume. Speed conditions will be important in many situations so the model will 
need to incorporate posted speeds, design speeds, or operating speeds. Other traffic 
control features that have unique effects (e.g., passing/no-passing zones) will also 
need to be incorporated. 

· Safety Measures of Effectiveness 

A key issue in planning the accident predictive model is how the safety of a 
highway should be determined or defined. Our recommended approach to the 
development of an IHSD model is to make the accident predictive model as quantita­
tive as possible. It would be most desirable to provide safety estimates in terms of 
familiar measures of effectiveness (MOE's) such as accident rate and severity levels. 
However, we recognize that the model can be only as precise as the research data 
that support it. Thus, the MOE's finally adopted will depend on the completeness and 
precision of current and future research, including further research to be performed for 
FHWA in support of the model development. Less quantitative concepts may need to 
be considered in some situations, particularly in the location study (or level 1 analysis) 
stage. For example, the model could be used to define various "levels of safety" 
analogous to the levels of service used in traffic operational analysis. Figure 5 
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Figure 5. Candidate method of defining level of safety for specific roadway types. 
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illustrates how such a "level of safety" concept could be implemented, based on the 
statewide or areawide distribution of accident risk for a specific roadway type as 
represented by equivalent-property-damage-only (EPDO) accidents per mile. Never­
theless, our plan presented in this report is directed toward the development of an 
accident predictive model for making qu_antitative · safety estimates, with qualitative 
MOE's being used only to simplify and summarize the presentation of the model 
predictions. 

There is no single MOE for safety performance in highway design analogous to 
level of service as a measure of traffic operational performance. Figure 4 shows the . 
safety measures of effectiveness that have typically been used in the past and that 
could potentially be incorporated in each submode!. The safety MOE's shown in 
figure 4 are those that are applicable to individual portions of the highway system 
(roadway sections, intersections, etc.). There is also a need, however, for an MOE to 
describe the overall safety performance of an entire project. Alternative safety MOE's 
for an entire project include the expected annual: 

• Total number of accidents. 

• Number of accidents weighted by severity (i.e., a severity index). 

• Number of severe accidents [e.g., consider fatal and injury accidents 
only, given the under reporting problems inherent in property-damage­
only (PDO) accidents, or include only PDO tow-away accidents]. 

• Accident experience expressed in dollar terms, based on accident cost 
data currently in use by FHWA. (This form is most appropriate for input 
to benefit-cost models, but may be less accepted by users than the 
other forms.) 

Our recommendation is that the IHSD model should predict the expected total number 
of accidents for a project, with a breakdown by severity level. It must be recognized, 
however, that because of the well-known problem of underreporting of less severe 
accidents, the model predictions for fatal and injury accidents are likely to be more 
accurate than the predictions for property-damage-only (PDO) accidents. 

The lHSD model would be intended to interactively dlsplay changes in the 
selected safety measure(s) for different geometric design alternatives. These 
measures can be calculated directly from the typical accident rate and severity 
measures for individual portions of the highway system shown in figure 4. Thus, the 
IHSD model should be structured to estimate both accident frequency or rate mea- · 
sures and accident severity measures for each design alternative. Both are needed to 
get a complete picture of the safety performance of a design alternative. It will also be 
desirable to estimate the distribution of particular accident types as well, since some 
alternative design features that reduce accidents may address one particular type of 
accident. The model should also be capable of providing separate estimates of the 
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number of accidents invoMng a vehicle leaving the roadway as the basis for 
· evaluating the severity increasing/reducing effects of roadside features. 

Although the expected· annual number of accidents will be the primary safety 
MOE for the IHSD model, the accident numbers will be determined from predictive 
relationships expressed in terms of the following measures: 

Roadway Sections 

• 

• 

Accident rate per million veh-mi. 

Accid~nt rate per mi per year . 

Intersections 

• Accident rate per million entering vehicles. 

Interchange Ramps 

• Accident rate per million veh-mi. 

• Accident rate per million vehicles traversing the ramp. 

It should be noted that accident rates per million veh-mi and accident rates per mi per 
year are compatible and one can be directly converted into the other if the length and 
traffic volume of a site is known. 

In addition to the safety measures of effectiveness for the project as a whole, 
the IHSD model should be able to provide a breakdown of the expected accident 
experience for each particular roadway section, intersection, interchange ramp, and 
roadside area that constitutes the project. This should assist designers in identifying 
specific geometric features for which concentrations of accidents are likely and for 
which the expected accident experience might be reduced through redesign. To 
assist designers in interpreting the accident predictions for individual roadway sections 
or intersections, the model output might include not only the expected annual number 
of accidents, but also the probability of zero accidents in any given year. This proba­
bility can be computed directly from the expected number of accidents based on the 
assumption th~t accidents follow a Poisson distribution. 

The output of the accident prediction model should include not only expected 
values for annual accident frequencies but also standard deviations or confidence 
intervals corresponding to those expected values. Standard deviations or confidence 
intervals indicate the uncertainty in the predicted values which should be taken into 
account by designers in interpreting the predictions provided by the model. 

In summary, the safety measures of effectiveness provided by the model should 
include: · 
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• 

• 

• 

• 

• 

Expected annual number of accidents within the specified limits of a 
highway improvement project. 

Distribution of those accidents by severity level (fatal/injury/PDQ) . 

Expected distribution of those accidents by accident type . 

Predicted numbers of accidents for specific roadway segments, 
intersections, interchange ramps, and roadside areas, including the 
probability of zero accidents in any given year for particular roadway 
segments, intersections, or ramps. 

Standard deviations or confidence intervals for predicted accident 
estimates. · 
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IV. DESCRIPTION OF ACCIDENT SUBMODELS 

This section describes each of the accident submodels that will be incorporated 
in the IHSD accident predictive model, including the roadway section, intersection, 
interchange ramp, and roadside submodels. 

Roadway Section Accident Submodel · 

The roadway section accident submode! has two objectives: 

• To estimate the expected annual number of on-roadway accidents for a 
specific roadway section. 

• To estimate the expected annual number of roadside encroachments for 
a specific roadway section as input to the roadside accident submode!. 

The estimation of roadway accident experience is discussed in detail in this section. 
The estimation of roadside encroachments is discussed in general terms in this 
section anc;i is discussed in more detail in the section on the roadside accident 
submode!. 

Definition of Roadway Section Accidents 

Roadway section accidents are defined as accidents in which the first harmful 
event occurs on the roadway and is not related to an intersection or an interchange 
ramp. On-roadway accidents are defined as those in which the first harmful event 
occurs on the roadway. For purposes of this definition, the roadway includes both the 
traveled way and shoulders. The definition of roadway section accidents includes: 

• Single-vehicle noncollision accidents that occur in the roadway, such as: 

overturning in the roadway. 
other miscellaneous noncolllsion accidents. 

• Single-vehicle collision accidents that occur on the roadway, such as: 

collision with a parked vehicle. 
collision with a nonmotorist (pedestrian, bicycle, or animal). 
collision with a fixed object in the traveled way or shoulder (a 
limited category that includes collisions with overhead signs or 
structures). 
other collisions (e.g., debris in roadway). 
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• All multiple-vehicle collision accidents [ except for collisions that involve a 
motor vehicle leaving one roadway and colliding with a vehicle on 
another (noninters~cting) roadway, which are usually classified as a 
single-vehicle run-off-road accidents]. 

Note that the definition of on-roadway accidents excludes all accidents in which the 
first harmful event is a vehicle leaving the roadway. Such run-off-road accidents will 
be addressed by the roadside accident submode!. 

Predictive Relationships for Roadway Section Accidents 

The roadway section accident submode! will be based on an accident 
predictive model or models. This model will have the following general form: 

Afii = f (geometrics, traffic control, traffic volumes) (1) 

where AR; = expected accident rate for roadway section i (accidents per 
million .veh-mi} 

Predictive models or tabulations of average values would also be needed for the 
accident severity distribution and the accident type distribution for particular roadway 
types. 

The following discussion presents alternative approaches for predicting 
roadside accidents based on two general forms for accident predictive models. The 
forms for predictive relationships shown below make use of adjustment factors for 
specific geometric and traffic control elements that are combined either by multiplica­
tion or addition. These adjustment factors can be either linear or nonlinear and their 
values could be determined from predictive equations or presented in tabular form. 
Where valid statistical analyses indicate that there are interactions between two or 
more model parameters, combined adjustment factors for those parameters could be 
developed. The remainder of this section presents the conceptual model for roadway 
section accidents; the accident research issues inherent in developing such a model 
are discussed in section VI of this report. 

The roadway section accident submode! could utilize an accident rate predictive 
equation of the fdllowing general form: 

AR; - ARB fcs f He f L (2) 
or 

ARi - ARB + fcs + fHc + fl (3) 

where ARB - basic tangent section accident rate for appropriate roadway 
type and ADT (accidents per million veh-mi). 
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f cs = ·safety adjustment factor for effects of cross-sectional elements 
such as 1ane width, shoulder width, shoulder type. etc. 

f He = safety adjustment factor for horizontal curves based on radius 
of curve, length of curve, superelevation, etc. 

fL = safety adjustment factor for other geometric and traffic control 
elements that can vary longitudinally along the highway 
including grades, auxiliary lanes, speed limits, passing/no­
passing zones, driveway densities, etc. 

Note that if a multiplicative approach like equation (2) is used, the adjustment 
factors have a nominal value of 1.00. Adjustment factors with values less than 1.00 
correspond to design features that have lower accident rates than the base condition; 
values greater than 1.00 correspond to design features that have higher accident rates 
than the base condition. By contrast, with an additive approach, the adjustment 
factors have a nominal value of 0.00 and the adjustment factors would be either posi­
tive or negative depending upon whether a particular design feature is associated with 
higher or lower accident rate than the base condition. 

The basic tangent section accident rates represent the average accident rate 
for a tangent roadway section considering only the effects of ADT and roadway type. 
These basic rates would be determined from statistical relationships between accident 
rate and ADT for tangent sections on individual roadway types. These relationships 
could have various forms such as: 

AR8 = C1 + C2 ADT (4) 

ARB = C1 + c2 / ADT (5) 

ARB = c, + c2 ADT + C3 ADT2 (6) 

where c,,Ci,Cs = regression coefficients 

ADT = average daily traffic volume (veh/day) 

Note that the form of the relationship between accident rate and traffic volume is not 
necessarily linear. The specific form of the accident rate-ADT relationship could differ 
between roadway types and would be selected based on the best fit to data for that 
roadway type. It is expected that the basic section accident rates would include 
typical levels of bicycle and pedestrian accidents, as well as typical frequencies of 
accident types that bear no obvious relationship to the roadway geometrics (e.g., a 
fire in a vehicle). 

Along with the basic accident rates, data analysis could establish the typical 
accident severity distribution and accident type distribution for particular roadway 
types. These distributions could be incorporated in the IHSO model for specific 
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roadway types. Our current recommendation is that the accident severity distribution 
and accident type distribution might not need to be expressed as a function of traffic 
volume or geometric variables other than the basic roadway type, but this issue needs 
to be addressed in research. 

A typical list of roadway types for which accident rate-ADT relationships might 
be required to cover the full range of highway conditions of interest is as follows: 

• Urban freeways. 
• Rural freeways. 
• Rural multilane divided highways. 
• Rural multilane undivided highways. 
• Rural two-lane highways. · 
• Urban arterial streets. 
• Other functional classifications. 

It might also be necessary to stratify roadway types by ADT level, terrain, etc. 
Separate safety relationships would be needed for each roadway type unless an 
analysis found no statistically significant differences between the relationships for 
similar roadway types. In this case, it would be justified to combine the accident rate­
ADT relationships for these roadway types. 

Appendix A presents examples of some basic accident rate-ADT relationships 
developed by the California Department of Transportation (Caltrans) for their State 
highway system. (9) These relationships are used in Caltrans accident surveillance 
system to determine expected accident rates for specific roadway types. The actual 
accident experience of particular roadway sections is then compared to these 
expected values to determine whether the roadway section should be considered a 
high-accident location. These relationships are not used by Caltrans to. predict the 
safety consequences of design decisions. Nevertheless, they illustrate the first step in 
the process of characterizing the safety performance of an agency's highway system 
as a basis for design decisions. 

The values of the individual safety adjustment factors could be determined from 
relationships of the following form: 

fcs = fLW fsH (7) 
or 

fcs = fLw + fsH (8) 

where: fcs = safety adjustment factor for the effects of cross-sectional 
elements 

fLW = safety adjustment factor for the effect of lane width 

fsH = safety adjustment factor for the effect of shoulder type and width 
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Equations similar in form to equations (7) and (8) could be developed for the 
horizontal curve factor (fHc) and the longitudinal factor·(fJ. 

The multiplicative approach to adjustment factors may be preferable to the 
additive approach because it might allow indMdual highway agencies to periodically 
update the basic roadway section accident rates (ARs) from their own data, but 
continue to use the adjustment factors based on national data. For example, table 1 
presents hypothetical values of fcs in equations (2} and (7} for paved shoulders based 
on application of an accident predictive model for rural two-lane highways developed 
by Zegeer et al. (7) (Table 1 is based on the assumptions that the ADT is 1,000 veh/day, 
that the site is located in rolling terrain with a roadside hazard rating of 5, and that 
accidents 11related11 to the highway cross-section constitute 50 percent of all accidents.) 

Table 1. Relative accident rates for combinations of 
lane width and shoulder width. 

Shoulder width (ft) 
Lane width 

(ft} 8 6 4 2 

12 1.00 1.06 1.13 1.30 

11 1.06 1.17 1.26 1.43 

10 1.11 1.24 1.37 1.50 

9 - 1.35 1.52 1.70 

8 - - 1.63 1.85 

0 

1.48 

1.61 

1.74 

1.87 

2.11 

A variety of modeling approaches and statistical techniques are potentially 
applicable to the determination of the values of the adjustment factors. Model forms 
could include linear, exponential, log-linear, logistic, probit, polynomial, and discrete 
models. Statistical techniques for quantifying the coefficients of these models could 
include ordinary least squares, weighted least squares, modified minimum Chi­
squared, and maximum likelihood. For any given case, the most appropriate model­
ing approach and statistical technique should be selected through exploratory analysis 
of sample data sets. 

This plan does not attempt to identify the statistical techniques that are best 
suited to the development of accident predictive models for specific portions of the 
roadway system and specific geometric elements. Such plans are being developed in 
two current FHWA contracts entitled, "Experimental Plans for Accident Studies of 
Highway Design Elements.11<

10
•
11

> Development of experimental plans for accident 
prediction for at-grade intersections and for prediction of roadside encroachments is 
currently underway in those two contracts. 

31 



Once the expected accident rate (ARJ for a particular roadway section is 
determined, the expected annual number of. accidents can be determined as: 

- (ARi l; ADTj x 365 x 10-6 

where: - expected annual number of accidents for roadway section i 

L, - length of roadway section i (mi) 

(9) 

ADTi - average daily traffic volume for roadway section i (veh/day} 

The expected annual number of accidents (Nj can then be broken down into severity 
levels or accident types by multiplying by the appropriate percentages from the acci­
dent severity and type distributions for the appropriate roadway section type or from 
predictive models for the accident severity distribution. 

Prediction of Roadway Section Encroachment Rates 

The recommended method for predicting roadside accidents is through use of 
a roadway accident submode! developed from encroachment and accident severity 
data. This approach is discussed in greater detail in the later section on that sub­
mode!, but it will suffice to say here that this model functions by: (1) estimating the 
roadside encroachment rate (the annual number of roadside encroachments), the 
distribution of roadside encroachment angles, and the potential severity of the 
roadside features that may be encountered by an errant vehide at a particular loca­
tion; and (2) using those estimates to predict the expected number of fatal and injury 
accidents on the roadside for that location. 

The roadway section accident rate submode! will estimate the roadside 
encroachment rate for each roadway section as input to the roadside accident sub­
mode!. The existing roadside models essentially treat the encroachment rate as a 
constant for any section of roadway, because no better information is available. 
However, the authors recommend that the encroachment rate should be a function of 
the geometrics of the roadway section; for example, one would expect the encroach­
ment rate to be higher on a horizontal curve than on a tangent section. Such rela­
tionships would need to be developed through observation or modeling in Mure 
research, because only limited relationships of this type are available in the current 
state of the art. 

Most previous attempts· to predict roadside accident rates have addressed 
single-vehicle run-off-road accidents resulting from single-vehicle encroachments. 
However, roadside encroachments also occur in multiple-vehicle collisions when a 
vehicle leaves the roadway after colliding with another vehicle. The IHSD model 
should recognize that roadside design can be a severity-increasing factor in. such 
accidents. We recommend that roadside research develop a measure of the 
percentage of vehicles involved in multiple-vehicle collisions that leave the roadway 
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subsequent to the collision. For example, the encroachment rate for a roadway 
section could be estimated as: 

where 

ESVi 

N; 

PMV, 

NVEHr 

PRORr 

(10) 

- expected annual number of roadside encroachments for 

= 

= 

= 

= 

= 

roadway section i 

expected annual number of single-vehicle encroachments 

expected annual number of accidents for roadway section i 

proportion of total accidents represented by multiple vehicle 
collisions for roadway type r 

average number of vehicles involved per multiple-vehicle 
collision for roadway type r 

probability that a vehicle involved in a multiple-vehicle collision 
will leave the roadway for ro~dway type r 

The section of this report on the roadway accident submode! addresses how the 
· encroachment rate (E;) would be used in the prediction of the expected annual 
number of roadside accidents. 

Intersection Accident Submodel 

The intersection accident submode! has two objectives: 

• To estimate the expect~d annual number of on-roadway accidents 
related to specific intersections. 

• To estimate the expected annual number of roadside encroachments for 
a specific intersection as input to the roadside accident submode!. 

Each of these objectives is addressed below. 

Definition of Intersection Accidents 

Intersection accidents are defined as accidents in which the first harmful event 
occurs on a roadway section, or ramp and is related to a specific intersection. This 
would include the following types of on-roadway accidents: 

• Multiple-vehicle collisions between v~hicles traveling straight ahead or 
making turning maneuvers within the intersection. 
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• Multiple-vehicle collisions on the intersection approaches involving 
vehicles stopped or slowing due to operational conditions within the 
intersection. 

• Single-vehicle noncollision accidents within the limits of the intersection 
(e.g., overturning in the roadway, etc.) 

• Single-vehicle collision accidents within the limits of the intersection or 
related to the intersection, such as: 

collision with a nonmotorist (pedestrian, bicycle, animal, 
etc.). 

collision with a fixed object in the traveled way (a limited 
category that includes collisions with overhead signs, mast 
arms, or structures). 

other collisions (e.g., debris in the roadway within the 
intersection). 

This definition addresses what accident analysts typically designate as "interse(?tion­
related' accidents rather than 11at-intersection11 accidents. Intersection-related accidents 
include not only accidents that fall within the curbline limits of the intersection, but also 
accidents on any approach to the intersection whose cause is related to the operation 
of the intersection. For example, a rear-end collision at the end of a queue of vehicles 
backed up from a ~ignal should be attributed to the signalized intersection even if it 
occurred several hundred feet from the intersection. The definition of on-roadway 
accidents would be the same for intersections as for roadway sections, including 
accidents that occur on both the traveled way and sh0ulders. 

It should be understood that the definition of an "intersection-related" accident 
does not incorporate a specific approach length that is considered to be related to the 
intersection. Any accident that is caused by or related to the operation of the inter­
section is considered to be an "intersection-related" accident, no matter how far from 
the intersection it occurs. Naturally, 11intersection-related" accidents would be expected 
to occur over a greater distance from the intersection on a high-volume, congested 
approach than on a low-volume, uncongested approach. In addition to the 
"intersection-related11 accident experience, accidents that are not related to the opera­
tion of the intersection would be expected to occur on each approach; such accidents 
would be predicted by the roadway section model rather than the intersection model. 

Predictive Relationships for Intersection Accidents 

Predictive relationships for intersection accidents would need to be developed 
along similar lines to the predictive relationships for roadway section accidents. 
Intersection types would be classified based on: 
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• 

• 

Area type (urban/rural) . 

Number and arrangement of intersection legs: . 

3-leg (T intersection). 
3-leg (Y intersection). 
4-leg (normal). 
4-leg (offset or skewed). 
multileg. 

• Traffic control type: 

traffic signal. 
all-way STOP. 
two-way STOP. 
YIELD control. 
no control. 

Basic intersection accident rates (equivalent to ARs) could be developed for each 
intersection type using regression equations like equations (3), (4), or (5),. The basic 
intersection accidents would be expressed in ·terms of accidents per million entering 
vehicles. The appendix presents examples of some basic accident rate-traffic volume 
relationships developed by Caltrans; these estimated are used in accident 
surveillance. · 

Adjustment factors would need to be developed for cross-sectional features on 
each approach such as number of lanes, lane widths, right- and left-turn lanes, 
medians, etc. A realistic model for signalized intersections also needs to incorporate 
the operation of the signal (phasing, cycle length, etc.) and the congestion levels 
present at the intersection. · 

Prediction of Intersection Encroachment Rates 

Roadside encroachments at intersections involve vehicles leaving one of the 
intersecting roadway sections. However, the roadside encroachment rate on inter­
section approaches may be higher than on roadway sections between intersections. 
For example, some vehicles might run off the road to avoid a rear-end or sideswipe 
collision with vehicles queued on the intersection approach. Thus, the intersection 
submode! will estimate the component of the roadside encroachment rate for 
intersection approaches that is over and above the roadside encroachment rate for 
normal roadway sections. 
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Interchange Ramp Accident Submodel 

The interchange ramp accident submode! has two objectives: 

• To estimate the expected annual number of on-roadway accidents 
related to a specific interchange ramp. 

• To estimate the expected annual number of roadside encroachments for 
a specific interchange ramp as input to the roadside accident submode!. 

Each of these objectives is addressed below. 

Definition of Interchange Ramp Accidents 

For purposes of the IHSD model, an interchange ramp is defined as a roadway 
whose function is {1) to connect two access-controlled freeway sections; or (2) to 
connect an access-controlled freeway section with a roadway section without access 
control. Connections between ramps and mainline freeway sections typically operate 
in free-flow fashion and usually incorporate a speed-change lane (acceleration or 
deceleration lane). Connections between ramps and roads without access control 
(e.g., the arterial crossroad at a freeway-arterial interchange) may have either free-flow 
operation (i.e., with a speed-change lane) or interrupted flow operation (i.e., with a 
STOP sign or signal, as on a diamond interchange ramp). 

The interchange ramp accident submode! will incorporate separate predictive 
models for: 

• The ramp proper. 

• One or more speed-change lanes. 

Ramp terminals with interrupted flow (i.e., with STOP signs or traffic signals) will be 
addressed with the intersection submode! rather than the ramp submode! (see 
example in figure 6). Special provisions will need to be made for handling: 

• Junctions within ramps (e.g., major forks or merges of directional 
ramps). 

• Collector-distributor roads. 

• Speed-change lanes that form a weaving area between two ramps. 

• Ramps in arterial/arterial or low-speed arterial/collector or arterial/local 
interchanges. 
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Figure 6. Examples of accident prediction submodels used for various Interchange areas. 



Interchange ramp accidents are defined as all accidents in which the first 
harmful event occurs on the roadway within the ramp proper or a speed-change lane 
and all accidents on adjacent roadway sections in which the first harmful event is 
related to the presence of the ramp. In other words, if the presence of the ramp 
elevates the accident rate of the mainline freeway above the normal roadway section 
accident rate, this effect will be accounted for by the ramp submode!. Interchange 
ramp accidents include: 

• Single-vehicle (collision or noncollision) accidents that occur on the 
roadway of the ramp proper or the speed-change lane. 

• Multiple-vehicle collisions that occur on the roadway of the ramp proper 
or the speed-change lane. 

• Multiple-vehicle accidents that occur on adjacent roadway sections 
because of the presence of the ramp. 

Predictive Models for Interchange Ramp Accidents 

Separate predictive models are needed for ramp accidents and speed-change 
lane accidents. An analogous predictive approach to that represented by equations 
(1) through (9) can be used for both. This approach involves estimation of a basic 
accident rate (equivalent to ARJ tor the ramp or speed-change lane, which can then 
be modified by appropriate adjustment factors. · 

In the ramp model, the basic accident rate would be determined as a function 
of traffic volume and ramp type. Ramp type would be defined by: 

• Area type (urban/rural). 

• Type of operation: 

on-ramp. 
off-ramp. 

• Ramp configuration: 

diamond. 
cloverleaf loop. 
parclo loop. 
directional. 
buttonhook. 
slip ramp to one-way frontage road. 
scissors ramp to two-way frontage road. 
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An early set of models of this type were developed for Caltrans by Lundy. <12
> The 

appendix presents a more recent set of Caltrans accident rate estimates for ramps. (9> 

Adjustment factors would need to be provided for ramp cross-section and alignment 
elements. 

In the speed-change lane model, the basic accident rate would be determined 
as a function of traffic volume and speed-change lane type (acceleration lane/decel­
eration lane). Adjustment factors would need to be provided for speed-change lane 
length and width. · 

Prediction of Interchange Ramp Encroachment Rates 

Encroachment rate predictions for the ramp proper would be developed in a 
manner similar to roadway section encroachment rates. For speed-change lanes, 
roadside encroachment rates in the vicinity of the speed-change lane and the gore 
areas of freeway off-ramps may be higher than the normal encroachment rates for 
roadway sections. The speed-change lane model will incorporate procedures for 
predicting the excess encroachment rates over and above the basic roadway section 
encroachment rate. 

Roadside Accident Submode) 

The purpose of the roadside accident submode! of the IHSD model is to . . 
estimate the annual number of accidents by severity level in which the first harmful 
event is a vehicle leaving the roadway. The severity-increasing effects of roadside 
design on vehicles that leave the roadway after a multiple-vehicle collision should also 
be considered. Generalized safety predictions based on a roadside rating system like 
the 1-to-7 scale used by Zegeer, et al., could suffice for application of the IHSD model 
in a level 1 analysis. m However, a model that addresses the safety effects of specific 
roadside design features is needed for level 2 analyses. 

It should be recognized that roadside features are, strictly speaking, severity­
increasing rather than causative factors in run-off-road accidents. The cause of a 
roadside accident is the vehicle, driver, or roadway factor (or combination of factors) 
that caused the vehicle to leave the roadway and encroach on the roadside. The 
consequences of a vehicle leaving the roadway depend on the roadside design. At a 
site with good roadside design-flat slopes and no roadside obstacles-a roadside 
encroachment may result in no personal injury or property damage and, thus, no 
reportable accident may result. The same encroachment at a location with poor 
roadside design-steep slopes or unforgiving f1Xed objects-could result in a very 
severe accident. Thus, accident data cannot be relied upon to establish encroach­
ment rates because some encroachments result in reportable accidents and others do 
not. Furthermore, many roadside accidents that should be reported are not. 
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A suitable modeling approach for predicting roadside accident experience has 
been developed over the years in a series of National Cooperative Highway Research 
Program (NCHRP), FHWA, and AASHTO publications. These are: 

• NCHRP Report 77, "Development of Design Criteria for Safer Luminaire 
Supports. 11<13> 

• NCHRP Report 148, 11Roadside Safety Improvement Programs for 
Freeways-A Cost-Effectiveness Priority Approach. 11<14

> 

• The 1988 AASHTO Roadside Design Guide. <15) 

• Development and subsequent improvements to the Benefit to Cost 
Analysis Program (BCAP). <16

•
11

•
1
8) 

• Research currently underway in NCHRP Project 22-8, 11Evaluation of 
Performance Level Selection Criteria for Bridge Railings. 11<

19
> 

• Research currently underway in NCHRP Project 22-9, 11lmproved 
Procedures for Cost-Effectiveness Analysis of Roadside Safety 
Features. n(20) 

The roadside safety model included in the AASHTO Roadside Design Guide, based 
on NCHRP Report 77, and NCHRP Report 148, was known as the ROADSIDE 
model.<15

•
1
3.

14
> This model has been provided to users in the form of a microcomputer 

program that can be used to compare roadside accident rates and severities of dif­
ferent roadside designs. The subsequent projects have developed, and are refining, 
an improved roadside safety model known as the Benefit to Cost Analysis Program 
(BCAP). (16, 11.1a. 19.20> 

The general approach to roadside safety estimation used in all of these models 
is represented by the equation: 

where 

- V P(E) P(C I E) P(I I C) (11) 

= expected number of fatal plus nonfatal injury accidents per 
year within a roadway section of length L. 

V = vehicle exposure; number of vehicles per year passing 
through the roadway section L. 

P(E) = probability that a vehicle will encroach on the roadside 
within section L; the proportion of vehicles passing through 
section L that would be expected to encroach on the road­
side. This probability is a function of the length L and the 
geometric design of the roadway. 
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P(C I E) = probability of a collision, given that an encroachment has 
occurred; the proportion of all encroachments that result in 
collisions with a roadside obstacle. This probability is a 
function of the encroachment angle, the encroachment 
distance, the lateral placement of the roadside obstacle, 
and the size of the obstacle. 

P(I I C) = probability of an injury (fatal or nonfatal) given that a 
collision has occurred; the proportion of all collisions that 
result in an injury. This probability is a characteristic that 
can be estimated from accident data for each type of 
roadside obstacle. 

A key step in the application of the roadside safety model is the estimation of 
the roadside encroachment rate, expressed as roadside encroachments per vehicle­
mile, which serves as the basis for determining P(E) in equation (11 ). Past research, 
including data collected by Hutchinson and Kennedy and by Cooper, has been used 
for this purpose.(21.22> However, none of the existing data sources is considered 
satisfactory because these existing data sources fail to distinguish adequately between 
intentional and unintentional encroachments; thus, the available data may overstate 
the rate of unintentional encroachments. New .encroachment data are needed for 
reliable roadside modeling. Particular attention should be paid to the variation of 
roadside encroachment rates as a function of roadway features such as horizontal 
curvature. 

Figure 7 illustrates a plan view of the hazard envelope used in the estimation of 
the probability of a collision given an encroachment [P(C IE)]. The determination of 
P(C IE) requires data on the distribution of encroachment angles (ct, in figure 7) and 
encroachment distances ·as well as the size and placement of particular roadside 
obstacles. · 

The distance from the edge of the travel lane to a particular roadside hazard is 
designated by distance A in figure 7. The probability of lateral encroachment distance 
(X) for errant vehicles for a specific vehicle mix is expressed in the model as a function 
of design speed. A collision between an errant vehicle and a roadside hazard is 
possible only if X :::: A and only if the vehicle leaves the road within the interval A-D in 
figure 7 appropriate for its encroachment angle (ct,). Care must be taken in applying 
the roadside hazard model to determine the relative positions of the roadside obsta­
cles. One roadside obstacle may have a reduced probability of being struck if it is 
partially or completely behind another obstacle along the path of an errant vehicle. 

Finally, the model incorporates the probability of an injury given that a collision 
occurs [P(I I C)] based on estimates of the actual severities of collisions with particular 
types of objects. Thus, the value of P(I I C) varies with object type. 

The roadside hazard model can be applied to collisions with continuous 
features like guardrail, concrete barriers, retaining walls, or bridge rail. The logic is 
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similar to the logic for a point object, except that the P(C I E) increases with the 
longitudinal extent of the obstacle. In the limiting case, where the continuous obstacle 
extends for the entire length of the roadway section being analyzed P(C I E) can be 
determined directly from the probability of a particular encroachment distance. 

The same logic can also be applied to roadside accidents involving sideslopes 
where no obstacles are present. The value of P(C I E) can be determined directly from 
the encroachment distance probabilities based on the distance from the traveled way 
to the beginning of the slope. The value of P(I I C) increases with the steepness of the 
slope (i.e., injuries are more likely on 3:1 slopes than on 4:1 slopes, and are more 
likely on 4:1 slopes than on 6:1 slopes). 

The existing versions of the roadside hazard model address only estimates for 
fatal and injury accidents. If PDO accidents are included in the IHSD model, P(I I C) 
would need to be replaced with P(A IC), the probability of a reportable accident given 
a collision, and values for of P(A I C) would need to be developed for specific hazard 
types. 

The roadside hazard model was developed for roadway sections and has never 
been applied to intersections. However, with two modifications, the roadside hazard 
model can be adapted to intersections. First, as discussed in the intersection acci­
dent submode!, the roadside encroachment rates may be higher on intersection 
approaches than on normal roadway sections. Second, many roadside hazards on 
intersection approaches may have the potential for being struck from different direc~ 
tions by errant vehicles for different intersection legs. Thus, each intersection leg will' 
need to be individually addressed by the model, considering all roadside hazards that 
could potentially be struck. 

The existing roadside hazard model should be directly applicable to 
interchange ramps and speed.:.change lanes except that the encroachment rates may 
be higher and the distribution of encroachment angles could be different. 

A plan for further development of the roadside hazard model has been 
developed for FHWA. <s> This plan addresses further improvement to the roadside 
hazard model that will result from NCH RP Projects 22-8 and 22-9. <19

•
20

> Execution of 
the FHWA plan is recommended as part of the IHSD model development. Validation 
of the roadside hazard model is an important part of this plan. 

Preliminary Evaluation of State Data Files 

A preliminary analysis of the Minnesota and Utah HSIS files has been 
conducted to determine the practicality of the accident definitions presented in this 
conceptual plan. The primary emphasis in this preliminary analysis was placed on 
distinguishing between accidents that are related to roadway sections, intersections, 
interchange ramps and speed-change lanes, and roadside areas. The Minnesota and 
Utah files were selected for this purpose because they appear to have the most 
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complete geometric data of any of the HSIS files. It was determined that the accident 
definitions presented here can be implemented as specified in this plan, but care ·in 
interpre~ion of the data are needed. 

The existing data files were generally adequate in distinguishing between · 
roadway section and intersection accidents. Both the Minnesota and Utah files 
contain variables identifying at-intersection accidents (accidents that occur within the 
intersection boundaries as defined by the curblines) and intersection-related accidents 
(accidents that occur on an intersection approach, but are related to the operation of 
the intersection). While only limited photolog checks of specific accident reports have 
been conducted, the Minnesota and Utah intersection accident data appear credible, 
with one ex~ption. A few intersection-related accidents were found in the Minnesota 
data for fully access-controlled freeways. These appear to be accidents that were 
related to the operation of ramp terminals and should be classified as ramp accidents . 

. The ability to distinguish accidents related to interchange ramps and 
speed-change lanes in the HSIS files has not been verified. The Minnesota files 
contain an interchange code that is not fully explained in the HSIS documentation.· 
However, it appears that this code can be used to identify ramp accidents. It is not 
clear whether speed-change lane accidents can reliably distinguished in any State 
data base without the review of hard copy accident reports. 

Both the Minnesota and Utah HSIS accident files contain accident codes that 
purport to distinguish between on-roadway accidents and run-off-road accidents. 
However, a preliminary analysis found an unusually low percentage of single vehicle 
run-off-road accidents in Minnesota on rural freeways and two-lane highways 
(18 percent, in comparison to over 30 percent which is common in other States). This 
same problem was present, to a lesser extent in the Utah data. Review of the data for 
11object struck11 from both States indicated that many of the accidents coded as 
single-vehicle on-roadway accidents actually involved a vehicle leaving the traveled 
way and shoulder and encroaching on the roadside. For example, it is (by definition) 
impossible for a vehicle to strike a guardrail, bridge rail, median barrier, utility pole, or 
embankment unless that vehicle leaves the roadway. The only fixed-object collisions 
that are generally possible on the roadway are collisions with overpass structures, 
overhead mast arms used to support traffic control devices, and overhanging 
branches of trees. 

This review provided convincing evidence that the classification of accidents as 
on-roadway or off-roadway that is performed by investigating officers and/or accident 
encoders cannot always be relied upon. On the other hand, it was found to be pos­
sible to use the reported data for 11object struck11 codes, together with the on-roadway/ 
off-roadway code, to make a reasonable ,determination of which accidents involved a 
vehicle leaving the roadway. 

Based on the conclusions of this preliminary evaluation of accident data files, 
we are reasonably confident that the HSIS files (and other similar State files) are 
suitable for use in the development of accident predictive relationships. More 
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investigation is needed of the ability to identify ramp and speed-change lane 
accidents. Because of the potential for problems like the difficulty of distinguishing 
between on-roadway and off-roadway accidents, the authors have recommended that 
the IHSD model development team include a central data quality assurance contractor 
with responsibility to evaluate the adequacy of all data files used in the model develop­
ment and to apply the recommend.ad accident definitions in a consistent manner. 
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V. OTHER ELEMENTS OF THE INTERACTIVE 
HIGHWAY SAFETY DESIGN MODEL 

This section presents a conceptual plan for the three elements of the 
IHSD model other than the accident predictive model. These are: the design policy 
review module; the design consistency review module; the benefrt:-cost module; the 
driver/vehicle dynamics module; and the graphics package. 

Design Policy Review Module 

The design policy review module is intended to identify and flag elements of the 
design that do not comply with established AASHTO or State and local design poli­
cies. This module would. assist designers in evaluating design elements that are not 
directly addressed by the accident predictive module. Design elements that can be 
effectively reviewed by this module include·: 

• Stopping sight distance at vertical and horizontal curves. 
• Decision sight distance for avoidance maneuvers on specific road types. 
• Passing sight distance for two-lane highways. 
• Horizontal curve design: 

radius. 
superelevation. · 
superelevation transitions (runoff/runout). 
pavement widening on curves. 
curves on turning roadways. 
high-speed vs. low-speed design. 

• Vertical curve design: 
length of crest vertical curves. 
length of sag vertical curve. 

• Lane width. 
• Width of turning roadways. 
• Percent grade (maximum/minimum). 
• Climbing lanes ( are warrants met?). 
• Drainage (check for flat spots). 
• Pavement cross-slope for normal crown section. 
• Shoulder cross-slope. 
• Difference in cross-slope between adjacent lanes. 
• Difference in cross-slope between traveled way and shoulder. 
• Shoulder width. 
• Roadside slopes (foreslope/backslope). 
• Roadside clear zone width. 
• Curb design. 
• Median width. 
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• Ramps: 
design speed relative to mainline design- speed. 
pavement width. 
shoulder width. 

• Speed-change lanes: 
length. 
width. 
taper lengths. 
weaving length and number of lanes. 

• Horizontal curves at intersections: 
radius. 
superelevation. 

• Channelizing islands: 
size. 

•· Curb return radii. 
• Cul-de-sac/turnaround radii. 
• Turning lanes. 
• Intersection sight distance. 

The design policy review module appears to be essential to automating the 
consideration of safety in the highway design process because it is unlikely that all of 
the design elements listed above can be addressed by valid statistical relationships in 
the accident predictive model. In order to conduct this review the user would need to 
provide the design speed and functional classification of each roadway section as 
input. 

The design policy review module would compare each of these design 
elements to the established criteria in AASHTO or State and local design policies and 
identify any discrepancies. The identification of a design element as not in compliance 
with established design policies does not necessarily indicate that the design should 
be changed. Exceptions to design policjes are often granted when it appears that full 
compliance with the policy would not be cost effective. However, a design policy 
review module as part of the IHSD model would provide a means for assuring that 
such decisions are made explicitly and are well documented. 

The design policy review module would be. limited to geometric elements of the 
design. For example, the consideration of drainage in the design policy review would 
be limited to identifying flat spots in the roadway that might drain poorly. It would not 
check the hydraulic or hydrologic aspects of drainage design. 

The design policy review module will require the development of computer logic 
to evaluate compliance with MSHTO and/or State and local design policies. Design 
policy review modules may become a more common part of CADD systems in the 
future. If comprehensive design policy review modules are generally available as part 
of future CADD systems, it might not be necessary to develop one as part of the 
IHSD model. However, use of the design policy review module in the CADD system, 
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even if it was not included in the IHSD model, would still have an important role in 
ensuring the· safety of proposed geometric designs. 

Design· Consistency Review Module 

The design consistency review module would be intended to identify and flag 
elements of the design· that violate design consistency and driver expectancy guide­
lines. A design consistency review module would go beyond determining whether a 
design complies with established design policies to determining whether it meets the 
expectations of drivers. Development of a design consistency review module would 
require design consistency to be transformed from a generalized concept to specific 
concept with quantitative definitions and procedures that can be applied. A current 
FHWA research contract is examining this issue, and Mure research may be required. 

Aspects of a highway design that are candidates for evaluation in a design 
consistency review module include: 

• Changes in cross-section between adjacent roadway sections: 

compatibility between adjacent cross-sections (lane widths, 
shoulder widths, shoulder types, curb lines, etc.). 
adequacy of transition design. 

• Consistency of horizontal alignment: 

consistency of radii of adjacent horizontal curves. 
sharp curve after gentle curve. 
sharp curve after long tangent. 
reverse curves. 
broken-back curves. 
adequacy of transitions. 

• Consistency of vertical alignment: 

consistency of K-values for vertical curves. 

• Coordination between horizontal and vertical alignment. 

• Interchanges: 

interchange patterns/configuration. 
coordination of lane balance and basic number of lanes. 
right-hand vs. left-hand exits. 
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• Access control measures: 

at-grade exit/entrance combinations. 
continuous left-tum lane configuration. 
U-turn provisions. 
left-tum lanes. 

As in the design policy review module, identification of a design element as 
inconsistent would not necessarily require that element to be changed. The program 
would merely flag that design element for review and possible improvement. 

In choosing design elements to be included in the design consistency review 
module, it is recommended that priority be given to inclusion of those geometric 
elements for which highway agencies most frequently lose tort liability cases. This 
approach could give the design consistency module an important role in minimizing 
the tort liability exposure of highway agencies. 

It is recommended that the design consistency review model, at least in its 
initial form, should be based on expert opinion. A panel of experienced designers, 
traffic safety engineers, and human factors specialists would be established to 

. formulate design consistency guidelines. The design consistency review module in 
this form would ·be functionally an expert system, although this does not necessarily 
mean that it would be programmed using an expert systems shell. More quantitative 
design consistency concepts could be introd.uced at a later date, when research to 
develop and validate those concepts is complete. For example, current FHWA 
research is developing the concepts of driver workload and operating speed reduction 
as measures of design consistency.<23l Driver workload is defined as the time rate at 
which drivers must perform a given amount of mental information processing or 
specific driving tasks; thus, driver workload increases with geometric complexity. 
Operating speed reduction is a measure of driver response to complex geometrics; 
thus, speed reductions may represent a surrogate measure for accident potential on 
horizontal curves. 

The design consistency module should include a procedure to calculate, for 
each horizontal curve, the speed at which a selected vehicle type (probably a large 
truck) would skid or roll over, based on a point mass representation of the vehicle. 
This procedure would warn the user if the margin of safety between the skidding or 
rollover speed and the design speed of the curve appears to be too small. The 
vehicle operating speed used in this analysis would be estimated from the design 
speed of the horizontal curve itself and the design speed of the geometric element(s) 
upstream of the curve. The design consistency module could identify and flag for the 
designer those geometric elements that might be in need to redesign to reduce their 
lateral acceleration demands. 

The driver/vehicle dynamics model (see below) would provide the designer with 
a more sophisticated (and more accurate) method of making such determinations and 
could be used for indepth investigation of critical situations identified by the design 
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consistency module. The simplified procedures in the design consistency module 
would not be adequate to evaluate compound horizontal curves or transitions between 
tangents and curves. However, the design consistency program could advise users 
of situations in which application of the vehicle dynamics model might be desirable. 

Benefit-Cost Module 

The benefit-cost module will provide a capability for the IHSD model to 
determine the cost effectiveness of any proposed change in a design, involving an -
additional increment of construction cost, that is proposed specifically to improve 
safety. The benefit-cost module would assess whether this additional expenditure can 
be justified economically on the basis of accident reduction alone. No attempt will be 
made to incorporate other types of benefits, such as traffic operational or environ­
mental benefits, in the program. Consideration of nonsafety benefits would make the 
benefit cost program much more complex. Other computer programs already exist to 
evaluate traffic operational and environmental effects, at least for some types of 
projects. 

The benefit-cost module would operate in conjunction with the accident 
predictive model. The IHSD model user would first evaluate one geometric alternative 
using the interactive features of the IHSD program. This first design alternative would 
be assigned a name (for example, ALT1) by the IHSD program user and the predicted 
safety performance of that alternative would be stored in a file at the user's request. 

_ Then, the user would modify the original design to create a second geometric alterna­
tive. That second geometric alternative would be assigned a name (say, ALT2) by the 
program user and its safety performance would also be stored in a file at the users 
request. 

In the benefit-cost module, the user would select two or more geometric 
alternatives by name for analysis (in this case, ALT1 and ALT2). The user would then 
be asked to enter the estimated construction cost for each alternative. To keep the 
IHSD model from becoming too complex, the authors recommend that the user 
estimate the construction cost from some source other than the IHSD program. 
However, if the IHSD model was fully integrated with a highway agency's CADD 
system, it should be possible to develop a construction cost estimate directly from 
construction quantities and unit costs generated in the CADD system. 
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as: 

where: 

The safety benefit-cost ratio for any proposed improvement would be calculated 

~ (N,1 - Ni2) AC; 
B/C = --· --­

(CC2 - CC1) CRF 

(12) 

Nii - expected annual number of accidents of accident severity 
level i for design alternative j. 

ACi - accident cost {$) for accident severity level i. 

ccj - estimated construction cost ($) for design alternative j. 

CRF - capital recovery faqt:or for n years at x% interest 

n - service life of proposed improvement (years). 

:x°/4 - minimum attractive rate of return (interest rate). 

The results would be displayed for the user or printed at the user's option. 

A proposed change from design alternative ALT1 to AL T2 would be justified on 
the basis of safety alone if the value of 8/C calculated using equation (12) is 1.0 or 
greater. The benefit-cost module should flag any comparison requested by the user 
for which the annual accident frequencies predicted for the two alternatives are not 
statistically significantly different from one another. Benefit-cost comparisons between 
alternatives that differ so little in the expected number of accidents may be inappro­
priate. It would also be desirable to display the range of possible benefit-cost ratios 
based on the confidence intervals for accident rate of the design alternatives being 
compared. 

It is recommended that the benefit-cost module include the capability to 
consider the effects of other nonsafety benefits and costs that can be quantified in 
monetary terms, but the IHSD model will not provide a method to quantify benefits or 
costs other than safety. However, if the user has these data available from external 
sources, a method to incorporate them in the benefit-cost module will be provided. 

Equation (13) presents a modified version of equation (12) that incorporates 
consideration in the benefit-cost analysis of other annual benefits (OAB), other capital 
costs (OCC), and other annualized costs (OAC): 
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where: 

B/C - [Y (Ni, - N,) AC,) + OAB 

(CC2 - CC1) CRF + (OCC)CRF + OAC 

OAB = other (nonsafety) annual benefits($). 
ace = other capital costs ($). 
OAC = other annualized costs($). 

(13) 

In addition, to reduce the reliance on accident cost data in the economic 
analysis, the benefit-cost module should permit estimation of the annualized 
construction cost per accident reduced; The annualized cost per accident would be 
computed as: 

(CC - CC.) CRF 
Cost per accident = 2 1 

reduced ~ (Ni
1 

_ Ni2) 

where the parameters in equation (14) are the same as those in equation (12). 
Equation (14) has more limited application than equation (12). For example, 

(14) 

equation (14) provides no method for the user to determine whether the additional 
construction cost is justified on the basis of safety, except by the exercise of the 
user's judgment concerning whether the cost per accident reduced is reasonable. 
Equation (14) is also not sensitive to the relative severity of the accidents reduced. 
Equation (14) is strictly a safety analysis technique; there is no appropriate method to 
include nonsafety benefits. 

DriverNehicle Dynamics Model 

The IHSD model should include a driver/vehicle dynamics model capable of 
simulating vehicle operation as influenced by roadway geometry, driver preferences 
and performance limitations, and vehicle performance limitations. This model would 
provide an indication of the loss-of-control potential for specific vehicle types 
traversing the geometric alternatives being considered by the designer. The driver/ 
vehicle dynamics model would provide IHSD model users with a tool that is more 
accurate than the procedures in the design consistency module (based on the point 
mass representation of the vehicle) that could be applied to the analysis of horizontal 
curves flagged by the design consistency module, compound horizontal curves, and 
transitions between curves and tangents. 

The driver/vehicle dynamics model should be capable of running a vehicle 
through the geometrics of any given design alternative and generating plots of 
(1) vehicle speed, (2) the lateral position of the vehicle (relative to the centerlines, lan·e 
lines, and edgelines}, and (3) the lateral accelerations experienced by the vehicle. 

53 



Color should be used to highlight these plots. For example, the lateral position plot 
could be colored yellow if any portion of the vehicle approached within 0.3 m (1 ft) of 
a centerline, lane line, or edge line, and could be colored red if any portion of the 
vehicle crossed the centerline, lane line, or edge line. The lateral acceleration plot 
could be colored yellow when the vehicle approached within a specified margin of 
safety of its skidding or rollover point and could be colored red if a skid or rollover 
occurred. 

There are a number of existing vehicle dynamics models, including HVOSM, 
Phase-4, ADVS, and VDNL However, these existing vehicle dynamics models include, 
at best, only a rudimentary driver model. Typically, a vehicle dynamics model includes 
a driver path following algorithm to simulate the driver's steering input, but vehicle 
dynamics models typically use user-specified vehicle speed and acceleration/ 
deceleration rates, rather than trying to model driver speed selection . 

. Realistic driver behavior must be included in any vehicle dynamics model to 
make it a useful part of the IHSD model. It is for this reason that we have named the 
required model a·driver/vehicle dynamics model, rather than simply a vehicle 
dynamics model, as its predecessors have been known. Research should be 
conducted to develop an improved driver model that includes not only driver path 
following, but also driver speed selection based on realistic driver reactions to the 
highway geometrics and to traffic control devices such as advisory speed signing. It 
may be necessary to include a user-selected driver aggressiveness factor or to make 
a safety-conservative choice and pre-select a relatively aggressive driver. The revised 
driver model should be developed from existing driver speed-selection logic in traffic 
operational simulation models, from new driver research, or from some combination of 
the two. A specific plan for this research should be developed. This plan should 
recommend the appropriate applications of specific data collection approaches, such 
as field data collection and driving simulators in this research. 

The driver/vehicle dynamics model should allow the user to select a passenger 
car, a single-unit truck, or an articulated combination truck, as the vehicle to be simu­
lated. The model should have the capability to simulate all vehicle characteristics that 
are potentially related to steering and path following, tire/pavement friction, and roll­
over potential. For example, truck suspension characteristics must be considered in 
determining both truck offtracking and rollover potential. External factors that influ­
ence vehicle dynamics include driver steering inputs {path following), driver speed 
selection and acceleration/deceleration preferences, and pavement surface friction. 
The driver path following model should be based on the path deviations that would be 
expected of a normal driver following a horizontal curve. However, consideration 
should also be given to including an option for the model to simulate the larger path 
deviations that might be representative of an impaired driver or the total lack of path 
following that might result from a driver falling asleep. 

The development of the driver/vehicle dynamics model will require research on 
driver control, path following, and speed selection. There is a general lack of driver 
mod.els that take into account such important factors as perception, psychomotor 
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control, cognition, decision making, and risk perception. A better understanding is 
needed of the kinds of information drivers require to keep themselves on the roadway, 
how drivers use this information, and how drivers translate Jhe available information 
into decision/control responses. (24

) 

Consideration should also be given to how the presence of other traffic on the 
road affects vehicle guidance and control. It seems likely that the presence of other 
traffic on the road, in the same or the opposing direction, would help drivers in 
guiding their vehicles, but this effect has not been modeled. 

The driver/vehicle dynamics model could be developed by modification of one 
or more existing vehicle dynamics models to incorporate the new driver model. How~ 
ever, recent advances in modeling technology, such as AUTOSIM, have made it 
possible to develop a new model with the same or less effort than modifying an 
existing model. Therefore, the development of a new ·model is recommended. 

The driver/vehicle dynamics model will also have utility in research to evaluate 
the consequences of vehicles running off the road at particular locations, angles, and 
speeds. To be completely useful for this purpose, the vehicle dynamics model would 
need to be integrated with an impact model (e.g., based ·on finite element analysis). 
With such a combination, researchers could· generate some of the data needed to 
improve the roadside submode! of the accident predictive model. However, the use of 
the driver/vehicle dynamics model for such applications is considered to be strictly a 
research activity that has application in the IHSD model development. There is no 
need to make the capability for roadside modeling available to IHSD model users; the 
driver/vehicle dynamics model should be available as a stand-alone model for sophis­
ticated users who can find other applications for it. In other words, the roadside 
portion of the IHSD model may be developed using some outputs from the vehicle 
dynamics model, but the IHSD model would not provide users with the capability to 
apply the vehicle dynamics model for roadside modeling. 

Graphics Package 

The IHSD model should include a graphics package that allows designers to 
review the geometrics of each design alternative before assessing its safety perfor­
mance and to review the geometrics again following the safety assessment as part of 
deciding what geometric changes might be appropriate to improve safety. The 
graphics package should include the capability to generate screen displays of a: 

• Plan view of the roadway geometrics centered on any station (i.e., 
location) selected by the user. 

• Profile view of the roadway geometrics centered on any station selected 
by the user. 
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• Plan view in the upper half of the screen and a profile view in the lower 
half of the screen centered on any station selected by the user. 

• View of the roadway geometrics from the driver's perspective or an 
elevated perspective, looking in either direction of travel from any station 
selected by the user. 

For the plan and profile views, the user should be able to select the range of stations 
to be included in the display and, thus, the scale of the plan or profile. 

The geometric data needed to predict safety performance in a level 1 analysis 
can be entered and modified through an interactive data entry module within the 
IHSD model. This interactive data entry module should also include the capability to 
store and retrieve files of geometric data for specific design alternatives. In such a 
level 1 analysis, the graphics package will provide the means for the user to display 
the data as it entered and confirm its accuracy. Geometric data for a level 2 analysis 
will be entered and modified through a CADD system. The graphics package in the 
IHSD model should have the capability to display a design alternative imported from a 
CADD system. However, modification of the design for a level 2 analysis should be 
accomplished in the CADD system and not in the IHSD model. 

Figure 8 illustrates a plan view of a basic section alignment that might be 
generated as part of a level 1 analysis. The display would show horizontal alignment 
and lane and shoulder widths. A more detailed display of a plan view, such as might 
be generated for a level 2 analysis is shown in figure 9. The display for a plan view 
could potentially include not only horizontal curvature. and lane and shoulder widths, 
but also pavement markings, traffic control devices, special lanes, intersection details, 
and roadside features. The displays included in both figures 8 and 9 should include 
marks that indicate the centerline stations. 

Figure 1 0 illustrates a centerline profile of the roadway such as might be 
generated by the graphics package. This view shows the grades and vertical curves 
along the roadway centerline. The horizontal scale shows the stations along the 
roadway centerline, and the vertical scale shows the elevation. The profile display 
could also be developed to include the capability to display pavement edge profiles. 

Figure 11 shows a view from the driver's perspective including the level of detail 
that would typically be available in a level 1 analysis. Figure 12 shows added details 
that could be available in a level 2 analysis. 

The driver's perspective display planned for the IHSD model would provide a 
static view of the roadway. However, static views could be displayed in sequence to 
create a dynamic view equivalent to what the driver would see while traveling down 
the road. Addition of this capability is considered to have a lower priority than other 
aspects of the IHSD model. 
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Figure 8. Screen display of plan view for level 1 analysis. 
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Figure 9. Screen display of plan view for level 2 analysis. 
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Figure 10. Screen display of centerline profile display. 

A number of highway agencies have existing graphics packages that have 
been developed for use in conjunction with their GADD systems. Such existing 
packages should be reviewed to determine if one or more of them might be 
appropriate for use with the IHSD model. 
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VI. RESEARCH NEEDS 

This section summarizes the research and development needs for development 
of the IHSD model. The authors of this plan feel strongly that a usable IHSD model 
must be based on the results of new safety research, performed in accordance with 
the guidelines presented in this plan. The key to this new research is use of consis­
tent accident definitions, such as those presented in this report, and the use of 
improved data bases such as the HSIS. Existing safety relationships in the literature 
are simply too fragmented and inconsistent to even consider the possibility that they 
could be used together in a coherent model. 

The following discussion identifies the drawbacks of existing safety research 
and documents the need for, and the recommended approach to, the development of 
new safety relationships. The section concludes with a summary of 22 research 
problem statements that address the research required to develop the IHSD model. 
These research problem statements are presented in full in appendix B. 

Need for New Safety Relationships 

The plan for the accident predictive model, as presented in sections Ill and IV of 
this report, is based on the development' of relationships between accidents and geo­
metric features in the forms suggested in equations·(1) through (9). It is possible that 
the IHSD model could be developed by adapting existing safety relationships in the 
literature, particularly for some roadway types. Several potentially useful relationships 
are available in the literature. For example, Zegeer et al. developed the following 
safety predictive relationship for rural two-lane highways:(7') 

AO/M/Y = 0.0019 (ADT) 0
·
8824 {0.8786)w (0.9192tA 

(0.9316)UP (1.236St (0.8822) TEA, (1.3221) TER2 (15) 

where: AO/M/Y = accident rate per mi per year for accident types related to cross­
section elements (single-vehicle plus opposite direction head-on, 
opposite direction sideswipe, and same-direction sideswipe 
accidents) 

ADT = average daily traffic volume (veh/day) 

w = lane width (ft) 

PA = average paved shoulder width (ft) 

UP = average unpaved shoulder width (ft) 
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H - roadside hazard rating (1 to 7 scale} 

TER1 = 1 if level terrain; 0 otherwise 

TER2 - 1 if mountainous terrain; O otherwise 

There are, however, several major problems with developing the IHSD models 
based on existing safety relationships. These include: 

• Only a few roadway types such as freeways and two-lane highways have 
been modeled. 

• The existing models are not comprehensive; i.e., they do not include all 
geometric variables that are potentially of interest to the designer. 

• Existing models use varying safety MOE's that are not always 
compatible. This makes it difficult to combine results from different 
studies. 

• Existing models have not been based on the accident classifications 
presented in section IV, which make a careful distinction between on­
roadway and roadside accidents and use a different modeling approach 
for each. Equation (15) is .one of the few models that includes consid­
eration of the roadside. However, while the roadside variable in equation 
(15) might be appropriate for level 1 analysis, the roadside hazard rating 
is too general for use in level 2 analysis. 

Existing models have been limited by the difficulty of developing models that 
incorporate the incremental effects of geometric features on accidents. These 
difficulties arise because the safety effects of many geometric features are small and 
are highly correlated with one another. For example, Cleveland found that safety 
models could only be based on "bundles" on interrelated geometric variables (i.e., 
combined effects of Jane width, shoulder width, roadside design, etc.), but that the 
interactions between the variables in the "bundle" could not be isolated.(25) It is 
possible that, in the deve·lopment of the IHSD model, the interactions between highly 
correlated C1bundled11

) variables may need to be postulated. 

In order .tor the IHSD model to be feasible, it will be necessary to demonstrate 
or postulate the incremental effects of specific geometric features. There are several 
reasons to believe that an effort to develop predictive relationships for the IHSD model 
can be more successful than some previous efforts: 

• Better safety data bases are available now than ever before. Past 
accident research has often been based on accident data bases of 
limited size that had to be laboriously assembled for one particular 
research study. Many States have now developed accident records 
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systems that can link together accident, geometric, and traffic volume 
data. Several such data bases have been assembled in the FHWA HSIS, 
which could be an excellent tool to develop relationships for the 
IHSD model. 

• The conceptual plan for the IHSD model is based on careful distinction 
between on-roadway and rqadside accidents and classification of on­
roadway accidents as related to specific roadway ~actions, intersections, 
or interchange ramps. Application of these definitions should create a 
more consistent data base. 

• An integrated approach to development of the IHSD models will use a 
uniform set of safety MOE's, which should reduce the incompatibility 
problems inherent in previous research. If several contractors are 
involved in developing different elements of the IHSD model, it is 
essential that there be overall guidance to coordinate their efforts. 

Development of New Safety Relationships 

The development of reliable, valid safety relationships for the accident predictive 
models will require a major research undertaking that is carefully planned and carefully 
executed. The following guidelines are recommended to ensure that this major effort 
produces useful results: 

• Statistical modeling to develop accident prediction models for specific 
geometric elements and specific highway and area types should be 
based on carefully developed experimental plans. These experimental 
plans should-specify the data sources to be used, the sample sizes 
required, the independent and dependent variables to be considered, 
the data collection procedures that will be used to obtain any necessary 
data not included in existing data files, and the statistical modeling 
approaches to be employed. Particular emphasis should be placed on 
the use of statistical modeling approaches that are appropriate for the 
proposed application. These experimental plans should be subject to 
expert peer review before they are executed. 

• The experimental plans for accident predictive models should explicitly 
address the issues of data quality and statistical reliability. Data quality 
issues should include not only the accuracy of the accident, geometric, 
and traffic volume data to be used in modeling, but also the appropriate­
ness of the selected sites. It may not be appropriate to perform statisti­
cal modeling using every available site. Instead, there should be a 
screening process by which certain sites with extremely high accident 
rates and/or unusual driver populations can be eliminated as outliers; 
e.g., sites near several large taverns with large concentrations of 
accidents involving impaired drivers where the effects of geometrics 
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could be overwhelmed by the effects of the impaired drivers. In addition, 
there should be a protocol that specifies which types of accidents are to 
be used in statistical modeling. Some accident types that bear no 
obvious relationship to geometrics should be omitted in the model 
development efforts and should, instead, be considered as part of the 
basic roadway section or intersection accident rates. 

• . The plans for developing safety relationships should be sensitive to the 
issue of accident migration. Accident migration occurs when the geo­
metrics of one location are improved which reduces accidents at that 
location but increases accidents at other locations. For example, 
flattening a horizontal curve may reduce accidents involving impaired 
drivers at that curve, but those same drivers (because they are impaired) 
may then have an accident at another location as they proceed down the 
road. Because of the potential for accident migration, safety relation­
ships may overstate the magnitude of the benefits that can be obtained 
from geometric improvements. 

• The accident predictive models should be developed with post-1986 
accident data. Accident rates, and especially severities, have decreased 
substantially since 1986 as mandatory seat-belt laws have been enacted 
and seat-belt usage has.risen dramatically. Thus, the use of pre-1986 
data could be misleading in predicting the safety effects of Mure geo­
metric improvements. Similarly, careful attention should be paid to the 
accident severity-reducing effects of air bags in Mure data as vehicles 
equipped with air bags become more prevalent. 

• Validation of the accident predictive models developed for use in the 
IHSD model should be a major concern. Many past statistical relation­
ships developed to predict accidents have not been very reliable, and 
such relationships are not trusted by potential users. Therefore, it is vital 
to the credibility of the IHSD model that the accident predictive relation­
ships used in the model have been demonstrated to be credible. Valida­
tion of these relationships should be performed both with data sets that 
are independent of the data used to develop the model and, whenever 
possible, by validation methods that differ from the method by which the 
model was developed. For example, it may be appropriate to use a 
driVer/vehicle dynamics model to validate relationships developed from 
accident data or to use accident data to validate a roadside model 
developed from encroachment data. Each experimental plan for the 
development of accident predictive models should recommend 
approaches to the validation process and the expert peer reviewers of 
those experimental plans should also be asked to recommend validation 
techniques. Both the predictive models developed and the process 
used to validate them should be subject to expert peer review after they 
are complete. 
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The research problem statements discussed in the next section and presented 
in appendix B address the research required to develop the IHSD model. 

Research Problem Statements 

This section describes a series of 22 research problem statements that provide 
a practical and realistic approach to development of an IHSD model. Twelve of these 
22 problem statements deal with the development of the accident predictive model, 
8 deal with the other modules of the program, and 2 deal with fitting the various 
modules _together into a working package. Two of the problem statements include 
demonstration of prototype software that practicing highway engineers in State high­
way agencies or consulting firms would be invited to test and evaluate. The com­
ments from these practicing highway engineers would be considered in further 
development or revision of the models. 

The plan for Mure research has been developed to enable it to be executed as 
part of FHWA's ongoing contract research program. As a practical matter, the plan 
recognizes that FHWA will probably elect to develop the IHSD model using multiple 
contractors to perform various parts of the research and development activities. The 
22 research problem statements presented here do not necessarily represent 
22 separate research contracts; FHWA could choose to break apart or combine these 
research tasks in whatever way that was felt to be most appropriate. However, if 
multiple contractors are used, a key element of the plan would be strong coordination 
from FHWA and from a central data quality contractor who would evaluate and pre­
pare the data files for analysis by other contractors. All data analyzed by any con­
tractor developing models for a specific portion of the accident predictive model­
intersections, for example-would be provided to that contractor by the data quality 
contractor after an initial check to determine that the data quality appears acceptable 
and the data file is compatible with the data files being used by other .contractors. 
The models developed by each contractor would be subject to peer review by 
recognized experts. This peer review would be organized by the data quality 
assurance contractor. 

The 22 research problem statements recommended for development of the 
IHSD model are as follows: 

Accident Predictive Model 

#1 Data Quality Assurance and Coordination 

#2 Experimental Plan for Predictive Models for Roadway Sections 

#3 . Development of Predictive Models for Roadway Sections 

#4 Experimental Plan for Predictive Models for Intersections 
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#5 Development of Predictive Models for Intersections 

#6 Preliminary Demonstration of the IHSD Model 

#7 Experimental Plan for Predictive Models for Ramps and Speed-Change Lanes 

#8 Development of Predictive Models for Ramps and Speed-Change Lanes 

#9 Experimental Plan for Predictive Models for Roadside Areas 

#1 o Development of Predictive Models for Roadside Areas 

#11 Validation and Revision of Accident Predictive Models 

#12 Software Development to Implement Accident Predictive Models . 

Other Elements of the IHSD Model 

#13 Development of Procedures for Design Policy Review 

#14 Development of Procedures for Design Consistency Review 

#15 Development of Procedures for Benefit-Cost Analysis 

#16 Development of Graphics Package 

#17 Software Development to Implement Design Policy and Design Consistency 
Reviews 

#18 Detailed Plan for Dsvelopment of DriverNehicle Dynamics Model 

#19 Development of Driver Model for DriverNehicle Dynamics Model 

#20 Software Development for DriverNehicle Dynamics Model 

Final Testing and Revision of IHSD Model 

#21 User Evaluation of the IHSD model 

#22. IHSO model Revisions and Development of Final Implementation Package 

Figure 13 presents a flow diagram showing how these research problems fit together 
into the overall development of the IHSD model. Each of these 22 research problem 
statements is presented in detail in appendix B of this plan. 

No attempt has been made to identify the specific cost or time requirements for 
completing the work called for under each research problem statement. However, it is 
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expected that the research would require an average of 3 to 5 person-years of effort 
per problem statement. The general sequencing of the research is indicated by 
figure 13, but there is flexibility to start some projects earlier than others as funds 
become available. 

Priorities for IHSD !',Aodel Development 

The expert panel convened during the development of this plan was asked to 
recommend priorities for development of the IHSD model. This was done by rating 
priorities for particular issues on a scale fror('l 1 0 (high priority) to 1 (low priority). 

Table 2 presents the priorities recommended for development of the various 
elements of the IHSD model. The table shows that the highest priority is assigned to 
the accident predictive model, which received a rating of 9 out of a possible 1 0 points. 
Relatively high priorities were also assigned to development of the design consistency 
review module, the design policy review module, and the interactive data entry 
module. Lower priorities were generally assigned to the graphics packages, the 
benefit-cost module, and the driver/vehicle dynamics model. 

Table 2. Recommended priorities for development of 
IHSD model elements. 

· Priority Maximum 
IHSD Model Element rating1 rating 

Accident predictive model 9.0 10 
Design consistency review module 8.0 10 
Design policy review module 7.7 10 
Interactive data entry module 7.6 10 
Graphics package (plan view) 7.0 10 
Benefrt:-cost rriodule 6.6 10 
Graphics package (perspective view) 6.6 10 
Graphics package (profile view) 6.6 9 
Driver/vehicle dynamics module 5.7 8 

Priority ratings were made on a scale from 1 0 (highest priority) to 
1 (lowest priority). 

Minlmum 
rating 

5 
5 
5 
2 
2 
3 
1 
2 
3 

The expert panel was also asked to assign a priority to the incorporation in the 
IHSD model of a dynamic view from a driver's perspective of a drive through the 
geometrics for any specific design alternative. This capability was assigned a priority 
rating of 5.1, lower than any of the other IHSD model elements included in table 2. 
The general assessment of the expert panel was that such a capability was a 
desirable, but not a necessary, feature of the IHSD model. 
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T~ble 3 presents the priorities that were recommended for the development of 
the v~rious submodels of the accident predictive model. Development of the accident 
predictive submodels for roadway sections and roadside areas were assigned the 
highest priorities, with lower priorities assigned to the submodels for at-grade inter­
sections and interchange ramps and speed-change lanes. 

Table 3. Recommended priorities for development of 
accident predictive submodels. 

Priority Maximum 
Accident predictive submode! rating 1 

• rating 

Roadway sections 
Roadside areas 
At-grade intersections 
Interchange ramps and 

speed-change lanes 

9.1 10 
8.4 10 
7.3 10 
6.1 8 

Priority ratings were made on a scale from 10 (highest priority) to 
1 (lowest priority}. 

Minimum 
rating 

7 
5 
1 
5 

Table 4 presents the priorities that were recommended for development of 
accident predictive models for specific highway and area types. Rural two-lane 
highways were assigned the highest priority, because of the vast extent of the rural 
two-lane highway system and the potential for safety improvements in the design of 
projects on rural two-lane highways. The lowest priorities were assigned to the 
development of accident predictive models for freeways because freeways already. 
have very low accident rates and because the geometrics of most freeway projects 
are already about as good as we know how to make them; thus, there is very little 
potential to improve the design of freeway projects through the application of an 
IHSD model. The other highway types were assigned priorities that fall between the 
rural two:-lane highways and urban and rural freeways. 

IHSD Model Development Guidelines 

The following guidelines for development of the IHSD model are recommended: 

• A small portion of the IHSD model should be selected for initial develop­
ment with the objective of configuring that portion of the model as a 
working prototype as soon as possible. The prototype version of the 
model should include selected accident predictive models; e.g., roadway 
sections and intersections on rural two-lane highways. The inclusion of 
initial versions of the design consistency review module and. the graphics 
package would also be desirable. The prototype version should be 
useful both for informing users about the potential applications for the 
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Table 4. Recommended priorities for development of accident predictive 
models for specific highway and area types. 

Priority Maximum Minimum 
Highway and area type rating1 rating rating 

Rural two-lane highways 8.7 10 7 
Rural multilane undMded nonfreeways 7.7 10 4 
Urban multilane undivided arterials 7.1 9 5 
Rural multilane divided nonfreeways 6.7 10 4 
Urban multilane divided arterials 6.4 10 3 
Urban two-lane arterials 5.9 10 1 
Urban freeways 5.3 8 2 
Rural freeways 4.6 7 1 

Priority ratings were made on a scale from 10 (highest priority) to 
1 (lowest priority). · 

IHSD model, learning more about user needs for the model, and 
developing support for the model in the user community. 

• A staged development process niay be appropriate for the IHSD model, 
with several intermediate versions between the prototype version of the 
model and the final version containing all of the capabilities envisioned in 
this report. 

• Both the prototype and all subsequent versions of the IHSD model 
should undergo extensive testing before their release to ensure that they 
are working properly and provide the intended results. Poorly-written 
computer software. can give a model a bad reputation, even when the 
underlying safety researc.h is sound. 

• The IHSD model software should be developed to minimize or prevent 
misuse of the model. For example, if a user tries to apply the model to a 
problem for which it was not intended, either a warning should be pro­
vided to the user or the model should not analyze the problem at all. 
For example, the authors envision that the driver/vehicle dynamics model 
included in the IHSD model would be restricted to certain specific 
vehicles and certain specific applications. Sophisticated users could 
obtain the driver/vehicle dynamics model as a stand-alone program and 
apply it as they wished, but the model should prevent unsophisticated 
users from possibly misusing the model. 

• Before the IHSD model is released to users, a formal plan should be 
developed for maintaining and updating the model. This plan should 
indicate what maintenance and updating activities will be undertaken by 
FHWA and what data can be supplied and updated by users. The 
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VII. COMPUTER REQUIREMENTS 

The computer and software environment in which the IHSD model will run has 
received preliminary consideration in the development of this conceptual plan. We 
envision a model that will run on a microcomputer such a~ an IBM PC or compatible, 
but would also be transportable to other environments. The computer model could be 
implemented as either a: 

• Stand-alone model on a microcomputer, minicomputer, or mainframe. 
This may be most appropriate for level 1 analysis (location study), as· 
defined in section Ill of this plan. 

• Software package that could be integrated with highway capacity 
software, such as the Highway Capacity Software (HCS) system. While it 
might be too complex to envision a single software package to do both 
traffic operational and traffic safety analyses, both packages could be 
developed to share a common input format for geometric and traffic 
data. This approach has been used in development of the Arterial 
Analysis Package (AAP) that allows NETSIM, SOAP, and PASSER to 
share the same input format. This approach may be most appropriate 
for level 1 analysis (location study). 

• Stand-alone model that uses as input, geometric data output from a 
computer-aided design and drafting (CADD) system such as Intergraph 
or AUTOCAD. This might allow the safety package to use existing 
coordinate geometry (COGO) files. This approach is potentially 
applicable to both level 1 and level 2 analyses. 

• Software module that can be integrated into and used interactively with 
CADD software such as Intergraph or AUTOCAD. This approach is 
potentially applicable to both level 1 and level 2 analyses. 

In all probability, the interactive highway design model may assume several different 
forms in different stages of its development. first as a stand-alone package and later 
integrated with other software. In all forms, the package should be interactive; i.e., it 
should allow the user to change elements of the geometric design and directly deter­
mine the safety effects of those changes. No attempt has been made at this time to 
specify the computer requirements for the IHSD model in greater detail because both 
computer hardware and CADD system capabilities are likely to improve greatly before 
any software development for the IHSD model begins. 

73 pages not missing per 
table of contents 



maintenance and updating plan should include a plan for the funds 
required to ensure that new research findings can be incorporated in the 
IHSD model and made available to users as they are developed. 

Management of IHSD Model Development 

The development of the IHSD model is a major R&D undertaking that requires a 
nontraditional management approach. It is recommended that FHWA establish two 
expert panels or steering committees to help guide the IHSD model development 
effort. The panels would provide expert review of experimental plans and research 
results and would promote continuity between independent research efforts. One 
panel would be made up of experienced geometric designers who would be charged 
with ensuring that the final IHSD model would be a tool of practical utility to designers. 
The second panel would be composed of researchers charged with ensuring that 
each research effort conducted as part of the IHSD model development is· well 
coordinated with other research efforts and produces valid results. 

These two panels would meet approximately twice per year to review progress 
on the IHSD model development. Researchers involved in the IHSD model develop­
ment would make presentations to the panels and participate in discussions about the 
direction of model development activities. Continuity in membership of these panels 
over a period of years while the IHSD model was under development would be 
important. This would probably involve a time commitment too large to expect from 
volunteers, so the panel members may ne.ed to be hired as consultants, perhaps by 
the central data quality contractor discussed above. 
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APPENDIX A: BASIC EXPECTED ACCIDENT RATE TABLES DEVELOPED BY 
CALIFORNIA DEPARTMENT OF TRANSPORTATION 

This appendix presents a table of basic expected accident rates and severity 
distributions for roadway sections, intersections, and ramps developed by the 
California Department of Transportation. <9> These rates and severity distributions are 
currently used for accident surveillance in California, but illustrate the form in which 
basic accident rates could be developed for use in accident predictive models. 
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BASIC EXPEC'J'EP ACCIDENT IA'l'E fAIIH FOR HIGHWAYS 0111'151'88 PAGE 

JIAU BASE + ADT PCT PCT PCT HIGHWAY TYPE TERRAIN AHS AREA ACC COSTS (ttOOO) 
GROUP RATE FACTOR FAT IN.J F+I OR ADT F+I ALL 

ff 01 1.65 .1151' If .O 116. 3 so.I CONVENTIONAL 2 LAHIS OR LESS FLAT sss RURAL 62.3 32.6 

ff oz 1. 15 .1151' ". z 115.7 119.9 CONVENTIONAL 2 LANES OR LESS FLAT >55 RURAL 65.1 33.7 

ff 03 2.00 .1151' 3.0 51. 0 511.0 CONVENTIONAL I LANES OR LESS ROLL S55 RURAL 118. 1 17. 1 

ff Olf 1. 35 .1151' 3.9 118.7 52,6 CONVENTIONAL 2 LANES OR LESS ROLL >55 RURAL 59.2 32,3 

ff 05 2 .11s .1151' 2.9 Slf. 1 57,0 CONVENTIONAL 2 LANES OR LESS 11TH sss RURAL lfS.lf ·u.9 

ff 06 1.55 • lf51' 3. If 51.8 55.2 CONVENTIONAL 2 LANES OR LESS 11TH >55 RURAL 51.7 29.7 

ff 07 3.90 .000 1.3 110. 6 111.9 CONVENTIONAL 2 LANES OR LESS <115 SUBURBAN 28,9 t3.6 

If 08 2.60 .000 2.0 115.0 117. 0 CONVENTIONAL I LANES OR LESS lfS-55 SUBURBAN 35. 1 17.8 

If 09 z.20 .ooo 2.2 115.0 117.2 CONVENTIONAL 2 LANES OR LESS >55 SUBURBAN 37.3 18.9 

ff 10 lf.30 .ooo .6 37 .3 37 .9 CONVENTIONAL 2 LANES OR LESS <115 URBAN 18.6 8,6 

ff 11 2.90 .ooo 1.5 112.3 113. 8 CONVENTIONAL 2 LANES OR LESS ~Ifs URBAN 28.2 n.e 

~ 
If IZ 1.20 .ooo ". 3 118,lf 52.7 CONVENTIONAL 3 LANES RURAL 63.6 311.7 

If 13 1. 60 .000 3.8 50.0 53.8 CONVENTIONAL 3 LANES SUBURBAN 50.3; 
1 
u.a 

" 111 1.90 .ooo 3,5 50.0 53.5 CONVENTIONAL 3 LANES URBAN lflf.6 25.1 

ff 15 .80 .000 5.2 1111,8 50.0 EXPRESSWAY 3 LANES OR LESS FLAT RURAL 76.9 39.7 
\ 

If 16 1.00 .000 II. 3 50.0 511. 3 EXPRESSWAY 3 LANES OR LESS ROLL RURAL 62. 1 311.9 

If 17 1.70 .ooo II. 3 so.o Slf.3 EXPRESSWAY 3 LANES OR LESS 11TH RURAL 62.1 31f.9 

ff 18 1.50 .000 3.5 39.0 112,5 EXPRESSWAY 3 LANES OR LESS S55 SUBURBAN 56.6 25.5 

ff 19 1.00 .000 3.5 113. 1 116 .6 EXPRESSWAY 3 LANES OR LESS >55 SUBURBAN 52.7 25.9 

ff 20 1.25 .000 2.7 110.2 112.9 EXPRESSWAY 3 LANES OR LESS URBAN 113. 3 20.0 

If 21 1.80 .ooo 2.0 37.0 39.0 UNDIVIDED If LANES FLU RURAL 115.6 19. 3 

"22 2,70 .ooo 1.7 111. 7 113. II UN~IVIDED If LANES ROLLl'HTK RURAL 38.lf 18. 1 

ff 23 If.SO .ooo .9 39.8 lf0.7 UNDIVIDED If LANES S55 SUBURBAN Zlf.1 11.3 

ff Zif 3.90 .000 .9 lllf .8 145.7 UHDIVIPEP If LAKES >55 SUBURBAN U.8 11.8 

H 25 6.20 .ooo .7 314.9 35.6 UNDIVIDED If LAKES <115 URBAN 20.6 8.9 

ff 26 lf.80 .000 .7 36.lf 37.1 UKD~VIPED If LAKES ~Ifs URIIAK 20.2 9, I 
I• ~ 

ff Z7 2.00 .1100 a.o 37,0 39.0 UNDIVIDED 5-6 LANES FLAT RURAL i,s.a 
"· J 



BASIC EXPECTED ACCIDENT RATE TABLE f'OR HIGHWAYS . 011115/88 PAGE 2 

RATE BASE+ ADT PCT PCT PCT HIGHWAY TYPE TERRAIN AHS AREA ACC COSTS ($1000) 

GROUP RATE FACTOR FAT IIIJ F+I OR ADT F+I ALL 

H 28 3.20 .ooo 1. 7 41. 7 43.4 UNDIVIDED 5-6 LANES ROLLIMTH RURAL 38.4 18. I 

II 29 4.50 .000 . 9 39.8 lfO. 7 UIIDIVIDED 5-6 LANES sss SUBURBA,,tl 24. 1 I 1. 3 

II 30 3.90 .000 . 9 4ti. 8 45.7 UIIDIVIDED 5-6 LANES >55 SUBURBAN 22.8 11. 8 

II 31 6.20 . 000 · .7 311. 9 35.6 UNDIVIDED S-6 LAKES <45 URBAN 20.6 8.9 

II 32 4.80 .ooo .7 36.4 37. 1 UNDIVIDED 5-6 LANES ~45 URBAN 20. 2 9. 1 

II 33 1.30 .ooo 2.3 42.4 44.7 DIVIDED Ii LANES FLAT RURAL tis. 1 21. 8 

II 3ti 2. 10 .000 1. 6 112. ti 411. 0 DIVIDED Ii LANES ROLLIMTH RURAL 36.8 17.6 

H 35 3.00 .000 1 . 0 lfO. 9 If 1. 9 DIVIDED It LANES S55 SUBURBAN 2 5. I 12.0 

H 36 2.50 .000 1. 0 Ii I. 2 ti2. 2 DIVIDED ti LANES >55 SUBURBAN 25.0 12.0 

11 37 11.70 .000 .7 32.8 33.5 DIVIDED If LAHES <lfS URBAH 21. 2 8.8 

H 38 3.30 .000 . 7 37.9 38.6 DIVIDED If LANES ?115 URBAH 19. 8 9. 2 

~ 
H 39 I. 30 .000 2.3 If 2. It lflt. 7 DIVIDED 5 LANES OR MORE FLAT RURAL 115. 7 21.8 

H tiO 2. 10 .000 I. 6 "2 ·" lflf. 0 DIVIDED S LANES OR MORE ROLL/NTH RURAL 36.8 17.6 

11 Ii 1 3.80 .000 .9 lfli. s 115. If DIVIDED 5 LAIIES OR MORE SS5 SUBURBAN 22.9 11.8 

H 112 2.50 .000 .9 SI. 7 52.6 DIVIDED 5 LAIIES OR MORE >SS SUBURBAN 21. If 12,5 

H ll 3 11.40 .000 .6 40. 4 41. 0 DIVIDED SLAKES OR MORE <45 URBAN 18.0 8.8 

II till 3.30 .000 . 6 110.11 ll 1. 0 DIVIDED 5 LANES OR MORE ~lj5 URBAN 18.0 8,8 

II tiS .80 .017 2. 8 Ii 5. 1 47.9 DIV. EXPRESSWAY Ii LHS OR·MORE HS RURAL ti9. 9 25.2 

11 116 .60 .007 3.0 115. 1 48. 1 DIV. EXPRESSWAY Ii LHS OR MORE >65 RURAL 52.2 2 6. If 

11 117 1.30 .017 2. 1 113. 0 IJS. 1 DIV, EXPRESSWAY II LIIS OR MORE S65 SUBURBAN 37.3 18. 2 

II 118 .90 . 007 2. 1 113. 0 II 5. 1 DIV. EXPRESSWAY Ii LHS OR MORE >65 SUBURBAN 37.3 18.2 

11 119 2. 15 .000 1.11 •12. 6 1111. 0 DIV. EXPRESSWAY Ii LHS OR MORE S55 URBAII 27.0 13. 3 

11 50 I. 75 .000 1.11 112. 6 1111. 0 DIV. EXPRESSWAY Ii LNS OR MORE >55 URBAH 27.0 13.3 

II 51 ,60 .651 4.6 117. 7 52.3 FREEWAY Ii LAIIES OR LESS S15000 565 RURAL 67.3 36 ·" 

II 52 .110 .651 11.7 117. 3 52.0 FREEWAY Ii LANES OR LESS S15000 >65 RURAL 68.8 37.0 

11 53 .50 . 0011 •1.6 117. Ii 52.0 FREEWAY Ii LAIIES OR LESS >15000 S65 RURAL 67.6 36.4 

11 511 .35 . 0011 3.2 "". 6 
117. 8 FREEWAY 4 LAHE~ 0~ LESfi >15000 >65 RURAL 54.9 37. 5 



~ 

BASIC EXPECTED ACCIDENT IUI HILi roa HIGHWAYS 

RATE BASE+ ADT PCT PCT PCT HIGHWAY TYPE TERRAIN 
GROUP RATE FACTOR FAT INJ F+I OR ADT 

ff 55 .zo .007 

ff 56 .zo .OOlf 

H 57 .70 .65, 

ff 58 .45 .65, 

ff 59 .70 • OOlf 

ff 60 .115 • OOlf 

ff 61 .ZS .007 

H 62 .25 • OOlf 

ff 63 .45 .011 

n n .35 .006 

ff 65 .30 • OOlf 

ff 66 .ZS • OOlf 

ff 67 .25 • OOlf 

USE RATES 
HIGHWAY SEGMENTS 
INTERSECTIONS 
RAMPS 

3. If lfS.7 lf9. 1 FREEWAY 5-6 LAKES 

Z.6 lf3. 5 lf6. 1 FREEWAY 7 LANES OR HORE 

1.1 lf0.8 lfl.9 FREEWAY If LAHES OR LESS :515000 

2.4 , 40. 8 43.Z FREEWAY If LlHES OR LESS :515000 

,. 1 lfO. 8 If 1. 9 FREtNAY If LlHES OR LESS >15000 

2.2 lf2. 2 ........ FREEWAY If LANES OR LESS >15000 

1.6 40. 0 41.6 FREEWAY 5-6 LANES 

,. 1 111. 8 112.9 FREEWAY 7 LANES OR HORE 

1.1 lfO. 6 41.7 FREEWAY If LANES OR LESS 

.8 39. If lfO.Z FREEWAY 5-6 LANES 

•• 39.lf lftl. z FREEWAY 7-8 LANES 

• 8 39. If 40. Z FREEWAY 9-10 LAKES 

.8 39.lf 40. I FREEWAY 11 LANES 01 HORE 

lCCIDEHTs,nILLIOK VEHICLE HILES (HVH) 
lCCIDEHTS✓HILLIOH VEHICLES (HY) ENTERING THE IKTERSECTIOH 
ACCIDENTS✓MILLIOK VEHICLES (HY) TRAVERSING THE RAMP 

AHS 

:565 

>65 

:565 

>65 

IDT FACTOR - VALUE TO BE ADDED TO THE ACCIDENT COSTS ($1,000) 
BASE RATE. "0.60," HEANS 0.60 DIVIDED 
BY ADT IH THOUSAHDSI I.E., WITH 5,000 IDT, l: .l .l!..IUl ll.E 
0, 12 WOULD BE ADDED TO THE BASE RATE. R 608 15.Z 2.5 28.5 
"0.017" MEANS 0.017 l..lJ1U ADT IH-THOUSAHDSI s 551 12.z 2.5 13. 7 
I.E., WITH 20,000 ADT, ADD 0.31f TO THE BASE RATE. u ill .1L.l L..5 J.....l 

AVE 574 11. 8 Z.5 14. 6 

011,15,aa PAGE 3 

AREII. ACC COSTS ($1000) 
F+I ALL 

RURAL 56.2 U.9 

RURAL lf8.6 23.8 

SUBURBAN 26.3 12. 5 

SUBURBAN. 112. 1 19.6 

SUBUIBAK 26.3 12.5 

SUBURBAN 38.9 18.7 

SUBURBAN 32.9 15.2 

SUBURBAN 26.0 12.6 

URBAK Zif. 1 11. 5 

URBAN 20.7 9.8 

URBAK 20.7 9.8 

URIAH 20.7 9.8 

URIAH 20.7 9.8 



BASIC EXPECTED ACCIDEHT RATt: TABLE FOR IHTERSECTIOHS Olt.115/81 PAGE .. . 
RATE BASE+ ADT PCT PCT PCT INTERSECTION TYPE* COHTROL TYPE AREA ACC COSTS ($1000) 

GROUP RATE FACTOR FAT IHJ F+I F• l ALL 

I 01 • 11 .000 2. II 51. 6 Sit. 0 F, 11 AHD S HO COHTROL RURAL .. 1. s 23.6 

I 02 .110 . 000 2 ... ltlf. 9 lf7. 3 F, 11 AHD S STOP C YIELD SIGHS RURAL lfS. 3 22,7 

I 03 .98 .ooo ,. 2 If 3. 2 ltlf .If F, 11 AHD S ' SIGNALS RURAL 31. 2 15,3 

I 04 1.0' .000 2. ' 
.. ,. 7 43.8 F, 11 IIHD S FLASHERS RURAL 43.6 20. 5 

I OS • 16 .000 1. I ltlf. 0 45. 1 F, 11 AHD S HO CONTROL SUBURBAN 25.3 12,8 

I 06 • 42 ,000 1.1 37.5 38,6 F, 11 AHD S STOP & YIELD SIGHS SUBURBAN 27.6 12. 2 

I 07 .77 .000 .If 38.5 38.9 . F, 11 AND S SIGNALS SUBURBAN 17.7 8. If 

I 08 . 8_2 .000 1. 9 33.0 34.9 F, 11 AND S FLASHERS SUBURBAN lf1.5 16. 1 

I 09 . 11 .000 .8 38. 1 38.9 F, 11 AHD S HO CONTROL URBAN 21. 1 9.7 

I 10 • 32 .000 . 8 36.5 37.3 F, 11 AHD S STOP & YIELD SIGHS URBAN 21. 5 9.6 

I 11 • Slf .000 .II 36. 0 36.4 F, 11 AHD S SIGNALS URBAN 16. 1 7. If 

~ 
co I 12 . Slf .000 ,. 9 29 .9 31. 8 F, 11 AHD S FLASHERS UR BAH If 1. 6 1 If. 9 

I 13 . 19 .000 1. 8 48. 1 119. 9 T, Y AND Z HO CONTROL RURAL 36.6 19. 5 

I 1 If • 26 .ooo ,. 8 lfS. 3 117, 1 T, Y AIID Z STOP & YIELD SIGHS RURAL 37. 9 19. 2 

I 15 • 49 .000 ,. 2 110. If 111. 6 T, Y AHD Z SIGNALS RURAL 32. 3 1 If. 9 

I 16 .79 .ooo 1. 2 110. 4 If 1. 6 T, Y JlHD Z FLASHERS RURAL 32.3 11f. 9 

I 17 • 16 .000 1. 8 118. 9 50.7 T, Y AHD Z HO CONTROL SUBURBAN 31. 3 17. 1 

I 18 • 26 .000 1.0 111 . 9 112. 9 T, Y AND Z STOP & YIELD SIGHS SUBURBAN 24. 8 12, 0 

I 19 .117 .000 .8 39.0 39,8 T, Y llHD Z SIGNALS SUBURBIIN 23.0 10.7 

I 20 . 117 .ooo . 8 39.0 39.8· T, Y AND Z FLASHERS SUBURBAN 23.0 10.7 

I 21 • 13 .000 1. 2 110, 3 If 1. 5 T, Y AIID Z HO CONTROL URBIIH 25. If 12. 0 

I 22 • 17 .ooo 1.0 37. 1 38. 1 T, Y AIID Z STOP & YIELD SIGHS URBAN 211. 0 10.7 

I 23 .37 .ooo .II 37.8 38.2 T, Y AHD Z SIGNALS · URBAN 15. 8 7.6 

I 211 .lllf .000 .If 117.8 38.2 T, Y AIID Z FLASHERS URBAN 15.8 . 7. 6. 

• IUIEB~t~IIQH IXfES 

F - FOUR-LEGGED T - Tt:E 
tt - 11ULTI-LEGGED . Y - WYE 
S - OFFSET • Z - OTHERS 



IIASJ:C EXPECTED ACCJ:DEK'I -.an TAILE FOi IAnPS Oll.115.118 PAGE s . 
RATE BASE+ ADT PC'I PC'I PC'I RAnP TYPE RAftP OH.I lllA ACC COSTS ($1000) 
GROUP RA'IE FAC'IOR FAT J:KJ F+J: •AREAS orr F+I ALL 

R 01 ,35 .ooo 1; 3 lt5.0 116.3 FROHUGE ROAD 1-lt H.IA RURAL 31, a 16.1 

I 02 .90 .ooo .7 33.6 31f. 3 FROH'IAGE ROAD 1-lt H.IA URBAN 21.0 a.a 

R 03 ,35 .ooo 1.3 ltS,O lt6.3 COLLECTOR ROAD 1-lf H.IA RURAL 31,I 16, 1 

I Olf .110 .ooo ,7 33,6 Slt,3 COLLIC'IOR ROAD 1-q """ URBAN 11.0 ••• 
I 05 .ao .ooo ,. a 36. 1 37.9 DJ:REC'I, SEftI-DIR COHH (L'I TRH TRAF) 1-q orr RURAL lf3.lf 11,0 

R 06 .ao .ooo 1. a If 1. 7 113.5 DIRECT, SEnI-DII CONK (L'I 'IRK TRAF) . 1 -:-If orr URBAN 31.0 15.1 

I 07 ,60 .ooo 1.8 lflf .9 116,7 DIRECT, sEnI-DIR COHN (LT 'IRH 'IRAF) 1-lf OH RURAL 38.0 19 .1 

R 08 .60 .ooo 1.8 115.0 116.8 DIRECT, SEnI-DIR-COHH (LT 'IRH TRAF) 1-lf OH URBAN 30.lf 15.6 

R 09 1.55 .ooo 1.7 38,1 39.8 DIANOHD 1-lf orr RURAL lf0.5 17,6 

R 10 1.65 .ooo .s 39,7 lfO, 2 DnnoHD 1-lf orF URIAH 16.1 8.3 

R 11 .ao .ooo 1.7 39.7 .. ,. .. DIAHOHD 1-lf OH RURAL 19.5 17,1 

00 
0 

R 12 .90 .000 .5 38.6 39 .1 DIANOHD 1-lf OH UIBAH 17.0 a.a 

a 11 .Ifs .000 1.1 36.6 37,9 SLIP 1-q oFF RURAL 35.5 15.0 

R 111 .Its .000 .1 38.3 39.0 SLIP 1-lf orr URBAN 19.7 9.1 

R 15 .35 .ooo 1.3 lfS,lt lf6 .7 SLIP 1-q OH RURAL 31.7 16. t 

R 16 ,35 .000 .7 38.3 39,0 SLIP 1-q OH URIAH 19.7 9.2 

I 17 .75 .ooo 1.3 36.6 37.9 DIRECT, SEHI-DIR COHN (IT TRH ,air, 1-q orr RURAL 35.5 15.0 

R 18 ,95 .ooo .a 110.0 ltO .a DIRECT, SEHI-DIR COHN (RT 'IRH TRAF) 1-lt OFF URBAN 20.6 9.9 

R 19 .60 .ooo 1.3 lt5.lf 116.7 DIRECT, SEHI-DII COHH (RT TRH TRAF) 1-q OH RURAL 31.7 16. 1 

R 20 .65 ,000 .a .. ,. 2 112.0 DJ:REC'I, SEHI-DIR COHN (RT 'IRK TRAF) 1-lt OK URBAN 20,3 10.0 

R 21 1.70 .ooo 1.3 36., 37.9 LOOP WI'IH LEF'I TURN 1-lf orF RURAL 35.5 15.0 

R 22 1.70 .ooo .7 35. 1 u.a LOOP WITH LEF'I TURH 1-lf orF URBAN 20.5 9.0 

R 23 1. 35 ,000 1.3 115.lf lf6,7 LOOP WITH LEFT TURK 1-q OH RURAL 31. 7 16. 1 

R 211 1.05 .ooo .1 110. 2 lf0.9 LOOP WITH LEF'I 'IURK 1-lf OH URBAN 19. 3 9.lf 

R 25 3.55 .ooo 1. 3 112, 11 113,7 BUTTOHHOOK 1-11 OFF RURAL 32.8 15.8 

R 26 1.60 .000 .7 36.8 37.5 IU'ITOKHOOK 1-lf orr UIIIAK zo. 1 9,1 

• 27 ,90 .ooo 1,3 112 ... 113.7 BU'ITOKHOOK 1-11 OH RURAL 32.8 ts.a 



BASIC EXPECTED ACCIDEHT RllTE TABLE FOR RAMPS Olf"15.t88 PAGE 6 

RATE BASE+ ADT PCT PCT PCT RAMP TYPE RAMP OH/' AREA ACC COSTS ($1000) 

GROUP RATE FACTOR FAT IHJ F+I AREAS OFF F+I ALL 

A 28 .70 .000 .7 38.9 39.6 BUTTOHHOOK 1-lf OH URBAH 19,6 9.3 

R 29 1.55 .ooo 1. 3 36.6 37.9 SCISSORS 1-4 OFF RURAL 35.5 15.0 

R 30 1. 10 .ooo .7 38. 1 38.8 SCISSORS 1-lt OFF URBAN 19.7 9.2 

A 31 .85 ,000 1.3 lt5. It 46. 7 SCISSORS 1-lf OH RURAL 31.7 16. 1 

R 32 .60 .000 .7 36.8 37.5 SCISSORS 1-lf OH URBAH 20.1 9. 1 

R 33 .35 .ooo 1.3 36.6 37.9 SPLIT 1-lt OFF RURAL 35.5 15,0 

R 31t .30 .000 1.0 ltt. 7 ·1tz.1 SPLIT 1-lf OFF URBAH 22.6 11. 1 

R 35 ,25 .000 1.3 ltS, It lf6. 7 SPLIT 1-lt OH RURAL 31.7 16.1 

R 36 • 25 .ooo 1.0 38.6 39,6 SPLIT 1-lf OH URBAH 23.5 10.a 

R 37 1.25 .ooo 1. 3 36.6 37.9 LOOP WITHOUT LEFT TURK 1-lt OFF RURAL 35.5 15. 0 

R 38 1. 25 .ooo .7 37. 1 37.8 LOOP WITHOUT LEFT TURK 1-lt OFF URBAH .20. 0 9. 1 

00 A 39 ,85 .ooo 1.3 lt5. 4 _., 116. 7 LOOP WITHOUT LEFT TURH 1-4 OH RURAL 31.7 16. 1 

JI 40 , 75 .000 .7 42.2 lf2. 9 LOOP WITHOUT LEFT TURK 1-4 OH URBAH 18.8 9.5 

R II 1 ,85 ,000 1.3 45.0 lt6, 3 TWO-WAY RAMP SEGMENT 1-4 H✓ A RURAL 31.8 16. 1 

R lt2 ,85 .ooo .7 31. 3 32.0 TWO-WllY RAMP SEGMENT 1-lt H✓ A URIAH 21. 8 8.7 

R 43 1. 25 .000 1.3 36.6 37.9 REST AREA, VISTA PT, TRK SCALE 1-4 OFF RURAL 35.5 15.0 

R lflf 1. 10 .ooo ,7 31.3 32 .o REST AREA, VISTA PT, TAK SCALE 1-lf OFF URBAH 21. 8 8,7 

R 115 .35 .000 1. 3 45. 4 lf6. 7 REST AREA, VISTA PT, TRK SCALE 1-lt OH RURAL 31.7 16. 1 

R 116 • 35 .ooo • 7 31. 3 32.0 REST AREA, VISTA PT, TAK SCALE 1-lt OH URBAH 21. 8 8.7 

R lt7 1. 20 .000 1. 3 36.6 37.9 OTHER 1-4 OFF RURAL 35.5 15.0 

R lt8 1.20 .ooo .7 lit. II 35. 1 OTHER 1-lt OFF URBAN 20.7 8.9 

R lt9 .95 .ooo 1. 3 115. It 116. 7 OTHER 1-lt OH RURAL 31. 7 16. 1 

R 50 .95 .ooo .7 311. If 35. 1 OTHER 1-lf OH URBAH 20.7 8.9 

R 51 1. 0·5 .000 1. 3 45.0 46.3 OTHER 1-lt H✓ A RURAL 31. 8 16. 1 

R 52 1.05 • -000 . 7 31. 3 32.0 OTHER 1-lf )VA URBAH 21.8 8.7 

R 53 .85 ,000 ,. 3 36.6 37 .9 DIAHOHD 1-3 OFF RURAL 35.5 15.0 

R Sit .95 .000 .7 110 .0 lfO. 7 DIAHOHD 1-3 OFF URBAH 19. 3 9.3 



BASIC EXPECTED ACCIDENT RITE UBI.£ FOR RAnPs 01t,u,aa PAGE 7 
• 

RUE BISE + IDT PCT PCT PCT RltlP TYPE RAnP OH, 1111 ace COSTS ($1000) 
GROUP RATE FACTOR FAT IHJ F+I AREAS OFF F+I ALL 

I 55 .65 .ooo 1.3 lf5.II lf6.7 DIAnOHD 1-3 OH RURAL 31. 7 16.1 

R 56 .50 .ooo ,7 lf0,0 lf0.7 DIAtlOHD 1-3 OH URBAH 19. 3 9,3 

R 57 .zo .ooo 1. 3 36.6 37,9 SLIP 1-3 OFF RURAL 35.5 15.0 

R 58 .20 .ooo .7 31.3 32.0 SLIP 1-3 OFF URIAH 21.8 a.7 

R 59 .zo .000 1.3 'lf5.lf lf6.7 SLIP .1-3 OH RURAL 31. 7 16.1 

R 60 .20 .ooo .7 31.3 32.0 SLI'P 1-3 OH ltRBAN 21.1 1.7 

R 61 .60 .ooo 1. 3 36,6 37.9 DIRECT, SEnI-DIR COHN (RI !RH TRAF) 1-3 OFF RURAL 35.S 15.0 

R 62 .60 .000 1. 2 lf3.3 lf4.5 DIRECT, SEnI-DIR COHN (Rt TRH TRAF) 1-3 OFF URBAN Zif.If 11.3 

R 63 • lfO .ooo 1. 3 45. If lf6.7 DIRECT, SEHI-DlR COHN (RT TRH TRAF) 1-3 OH RURAL 31.7 16.1 

R 61f .50 .000 1. 2 lf3.4 lflf.6· DIRECT, SEHI-DIR COHN (RT TRH TRAF) 1-3 OH URBAN Zif.If 11.3 

R 65 1. 65 .ooo 1.3 36.6 37.9 LOOP WITH LEFT TURN 1-3 OFF RURAL 35.5 15.0 

~ R 66 1. 65 .000 .7 31.3 u·.o LOOP WITH LEFT TURN 1-3 OFF URBAN 21.1 1.7 

I 67 .90 .000 1.3 lfS. If lf6.7 LOOP WITH LEFT TURN 1-3 OH RURAL 31.7 16. 1 

R 68 .90 .ooo .7 31. 3 32.0 LOOP WITH LEFT TURN 1-3 ON URBAN 21.1 1.7 

R 69 1.50 .ooo 1.3 36.6 37.9 LOOP WITHOUT LEFT TURN 1"'3 OFF RURAL 35.5 15.0 

R 70 1. 10 .ooo .7 32.9 33.6 LOOP WITHOUT LEFT TURN 1-3 OFF URBAN 21.Z a.a 

R 71 .90 .000 1. 3 115.4 116.7 LOOP WITHOUT LEFT TURN 1-3 OK RURAL 31.7 16.1 

R 72 .70 .ooo .7 lf1.1 111.8 LOOP.WITHOUT LEFT TURH 1-3 OH URIAH 19. 1 9.lf 

R 73 .as .ooo 1. 3 115.0 116. 3 TWO-WAY RltlP SEGnEHT 1-3 H.fl RURAL 31.1 16. 1 

R 711 .as .000 .7 31.3 32.0 TWO-WAY RAHP SEGtlEHT 1-3 "'' URBAN 21.1 1.7 

R 75 .ao .oo·o 1. 3 36.6 37.9 OTHER 1-3 OfF RURAL 35.5 15.0 

R 76 .80 .000 .1 31.3 32.0 OTHER 1-3 OFF URBAN 21.1 1.7 

R 77 .ss .ooo 1.3 lf5,lf lf6.7 OTHER 1-3 OH RURAL 31.7 16.1 

R 78 ,55 ,000 .7 31.3 32.0 OTHER 1-3 OH URBAN 21.1 1.7 

R 79 .55 .ooo 1. 3 115.0 116. 3 OTHER 1-3 H.f.l RURAL 31.1 16.1 

1 ao .55 .ooo .7 31.3 32.0 OTHER 1-3 H.fA URIAH 21.1· 1.7 



APPENDIX B: RECOMMENDED RESEARCH PROGRAM FOR 
DEVELOPMENT OF THE IHSD MODEL 

Research Problem Statement 1 

Trtle: Data Quality Assurance and Coordination 

Description of Problem 

Past research in the development of statistical relationships between accident 
experience and highway geometric design variables has been based on data bases of 
varying quality and on a variety of statistical approaches and measures of effective­
ness. Thus, the results of past research do not lend themselves to being used 
together in a coordinated fashion to predict the safety effects of geometric changes. 

The problem of incompatibility that has arisen in past research results can be 
partially addressed by rigorous application of the accident definitions and classifi­
cations presented in this conceptual plan for determining the safety measures of 
effectiveness tor the IHSD model. However, to ensure that every contractor working 
on the IHSD model applies these definitions properly, it is recommended that a single 
contractor have the responsibility for preparing the data bases for analysis. Candidate 
data bases would include the five State data bases of accident, geometric, and traffic 
volume data (Illinois, Maine, Michigan, Minnesota, and Utah) in the FHWA HSIS, as 
well as similar data bases maintained by other States, including California and 
Washington. 

A key activity in preparing these data bases for analysis is a careful review and 
assessment of the quality of the information in each data base for each dependent 
variable and independent variable to be used in developing predictive models. This 
review should be conducted for all portions of the data base that will be used in 
predictive modeling including the data on roadway sections, intersections, ramps and 
speed-change lanes, and roadside areas. A review of this type has been conducted 
for roadway section data in the Minnesota and Utah HSIS files as part of the develop­
ment of this conceptual plan. Several data quality problems were found in those data 
bases, particularly problems related to the distinction between on-roadway and off­
roadway accidents. Appropriate methods for resolving these data quality problems 
have been developed for roadway sections in the Minnesota and Utah files. In other 
cases, it might be determined that data quality problems cannot be resolved and that 
particular data files should not be used. Such data quality problems must be 
investigated and resolved by a single contractor to ensure that other contractors 
involved in IHSD model development are starting with consistent data bases. 
However, those other contractors developing portions of the IHSD model should also 
be alert throughout the model development effort for possible data quality problems. 
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It should be recognized that even the best accident data currently available 
have limitations with respect to data quality and completeness that may limit the 
accuracy of the statistical relationships developed. This plan takes the optimistic view 
that improved geometric and traffic volume files, such as those. in the HSIS files, that 
can be linked to accident data bases, will lead to improvements in the statistical 
relationships that can be developed. However, it must be recognized that even in the 
best available files, the quality and completeness of the available data are still less 
than desirable. This makes validation of the resulting accident predictive models 
particularly important {see Research Problem Statement 11). 

The data quality assurance contractor should also have a key role in verifying 
that the predictive models developed by different contractors for different portions of 
the highway system (roadway sections, 'intersection, ramps and speed-change lanes, 
and roadside areas) are consistent with one another and are based on correct 
interpretation of the data files provided for analysis. This should be accomplished by· 
obtaining expert peer review of all experimental plans for development of accident 
predictive models and of all safety relationships developed for the IHSD model. 

The data quality assurance contractor should also be responsible for organizing 
two expert ·panels or steering committees to guide the IHSD model_ development effort. 
One panel would be made up of experienced geometric designers who would be 
charged with ensuring that the final ISHD model- would be a tool of practical utility to 
designers. The second panel would be composed of researchers charged with ensur­
ing that each research effort conducted as part of the IHSD model development is well 
coordinated with other research efforts and produces valid results. This second panel 
should include experienced researchers in the fields of geometric design, highway 
safety, statistical analysis of accident data, and human factors. These panels would 
meet approximately twice per year to review the progress of IHSD model development 
and to recommend future model development activities. 

Research Objectives 

The objectives of the research activity under this problem statement would be 
to: 

• Assess the quality of each data file considered for use in development of 
the IHSD model. 

• Develop consistent methods for resolving any data quality problems 
found in these data bases. 

• Prepare data files in a consistent format for provision to other 
researchers. 

• Assist other researchers in using these files in the manner intended. 
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• Review results generated by other researchers to ensure that they are 
consistent with one another and based on correct interpretation of the 
data files provided for analysis. 

• Organize expert panels or steering committees of geometric designers 
and researchers to guide the IHSD model development. 

Specific Tasks to be Performed 

The specific tasks to be performed as part of this activity are as follows: 

• Obtain copies of the HSIS data files for Illinois, Maine, Michigan, 
Minnesota, and Utah and the similar files for other States, including 
California and Washington. 

• Evaluate each file to assess the quality of the data used to distinguish 
between accidents that occur on or are related to roadway sections, 
intersections, ramps and speed-change lanes, and roadside areas. 
Develop consistent methods for resolving any data quality problems 
encountered. 

• Assess the quality of data in each file for the candidate dependent and 
independent variables that may be considered in developing predictive 
models for roadway sections, intersection, ramps and speed-change 
lanes, and roadside areas. 

• Recommend which data files should and should not be used for specific 
purposes in development of the IHSD models, based on data quality. 
Data quality should be judged on the basis of: 

completeness of variables included in the data files. 

accuracy and reasonableness of the data, as verified by 
examining accident rates for different highway types and 
one-way and multiway distributions of specific variables. 

appropriateness of data file for multiple uses in IHSD model 
development. Preference should be given to data files that 
are appropriate for roadway section, intersection, ramp/ 
speed-change lane, and roadside modeling. 

• Prepare the data files needed for the performance of Research Problem 
Statements 2 through 10, incorporating a consistent definition of which 
accidents should be attributable to roadway sections, intersections, 
ramps and speed-change lanes, and roadside areas. Prepare written 
guidelines for the use of each data file in development of the 
IHSD model. 
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• Provide advice and/or assistance to researchers using the data files. 

• Arrange for peer review of predictive models generated from the data 
files by other researchers to determine that they are valid and based on 
proper interpretation of the data files. 

• Organize expert panels of geometric designers and researchers to guide 
the IHSD model development effort. 
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Research Problem Statement 2 

Trtle: Experimental Plan for Predictive Models for Roadway Sections 

Description of Problem 

The IHSD model should include separate submodels containing predictive 
relationships for estimating the safety performance of roadway sections, intersections, 
ramps and speed-change lanes, and roadside areas. This problem statement 
addresses the development of predictive models for roadway sections. 

Predictive relationships based on a valid statistical analysis results are needed 
for use in estimating the safety performance of roadway sections. Previous attempts 
to develop such relationships have yielded inconsistent results because of poor data 
quality, limited sample sizes, varied modeling approaches, and confounding of inter­
section and roadside effects with roadway section effects. An experimental plan 
should be developed to ensure that these problems are remedied in the development 
of safety relationships for the IHSD model. 

Research Objective 

The research objective under this problem statement would be to: 

• Prepare an experimental plan for development of statistical predictive 
relationships for roadway sections that represent the effect of roadway 
geometrics and traffic volumes on accident experience (i.e., accident 
rate, accident severity, accident type distribution). 

The predictive relationships must be developed based on the accident definitions 
presented in this conceptual plan, so that the relationships will be compatible with the 
other portions of the IHSD model. The data used in modeling must be of sufficient 
quality for use in this effort, as verified in the manner described in Research Problem 
Statement 1. 

Specific Tasks to be Performed 

The experimental plan developed for roadway sections should specify the 
following activities: 

• Obtain data files from at least two States containing accident, geometric, 
and traffic volume data of sufficient quality for use in use in modeling of 
roadway section accident experience. 
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• Develop statistical models of the effects of geometric design and traffic 
variables on accident experience using several candidate functional 
forms and/or statistical techniques. 

• Examine State-to-State differences between the models developed. 
Determine the most· generally applicable models obtained and/or the 
best method of accounting for or adjusting for these differences. 

• Select the best predictive model(s) for use in the IHSD model. The best 
model(s) will probably be those with a functional form or modeling . 
approach that works satisfactorily for the data from more than one State, 
even if the numerical values obtained from different States differ to some 
extent. 

• Validate the predictive model(s) using data that are independent of the 
data used in their development. In addition, model validation by 
methods other than statistical analysis of accident data should be 
considered. 

The dependent variables that should be used as measures of effectiveness in this 
modeling activity should be: · 

• Accident rate (per million vehicle-miles). 

• Accident severity distribution. 

• Accident type distribution. 

The independent variables that should be considered, at a minimum, include: 

• Number of through lanes. 
• Divided/undivided. 
• Access control. 
• Urban/suburban/rural. 
• Lane width. 
• Presence of shoulder. 
• Shoulder type. 
• Shoulder width. 
• Median type. 
• Horizontal curves: 

degree of curve. 
length of curve. 

• Percent grade. 
• Driveway density. 
• Type of development. 
• Average daily traffic volume. 
• Percent trucks. 
• Design or posted speed. 
• Operating speed. 
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Other candidate independent variables that could be considered are listed in figure 4 
in the main text of this report. However, it is unlikely that all of these variables have 
safety effects that can be accurately determined. For example, vertical curve 
geometry and stopping sight distance have very subtle effects that have never been 
adequately modeled. It must be recognized that determination of the effects of some 
geometric variables may be beyond the capability of even the most complete data 
bases and the best statistical techniques. 

The list of independent variables presented above includes the ADT of the 
roadway section to represent the general level of traffic volume on the facility. In 
addition, it would be desirable to find a method to include congestion effects in the 
predictive model through the use of variables such as peak hour traffic volumes, peak 
V/C ratio, and/or a measure of the daily duration of congestion. 

It appears that the best available data files contain sufficient geometric variables 
for modeling of roadway section accident experience without the need for supple­
mentary field data collection. However, if questions about the data arise, it may be 
desirable to verify some geometric data elements for specific roadway sections in the 
field or from photologs. · 

A preliminary evaluation of.the Minnesota and Utah HSIS files as part of the 
preparation of this conceptual plan has concluded that they are sufficiently complete 
for use in modeling roadway section accident experience. The Utah file includes data 
on the location and geometrics of horizontal curves, while the Minnesota file does not. 

Recommended approaches for the development of predictive models for 
roadway sections have been presented in the conceptual plan for the IHSD model in 
Chapter IV of this report. Guidelines for the development of new safety relationships 
from accident data have been presented in Chapter VI. In particular, the guidelines 
state that the sites used in modeling should be carefully reviewed to ldentify and 
eliminate outliers that may have particularly high accident experience because of 
unusual driving populations (e.g., the presence of a few large taverns resulting in a 
high incidence of driving while intoxicated). 
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Research Problem Statement 3 

Trtle: Development of Predictive Models for Roadway Sections 

Description of Problem 

Accident predictive models for roadway sections should be developed in 
accordance with the experimental plan developed in Research Problem Statement 2. 

Research Objectives 

The preliminary research objectives are identified in· Research Problem 
Statement 2. These may be revised in the experimental plan. 

Specific Tasks to be Performed 

The sp~cific tasks to be performed will be determined in the development of the 
experimental plan. A preliminary discussion of the tasks to be performed is presented 
in Research Problem Statement 2. 
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Research Problem Statement 4 

Title: Experimental Plan for Predictive Models for Intersections 

Description of Problem 

The IHSD model should include separate submodels containing predictive 
relationships for estimating the safety performance of roadway sections, intersections, 
ramps and speed-change lanes, and roadside areas. This problem statement 
addresses the development of predictive models for intersections. 

Predictive relationships based on a valid statistical analysis results are needed 
for use in estimating the safety performance of at-grade intersections. Only very 
limited attempts have been made in the past to develop safety predictive models for 
intersections. Improved modeling approaches are need for use in the IHSD model. 
An experimental plan should be prepared that specifies how these predictive models 
for intersection accidents should be developed. 

Research Objective 

The research objective under this problem statement would be to: 

• Prepare an experimental plan for development of statistical predictive 
relationships for intersections that represent the effect of intersection 
geometrics and traffic volumes and characteristics on accident experi­
ence (i.e., accident rate, accident severity distribution, accident type 
distribution). 

The predictive relationships must be developed based on the accident definitions 
presented in this conceptual plan, so that the relationships will be compatible with the 
other portions of the IHSD model. The data used in modeling must be of sufficient 
quality for use in this effort, as verified in the manner described in Research Problem 
Statement 1. 

Specific Tasks to be Performed 

The experimental plan developed for at-grade intersections should specify the 
following activities: 

• Obtain data files from at least two States containing accident, geometric, 
and traffic volume data of sufficient quality for use in use in modeling 
intersection accidents. 
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• Supplement these data files with additional intersection geometric 
variables collected in the field or from photologs~ 

• Develop statistical models of the effects of geometric design and traffic 
variables on accident experience using several candidate functional 
forms and/or statistical techniques. 

• Examine State-to-State differences between the models developed. 
Determine the most generally applicable models obtained and/or the 
best method of accounting for or adjusting for these differences. 

• Select the best predictive model(s) for use in the IHSD model. The best 
model(s) Will probably be those with a functional form or modeling 
approach that works satisfactorily for the data from more than one State, 
even if the numerical values obtained from different States differ to some 
extent. 

• Validate the predictive model(s) using data that are independent of the 
data used in their development. In addition, mod~I validation by 
methods other than statistical analysis of accident data should be 
considered. 

The dependent variables that should be used as measures of effectiveness in 
this modeling activity should be: 

• Accident rate {per million entering vehicles). 

• Accident severity distribution. 

• Accident type distribution. 

The independent variables that should be considered include: 

• Entering traffic volumes. 
• Type of traffic control (signalized/two-way STOP/two-way STOP with 

flashing beacon/four-way STOP /four-way STOP with flashing beacon/ 
no control). 

• Number. of approaches. 
• Approach alignment (horizontal/vertical alignment). 
• Number of lanes on each approach. 
• Special lanes (right-turn/left-turn/shared/exclusive). 
• Urban/suburban/rural. 
• Approach widths. 
• Divided/undivided approaches. 
• Percent left turns. 
• Percent right turns. 
• Percent trucks. 
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• Approach speed. 
• Signal phasing/timing. 
• Stopping sight distance. 
• Intersection sight distance. 

Several of these variables including approach alignment, special lanes, and signal 
phasing are not typically included in existing computerized State data files. Supple­
mentary data collection in the field or from photologs may be required to obtain these 
data. 

Some candidate variables, such as curb return radii have very subtle effects 
that are difficult to quantify. It must be recognized that determination of the effects of 
some variables may be beyond the capability of even the most complete data bases 
and the best statistical techniques. 

In addition to the entering traffic volumes expressed as ADT values, it would be 
desirable to include measures of congestion such as the peak hour traffic volumes, 
peak V /C ratios, and/or daily duration of congestion. 

Predictive models for intersection accidents should produce estimates both for 
11at-intersection11 accidents (i.e., accidents that occur within the curbline limits of the 
intersection) and for other "intersection-related" accidents (i.e., accidents that occur on 
the intersection approaches but are caused by or related to the operation of the 
intersection. This definition does not incorporate a specific approach length that is 
considered to be related to the intersection. Any accident that is caused by or related 
to the operation of the intersection is considered to be an 11intersection-related 11 acci­
dent, no matter how far from the intersection it occurs. Naturally, "intersection-related 
accidents would be expected to occur over a greater distance from the intersection on 
a high-volume, congested approach than on a low-volume, uncong~sted approach. 
In addition to the 11intersection-related11 accident experience, accidents that are not 

. · related to the intersection would be expected to occur on each approach; such 
accidents would be predicted by the roadway section model rather than the 
intersection model. 

The most promising data bases for the development of predictive models for 
intersections appear to be the Maine and Minnesota HSIS files and the file maintained 
by Caltrans. However, these files need to be fully investigated. 

Recommended. approaches for the development of predictive models for 
roadway sections have been presented in the conceptual plan for the IHSD model. 
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Research Problem Statement 5 

idle: Development of Predictive Models for Intersections 

Description of Problem 

Accident predictive models for at-grade intersections should be developed in 
accordance with the experimental plan developed in Research Problem Statement 4. 

Research Objectives 

The preliminary research objectives are identified in Research Problem 
Statement 4. These may be revised in the experimental plan. 

Specific Tasks to be Performed 

The specific tasks to be performed will be determined in the development of the 
experimental plan. A preliminary discussion of the tasks to be performed is presented 
in Research Problem Statement 4. 
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Research Problem Statement 6 

Trtle: Preliminary Demonstration of the IHSD model 

Description of Problem 

A demonstration of the IHSD model is recommended as early as possible in the 
development process. A prototype version of the IHSD accident predictive model 
should be developed to demonstrate the capabilities of the, model. This will be useful 
to test concepts in the moqel and to demonstrate the model to potential users, 
including highway agencies, consulting firms, and researchers. 

It is recommended that a prototype version of the accident predictive portion of 
the IHSO model be developed including the safety relationships developed for road­
way sections and at-grade intersections. In other words, this prototype could be 
developed at the conclusion of the work described in Research Problem Statement 5. 
It is recommended that safety relationships for ramps and speed-change lanes not be 
included in the demonstration version; this would be an unnecessary complication that 
is not essential to the demonstration of the model capabilities. Roadside accidents 
could be addressed .with a generalized roadside rating system or with the existing 

· , version of the ROADSIDE model without waiting for the necessary improvements 
described in Research Problem Statements 9 and 10. The prototype version of the 
IHSD model should be capable of performing a level 1 analysis, as defined in 
section Ill of this plan, and should be capable of illustrating how a level 2 analysis 
would be performed. Based on the priorities established by an expert panel (see 
table 2 in this report), accident predictive models for rural two-lane highways would 
appear to be most appropriate for the prototype version of the IHSD model. 

Any operational problems with the IHSD model identified during development of 
the prototype version or identified by its users should be fully evaluated in subsequent 
development of •the mo¢el. 

Research Objectives 

The objectives for development of a preliminary demonstration version of the 
IHSD model are as follows: 

• Test concepts for potential use in the final version of the IHSD model. 

• Test user interfaces (input formats, screen displays, printout formats, 
etc.) for Mure software development. 

• Obtain user comments on the applicability and practicality of the 
IHSD model. 
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The development of a prototype version of the IHSD model should be an excellent 
means of gaining user support for Mure development of the model. 

Specific Tasks to be Performed 

Specific tasks to be performed under this research problem statement are as 
follows: 

• Develop computer software for a prototype of the IHSD accident 
predictive model. 

• Test the prototype version of the accident predictive model by applying it 
to a series of realistic design problems. 

• Test the prototype version of the accident predictive model by asking 
potential users to exercise it and provide comments. 

• Prepare a report with recommendations for future development of the 
IHSD model. 
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Research Problem Statement 7 

Title: Experimental Plan for Predictive Models for Ramps and Speed-Change 
Lanes 

Description of Problem 

The IHSD model should include separate submodels containing predictive 
relationships for estimating the safety performance of roadway sections, intersections, 
ramps and speed-change lanes, and roadside areas. This problem statement 
addresses the development of predictive models for ramps and speed-change lanes. 

Predictive relationships based on a valid statistical analysis results are needed 
for use in estimating the safety performance of interchange ramps and speed-change 
lanes. There has been only limited safety research concerning ramps and speed­
change lanes and none that is appropriate for direct application in the IHSD model. 
The first step in the development of such predictive relationships should be the 

. preparation of an experimental plan. 

Research Objective 

The research objective ui;,der this problem statement would be to: 

• Prepare an experimental plan for development of statistical predictive 
relationships for ramps and speed-change lanes that represent the effect 
of roadway geometrics and traffic volumes and characteristics on 
accident experience (i.e., accident rate, accident severity distribution, 
accident type distribution). 

The predictive relationships must be developed based on the accident definitions 
presented in this conceptual plan, so that the· relationships will be compatible with the 
other portions of the IHSD model. The data used in modeling must be of sufficient 
quality for use in this effort, as verified in the manner described in Research Problem 
Statement 1. 

Specific Tasks to be Performed 

The experimental plan developed for interchange ramps and speed-change 
lanes should specify the following activities: 

. ' 

• Obtain data files from at least two States containing accident, geometric, 
and traffic volume data of sufficient quality for use in use in modeling 
ramp and speed-change lane accidents. 
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• Supplement these data files with additional geometric variables collected 
in the field or from photologs. 

• Develop statistical models of the effects of geometric design and traffic 
variables on accident experience using several candidate functional 
forms and/or statistical techniques. 

• Examine state-to-state differences between the models developed. 
Determine the most generally applicable models obtained and/or the 
best method of accounting for or adjusting fo~ these differences. 

• Select the best predictive model(s) for use in the IHSD model. The best 
model(s) will probably be those with a functional form or modeling 
approach that works satisfactorily for the data from more than one State, 
even if the numerical values obtained from different States differ to some 
extent. 

• Validate the predictive model(s) using data that are independent of the 
data used in their development. In addition, model validation by 
methods other than statistical analysis of accident data should be 
considered. 

The dependent variables that should be used as measures of ~ffectiveness in this 
modeling activity should be: 

• Accident rate (per million vehicles traversing the ramp or speed-change 
lane). 

• Accident severity distribution. 

• Accident type distribution. 

The independent variables that should be considered include: 

• Ramp type: 
freeway/freeway. 
freeway/arterial off-ramp. 
freeway/arterial on-ramp. 
arterial/arterial. 

• Ramp configuration: 
diamond. 
parclo loop. 
full loop. 
directional. 
buttonhook. 
slip. 

• Ramp length. 
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• Number of lanes on ramp • 
• Urban/suburban/rural . 
• Horizontal curves . 
• Type of speed-change lane . 
• Length of speed-change lane . 
• Traffic volume traversing ramp . 
• Percent trucks . 
• Advisory speed . 
• Design speed . 
• Operating speed . 

Many of these variables are not typically included in computerized State data files and 
supplementary data collection in the field or from photologs will probably be required. 
For example, existing ramp files do not typically contain geometric data on speed­
change lanes or horizontal curves. 

In addition to the ADT traversing the ramp, it would be desirable to include 
variables, such as peak hour volumes, representing the level and duration of conges­
tion on the ramp. However, congestion measures are much more difficult to define for 
ramps than for roadway sections or intersections because congestion is usually 
controlled more by ramp terminal operations than by the capacity of the ramp proper. 

The most promising data file for analysis of ramps and speed-change lanes is 
the ramp file maintained by the Caltrans. However, this file has not yet been fully 
investigated. 

· Recommended approaches for the development of predictive models for 
roadway sections have been presented in the conceptual plan for the IHSD model. 
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Research Problem Statement 8 

Title: Development of Predictive Models for Ramps and Speed-Change Lanes 

Description of Problem 

Accident predictive models for interchange ramps and speed-change lanes 
should be developed in accordance with the experimental plan developed in Research 
Problem Statement 7. · 

Research Objectives 

The preliminary research objectives are identified in Research Problem 
Statement 7. These may be revised in the experimental plan. 

Specific Tasks to be Performed 

The specific tasks to be performed will be determined in the development of the 
experimental plan. A preliminary discussion of the tasks to be performed is presented 
in Research Problem Statement 7. 
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Research Problem Statement 9 

Trtle: Experimental Plan for Predictive Models for Roadside Areas 

Description of Problem 

Modeling of roadside accidents must be approached in a very different way 
than modeling of on-roadway accidents. Many roadside accidents are not reported 
because. if the roadside design is good, a vehicle leaving the roadway may not suffer 
consequences serious enough to create a reportable accident. In addition, many 
roadside accidents involve only a single vehicle; reporting levels are generally lower 
for single-vehicle accidents than for multiple-vehicle accidents. 

The most widely used model for predicting roadside accidents has been 
developed in a sequence of past and present research efforts that has been carried 
on over a period of more than 20 years.<14

•
15

•
1
6) The model is currently being improved 

in NCHRP Projects 22-8 and 22-9.<17
•
18

> A recent FHWA report has recommended a 
plan for collection of roadside safety data to further improve the roadside accident 
prediction model; execution of this plan would begin with the improved version of the 
model that is developed in NCHRP Project 22-9. <6> 

The roadside data collection plan developed for FHWA recommends five 
specific studies that should be conducted to improve the roadside safety model. (6) 

These are: 

• Validation of encroachment frequency/rate (Study 1). 

• Determination of encroachment frequency/rate adjustment factors 
(Study 2). 

• Determination of the effect of roadside conditions on impact probability 
and severity (Study 3). 

• Determination of distributions of impact conditions (Study 4). 

• Development of relationships between impact conditions, performance 
limits, and injury probability and severity (Study 5). 

Detailed descriptions of the work needed to address each of these probiems are 
presented in the FHW A report, including estimates of the required time and cost to 
accomplish this work. 
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A detailed experimental plan should be developed to indicate which portions of 
this FHWA plan must be accomplished to create an roadside accident predictive 
model that is acceptable for use in the IHSD model. The development of this experi­
mental plan should include pilot studies to test the recommended data collection 
activities and, where appropriate, to choose between alternative research approaches. 

The experimental plan to be developed should address predictive models for 
use in both level 1 and level 2 analyses. Level 1 analyses should be based on safety 
relationships incorporating the generalized roadside rating scheme (i.e., 1 to 7 scale) 
developed by Zegeer et al. and/or the concepts in the existing ROADSIDE model. (7) 

Level 2 analyses should be based on a revised version of the ROADSIDE model 
developed in accordance with the research approach described above. 

Research Objectives 

The research objectives to be addressed in the experimental plan should 
include: 

• Develop a simplified approach for predicting roadside accidents that can 
be employed in level 1 analyses. _ 

• Obtain new data on encroachment rates for freeways, multilane 
nonfreeways, and two-lane highways and new data on accident severi­
ties associated with roadside collisions in accordance with the plan 
developed for FHWA. (6) 

• Develop a revised version of the roadside safety model based on new 
data concerning encroachments and accident severities. 

Specific Tasks to be Performed 

The experimental plan developed for interchange ramps and speed-change 
lanes should specify the following activities: 

• Adapt either the generalized roadside rating scheme (i.e., 1 to 7 scale) 
developed by Zegeer et al. and/or the concepts in the existing roadside 
safety model discussed above to provide a simplified model for predict­
ing roadside accidents that can be employed in level 1 analyses. (7) 

• Improve the existing roadside safety model using the data collection 
approaches recommended in an FHWA plan to obtain a model appropri­
ate for application to detailed roadside design issues in level 2 analyses 
ir. the IHSD model. 

102 



• Validate the roadside safety model using data that are independent of 
the data used in its development. In addition, model validation by 
methods other than probabilistic modeling based on encroachment and 
accident severity data should be considered. 
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Research Problem Statement 1 o 

Title: Development of Predictive Models for Roadside Areas 

Description of Problem 

Accident predictive models for roadside areas will be developed in accordance 
with the experimental plan developed in Research Problem Statement 9. 

Research Objectives 

The preliminary research objectives are identified in Research Problem 
Statement 9. These may be revised in the experimental plan. 

Specific Tasks to be Performed 

The specific tasks to be performed will be determined in the development of the 
experimental plan. A preliminary discussion of the tasks to be performed is presented 
in Research Problem Statement 9. 
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Research Problem Statement 11 

Title: Validation and Revision of Accident Predictive Models 

Description of Problem 

A major emphasis has been placed on model validation efforts throughout the 
description of Research Problem Stptements 2 through 1 O. These validation efforts 
focus on the individual pieces of the accident predictive model. 

When the work under Research Problem Statements 2 through 1 O is complete, 
a major effort is needed to validate the accident predictive portion of the IHSD model 
as a whole, and make any necessary revisions. This will require that the accident 
predictive model be assembled as a whole and that its overall predictions be com­
pared to the actual safety performance of specific sites or highway types. This 
comparison should be made using safety data other than the data used in the model 
development. For example, the data used in validation of the accident predictive 
models could consist of either portions of the data bases used in development that 
are specifically held aside for validation purposes or could consist of a later year of 
data from the same State(s). A key issue to be addressed in this validation effort is 
the accuracy of accident prediction for the combined on-roadway and roadside 
portions of the model. 

One possible validation methodology might be a case study approach. A case 
study analysis could address accidents associated with various classes of highway to 
determine which geometric features would have been most effective ir preventing or 
reducing the severity of an accident. One might, for example, analyze a sample of 
150 to 200 accident reports from a wide variety of locations on rural highway curves. 
There will be a variety of accident causes discernable from the accident reports 
(including the narrative description): driving too fast with loss of control, falling asleep, 
improper passing, rear-end collisions because of large speed differentials, etc. In 
some cases, follow-up interviews with the investigating officer or the involved parties 
might be necessary to clarify accident causation. Each of the accident types identified 
above is affected differently by the various geometric features. A case study analysis 
would determine which features have the greatest safety impacts and whict) types of 
geometric or traffic control improvements (increasing curve radii, widening lanes, 
adding rumble strips, improving signing and delineation, clearing roadsides, etc.) 
might be most effective. If the case study analysis confirms the importance of the 
same geometric features as the quantitative statistical relationships, this will confirm 
the validity of those relationships. If the case study analysis indicates the importance 
of different geometric features than the quantitative statistical relationships, this may 
indicate that the statistical relationships are not valid because of the inherent limitations 
in the quality and completeness of the available accident data. Consideration should 
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then be given to acquiring better accident data and/or using alternative statistical 
modeling techniques. 

While the validation work under Research Problem Statement 11 may be 
performed using a simple, computerized version of the accident pred.ictive model 
developed for testing purposes, this activity is intended as a validation of the accuracy 
of the predictive model and not as a test of a user-oriented software package. It is 
recommended that any necessary changes to the predictive model be made before 
the major software development effort begins. 

Research Objectives 

The objectives of the research under this problem statement are to: 

• Validate the predictive relationships developed for the accident predictive 
portion of the IHSD model. 

• Make appropriate revisions to improve the predictive ability of these 
relationships. 

Specific Tasks to be Performed 

The specific tasks to be performed in the research under this problem 
statement are: 

• Assemble the accident predictive models for roadway sections, at-grade 
intersections, ramps and speed-change lanes and roadside areas into a 
combined predictive model. 

• Validate the combined predictive models against actual safety 
performance data other than the data that was used in the model 
development. 

• Assess the predictive ability of the combined accident predictive model. 

• Make any necessary adjustments to the submodels for specific portions 
of the highway system (roadway sections, intersections, ramps and 
speed-change lanes, and roadside areas) to improve their respective 
predictive abilities and the predictive ability of the combined model. 

• Prepare the accident predictive model in final form for use in software 
development in Research Problem Statement 12. 
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Research Problem Statement 12 

T"rtle: Software· Development to Implement Accident Predictive Models 

Description of Problem 

Once the accident predictive procedures for use in the IHSD model have been 
finalized, as described in Research Problem Statement 11, the primary software 
development for implementing these procedures will begin. This work is intended to 
developed a high-quality, professional software package that applies the accident 
predictive procedures. Section Ill of this plan presents a preliminary flow diagram for 
the accident predictive portion of the model. This software development work could 
be performed independently or could be combined with the software development 
activity for the design policy review, design consistency review, and benefit-cost 
analyses described ·in Research Problem Statement 17. 

No determination has yet been made as to whether the software for the 
IHSD model should be developed as a stand-alone package or as an integral part of 
a highway agency's CADD software. Such a decision would be premature at this 
time, given the rapid developments of computer hardware and software currently 
underway. However, it is clear that the software for level 2 analyses using the 
accident prediction model must be capable of interfacing with a CADD system. 

Human factors experts on human-computer intersection should be involved in 
the software development from its inception to help determine software requirements 
based on user needs. 

Research Objectives 

The objectives of the research under this problem statement are to: 

• Develop high-quality, professional software for the accident predictive 
portion of the IHSD model. 

• Conduct an Alpha test of the software to the point that it is ready tor 
application and assessment by users. 

It should be noted that an Alpha test is an inhouse test of a software package by its 
development team, in contrast to a Beta test which is a test performed by 
knowtedgeable outsiders. 

107 



Specific Tasks to be Performed 

The specific tasks to be performed under this research problem statement are: 

• Develop a final software development plan for the accident predictive 
portion of the IHSD model. 

• Execute the plan and develop high-quality, professional software for the 
accident predictive portion of the IHSD model. 

• Conduct an Alpha test of the software and make appropriate revisions to 
remove bugs and identify· improvements to make the software more user 
friendly. 

• Prepare the software in final form for combination with the accident 
predictive model component of the model and for Beta testing by 
potential users. 

• Develop a draft users manual for the software. 
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Research Problem Statement 13 

Trtle: Development of Procedures for Design Policy Review 

Description of Problem 

Not all highway design decisions can be addressed with a formal accident 
predictive model like that developed under Research Problem Statements 1 through 
12. Therefore, the IHSD model should provide the user with other approaches to 
review the adequacy of specific design alternatives. One appropriate approach to 
supplement the accident predictive model is the inclusion in the IHSD model of a 
module intended to review a specific design alternative to identify and 11flag11 any 
design elements that do not comply with accepted design policies such as the 
AASHTO Green Book and applicable State or local highway agency design policies. 
Section V of this plan presents a candidate list of geometric design elements that 
could be addressed in the design policy review. 

The identification of a design element as not in compliance with established 
design policies does not necessarily mean that the design should be changed. 
Exceptions to policies are often granted when it appears that full compliance with 
established design policies would not be cost effective. However, a design policy 
review module as part of the IHSD model would provide a means for ensuring that 
such decisions are made explicitly and are well documented. 

A specific approach for this design policy review should be developed as part 
of the recommended research. 

Research Objectives 

The objective of the recommended research under this problem statement is to: 

• Develop an automated method for identifying specific design features 
that do not comply with MSHTO, or specific State or local highway 
agency, design policies. 

Specific Tasks to be Performed 

The specific tasks to be performed as part of this research are: 

• Identify specific design elements and design policies that should be 
included in the design policy review module. 
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• Provide a method tor highway agencies to supplement any AASHTO 
· numerical values or procedures with numerical values or procedures 
based on State or local highway agency design policies. 

• Develop a procedure to implement the design policy review as part of 
the IHSD model. This procedure should be specified in sufficient detail 
to permit the development of design policy review software as described 
in Research Problem Statement 17. 
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Research Problem Statement 14 

Tttle: Development of Procedures for Design Consistency Review 

Description of Problem 

Not all highway design decisions can be addressed with a formal accident 
predictive model like that developed under Research Problem Statements 1 through 
12. Therefore, the IHSD model should provide the user with other approaches to 
review the adequacy of specific design alternatives. One appropriate approach to 
supplement the accident predictive model is the inclusion in the IHSD model of a 
module intended to review a specific design alternative to identify and 11flag 11 any 
design elements that are inconsistent with driver expectancy. Such inconsistencies 
often arise from differences in geometrics between adjacent roadway elements (e.g., 
inappropriate cross-section transitions between adjacent roadway sections or between 
tangents and horizontal curves). Section V of this plan presents a tentative list of 
geometric design elements that could be addressed in the design consistency review. 

The identification of a design element as inconsistent with adjacent sections 
does not necessarily mean that the design should be changed. It may not be cost 
effective to eliminate all design inconsistencies. For example, signing can be used in 
some cases to change driver expectancy and make an apparently inconsistent design 
more consistent. However, a design consistency review module as part of the 
IHSD model would provide a means of ensuring that such decisions are made 
explicitly and are well documented. 

A specific approach for this design consistency review should be developed as 
part of the recommended research. In order to use an automated approach to design 
consistency review, design consistency must be transformed from a generalized 
concept to a specific concept to which quantitative definitions and procedures can be 
applied. Initial development of design consistency review procedures should be 
based on expert opinion. A panel of experienced geometric designers, traffic safety 
engineers, and human factors specialists should be established to formulate design 
consistency guidelines. Other design consistency concepts that are more quantitative, 
including those from current FHWA design consistency research, should be 
introduced at a later date. 

The design consistency module should include a procedure to calculate, for 
each horizontal curve, the speed at which a specified vehicle types (probably a large 
truck) would skid or roll over, based on a point mass representation of the vehicle. 
This procedure would warn the user if the margin of safety between the skidding or 
rollover speed and the design speed of the curve appears to be too small. The 
vehicle operating speed used in this analysis would be estimated from the design 
speed of the horizontal curve itself and the design speed of the geometric element(s) 
upstream of the curve. The driver/vehicle dynamics model (see Research Problem 
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Statements 18 through 20) could be applied where a more sophisticated analysis tool 
is needed. 

Research Objectives 

The objective of the recommended research under this problem statement is to: 

• Develop an automated method for identifying specific features of a 
design that are not inconsistent with driver expectancy. 

Specific Tasks to be Performed 

The specific tasks to be performed as part of this research are: 

• Develop quantitative definitions of consistent ·and inconsistent design 
practices that implement valid research concerning design expectancy. 

• Develop a procedure to implement a design consistency review as part 
of the IHSD model. This procedure should be specified in sufficient 
detail to permit the development of design consistency review software 
as described in Research Problem Statement 17. 
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Research Problem Statement 15 

Title: Development of Procedures for Benefit-Cost Analysis 

Description of Problem 

The IHSD model should include benefit-cost procedures to allow users to 
determine whether a proposed design modification that involves an additional 
expenditure in construction cost is economically justified on the basis of improved 
safety. The benefit-cost procedures would not address nonsafety benefits such as 
traffic operational or environmental benefits. However, the benefit-cost module should 
include the capability for the user to supply data on monetary benefits and costs not 
related to safety if the user has such data available from other sources. A recom­
mended method for computing the benefit-cost ratio and the annualized cost per 
accident reduced for a proposed design modification is presented in section V of this 
plan. 

Research Objectives 

The objectives of the research under this problem statement are to: 

• Develop a procedure for benefit-cost analysis that can be used to 
determine whether proposed design modifications that increase 
construction costs are justified on the basis of safety. The procedure· 
should determine values for the safety benefit-cost ratio and the 
annualized cost per accident reduced. 

Specific Tasks to be Performed 

The specific tasks to be performed as part of this research are: 

• Develop a procedure to implement benefit-cost analysis as part of the 
IHSD model. This procedure should be specified in sufficient detail to 
·permit the development of benefit-cost analysis software as described in 
Research Problem Statement 17. 
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Research Problem Statement 16 

Trtle: Development of a Graphics Package 

Description of Problem 

The IHSD model should include a graphics package that allows designers to 
· review the geometrics of each design alternative before assessing its safety perfor­
mance and to review the geometrics again following the safety assessment as part of 
deciding what geometric changes might be appropriate to improve safety. The 
graphics package should include the capability to generate the following screen 
displays selected by the user: 

• Plan view of the roadway geometrics centered on any station (i.e., 
location). 

• Profile view of the roadway geometrics centered on any station. 

• Plan view in the upper half of the screen and a profile view in the lower 
half.of the screen centered on any station. 

• View of the roadway geometrics from the driver's perspective or an 
elevated perspective, looking in either direction of travel from any station. 

A number of highway agencies have developed graphics packages for use with 
their CADD systems that have some or all of the capabilities described above. Such 
existing packages should be reviewed to determine if one or more of them might be 
appropriate for use with the IHSD model. 

Research Objectives 

The objectives of the research under this problem statement are to: 

• Develop detailed plans for a graphics package to generate screen 
displays of the geometrics of design alternatives including plan views, 
centerline profiles· and perspective views. 

Specific Tasks to be Performed 

The specific tasks to be performed as part of this research are: 

-
• Develop detailed plans tor a graphics package to generate screen 

displays of the geometrics of design alternatives including plan views. 
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centerline profiles and perspective views. This plan should be developed 
in sufficient detail to permit the subsequent development of the graphics 
package in Research Problem Statement 17. 
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Research Problem Statement 17 

Trtle: Software Development ·10 Implement Design Policy Review, Design 
Consistency Review, Benefit-Cost Analysis, and the Graphics Package 

Description of Problem 

Once the design policy review, design consistency review, and benefit-cost 
analysis procedures and the plans for the graphics package for use in the 
IHSD model have been finalized, as described in Research Problem Statements 13 
through 16, the primary software development for implementing these procedures will 
begin. This work is intended to develop a high-quality, professional software package 
that applies each of the design review procedures and can graphically create and 
display the geometric features for each design alternative. Separate modules for 
design policy compliance review, design consistency review, and benefit-cost analysis 
are envisioned so that the IHSD model user can choose to pertorm any of these 
reviews or all of them. This software development work could be performed 
independently or could be combined with the software development activity for the 
accident predictive module described in Research Problem Statement 12. 

No determination has yet been made as to whether the software for the 
IHSD model should be developed as a stand-alone package or as an integral part of 
a highway agency's GADD software. Such a decision would be premature at this 
time, given the rapid developments of computer hardware and software currently 
underway. However, the potential benefits of integrating the design review modules 
directly with a highway agency's CADD software package are obvious. 

Human factors experts on human-computer interaction should be involved in 
the software development from its inception to help determine software requirements 
based on user needs. 

Research Objectives 

The objectives of the research under this problem statement are to: 

• Develop high-quality, professional software for the design policy review, 
design consistency review, benefit-cost analysis modules of the 
IHSD model, and the graphics package. 

• Conduct an Alpha test of the software to the point that it is ready for 
application and assessment by users. 
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It should be noted that an Alpha test is an inhouse test of a software package by its 
development team, in contrast to a Beta test which is a test performed by 
knowledgeable outsiders. 

Specific Tasks to be Performed 

The specific tasks to be performed under this research problem statement are: 

• Prepare a final software development plan for the design policy 
compliance review, design consistency review, and benefit-cost analysis 
modules of the IHSD model and the graphics package. · 

• Execute the plan and develop high-quality, professional software for the 
design review portion ·of the IHSD model. 

• Conduct an Alpha test of the software and make appropriate revisions to 
remove bugs and identify improvements to make the software more user 
friendly. 

• Prepare the software in final form for combination with the accident 
predictive model component of the model and for Beta testing by 
potential users. 

• Develop a draft users manual for the software. 
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Research Problem Statement 18 

irtle: Detailed Plan for Development of a DriverNehicle Dynamics Model 

Description of Problem 

The IHSD model should include a driver/vehicle dynamics model capable of 
simulating vehicle operation as influenced by roadway geometry, driver preferences 
and performance limitations, and vehicle performance limitations. This dynamics 
model would provide an indication of the loss-of.control potential for specific vehicle 
types traversing the geometric alternatives being considered by the designer. The 
driver/vehicle dynamics model would provide IHSD model users with a·tool that is 
more accurate than the procedures in the design consistency module (based on the 
point mass representation of the vehicle) that could be applied to the analysis of 
horizontal curves flagged by the design consistency module, compound horizontal 
curves, and transitions between curves and tangents. 

The driver/vehicle dynamics model should be capable of running a vehicle 
through the geometrics of any given design alternative and generating plots of (1) the 
lateral position of the vehicle (relative to centerlines, lane lines, and edgelines), and 
(2) the lateral accelerations experienced by the vehicle. Color should be used to 
highlight these plots. For example, the lateral position plot could be colored yellow if 
any portion of the vehicle approached within 0.3 m (1 ft) of a centerline, lane line, or 
edge line, and could be colored red if any portion of the vehicle crossed the center• 
line, lane line, or edge line. The lateral acceleration plot could. be colored yellow when 
the vehicle approached within a specified margin of safety of its skidding or rollover 
point and could be colored red if a skid or rollover occurred. 

Realistic driver behavior must be included in any vehicle dynamics model to 
make it a useful part of the IHSD model. It is for this reason that we have named the 
required model a driver/vehicle dynamics model, rather than simply a vehicle dynam­
ics model, as its predecessors have been known. Research should be conducted to 
develop an improved driver model that includes not only driver path following, but also 
driver speed selection based on realistic driver reactions to the highway geometrics 
and to traffic control devices such as advisory speed signing. It may be necessary to 
include a user-selected driver aggressiveness factor or to make a safety-conservative 
choice and pre-select a relatively aggressive driver. The revised driver model should 
be developed from existing driver speed•selection logic in traffic operational simulation 
models, from new driver research, or from some combination of the two. A specific 
plan for this research should be developed; this plan should recommend the appro­
priate applications of specific data collection approaches, such as field data collection 
and driving simulators in this research. 

The driver/vehicle dynamics model should allow the user to select a passenger 
car, a single-unit truck, or an articulated combination truck, as the vehicle to be 
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simulated. Consideration should be given to including an option for the model to 
simulate the larger path deviations that might be representative of an impaired driver 
or the total lack of path following that might result from a driver falling asleep. • 

Because of recent advances in the technology for generating the equations of 
motion for vehicle dynamics models, the development of a new model is recom­
mended, because this should be at least as efficient as developing a new model. 

Research Objectives 

The objectives of the research under this problem statement are to: 

• Prepare a detailed experimental plan for development of a driver/vehicle 
dynamics model. 

Specific Tasks to be Performed 

The specific issues to be addressed· in preparation of the experimental plan for 
the driver/Vehicle dynamics model are: 

• The approach to be used for developing the vehicle dynamics portion of 
the model. 

• The types of vehicles to be considered and the determination of the 
specific characteristics of those vehicles needed as input data. 

• The driver research needed for development of the driver portion of the 
model, including decisions as to the research approaches to be 
employed (i.e., field studies, driving simulation, etc.). 

• A plan for the interface by which the driver/vehicle dynamics model will 
obtain input data on the geometrics of specific design alternatives. 

• The types of output data to be provided and how those outputs will be 
displayed to the user. 
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Research Problem Statement 19 

Title: Development of Driver Model for the DriverNehicle Dynamics Model 

Description of Problem 

The plan for development of the driver model that is developed in the work 
under Research Problem Statement 18 will be executed in the work performed under 
Research Problem Statement 19. 

Research Objectives 

The objective of the research under this problem statement is to develop the 
driver portion for the driver/vehicle dynamics model. This will require research on 
driver path following and driver speed selection as influenced by roadway geometrics 
and traffic. control devices. The research plan developed under Research Problem 
Statement 18 will indicate the types of data collection activities to be undertaken as 
part of this research (e.g., field data collection, ~riving simulation, etc.). · 

Specific Tasks to be Performed 

The specific tasks to be performed will be determined in the development of the 
experimental plan in Research Problem Statement 18. 
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Research Problem Statement 20 

Title: Software Development for DriverNehicle Dynamics Model 

Specific Tasks to be Performed 

Once the plan for the driver/vehicle dynamics model is developed and the 
necessary research leading to a new driver model is complete, the primary software 
development for the driver/vehicle dynamics model can begin. This work is intended 
to develop a high-quality, professional software package that can simulate a specific' 
vehicle traveling through the geometrics of a specific design alternative. The model 
will incorporate realistic vehicle operations as influenced by roadway geometry, driver 
preferences and performance limitations, and vehicle performance limitations. The 
driver/vehicle dynamics model should be capable of operating both as a stand-alone 
model and as part of the IHSD model. 

Research Objectives 

The objectives of the research under this problem statement- are to: 

• Develop a high-quality, professional software package for the driver/ 
vehicle dynamics model. 

• Conduct Alpha and Beta tests of the software to the point that it is ready 
for application by users. 

It should be noted that an Alpha test is an inhouse test of a software package by its 
development team, in contrast to a Beta test which is a test performed by 
knowledgeable outsiders. 

Specific Tasks to be Performed 

The specific tasks to be performed under this research problem statement are: 

• Prepare a final software development plan tor the driver/vehicle dynamics 
model. 

• Execute the plan and develop high-quality, professional software tor the 
model. 

• Conduct an Alpha t_est of the softwa~e and make appropriate revisions to 
the model to remove bugs and identify improvements to make the 
software more user friendly. 
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• Conduct a Beta test of the software by potential users as a stand-alone 
model and make appropriate revisions. 

• Prepare the software for a Beta test as part of the IHSD model as a 
whole (i.e., linked to the accident predictive model and the design and 
benefit-cost anafysis modules). 

• Develop a draft users manual for the software. 
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Research Problem Statement 21 

Title: User Evaluation of the IHSD Model 

Statement of Problem 

Once the initial development and testing of the software for the IHSD model is 
complete, there is a need for a thorough evaluation, or Beta test. by potential users. A 
Beta test of software is conducted in final or near final form. before the software is 
released for general use. Beta testing is conducted by knowledgeable outsiders after 
complete debugging of the software by its developers, although some unsuspected 
bugs may be uncovered during the test. 

The users selected for participation in this test should be highway design 
engineers in State or local highway agenci~ and/or design consulting firms. The 
users selected for the Beta test should be both computer literate and experienced in 
the highway design process. Their evaluation will be essential both for determining 
whether the software is user friendly and whether the· software can be used effectively 
in the highway design process. There is still an opportunity for further revisions to the 
software based on the results of the Beta test before the software is released for 
general use. 

The user evaluation should address all aspects of the software including the 
accident predictive module, the design policy review module, and the design 
consistency review module. 

Research Objectives 

The objectives of the research under this problem statement are to conduct a 
user evaluation in order to: 

• Identify any remaining bugs in the IHSD software. 

• Assess the user friendliness of the IHSD software. 

• Assess the practicality of incorporating the IHSD software in the existing 
highway design process. 

Revisions to the IHSD model software can still be made as part of the work described 
in Research Problem Statement 22. 
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Specific Tasks to be Performed 

The specific tasks to be performed under this research problem statement are 
as follows: 

• Identify a group of highway design engineers in State and local highway 
agencies and/or design consulting firms who are willing to participate in 
evaluation of the IHSD model software. 

• Provide a copy of the software developed under Research Problem 
Statements 12, 17, and 20 to each evaluator along with a copy of the 
draft users manual. 

• Provide each evaluator with a form on which to evaluate the software and 
provide comments concerning the need for further revisions to the 
software and the users manual. 

• Compile the evaluation results and prepare specific recommendations 
concerning the need for revisions to the IHSD model software and users 
manual. 
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Research Problem Statement 22 

Tdle: IHSD Model Revisions and Development of Final Implementation Package 

Statement of Problem 

Following the user evaluation of the model, the recommendations concerning 
further revisions to the IHSD model software and users manual that were developed 
under Research Problem Statement 21 must be implemented. This will be accom­
plished under Research Problem Statement 22 and a final implementation package for 
distribution to users will be prepared. 

Research Objectives 

The objectives of the research under this problem statement is to: 

• Make revisions to the IHSD model software and users manual in 
accordance with the recommendations developed under Research 
Problem Statement 14. 

• Prepare a final implementation package containing the software and 
documentation for distribution to users. 

Specific Tasks to be Performed 

The specific tasks to be performed under this research problem statement 
correspond directly to the objectives stated above. These tasks are to: 

• Make revisions to the IHSD model software and users manual in 
accordance with the recommendations developed under Research 
Problem Statement 14. 

• Prepare a final implementation package containing the software and 
documentation for distribution to users. 
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INTRODUCTION 

Since 1972, environmental impact assessments have been a required part of the 

planning process for all major highway projects supported by Federal Aid high­

way funds. In that year, the Federal Highway Administration (FHWA) published 

initial guidelines for implementing the transportation component of the Na­

tional Environmental Policy Act (NEPA) of 1969. Over the past 10 years, these 

guidelines have been elaborated by FHWA (most notably in the Process Guide-
? 

lines published in(ill;}· and adopted by many States. 

Existing Federal and State guidelines provide general criteria and standards 

on (1) what impacts to look for when performing an assessment, and (2) the 

information to be assembled, analyzed, and presented in environmental docu­

ments which show assessment results. Road construction and improvement pro­

jects are normally planned and implemented at the State level. Therefore, 

State highway agency personnel are normally responsible for applying existing 

guidelines in the performance of assessments. 

PURPOSE 

This~is designed to be used by State highway personnel who are respon­

sible for assessing the potential impacts of new highway projects and report­

ing the results in environmental documents. It focuses on the systematic as­

sessment of site-specific displacement and proximity effects, and the use of 

findings to plan projects which stimulate positive socin-economic development 

and minimize adverse effects. 

The~provides a set of checklists, procedures, and analytic techniques 

which State practitioners may use to: 

0 

0 

Define the information required to investigate impacts in study areas 
_subject to displacement and proximity effects, 

Locate and collect this information, and 

Organize the information in formats which profile the areas subject to 
impacts and provide a basis for analyzing and documenting assessment 
findings. 
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The emphasis on performance of these basic activities is intended to simplify 

the assessment process, make it more cost-effective, and improve the quality 

of results. 

COVERAGE 

The Manual covers the assessment of social and economic impacts. Physical im­

pacts, which are also examined in the environmental assessment process, are 

not covered. 

The three social impacts examined are: 

0 

0 

Impacts on the accessibility of intra-community and outside destina­
tion points to community residents, 

Impacts on community and neighborhood cohesion, and 

Impacts on local residents caused by the displacement and forced relo­
cation of households, local businesses, and community ins ti tut ions 
within the right-of-way (ROW). 

The four economic impacts examined are: 

0 

C 

C 

0 

Impacts on employment, income, and business activity caused by ROW ac­
quisition and changes in accessibility, 

Impacts on residential activity, including changes in the cost and 
availability of existing housing, and the need for and rate of new 
construction in the study area, 

Fiscal impacts on local governments, including highway-induced changes 
in the local tax base and revenues, and in expenditures required to 
provide local government services, and 

Impacts on local land use and development plans.* 

The Manual also covers techniques for profiling the attitudes and perceptions 

of local leaders, interest groups, businesspersons, and residents. Data of 

*The categorization of social and economic impacts used here and through­
out the Manual was developed by Skidmore, Owings and Merrill and presented in 
the Environmental Assessment Notebook Series (Washington: U.S. Department of 
Transportation, 1975). This work was a pioneering effort to codify the FHWA's 
guidelines and systemize the assessment activities needed to satisfy the es­
tablished requirements. 
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special interest in this area include: 

0 

0 

0 

The attitudes of respondents toward the proposed project, 

Their preferences on route location and design features, and 

Their perceptions concerning possible effects of the project 
on the social and economic life of affected communities. 

The Manual provides guidance on the iden tif ica tion, col lee tion, and p resen­

ta tion of data needed to explore the seven impact areas listed above, and to 

profile the attitudes and perceptions of potentially affected populations. 

Assessment activities are normally conducted in two stages, referred to in 

the(~a})as preliminary and detailed assessment. In preliminary assessment, 

practitioners identify concentrations of local residents and economic activi­

ties subject to project impacts and screen for indicators of special sensitiv­

ity to negative impacts. In detailed assessment, practitioners conduct an in­

depth examination of the corridors defined by alternative alignments to deter­

mine the scope, magnitude, and duration of possible impacts. 

ORGANIZATION 

The Manual consists of two volumes. Volume I focuses on the three major steps 

in the assessment process: (1) identification of information requirements, 

(2) collection of data, and (3) presentation of findings. Volume II provides 

resource materials which can be used, as needed, to support the assessment and 

documentation activities described in the first volume. 

The materials presented are designed for use with different types of highway 

projects in a variety of settings. Hence, users are free to select and use 

those sections of the Manual which satisfy their special needs. 

Volume I: The Impact Assessment Process. The opening section of Volume I, 

The Context of Socio-Economic Impact Assessment, provides information which 

can be used to classify highway construction and improvement projects. It 

specifies the assessment activities and documentation requirements associated 
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with each project category, and shows how these activities fit into the over­

all project planning process. 

This section also discusses the seven major socio-economic impact areas exam­

ined in the assessment process. It covers the types of impacts to look for in 

each of these areas, and the information needed to screen for potential im­

pacts and estimate their scope, magnitude, and duration. The discussion con­

cludes with a description of information needed to profile the attitudes of 

affected populations towards the project and their perceptions concerning its 

possible effects. 

The three main sections of Volume I focus on the mechanics of the assessment 

process. Part 1, Information Requirements, specifies the data needed to (1) 

define local study areas , ( 2) assess potential socio-economic impacts , and 

(3) profile public attitudes and perceptions. Core information requirements 

for comp le ting both preliminary and de tailed assessment ac ti vi ties are pre­

sented in a series of data fields. These fields are a checklist of the infor­

mation potentially needed to conduct assessment under each of the impact areas 

treated in the Manual. 

Part 2, Data Col lee tion, examines the use of ( 1) maps, ( 2) record·s, and ( 3) 

surveys to collect socio-economic data. It identifies and discusses 9 map 

types, 21 record sources, and 7 survey techniques which are potential sources 

of the information requirements specified in Part 1, 

A set of matrices is used to correlate individual data elements specified in 

the Part l data fields with the sources of these data. Since data collection 

activities are normally conducted by topic (e.g., population), rather than by 

type of impact (e.g., cohesion), the data/source matrices in Part 2 are organ­

ized in nine topical categories: 

Land use 
CoillIIl1.lnity facilities 
Population 
Housing 
Business activity 

4 

Employment 
Agriculture 
Local government finance 
Attitudes and perceptions 



Part 2 concludes with a discussion of the trade-offs involved in using maps, 

records. and surveys as data sources. These sources, are evaluated using the 

following criteria: (1) information available, (2) geographic units covered, 

(3) currency of data, (4) resources required to collect the data, and (5) re­

liability and validity of the data. 

Part 3, Display and Analysis of Data, focuses on the use of (1) maps, (2) ta­

bles, (3) graphics, and (4) narrative formats to organize and present assess­

ment data. These formats are used both to identify potentially adverse im­

pacts and to present findings which meet Federal and State documentation re­

quirements. Numerous examples are provided on the use of maps and mapping 

techniques, statistical and analytic tables, graphs, and narrative summaries 

for these purposes. Most of the examples are excerpted from environmental 

documents prepared by State highway agencies. 

In summary, Volume I presents checklists, matrices, and procedures which can 

be used to complete the following assessment activities: 

ACTIVITY 

Define information 
requirements. 

Locate sources .:111d 
collect data. 

Analyze and present 
findings. 

CONTF.N~S OF MANUAL 

Part l dpecifies potential in­
formation requirements for each 
impact area. 

Part 2 links individual data 
iliments with their sources. 

Part 3 shows organizing mechan­
Is'ms'commonly used by prscti­
tioners to identify and estimate 
impacts and docu1111::nt findings. 

PERTINENT DISPLAYS 

Data fields are presented in 
Figures 3 - II. 

Topical matrices see pre­
sented in Figures 13 - 21. 

Sample maps, tables, graphs, 
and narratives for organizing 
data are presented in Figures 
22 - 59 and Tables 1 - 28. 

Volume II: Resource Materials. Volume II provides backup materials -- de­

tailed information on available data sources, sampling approaches, and ana­

lytic tools -- which may be used, as needed, to support the assessment activ­

ities described in Volume I. 

Part 1, Information Sources, consists of an alphabetical listing and critical 

evaluation of the 9 map and 21 record sources covered in the Manual. The map 

sources which receive individual treatment are: 
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Aerial photographs 
Census maps 
Comprehensive plan maps 
Land use maps 
Plat maps 

The record sources examined are: 

Agricultural statistics 
Annual operating budgets 
Building permit files 
Business directories 
Business licenses 
Capital Improvement Programs 
Census reports* 
Classified ads 
Community facility registers 
Comprehensive plans 
Criss-cross area directories 

Soil maps 
Statewide highway maps 
USGS topographic maps 
Zoning maps 

Employment statistics 
Farm record cards 
Health facilities directories 
Library facilities directories 
Multiple listing services 
Population statistics 
Property assessment records 
Public property inventories 
School directories 
Zoning ordinances 

Part 2, Survey Techniques, provides a listing and critical evaluation of the 

seven survey techniques covered in the Manual. These are: 

Windshield surveys 
Walk-through reconnaissance 
Purposive surveys of area elites 
Mini-surveys of area residents and businesses 
Surveys of local facility managers 
Surveys of area residents and businesses 
Trip activity surveys 

The description and evaluation of these survey approaches are followed by a 

series of questions and response categories which can be used to collect data 

using each technique. 

Part 3, Sampling Procedures, describes state-of-the-art sampling methodolo­

gies. It focuses on the utility and limitations of different sampling plans 

in solving problems encountered in generating reliable survey results, while 

minimizing the cost of data collection. 

*Census reports covered include: 
Block Statistics 
County Business Patterns 
Current Business Reports 
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Part 4, Analytic Techniques, describes state-of-the-art analytic methodologies 

which can be applied in the assessment process. Each methodology is discussed 

in terms of its particular utility in identifying significant relationships 

among available socio-economic data and developing reliable measures of poten­

tial effects. 

Volume II may be used in conjunction with Volume I, or read independently as 

a compendium of sources and techniques. The relationship between activities 

covered in the two volumes is shown below: 

ACTIVITY 

Define informatioo 
requirements. 

Locate sources and 
collect data. 

Analyze and present 
findings. 

VOLUME I 

Part 1 specifies potential in­
forniation requirements for each 
impact area. 

Part 2 links individual data 
~ts with their sources. 

Part 3 shows organizing mechsn­
Tsiiscom1110nly used by practi­
tioners to identify and estimate 
impacts and document findings. 

* * * * 

VOLUME II 

Part I examines the utility of 
specific map and record sources. 
Part 2 evaluates individual survey 
techniques, and includes questions 
and sample response categories, 
Part 3 provides technical cover­
age of random and non-random 
sampling methodologies. 

* 

Part 4 covers advanced analytic 
techniques. 

The Manual is predicated on the belief that assessment activities can fre­

quently be simplified, and the results improved, when practitioners concen­

trate on a limited number of clearly stated data requirements and widely 

available information sources. In this context, the information requirements 

covered serve as a checklist of the core socio-economic data needed to conduct 

impact assessments. The sources identified are those most commonly available. 

The presentational formats offered are those widely used in current documen­

tation. 
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THE CONTEXT OF SOCIO-ECONOMIC IMPACT ASSESSMENT 

Assessment activities and doawnentation requir>ed to meet Fedeml and State 
guidelines var>y depending on the type of highway project proposed and the sta­
tus of the projeat in the planning proaess. 

Chapter 1 descPibes the pPoject classification typology cuPPentZy used by Fed­
ePaZ and State agencies. It pPoVides examples of each pPoject type and de­
sa1'iptions of the enviPonmental impact assessment activities and docwnenta­
tion PequiPed fop each. Figur>e 1 swnmaPizes these requiPements fop Class I, 
II and III pPojects. 

The requiPed assessment activities aPe then COPr>elated with the stages in the 
over>aU high/JXl.y pl.anning p7'ocess when they ar>e norma"lly completed, and 1uith 
the decision points whe7'e the Pesults ape used to help detePmine the futuPe 
evolution of the project. FiguPe 2 pPoVides a swrrrrv.Py schematic of the rela­
tionship between the planning and enViPonmental assessment pPocesses. 

Chapter> 2 describes the three social and four economic irrrpact areas that are 
normally examined during the assessment process and addr>essed in forrral en­
ViPonmental documents. This description covers the dimensions of each impact 
ar,ea which should be examined, and the kind of data r,equiPed to complete the 
assessment and document findings. 

'fne public attitudes and pe7'ceptions about a pPoposed project whit!h should 
be examined and doawnented in the course of impact assessment are also dis­
cussed in tePms of what infoT'f'Tl'ltion is needed and its utility in meeting the 
the goals of the assessment pPocess. 

This opening section pPoVides a frame~ork fop the thr,ee major paPts of Volume 
I whioh tr,eat (1) information Pequirements, (2) souPces, an.d (3) pPesenta­
tionaL foPrrr:tts fop OPganizing and dociunenting findings. 
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Chapter 1. ASSESSMENT REQUIREMENTS BY PROJECT 
TYPE AND STAGE IN THE PLANNING PROCESS 

The levels of effort and information required to examine and document the so­

cial and economic impacts of a Federally-funded highway project are determined 

by FHWA's classification of the project and the stage in the planning process 

during which assessment is conducted.* 

1.1 REQUIREMENTS BY PROJECT TYPE 

Projects are classified as Class I, II, or III based on their scope, complex­

ity, resource Htilization, and their foreseeable impacts on the area where 

they are built. Class I and Class III actions are considered to be major, 

and require exploration of impacts and documentation of findings. Class II 

actions are regarded as minor, and are usually excluded from formal assess­

ment requirements. Figure 1 (p.10) shows the assessment activities and docu­

mentation required for each of the three project types. 

1.1.l Class I Major Actions 

Class I major actions involve the taking of an extensive amount of ROW. They 

are expected to have significant impacts on the physical environment, and on 

social and economic life in the area where they are built. For example, major 

actions may alter accessibility and land use patterns; stimulate, direct, or 

limit economic development; and disrupt social ties in local comm.unities and 

neighborhoods. Actions in this category include: 

Q 

0 

0 

Any new controlled access freeway; 

Any highway project of 4 or more lanes at a new location; and 

Any major highway development where construction involves a large a­
mount of demolition, displacement of individuals or businesses, or 
disruption of local traffic patterns. 

*The classification scheme used by the Department of Transportation is a­
dapted from Council on Environmental Quality (CEQ) regulations for implement­
ing the procedural provisions of the National Environmental Policy Act of 1969. 

9 



CLASS I 

(Major Action) 

t 
Preliminary 
Assessment 

Detailed 
Assessment 

Draft 
EIS 

Updating 
and 

Verification 
of Draft EIS 

CLASS III 
(Environmental 

Assessment) 

~ 
Preliminary 
Assessment 

\V 

Limited 
Detailed 

Assessment 

\/ 

EA 

Final FONS I 
EIS 

CLASS II 

(Minor Action) 

'V 
Limited 

Environmental 
Studies 

Figure 1. FHWA environmental classification of highway projects. 
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Class I actions require a detailed environmental study of alternative route 

locations and of the preferred route. Environmental studies are conducted in 

two stages. In the first stage, referred to throughout this Manual as prelim­

inary assessment, planners screen for potential negative social and economic 

impacts. That is, they identify concentrations of residents and economic ac­

tivity subject to negative impacts and screen for indicators of special sen­

sitivity to these impacts. In the second stage, referred to here as detailed 

assessment, alternative routes are thoroughly evaluated to determine the 

scope, magnitude, and duration of possible impacts in the corridors defined 

by each ROW. During both preliminary and detailed assessment• planners are 

encouraged to disseminate information about the proposed project and solicit 

the views of potentially affected parties in the study area. 

The findings of environmental studies are documented in the draft environmen­

tal impact statement (DEIS). The DEIS provides a profile of the study area, 

describes alternative routes being considered, and analyzes and compares the 

anticipated social, economic, and physical effects of each.* It also discus­

ses procedures that could be implemented to mitigate impacts. This draft doc­

ument thus addresses all of the environmental issues and is meant to satisfy 

as many of the requirements of the final environmental impact statement (FEIS) 

as possible at the time of preparation. 

Following preparation and dissemination of the DEIS, a route-location public 

hearing is held.** At the hearing, interested parties are invited to give 

testimony regarding the proposed route locations and the possible impacts of 

each on their community. Comments made at the hearing, and by review agen­

cies, along with the findings of preliminary and detailed assessment and other 

public input, are used to select a preferred route. 

The FEIS, which is based on updated information from the DEIS, identifies the 

preferred alternative, and discusses why it was selected over the other routes 

*Based on CEQ's 1980 re-evaluation of guidelines for preparing environmen­
tal documentation, a preferred route may be specified in the DEIS. 

**The CEQ re-evaluation also authorizes combined location-design hearings. 
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considered. Possible negative impacts of the preferred alternative are de­

scribed and procedures to mitigate harms associated with these negative im­

pacts are identified. The FEIS also incorporates comments received on the 

draft document and summarizes the results of the public participation process. 

Data developed during socio-economic impact assessments, and through public 

participation, generally appear in the sections of the FEIS described below.* 

C 

" 

0 

., 

Alternative Routes. Here the results of social and economic assess­
ment activities are used to compare alternative routes. Subsections 
on each of the routes discuss key indicators in the seven impact areas 
investigated and public perceptions and preferences concerning each 
alternative. The preferred route is highlighted in this section. 

Affected Environment. In this section, aggregate socio-economic data, 
collected during preliminary assessment, are used to profile the study 
area. This profile shows the existing conditions against which all 
impacts are considered. 

Environmental Consequences. This sect ion con ta ins detailed data on 
the results of all impact assessment activities, including those cov­
ered in this Manual. For each impact area, it shows what data were 
collected and applied to make determinations regarding the incidence 
and magnitude of the impact. Subsections on social impacts are: ac­
cessibility, cohesion, and displacement. Economic impacts are covered 
in subsections on: employment, income, and business activity; resi­
dential activity; fiscal impacts; and local land use and development 
plans • 

Public Participation. This section describes efforts made through 
public meetings and hearings, surveys, and the use of other techniques 
to determine citizens' attitudes toward the project, their preferences 
on route location and design features, and their perceptions of pos­
sible negative effects, 

The preferred route must then be approved by FHWA -- based on the contents of 

the FEIS -- before the proposed project can enter the design stage. 

This generally marks the end of the formal assessment process. However, addi­

tional studies may be undertaken and completed when special circumstances make 

this necessary. Examples are: instances when significant changes occur in 

the area subject to impact during the time lapse between the completion of the 

*These sections also contain the findings of physical impact assessments 
which are not addressed in this Manual. 
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assessment and the beginning of construction which require an update of exist­

ing information; cases where the preferred route is significantly altered; and 

instances where other new data about the project and its ROW requirements be­

come available which suggest that its socio-economic impacts will be different 

from those expected. 

1.1.2 Class 11 Minor Actions 

Class II minor actions normally require very little right-of-way and are not 

expected, individually or cumulatively, to have a significant effect on the 

environment. Examples of Class II actions are: 

0 

0 

0 

Improvement of an existing highway by resurfacing, restoration, widen­
ing by less than one lane width, adding shoulders or auxiliary lanes 
for localized purposes, or correcting substandard curves and intersec­
tions; 

Highway safety or traffic improvement projects, including the correc­
tion or improvement of a hazardous location, elimination of a roadside 
obstacle, and the placement of highway signs, pavement markings, or 
traffic control devices; and 

Reconstruction or modification of an existing bridge on essentially 
the same alignment or location, including widening by less than a sin­
gle travel lane, and adding shoulders, safety lanes, or walkways. 

Minor actions are usually considered categorical exclusions. They do not re­

quire formal environmental assessment, public hearings or documentation, al­

though limited studies may be conducted. 

This classification is not applicable, however, when the proposed action re­

quires acquisition of more than minor amounts of ROW or causes citizen con­

flict, When these exceptions occur, the project is usually designated a Class 

III action. 

1.1.3 Class III Environmental Assessments 

Class III environmental assessments are those for which the expected signifi­

cance of impacts on the environment is not clearly established. They differ 

from Class I actions in that the length of the new facility is often shorter, 
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and the ROW used follows that of an existing roadway for at least part of its 

length. Projects in this category include: 

0 

0 

Expansion or realignment of an existing facility, and 

Reconstruction of a multi-lane bridge or interchange area. 

Actions in this class require at least a limited environmental study and the 

preparation of an Environment al Assessment ( EA) document. If the EA identi­

fies potentially significant impacts, route alternatives must be studied in 

greater depth and an EIS must be prepared. Otherwise, a finding of no signi­

ficant impact (FONS!) is issued by FHWA, marking the completion of the route 

location assessment process. 

The EA is similar to the EIS in terms of issues covered. However, the EA is 

developed earlier in the assessment process. It contains data used during 

preliminary assessment -- and, in some cases, limited detailed data on alter­

native routes -- to describe the study area and identify potential social and 

economic impacts. It need not, however• recommend a preferred route si nee 

none of those being considered may have significant negative impact on the en­

vironment. 

As stated earlier, this Manual has been developed for users conducting assess­

ments for Class I major actions that require preparation of EISs. However, the 

assessment procedures covered -- particularly those described in the sections 

on preliminary assessment -- can also be used as a guideline for development 

of EAs for Class III environmental assessments, and for minor actions. 

1.2 REQUIREMENTS BY STAGE IN THE PLANNING PROCESS 

FHWA guidelines stress identification of potential social, economic, and phys­

ical effects of proposed Class I major actions as early in the highway devel­

opment process as possible. The sequence of assessment activities is reflec­

ted in the flowchart in Figure 2 (p.15) which shows socio-economic impact as­

sessment requirements at each stage in the highway planning process. 
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Figure 2. 

HIGHWAY PL'\NNING ACTIVITIES 

Identification of 
Needed Improveti1ents 

to the 
Transpon:ation 

S stem 

Selection of 
Priority IlnproveJlleI'.ts 

to be Considered 
for Construction 

Prelimnary 
f'roject 

Study 

Screening and 
Definition of a!..l 
Possible Routes 

Detailed Evaluation 
of Alternative 

Routes 

Selection of 
Preferred Route 

Route 
Approval 

SOCIO-ECONOMIC ASSESSMENT ACTIVITIES 

No fo:i:mal assessment of environmental impacts 
is requi.red at this point in ~ystems planr.ing. 
How!!.ver, transportation improvements suggested 
in the State Trans~orration Plan, ~b.ich docu-
ments systems plam:Iiug twst ·be consistent with 
regional and local land use plans, urba.n devel-
O?ment objectives and State and Federal social, 
economic and environmental 2oals end obiettives. 

w 
Environm.ental Over-tiew 

Planners consider the likelihood that a -.ride 
range of potential social and economic impacts 
will occur if the project is developed. This 
early info:i:mation on possible impacts can lead 
to the definition of alternative routes, allov-
iug planners to avoid defining routes that 
would cause si=-ificant imtlatts. 

t 
Preliminarv Assessment 

The first stage of formal assessment. Activities 
focus on determining the numoers, concentrations 
and selected characteristics of residents, and 
economic activities in the study area. Screening 
identifies areas that sholJ.1.d be avoided when 
routes a-re beini;, defined. 

t 
Detailed Assessment 

The second stage of formal assessment. Detailed 
iufot'mation is collected on residents, businesses 
and other facilities and activities in and along 
each route. The inforrastion is used to determine 
significax:it impacts of each route, and to select 
a t,reterred -route. 

t 
DEIS (I) - EA (Ill) 

The DEIS, prepared for Class I actions, presents/ 
the social and economic impacts and possible 
mitigative measures identified for each al-
teruative. The EA, prepared for C!ass Ill 
a~tions, covers the same issues in less 
detail. 

t 

I 
Update and verification of information 

I in DEIS. Collection of other required 
information. 

+ FEIS lll - FONSI rrr) 
The FEIS, prepared for Class I actions, high­
lights the selected alternative and updates 
the DEIS. For Class III actions, the 
FO!l"SI confirma the insignificaace 
oi any aegative impacts discussed 
in the FA. 

; 

Socio-economic assessment by stage in the highway planning process. 
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Information and opinion survey activities also change according to the stage 

in the planning process. During preliminary assessment, the focus is on gen­

eral preferences regarding the project and its value to the community. Pref­

erences among alternative routes and perceptions concerning the potential ef­

fects of each are central during detailed assessment. Preferences regarding 

design features, possible relocation areas, and housing units may also be so­

licited and recorded during detailed assessment. 

16 



Chapter 2. ASSESSMENT REQUIREMENTS BY IMPACT AREA 

This chapter describes the three major social impacts and four major economic 

impacts which should be examined in completing environmental impact assess­

ments. It also describes the assessment of public attitudes and perceptions 

on whether to continue the project, where it should be located, what effects 

it will have, and which design features should be incorporated to minimize un­

avoidable negative impacts. 

This discussion of the types and interplay of impacts is intended to provide 

a basis for undertaking the three major steps in the assessment process: (1) 

identification of the data required to investigate potential impacts, (2) lo­

cation and collection of this information, and (3) organization of the data 

into formats which show the scope and interaction of positive and negative 

effects. 

2.1 ASSESSMENT OF SOCIAL IMPACTS 

Social impact assessment focuses on the possible impacts of highway projects 

on residents in affected areas. These include persons subject to displace­

ment, encroachment, air and noise pollution, and other negative proximity ef­

fects. As noted in the Introduction, the social impact assessment activities 

described in this Manual focus on three areas of inquiry: 

II 

C 

Q 

Accessibility. Will the road restrict or deny local residents' access 
to important destinations within and outside their local community? 

Cohesion. Will the road disrupt the stability and cohesiveness of ex­
isting communities and neighborhoods? 

Displacement. How many homes, local businesses, and community insti­
tutions will be taken? Where are they located? Who lives in or uses 
them? And what is required to ensure that residents are relocated in 
suitable alternative housing, and that existing service levels are 
maintained? 

The following subsections describe the impacts examined in these three areas.* 

*See the list of references at the end of this chapter for the titles of 
publications which summarize the results of empirical studies of the impact of 
new highway facilities on accessibility, cohesion and displacement. 
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2.1.1 Accessibility 

Highways are built to relieve congestion, reduce travel time and transporta­

tion costs, and improve access to destination points. Any proposed highway 

project entering the project planning stage must meet these criteria. The 

identification of beneficial effects of the proposed road on area-wide access­

ibility is initiated in the systems planning stage, and continues throughout 

the planning process. 

New roads can offer similar benefits to local residents, improving their ac­

cess to employment opportunities, shopping areas, recreational facilities, and 

other destinations. Road improvements may also allow local agencies to reduce 

costs and increase efficiency in providing services. For example, improved 

access may allow local government agencies to improve their educational and 

public health services, expand library services, and improve the delivery of 

fire and police protection services. 

While the general rule is that new highways increase access, this is not al­

ways true at the local level. If communities and neighborhoods are segmented 

or abutted on by a new facility, the new road may make it harder for local 

residents to get to important destination points. 

A road that passes through a local area can create barriers that disrupt free 

movement between interdependent parts of vital, integrated communities. Local 

stores, service centers, and civic institutions may also be displaced by the 

ROW, or may close due to changes in eco;10mic ac-i:ivity caused by the road. 

This, in turn, can make it more difficult for local residents to secure the 

goods and services they need. 

Determining the gains and losses in accessibility - and particularly the po­

tential accessibility problems created at the local level -- is an important 

aspect of impact assessment, 

2.1.2 Cohesion 

It is both Federal Highway Administration and State highway agency policy to 

avoid severance of cohesive communities and neighborhoods when new roads are 
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built. If local communities are segmented or encroached upon by a new facili­

ty, care is taken to minimize impacts which might disrupt or erode community 

and neighborhood cohesion, 

While co hes ion is highly valued, it is a complex, elusive concept:, and it is 

difficult to develop direct measures of its most important dimensions. On one 

level, it can be said that new roads tend to increase the cohesiveness of both 

the economic activity and social life in the areas where they are built. They 

improve access, stimulate interactions, and bring people closer to each other 

by reducing travel times and costs. As in considering impacts on accessibil­

ity, however, such area-wide, quantifiable benefits do not always reflect what 

is happening at the local level, This is true, in part, because the meaning 

of the concept changes at the community and neighborhood level. 

At the local level, cohesion is associated with strong identification with 

place, neighbors, and local institutions, High levels of mutual attraction 

between local residents are also indicators, as are shared perceptions of, and 

attitudes towards, common objects. Behavioral indicators of a cohesive social 

life at the local level include participation in local civic and neighborhood 

activities, use of common facilities, frequent socializing and mutual support 

activities, 

A new highway can have permanent negative effects on social cohesion in the 

community through which it runs. A road that segments or encroaches on local 

residential areas often displaces homes and the people who live in them, The 

road may also displace local institutions which provide a focus for interac­

tion among residents, or disrupt their service areas. Displacement or denial 

of access ta retail stores and other local sources of goods and support ser­

vices can also disrupt the cohesiveness of local community life. 

The new road may create barriers which discourage or hinder contacts among 

the residents who remain, and disrupt interactions between residents and the 

local institutions and organizations on which they depend. This will occur 

when a highway facility displaces or disrupts access to key local institutions 

such as schools, churches, and social centers. 
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Other effects suc.h as noise, inc. reased traffic, and air pollution may drive 

people inside, reducing interactions among neighbors and isolating residents 

from eac.h other. Additional long-term negative effects on the cohesiveness 

of local residents may result from changes in spatial relations and land-use 

patterns in the impacted area. These may alter the scale and character of the 

affected community, and cause residents to withdraw from their surroundings, 

becoming increasingly isolated and alienated. 

Impacts on the social cohesion of affected neighborhoods are, perhaps, the 

most difficult to specify and measure. The procedures followed are similar to 

those followed in examining the other impacts treated here. The dimensions of 

the issue which pertain to the particular project and study area under consid­

eration must be determined, and the data required to examine each of these 

must be specified. These data must then be located, collected, and organized 

to speak to the issue: How will the project affect the cohesiveness of affec­

ted local communities? 

2.1.3 Displacement 

The taking of residences, local businesses and community institutions, and the 

forced relocation of residents and businesses are the most direct, tangible 

effects of new highway construction. Displacement effects are not always neg­

ative, of course. There are instances where families and businesspersons who 

are forced to relocate are able to use the equity in their displaced homes and 

businesses and their relocation payments -- sometimes supplemented by addi­

tional capital from savings or loans -- to improve their circumstances. That 

is, residents may go from being renters to homeowners, move to larger, better 

maintained homes in nicer neighborhoods, and improve the quality of their sur­

roundings. 

While some displaced residents and businesspersons find opportunities in relo­

cation, and are prepared to take advantage of them, others will find reloca­

tion difficult. People can become very attached to their homes. This attach­

ment often extends to their immediate surroundings: their yards; relatives, 

neighbors, and friends in the area; local shops and other activity centers; 

and the general scale, feel, and location of their homes and neighborhoods. 
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The severance of attachments of this kind can cause serious disturbances among 

displaced persons. 

Severance effects can be compounded when displaced families -- either because 

of physical constraints or for economic reasons -- are unable to relocate 

their households in surroundings similar to those from which they have been 

separated. However, even if the physical characteristics of new housing and 

neighborhoods are, in fact, an improvement, this cannot always compensate for 

the loss of connection with a home and neighborhood to which a family has be­

come attached over time. 

It is not surprising, therefore, that some relocated families have reported 

that they feel disoriented and isolated in their new settings and have expres­

sed the desire to return to their old homes and neighborhoods. These feelings 

are often strongest immediately following the move, and diminish over time as 

individuals adjust to their new surroundings. Because the effects can be so 

extreme, it is necessary to identify possible displacement impacts early in 

the planning cycle, and to specify how many residences and individuals will be 

affected by each alternative route during detailed assessment. 

2.2 ASSESSMENT OF ECONOMIC IMPACTS 

Economic impact assessment focuses on the possible effects of highway projects 

on individual businesses and on the local economy. As indicated in the Intro­

duction, economic impact assessment activities described in this Manual focus 

on four areas of inquiry: 

0 

0 

0 

Employment! income, and business activity. How many businesses will 
the road displace? What impacts will those near the ROW suffer? Will 
the new road draw local consumers and workers to outside market areas? 
Can the local economy sustain the resulting business, cus tamer, and 
income losses? 

Residential activity. How much will the housing stock be reduced? 
Can the remaining stock absorb displaced residents? Will the road af­
fect future patterns of residential settlement and housing construc­
tion? 

Fiscal impacts. How will local government budgets be affected by the 
loss of taxable properties, displaced public facilities, and reduc­
t ions in property values of land near the road? 
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0 Land use and development plans. How will the changes caused by the 
road conflict with local land use and development plans? 

The subsections which follow describe the impacts to be examined in these four 

areas.* 

2.2.1 Employment, Income, and Business Activity 

New highway construction and major improvements usually stimulate economic ac­

tivity in the regional market area through which they pass. The purchases of 

materials and labor required during facility construction are the initial 

sources of increased economic activity, provided that they come from area 

sources. 

The improved access provided by a new facility, which results from reduced 

travel time and transportation costs, also stimulates the local economy. It 

often means quicker and cheaper access to resources, the opening of wider mar­

kets for goods produced in the area, and access to more customers for retail 

marketers. These changes can reduce production costs and increase sales in 

the immediate and outlying trade areas. Existing businesses, especially those 

with high transportation costs such as heavy industry and agricultural produc­

ers, will often benefit. New businesses may also move in to take advantage of 

expanding markets. 

Jobs are created by the initial surge of activity, and by the induced growth 

new roads often stimulate in affected areas. New jobs, in turn, can mean an 

influx of new residents, increased activity in the housing market, and new 

consumers who stimulate the local economy. This sort of growth is a second­

ary, or indirect, impact of highway construction. 

If undeveloped or depressed areas are made more accessible by the new facil­

ity, there is a likelihood of positive impacts. on a large scale. Improved 

*The list of references at the conclusion of this chapter includes publi­
cations which summarize empirical studies of the impact of new highway facili­
ties on employment, income and business activity, residential activity, local 
government finances, and land use. 
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accessibility may result in the development of outlying areas or the redevel­

opment of urban acreage. 

While the general effect of a new road is to stimulate economic activity, the 

area in and near the ROW may be subject to serious negative impacts, Local 

businesses must often bear these effects. It is the special responsibility of 

economic impact assessments to focus on the effects of the proposed facility 

on local business activities and individual businesses subject to displacement 

and negative proximity effects. 

Displacement. The displacement and forced relocation of businesses in the ROW 

is the most tangible negative economic impact that a highway project can have 

on a local economy. Displaced businesspersons may feel they will be unable to 

operate outside their established location and close down; or they may choose 

to reestablish operations at a new location. Regardless of whether these bus­

inesses liquidate or relocate in other parts of the region, displacement usu­

ally means a reduction in employment opportunities, services for residents, 

and revenues for local governments. Any losses in jobs, services, and reve­

nues will, of course, have negative multiplier effects similar to those of the 

positive impacts. For these reasons, planners try to avoid the displacement 

of businesses, especially those that employ study area residents and those 

upon which local residents are dependent. 

Construction Impacts. During construction, businesses near the ROW may lose 

customers and sales revenues due to detours, heavy truck traffic, and other 

access problems. Other effects, such as noise and dust, may also reduce reve­

nues. These losses can shut down a business since construction often takes 

up to a year or more. 

Proximity Effects. Once the highway facility is complete, nearby businesses 

may suffer from noise and air pollution, safety hazards, and other negative 

proximity effects. The completed facility can also cause reductions in local 

street traffic and create access problems for some businesses by introducing 

limited-access roads, or by eliminating on-street parking, turn lanes, etc. 
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These proximity effects can make it difficult or unpleasant for customers to 

patronize neighborhood es tab lis hment s and force them to use other shopping 

areas, Resulting reductions in sales and revenues are likely to be as perma­

nent as the proximity effects. Affected businesses may be forced to lay off 

employees and, in some instances, to close down. While States are not respon­

sible for mitigating patronage problems, they try to minimize all proximity 

effects through route selection. 

Indirect Impacts. Reductions in patronage of local establishments can also be 

caused by area-wide accessibility changes that (1) make it easy for consumers 

and workers to get to other market areas, and (2) induce the inflow of new 

businesses that capture demand previously met by existing establishments. 

These changes may result in the weakening of existing businesses, another 

round of shutdowns, and elimination of incentives for normal growth. 

Agricultural Impacts. New construction which passes through agricultural ar­

eas may also cause negative effects. Prime and unique farmland is protected 

by Section 4(f) provisions, but in some cases, displacement of acreage for the 

ROW may be unavoidable.* Depending on the ROW location, the loss of land -­

and productivity -- may be compounded by segmentation of remaining parcels. 

Segmentation can restrict access to the land and increase the cost of produc­

tion. 

The increased cost of farming these isolated parcels may cause farmers to 

leave them idle, which further reduces the total number of tillable acres. 

Additional acreage may be lost if the new facility induces development on ag­

ricultural land at interchanges and along the ROW. 

Multiplier Effects. If the negative effects discussed above are substantial, 

they will have a ripple effect throughout the local economy. Losses felt by 

businesses in and near the ROW, combined with indirect effects, can lead to 

higher levels of unemployment, reduced demand, lower revenues and a downward 

spiraling economy. When market areas become depressed, they are frequently 

subject to population losses which make recovery difficult. 

*See Department of Transportation Act of 1966, Section 4(£); Title 49, 
U.S.C. Section 1653(f); Title 23, U.S.C. Section 138. 
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The impacts on local businesses will be magnified if the new facility bypasses 

a small town and its local economy, or improves the access of local popula­

tions to a major market area that provides job opportunities, and goods and 

services that are unavailable in the locality. 

As indicated by the discussion above, this impact area is broad and multi­

dimensional, and the effects to be explored are both direct and indirect, im­

mediate and long-term. Explanation of impacts on employment, income and busi­

ness activity requires the collection of data which can be used to profile 

economic activity across the area. 

2.2.2 Residential Activity 

Assessment in this area is concerned with changes in the housing stock, in the 

availability and cost of housing, and in local residential settlement patterns 

that, in turn, alter trends in residential construction. 

A new highway facility can stimulate the local housing market by creating new 

demand for housing. If the facility provides improved access between the area 

subject to proximity effects and other regional locations -- especially major 

employment centers -- the study area may become a more desirable place for 

workers and other potential residents to live. Over time, housing can be fur­

ther stimulated by the multiplier effects of increased area-wide business ac­

tivity, i.e., some of the work force attracted to impacted areas by new job 

opportunities will be drawn from outside the region and require new housing. 

These highway-induced demands for housing will first absorb the available un­

its. If the existing stock is insufficient to meet demand, there will be new 

residential construction in the area. The building of new homes will create 

jobs and increase demand for other resources in the construction sector of the 

economy. Then, through an additional series of multiplier effects, the in­

duced residential construction will stimulate business activity throughout the 

economy. 

A new facility can also influence residential development by creating attrac­

tive investment opportunities. If a highway provides access to a previously 
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isolated area where undeveloped land is available, or to blighted areas, in­

vestors may attempt to capitalize on improved access to these areas by turning 

them into residential communities. 

In the years following any initial residential influx, the consumer demands of 

the area's new population will stimulate additional business start-ups, more 

jobs, and another round of economic growth. 

Economic growth and other stimulants to residential activity, however, are not 

always desirable. Some localities will oppose a new road for the very reason 

that, in the long run, the highway is expected to cause artificially high lev­

els of residential inflow, new construction and uncontrolled economic growth. 

In the short run, the highway project may also disrupt the equilibrium between 

housing supply and demand and, therefore, the existing pattern of residential 

activity. 

Reduction in the Local Housing Stock. The most immediate and tangible impact 

on residential activity occurs when route location necessitates displacement 

of dwelling units situated on land required for the ROW. The residential 

housing stock is reduced by the number of dwellings taken; and at the same 

time, demand for the remaining stock increases as displaced families look for 

new homes. If displacement is substantial, i.e., if the number of dwelling 

units taken is high relative to the total number of units in the study area, 

this pressure on the market may raise the costs of available housing for local 

residents. It can also cause overcrowding. 

Shortages of Relocation Housing. The existing housing stock in the local area 

may be inadequate to meet the housing needs of displaced families. The like­

lihood of inadequate housing has increased in recent years due to a growing 

nationwide housing shortage and abnormally high housing costs. When compar­

able housing is available to relocatees, the costs may place it out of the 

range they can afford. A displaced family, then, will become eligible for the 

benefits of housing of last resort, an FHWA program which provides special re­

location assistance in unusual circumstances.* 

*See the Uniform Relocation Assistance and Real Property Policies Act of 
1970, Title 42, U.S.C. Section 4601-4655 (P.L. 91-646). This Act has been im­
plemented through the Federal Aid Highway Program Manual, Volume 7. 
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These impacts will be compounded in urban areas if highway facilities are 

routed through the more deteriorated parts of a city. Displaced dwellings 

will tend to be old and dilapidated, housing the poor, the aged, and ethnic 

minorities. wnen displaced, these people will seek low-cost housing, which 

has become increasingly scarce in cities due to slum clearance, enforcement 

of housing· codes, and the higher cost of inner-city housing. In summary, the 

the housing market may not respond to the demands of these relocatees. 

When comparable replacement housing is inadequate or unavailable, Federal law 

requires that housing be built to meet the needs of those being displaced. 

Construction of new dwellings is infrequent, however, occurring only when a 

project causes high levels of displacement usually associated with urban ex­

pressways. Subsidized housing lessens the negative impact on residential ac­

tivity, but it is not considered a satisfactory solution. 

Undesirable Residential Construction. While increases in population and in­

duced residential construction brought about by the highway may be good for 

the local economy, they may not be in keeping with local development plans. 

The planning goals of towns that attempt to limit and control growth for aes­

thetic reasons, or to preserve the character of the locality, can be nega­

tively affected by an externally induced surge of residential construction. 

Even in areas where no plans to limit development exist, an unforeseen popula­

tion increase can cause overcrowding and deterioration of the quality of life 

in the community (see Section 2.2.4 below). The influx can also overload lo­

cal public facilities, reducing the quality of life in the study area. 

Examination of impacts on residential activity requires knowledge of the hous­

ing market in the impacted area and of local development plans and trends. 

The practitioner must also have the ability to forecast the effects of the 

proposed facility on the local economy. 

2.2.3 Fiscal Impacts 

When a new highway facility provides improved access, land near the facility 

-- where accessibility gains are concentrated -- tends to increase in value. 

The travel time and cost savings associated with affected parcels is, in 
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effect, capitalized in the value of real estate. As properties increase in 

value over time, they will generate additional tax revenues for local govern­

ments. Enhanced accessibility may also lead to other increases in tax reve­

nues. The new sources of tax dollars are businesses and residences that come 

into the area, previously unused parcels that may be developed, and already 

improved land that may be subject to more intensive uses. 

While new businesses, residences and other types of development will increase 

the tax revenues of local governments, they will also make offsetting demands 

on local services, the main source of local governments' expenditures. Tax 

revenues from new commercial and industrial development will normally exceed 

expenditures for increases in public service provision. But in the area of 

residential development this is not always the case, since an influx of new 

residents can bring about large increases in the demand for public services, 

e.g., education, the most costly public service. 

In the long run, tax revenues that accrue to the local government from high­

way-induced increases in property values and new development usually outweigh 

-- or at least offset -- negative tax effects. In the short run, however, 

negative effects which occur before any tax benefits are realized can have 

negative impacts on local government finances. 

Tax Base Losses. The amount of taxable land in the study area is reduced when 

privately owned land is acquired by the State for the highway's ROW. Reduc­

tions in the tax base lead, in turn, to a reduction in property tax revenues. 

Reductions in the tax base should also cause an offsetting reduction in gov­

ernment expenditures because homes and businesses taken for the ROW no longer 

make use of publicly financed services. However, because only the incremental 

costs, and not the fixed costs, of service provision are usually affected by 

these reductions in demand, there will be little or no effect on the overall 

cost of public service provision. The major exception is when displacement 

takes a large number of homes and businesses. 

In summary, if a s ignif ican t percent age of a locality' s tax base is e limi -

nated, the resultant revenue losses can destabilize the local budgets. No 
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compensation is provided to local governments which would lessen the impact of 

losses in tax revenues. 

Reductions in Property Values. Because revenues from property taxes are a ma­

jor source of funds for local government operations, reductions in property 

values will cause reductions in local revenues. While most land near the pro­

posed facility is likely to increase in value as a result of increased acces­

sibility and development potential, land directly abutting on the facility is 

likely to drop in value. Decreases in property values are attributable pri­

marily to negative spillover effects, such as noise and air pollution, heavy 

traffic, or safety hazards. These negative effects interfere with residential 

areas more than commercial ones; therefore, residential _property is most vul­

nerable to devaluation. To avoid a drastic devaluation, residential property 

is sometimes rezoned for commercial use. Some decreases in property values, 

however, can be expected regardless of land use. 

Similar reductions can result when a new facility restricts access to cer­

tain parcels of land. Affected p4rcels include those far from exit and entry 

points, e.g., those between the interchanges of limited-access routes. 

Examination o-f impacts on local government finance requires information on 

sources and uses of tax rev~nues for the affected governments. This informa­

tion, combined with knowledge of potential effects of the proposed project, 

provides a basis for tracing positive and negative tax base impacts. 

2.2.4 Local Land Use and Development Plans 

Transportation is a major determinant of land development patterns. Thus a 

new highway facility or major improvement can have a pivotal effect on the fu­

ture development and uses of land in the area where it is built. When a pro­

posed project is studied during systems planning, efforts are made to ensure 

that it will be consistent with regional land use and growth plans. In fact, 

planners often incorporate plans for new road construction into regional com­

prehensive plans, making the new roads an integral part of planned development 

projects. In these cases in particular, and usually in all cases, a new road 

can be expected to be compatible with regional development plans. 
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At the local level, this is not always true. Assessments in this area, then, 

must focus on the relationship between existing plans at the community level 

and the anticipated impacts of proposed highway projects. 

Local government agencies -- counties, municipalities, towns and townships -­

generally engage in the development and implementation of some form of land 

use planning. The purpose of this planning activity can be to stimulate growth 

and direct it in such a way as to secure the associated benefits and avoid un­

cles i ra ble effects. In other ins ta nee s, the goal may be to limit economic 

growth, to maintain the residential character of a community, or to preserve 

the desired aesthetic relationship between structures in the area and their 

setting. 

A new highway facility can further community plans for growth and development 

by inducing changes in the area that are consistent with planning goals and 

objectives. Changes such as the attraction of new business, induced increases 

in residential construction, and more intensive land use are often considered 

positive by localities. This might be the case if highway-induced effects 

stimulate the maximum economic development possible without causing over­

crowding and reductions in the quality of life. 

In some study areas, the same changes will be incompatible with local develop­

ment plans. Highway effects which planners may see as undesirable for resi­

dential communities include the intensification of land use, the attraction of 

commerce and industry, and an increased rate of population inflow. For ex­

ample, in stable local communities, the highway-induced attraction of local 

consumers to more distant markets, or the attraction of new and larger stores 

to compete with existing ones, may destroy the local economic balance. 

Often the changes induced by a highway will be only partially consistent with 

future plans. The goals of a locality desiring economic growth may also in­

clude preservation of open spaces and parks. If a facility that promises to 

stimulate economic activity must be routed through these areas, then communi­

ty plans are both positively and negatively affected. In these cases, a trade­

off analysis will be required to determine whether the beneficial impacts out­

weigh the harmful ones. 
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2,3 ASSESSMENT OF PUBLIC ATTITUDES AND PERCEPTIONS 

It is the policy of both the FHWA and State highway agencies that information 

on the attitudes and perceptions of citizens in affected areas should be col­

lected and incorporated into the decisionmaking process at each stage in the 

assessment process. Based on past experience, a project is unlikely to be 

built if a significant number of citizens in the affected area have strong 

negative attitudes and perceptions concerning the proposed project. There­

fore, it is essential at each stage in the planning process to determine (1) 

what information about public attitudes and perceptions should be available 

to decisionmakers at the time, ( 2) whom the information is to be collected 

from, and (3) how to collect the data. 

Major decisions where public input is critical include decisions on whether 

the project should be constructed, where the new facility should be located, 

and what design features to include. Information is commonly collected from 

public officials, heads of local institutions and other local leaders, busi­

nesspersons, residents, and potentially displaced families. 

Respondent surveys are the most common means of data collection. However, at­

titudes and perceptions can also be extracted from records of public hearings, 

news paper articles, and other writ ten sources • * Examination of analogous 

cases can also provide useful information on who can be expected to support 

and oppose the project, and why they will adopt the positions they take. 

Information on perceptions of effects and the importance assigned to each can 

serve several purposes. It shows the reasoning behind expressed attitudes and 

preferences. It can also alert assessment teams to possible negative impacts 

which should be examined in detail using data from maps, records, and other 

sources. Perceptual data can also reveal citizen misconceptions which should 

be addressed in public meetings and in other communications developed by State 

highway agencies to inform the public about the project. 

*A staple here is local planning documents and zoning ordinances which ex­
press community goals in the areas of new development, preservation and the 
limits of desirable growth. 
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Descriptive data on the socio-economic characteristics of respondents are typ­

ically collected along with data on attitudes and perceptions. Analysis of 

findings is then used to correlate attitudes and perceptions with socio­

economic characteristics and specify what segments of the community will re­

sist the planned development. 
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Part 1. INFORMATION REQUIREMENTS 

Part 1 is devoted to (1) specification of the cor>e data r>equir>ed to conduct 
socio-economic impact assessments, and (2) discussion of how these data ar>e 
used to explore and anticipate potential impa,cts and develop measur>ements of 
their> nngnitude, intensity, and dur>ation. 

Chapter>s 3 - 6 focus, respectively, on the data elements needed duPing prelim­
in.ar>y and detailed assessment to: 

0 Define the study ar>eas, 

0 Identify and assess potential social impacts, 

0 Identify and assess potential economic impaets, and 

0 Identify an,d profile the attitudes and perceptions of 
per>sons living and working in the areas subject to impact. 

Eaeh chapter> contains a set of data fields showing the infor>rration elements 
roequir>ed to perfor'ffl the indicated activity. These fields, taken together, 
pr>ovide a compr>ehensive inventory of assessment data. Pructitioners rray wish 
to use the data specified in these fields to constr>uct thei-,, 01,Jn, project­
specific list of information r>equir>ements. 

The nar>rutive sections of each chapter diseuss the use of these data (1) to 
pr>ofile the impaeted ar>ea, (2) to scr>een for> potential negative effects, and 
(3) to develop measur>es of theiP magnitude, intensity, and durution. 
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Chapter 3. DATA REQUIRED TO DEFINE THE STUDY AREA 

Socio-economic impact assessment begins with the development of spatial bound-

aries for the area where impacts will be investigated. In this Manual, the 

area subject to impacts from all feasible route alternatives, which is de­

fined at the beginning of preliminary assessment, is referred to as the macro-

scale study area. The areas defined by each alternative ROW examined in de-

tailed assessment, and the corridors along the ROWS where proximity effects 

may- occur, are referred to as micro-scale study areas. 

The following sections discuss data requirements for defining study areas dur-

ing preliminary and detailed assessment. Figure 3 (below) shows the addi-

tional data -- beyond the project-specific and transportation-related data on 

hand when assessment begins -- which is typically required to define macro and 

micro study areas. 
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Figure 3. Data used to define the study area. 
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3.1 DEFINING THE MACRO STUDY AREA IN PRELIMINARY ASSESSMENT 

The first task in the preliminary assessment phase is to gather information 

needed to define the macro-scale study area. Practitioners use data on the 

proposed project, which is usually already available to them, to get a clear 

idea of the project and its scope. The dimensions of the proposed improvement 

or new construction, the location of terminal points, and the project's length 

and approximate width are identified. Information on the project's purpose 

also often helps planners to clarify the boundaries of the study area. If 

data are available at this stage on total acres of ROW to be used, the pos­

sible locations and acreage requirements of major interchanges, and feasible 

route alternatives, this information should also be examined. To put project 

information in a spatial context, information on existing maps of the area is 

examined. These maps show the terrain of the area, and the existence of nat­

ural and manmade corridors and barriers which help frame and delineate the 

study area. They also provide information on the roadway network now serving 

the area. 

Data on existing public transportation systems and overall traffic statistics 

for the area are also useful in defining boundaries. Other useful map infor­

mation includes concentrations of housing and business activity, the location 

of major public and private facilities, and existing recreation areas and open 

space. 

In defining the study area, it is also valuable to explore the relationship 

between the spatial area subject to potential impacts and the smallest units 

of aggregate data on population, housing, and business activity found in 

standard statistical sources. Examples of units for which aggregate data are 

available are census tracts and blocks, counties, and townships. 

Information on political jurisdictions which bound and segment the potential 

study area, and on the boundaries of affected regional and local planning ar­

eas, is also highly useful. This information not only helps to define study 

area boundaries; it also indicates possible sources of information which can 

be used to explore project impacts. 
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When the study area for preliminary assessment has been defined, it is typi­

cally shown in spatial terms on a base map against a backdrop of selected nat­

ural and manmade features. 

3.2 DEFINING MICRO STUDY AREAS IN DETAILED ASSESSMENT 

In detailed assessment, the initial problem normally is to subdivide the macro 

study area into segments which correspond to areas subject to the displacement 

and proximity effects of each alternative route under consideration. These 

corridors, or micro-scale study areas, are defined initially by overlaying the 

proposed ROWs on base maps developed in preliminary assessment. 

Information on the proposed facility should be reexamined in relation to the 

features of the areas through which each alternative route passes. Special 

attention should be paid to any new, more exact information on entry and exit 

points, possible design features, and ROW requirements which emerge as alter­

native routes are specified. For example, study areas often should be ex­

tended around major interchanges, since the magnitude of impacts is typically 

greatest at these points and their ramifications are more far-reaching. Other 

design features, such as vertical alignment and the use of frontage roads, 

will also affect the size of the study area. 

In defining micro study areas, it is useful to look again at what is known 

about population, housing, and business concentrations; the location of key 

facilities; and the configuration and use of the existing transportation net­

work. This information takes on added significance when the locations of pos­

sible ROWs have been defined, The same is true for information on political 

jurisdictions and planning area boundaries. 

It is also useful to reexamine the spatial units covered by available statis­

tical sources to see how they match up with the boundaries of study areas de­

veloped during detailed assessment. Maps and records data which provide more 

detail on the boundaries of local service areas -- e.g., school districts -­

and areas served by local shopping centers may also be useful in refining 

study area boundaries, These mo~e detailed sources can be secured from local 

agencies. 
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In summary, the information used to define the areas subject to detailed as­

sessment is similar to, but more detailed than, that used in determining the 

area examined in preliminary assessment. The fact that the locations of al­

ternative ROWs have been defined provides new information and gives new sig­

nificance to existing data. 
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Chapter 4. DATA REQUIRED TO ASSESS SOCIAL IMPACTS 

The factual data required to profile the study area and screen for social im­

pacts, specified by impac. t area, are presented in the following sections • 

Discussions on using this information are als·o presented by impact area. 

See Chapter 6 for a discussion of data on attitudes and perceptions used in 

social impact assessment. 

4.1 ACCESSIBILITY 

The following subsections discuss the data required to assess the impact of 

proposed projects on accessibility during preliminary and detailed assessment. 

Figure 4 (p. 39) specifies the data elements used to complete and document the 

assessment process. 

4.1.1 Data Used in Preliminary Assessment 

Screening for possible impacts on access to important destinations begins with 

a review of data on the proposed project. This will include its end points, 

size, projected average daily traffic (ADT), and general ROW requirements. 

The existing transportation network in the macro study area must be examined. 

This will include a look at traffic statistics showing ADT by route, if the 

information is available. If these data distinguish between local and through 

traffic, or contain other detail on origins and destinations, type of vehicle 

used, trips during commuter hours, etc., this information should be examined 

for what it says about local travel patterns. Statistics on travel to work, 

generally available in census publications, should also be consulted. Esti­

mates of the impact of the proposed facility on ADT for existing roadways 

should also be taken into consideration. 

The next step is to look at existing information on the total number and con­

centrations of residences in the macro study area. Neighborhoods should also 

be identified. These data should be supplemented by information on the number 
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Figure 4. Data used to assess impacts on accessibility. 
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and location of major work places, shopping centers, schools, recreation ar­

eas, and other facilities used by the people living in the area. 

Additional data on population characteristics are collected and used to screen 

for concentrations of residents who have limited mobility and may suffer from 

any disruption of normal trip patterns. Key indicators of the population at 

risk here are number of households without cars; number of elderly persons and 

school-aged children; low-income families; handicapped individuals; and con­

centrations of minority-group members and foreign-born residents. Physically 

disabled persons and people with low incomes have fewer travel options avail­

able to them and are more likely to rely on pedestrian routes, making them 

particularly vulnerable to the negative impacts of physical barriers, in­

c re as ed traffic and faster travel speeds. An understanding of the access­

related gains and losses of populations with limited mobility is particularly 

important, given the sensitivity of these citizens to changes in access to 

critical destinations. 

Information should also be collected on the location of public facilities, re­

tail outlets, office buildings, and other work and recreation areas which play 

a significant role in the lives of local residents. These data are used to 

see the relationship between residences and key destination points in the lo­

cal area. 

4.1.2 Data Used in Detailed Assessment 

In detailed assessments of alternative routes, the initial task is to regroup 

data collected in preliminary assessment to reflect the micro study areas de­

fined by proposed alternatives. Once this is done, the information can be 

used to estimate the potential impacts of each route, and to compare routes to 

determine which will have the minimum negative impacts on accessibility. 

If a proposed route passes through areas with a significant residential popu­

lation, more detailed information on the trip activities of local residents 

may be required. Information of interest here includes origin and destination 

points, trip frequency and purpose, arrival and departure times, and modes of 

travel. These data are generally not available in records or map sources. 
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They can, however, be collected using on-site observation, interviews, or trip 

diaries. 

Information on trip generators within the local community, e.g., local stores, 

service centers, and public facilities, is also used to determine key trips, 

modes of access, and destination points. Data collection here focuses on ser­

vice areas, number of persons using the facility and its services, where these 

people live, and how they get to the facility. Records maintained by local 

organizations in the impacted areas are normally the sources of these data. 

4.2 COHESION 

The following subsections discuss data required to assess the impact of pro­

posed projects on the cohesiveness of affected communities and neighborhoods 

during preliminary and detailed assessment. Figure 5 ( P• 42) specifies the 

data elements used tQ complete and document this assessment, 

4.2.l Data Used in Preliminary Assessment 

During preliminary assessment, it is the responsibility of impact analysts to 

(1) identify the communities and neighborhoods in the areas which are subject 

to highway effects, and (2) screen for communities with high levels of cohe­

sion, and populations particularly sensitive to project-related disruptions of 

their daily activities. 

The assessment begins with a review of information on population clusters and 

community boundaries in the macro study area. Information on the existing 

transportation network, and on natural and rnanmade barriers, is also examined. 

The relationships of these features to population concentrations are noted. 

The boundaries of local political uni ts should also be taken into account. 

The next step is to take a closer look at the characteristics of homes and 

residents in the community(ies) identified in the study areas. This closer 

look should serve to identify groups of residents with characteristics which 

are used as indirect, or proxy, indicators of high levels of cohesiveness, and 

to screen for indicators of special sensitivity to the disruptive effects of a 
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Figure 5. Data used to assess impacts on cohesion. 
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new road. These include: 

0 

0 

Q 

0 

4.2.2 

Areas where a high· percentage of residents have lived at the same ad­
dress for periods of five years, ten yea rs or longer. Stability and 
low turnover rates are associated with strong neighborhood ties, re­
s is tance to change, and high levels of in te rgene rational cultural 
transmission. 

Areas marked by concentrations of residential housing units with 
shared character is ti cs. Variables of pa rt icular in te rest here are 
type and market value of housing, owner-occupancy rates, and ratios of 
persons-per-room and rooms-per-dwelling-unit. The assumption here is 
that people occupying similar dwelling units also share other psy­
chological and behavioral characteristics. Discontinuities in these 
same housing characteristics are viewed as indicators of neighborhood 
boundaries and transitional areas. 

Neighborhoods with concentrations of racial and ethnic minorities, 
foreign-born residents, and persons with strong cultural or religious 
ties. These are indicators of high levels of dependence on the group 
for both emotional and economic support. 

Areas with concentrations of persons over 65, children under 
gle-parent or female-headed households, and persons who do 
access to automobiles. These indicators of vulnerability to 
ruption of normal daily activities suggest limited mobility 
sible access problems. 

Data Used in Detailed Assessment 

18, 
not 
the 
and 

sin-
have 
dis-
pos-

In detailed assessment, the information on community boundaries, residential 

clusters, and the characteristics of residents is reordered and used to make 

comparisons between micro study areas affected by each route alternative. 

Sometimes the units of statistical data on housing and population character­

istics do not match up with the spatial units of the study areas, and compari­

sons of key indicators cannot be made using standard statistical sources. In 

these instances, there may be a need to supplement statistical data with in­

formation collected by State and local sources, 

Survey techniques -- on-site observations, interviews, trip diaries, etc. -­

can also be used in detailed assessments to collect information on behavioral 

indicators of cohesion. These include the nature and frequency of in te rac­

t ions among residents, and between residents and local institutions. Survey 

approaches used here are often modifications of traditional origin-destination 

surveys which are adapted to make the residence the radiant point in recording 
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trip activities and social interactions. Respondents may also be asked to rate 

or rank the importance ,of trip types and interactions. Map overlays are often 

used here to show the routes which residents frequently travel -- by car, bi­

cycle. or on foot -- in order to reach intra-community and outside destination 

points. 

Another approach is to record observations on frequency and time of use for 

local facilities. Other variables commonly collected are the home address, 

mode of travel, and demographic characteristics of users. 

Survey questionnaires directed at local residents can also be used to gen­

erate direct measures of identification with place and attitudes toward pos­

sible displacement. Often, perceptual data concerning the proposed project's 

impact on community life are also collected. 

In assessing negative impacts on cohesion by route alternative, close atten­

tion should also be paid to the results of the assessment of displacement ef­

fects. This includes data on the displacement of residents, community facili­

ties and open space. 

4.3 DISPLACEMENT 

The following subsections discuss the data required to identify the potential 

displacement effects of a proposed project. Figure 6 (p. 45) specifies the 

data used to complete and document the assessment process. 

4.3.l Data Used in Preliminary Assessment 

To explore displacement effects during preliminary assessment, it is essen­

tial to review existing information on the size of the facility, the possible 

routes where it may be located, and the number of acres which must be taken to 

construct the facility. The number and types of dwelling units possibly af­

fected, and their distribution across the study area, is also essential infor­

mation here. Information on areas with high concentrations of residences can 

be used to block out zones in the study areas where displacement will be most 

severe if land is taken to build a road. 
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~ploymeot of each resident 

nunber elll!'loyed by occupati011 
numl><!r unamployed by occupation 
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DETAILED ASSESSMENT 
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type 
number of floors 
number of rooms 
condicilln 
value of owuer-Gccupied unit, 
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hnd uses 
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Figure 6. Data used to assess displacement impacts. 

Information on dwelling units should be accompanied by data on the total resi­

dential population at risk, and its distribution across the study area. It 

is also valuable to identify concentrations of residents with characteristics 

that indicate a special sensitivity to negative displacement effects. 

One indicator of special importance is the length of time residents have lived 

at their current address. Attachment is viewed here as a function of time, and 

it is assumed that long established residents will have more trouble adjusting 
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to a move then relative newcomers. Other indicators of attachment to place 

are a high incidence of owner-occupied and single-family detached homes. The 

rationale here is that people who own their homes and live in detached housing 

move less often than renters and apartment dwellers. 

Other key indicators of sensitivity to displacement are: 

0 

0 

0 

A high incidence of elderly and disabled residents. These people tend 
to find adjustment to new surroundings more difficult. They may be 
dependent on the assistance of relatives or neighbors living nearby to 
get to places, to carry groceries and other goods home for them, and 
to provide other important support functions. The same problems apply 
to families without automobiles. 

The presence of s ignif ican t numbers of low-income families. These 
families are least able to take advantage of the opportunities for up­
ward mobility that relocation provides for some displaced residents. 
They will also find it more difficult to secure equivalent replacement 
housing without increasing their housing costs. 

Concentrations of ethnic and religious minorities, and foreign-born 
and non-English speaking residents. These residents may be more de­
pendent on supportive relationships with relatives and friends in the 
immediate neighborhood, and less likely to have the mobility required 
to sustain these ties if they are forced to move to a new location. 

The incidence of substandard housing is also a factor to be considered. How­

ever, the idea that it is less damaging to take substandard housing should be 

tempered by the fact that the people living in this kind of housing are often 

least able to take advantage of the opportunities offered by relocation. They 

will also often have the greatest difficulties in adjusting to new surround­

ings, developing new social ties, and gaining access to critical destination 

points in the area where they are relocated. 

4.3.2 Data Used in Detailed Assessment 

After alternative routes have been defined, the focus of displacement studies 

shifts to the residential st rue t ures and indi vidua 1 dwelling units in each 

proposed ROW. The information col lee ted on these dwelling units, and the 

people living in them, is similar to the aggregate data collected from statis-

tic.al sources in preliminary assessment. Now, however, it is necessary to 

get this information for the individual homes that would be taken, and the 

residents who would be displaced, by each alternative route. 
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Engineering data and base maps are used to define the possible ROWs in spatial 

terms. If these ROWs can be matched up with the parcels covered in local re­

cords sources, e.g., tax assessors' records, these sources can be used to se­

cure some of the necessary data on homes and residents. Drive-through or 

walk-through surveys are also used to check and supplement data in records 

sources. Additional information collected in this way may include the inci­

dence of vacant homes and houses for sale on the affected blocks; selected 

characteristics of the neighborhood; and estimates of the market value of 

homes in the proposed ROWs. 

On-site surveys can also be used to record observations on the characteristics 

of individuals living in the potentially displaced residences and in the sur­

rounding neighborhood. This information will necessarily be incomplete be­

cause the residents themselves, who could provide these data, are usually not 

interviewed. However, local realtors, community leaders, and other know­

ledgeable individuals may be called upon to supplement information collected 

through observations. 

In order to better understand the impacts of displacement and relocation, it 

is necessary to look beyond the ROWs to evaluate possible relocation sites 

nearby. Here the items of particular interest are residential land use in the 

area; number, type and condition of dwelling units; and the number of unoc­

cupied dwellings and vacant lots. Data showing changes in housing units 

e.g., trends in the issuance of construction permits, changes in the amount of 

the housing stock and in residential zoning -- are also valuable indicators. 

Local records and expert judgments of local realtors and developers may be 

used to secure this information. 

In some instances, survey approaches are used during detailed assessment to 

collect information from a sample of residents on their feelings of attachment 

to their homes and neighborhoods, and their attitudes towards possible dis­

placement. This information, which is discussed in more detail in Section 

4.2.2 on cohesion, provides indicators of sensitivity to negative displacement 

effects and possible resistance to relocation. 
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Chapter 5. DATA REQUIRED TO ASSESS ECONOMIC IMPACTS 

The factual data required to profile the study area and screen for economic 

impacts are presented and discussed in the following sections. The discus­

sions on how these data can be used, and the data fields which specify indi­

vidual data elements, are organized by impact area. 

See Chapter 6 for a discussion of data on attitudes and perceptions used in 

economic impact assessment. 

5.1 EMPLOYMENT, INCOME AND BUSINESS ACTIVITY 

Figure 7 (p. 49) provides a listing of the core data required for the prelimi­

nary and detailed assessment of impacts on employment, income and business ac­

tivity. The subsections which follow provide a discussion of how these data 

are used to screen for potential impacts and to develop measures of their 

scope, magnitude and duration. 

5.1.l Data Used in Preliminary Assessment 

Displacement Effects. In screening for potential displacement effects, data 

on the number, size, and location of shopping centers, industrial parks, and 

other commercial clusters should be examined. This information is used to i­

dentify concentrations of businesses in the study area that should be avoided, 

if possible, when defining alternative routes. If a proposed route alterna­

tive passes through a business-intensive area, a more careful assessment will 

be required to determine the severity of displacement and proximity effects. 

Construction Impacts and Proximity Effects. Aggregate statistics on types, 

sizes, revenues, and ownership of study area businesses are also collected 

here. They are used to determine whether a high percentage of businesses are 

sensitive to disruption of normal activities brought about by construction and 

proximity effects. Sensitive businesses include those that are service-ori­

ented, small and owner-operated. 
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Modes of travel to work 

** .. ***** 
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rotal nu~bet of businesses 
by ty;,e 
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DETAILED ASSESSMENT 
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location of entrance 
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by age 
by sex 
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revenues by type of business 
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by race/ethnicity 
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by mode of travel 
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Figure 7. Data used to assess impacts on employment, income 
and business activity. 
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Indirect Impacts. Examination of the potential indirect impacts of the pro­

posed facility requires the collection of data on the regional market area 

of which the study area is a part. Fairly detailed data on shopping centers 

and industrial areas are collected to develop an inventory of business acti­

vity in the market area. The locations of these commercial areas are examined 

to identify those that would be made more accessible by the proposed facility. 

The numbers and types of businesses operating in these areas are compared with 

those in the local area to determine whether the regional market area is like­

ly to attract local consumers. 

Data on employment in the local area, and in the market area, are also collec­

ted and compared to assess indirect impacts. The types of jobs available, in­

come levels, and employment and unemployment rates provide a picture of the 

two labor markets, and indicate the ability of each market to attract and 

absorb new employeees. 

Available data on the mobility of the local population are also used here to 

determine whether people can take advantage of new shopping and employment op­

portunities. These data include the number and geographic concentrations of 

autoless households, elderly persons, and those with handicaps -- all indica­

tors of limited mobility. Other useful information in this area describes lillT 

on existing roadways and traffic projections based on changes in the network. 

Determining the likelihood that new businesses will be drawn into the local 

area to compete with existing ones will probably require the judgments of bus­

iness experts. Data on vacant and undeveloped land, and loca 1 zoning, are 

also used to determine the feasibility of business influx. 

Agricultural Impacts. Screening for agricultural impacts is required when 

there are operating farms in the area subject to impacts. Data on the loca­

tions of farmland and numbers of farms are used to identify possible displace­

ment and segmentation of farm parcels. To get an indication of the productive 

value of lost farmland, aggregate data on the types of crops grown, the aver­

age productivity per acre, and operating revenues of farms in the area are 

collected. 
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Basic data used to screen for development pressure on agricultural land are: 

the topography around farm areas, the configuration of the current roadway 

network, and distances between farms and developed areas. Land use patterns, 

zoning regulations, rea 1 estate values, and existing development trends are 

other indicators of the possible intensity of development pressure. 

Aggregate data on the productivity and revenues generated by farmlands are 

also used here as indicators of the profitability of farming in the area. 

This, in turn, indicates the likelihood that farmers will resist pressure to 

convert their land. 

Multiplier Effects. Murtiplier effects occur anytime a significant change 

takes place in an integrated market setting. Screening identifies potential 

employment, income and business activity effects which will, in turn, cause 

ripple effects throughout the local economy. 

5.1.2 Data Used in Detailed Assessment 

Displacement. At this stage, the names, types, locations, sizes, and facade 

conditions of individual businesses located along each of the proposed ROWs 

are collected. These data identify the total number of businesses that will 

be displaced by each route alternative. They also show the percentages of 

these businesses that are local, service-oriented, small, and in poor physi­

cal condition. 

Land uses and physical conditions in the area where businesses operate, and 

observable characteristics of the physical plant, are also collected. Infor­

mation of this kind on businesses in the alternative ROWs indicates standards 

that any relocation area should meet. It will also serve to identify the im­

portant physical operating requirements of businesses which may potentially be 

relocated. Information is also collected on the jobs provided by the busi­

ness. Additional data on the addresses and modes of travel used by current 

employees can show the likelihood that these people will be able to travel to 

a new work location. These data can be used by relocation officers to develop 

conceptual relocation plans. 
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Construction Impacts. Businesses subject to construction impacts are identi­

fied along each ROW. Data on street frontage and the placement of business 

entrances are collected to help determine whether construction activities will 

directly affect businesses close to the ROWs. The magnitude of construction 

impacts.is indicated by information on the extent and duration of construc­

tion activities associated with each route. 

If information on traffic-diversion plans becomes available during detailed 

assessment, it can be used to specify in more detail the intensity of con­

struction impacts which will interfere with normal business activity. 

Proximity Effects. Proximity effects are normally experienced by the same 

businesses that are subject to construction impacts. To assess proximity ef­

fects on these businesses, detailed information on the lo cat ion and design 

features of the proposed alternatives is examined. Expert judgment is often 

required to predict how the alternatives might reduce access and cause safety 

hazards in getting to these businesses. Other indicators of proximity effects 

are data on expected levels of air and noise pollution associated with each 

route. 

Indirect Impacts. In detailed assessment of indirect impacts of alternative 

routes, data on centers of business activity in the market area -- collected 

during preliminary assessment -- are combined with newly available data on 

changes in access. Information on highway-induced changes in access includes 

expected alterations of frequently traveled routes between the locality and 

regional attractions, changes in travel times to desired destination points, 

and projections of changes in ADT associated with each of the routes, 

Survey data from local employees and consumers can also be used to assess in­

direct impacts. Satisfaction with current employment, perceptions of employ­

ment opportunities that would be made available by the proposed facility, and 

expected behavior regarding employment if the facility is constructed are in­

dicators of worker attraction to new job opportunities. Data can be collected 

from local consumers on satisfaction with local shopping opportunities, and on 

attraction to other shopping areas that will be made more accessible by the 

proposed routes. 
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Agricultural Impacts. De tailed assessment of agricultural impacts requires 

data on individual farms subject to displacement and development pressure. 

The layout, acreage, and land uses of farms are used to determine acreage that 

will be taken, and parcels that will be segmented and isolated, by each route. 

Additional data on each of the affected farms are then required to determine 

the severity of these effects on the livelihood of farmers and the productiv­

ity of farmlands. Data used here include tenure, ownership, and operating 

conditions; internal operations, especially transportation; and costs and rev­

enues over time. Farmers' perceptions of the proposed route, ROW takings, and 

the possible isolation of productive parcels should be used to verify and sup­

plement impact determination made from statistical information. 

Data on the productivity and profitability of affected farms are also used to 

assess the likelihood that farmers will respond to development pressure by 

selling their farms. To add detail to the assessment of anticipated develop­

ment pressure, data on land values, mortgage rates and capital costs of devel­

opment -- examined in preliminary assessment -- are usually updated. Data 

on assessment rates and ratios for developed land and other costs of develop­

ment are used to estimate the general climate for large-scale investment. 

If possible, farmers and developers themselves should be questioned about 

their attitudes toward development of farmland; they will often provide data 

on special circumstances that would otherwise be unavailable to investigators, 

Multiplier Effects. Estimates of multiplier effects are developed using 

much of the data collected in the detailed assessment of impacts on employ­

ment, income and business activity. The data are used to make judgments about 

the magnitude and direction of direct effects. Selected i terns are used to 

calculate local employment and income multipliers, which indicate the number 

of times each direct effect -- such as income reductions resulting from lay­

offs, or reduced business revenues caused by proximity effects -- will be felt 

throughout the economy. The minimum data required to calculate the multipli­

ers are total area employment, area employment in basic industries, total area 

wage-and-salary income, and area wage-and-salary income in basic industries. 
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5.2 RESIDENTIAL ACTIVITY 

Figure 8 (below) provides a listing of the data required for the preliminary 

and detailed assessment of impacts on residential activity. The subsections 

which follow provide a discussion of how these data are used to identify and 

measure potential impacts. 

•••••••• 
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Aggregat" l!ouaing Data 
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Rousing trenda & projection& 
total housing units 
by type 
by tenure 
7&cancy rate 
value of owner--occupisd units 
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type 
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value of ownar--occupied units 
monthly renc on rented units 
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land usea 
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Net change in housing ~tock 

Figure 8. Data used to assess impacts on residential activity. 
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5.2.1 Data Used in Preliminary Assessment 

Reduction in the Local Housing Stock. The reduction in the local housing 

stock caused by the proposed facility depends on the number of residential 

structures to be demolished or relocated when land is cleared for the ROW. 

Data used during preliminary assessment to estimate the number and types of 

dwellings to be taken are described in Section 4,3 on residential displace­

ment, That section also discusses data used to identify residential areas 

where reductions in the housing stock caused by placement of a road would be 

the most severe. 

Shortages of Replacement Housing, Data used in preliminary assessment to de­

termine whether there will be a shortage of replacement housing for persons 

forced to relocate include characteristics of potentially displaced dwellings 

and households, and the supply and availability of existing housing. Data on 

displaced dwellings and households, discussed in more detail under residential 

displacement (see Section 4.3), give an initial indication of replacement 

housing needs. Aggregate data on the existing housing market -- including the 

number and types of houses, market values, monthly rental and vacancy rates -­

are indicators of the availability of housing in the study area. 

Data on replacement housing needs should be compared with data on the housing 

market to determine whether the existing stock can absorb relocatees. How­

ever, estimates of replacement housiug needs are very crude at this stage, and 

any determinations regarding the adequacy of replacement housing should be 

used with caution. 

Undesirable Residential Construction. The projected level of induced con­

struction -- a major indicator of the likelihood of undesirable residential 

construction that will be caused by the proposed facility -- is very difficult 

to estimate. Induced residential construction is an indirect impact, and 

while practitioners can examine contributing factors, such as increased demand 

for housing and the feasibility of development, they can only guess what the 

cumulative effect will be. 
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During preliminary assessmentj data on expected changes in traffic volume and 

patterns, and other indicators of increased access between the local area and 

other areas in the region -- discussed in the section on accessibility (see 

Section 4.1) -- identify possible sources of increases in local housing de­

mand. Another indicator of new housing demand is expert judgment regarding 

the likelihood that highway-induced increases in business activity will create 

job opportunities for new residents of the area. 

Projected increases in housing demand are examined in conjunction with data on 

the need for, and feasibility of, new construction. Data on the housing stock 

discussed above can be used to estimate shortfalls in available housing to 

meet new demand which, in turn, indicates the need for new housing. Informa­

tion on zoning in the study area, the availability of undeveloped land, capi­

tal costs of development, and the availability of mortgage money help to char­

acterize the climate for investment in housing. 

Judgments re ga rdi ng projected levels of residential construe t ion made from 

these data must be compared to local plans for development and growth to de-
' termine the desirability of potential residential construction. Data used to 

determine local plans are discussed in Section 5.4, on land use and develop­

ment plans. 

5.2.2 Data Used in Detailed Assessment 

Reductions in the Local Housing Stock. Once the feasible routes are identi­

fied, a count is made of the residential structures potentially displaced by 

each route. Data required to identify and characterize these reductions in 

the local housing stock include the size, type, tenure and condition of the 

dwelling units, and their relation to the larger structures of which they are 

a part. The information can be compared with aggregate data on existing hous­

ing sizes, types, tenure, and condition to determine the percentage of the to­

tal stock being removed. 

Shortages of Replacement Housing. Data on individual dwellings potentially 

displaced by each route are also used to assess whether there is adequate re-

placement housing for displaced residents. The types, locations, tenure, 
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conditions, and other features of these dwellings that characterize the poten­

tial relocatees' current living situation are indicators of replacement hous­

ing needs. Other information available through observation of the area sur­

rounding potentially displaced homes indicates the characteristics of (1) fam­

ilies who may be relocated, and (2) the neighborhoods in which they live. All 

of these factors contribute to the identification of replacement needs. Sur­

veys can be used to collect more detailed data on potentially displaced resi­

dents. Information typically collected on household members includes number, 

age, sex, employment status, occupation, income, and significant financial 

obligations of family members; length of residence in neighborhood and home; 

availability of vehicles; and important destinations and modes of access. 

Surveys can also collect data on residents' opinions regarding the adequacy of 

their current home and neighborhood, the value they place on ties to neighbor­

hood, friends, relatives and ethnic groups, and the importance of maintaining 

these ties. 

Assessment of the availability of housing in the study area, at this staget 

requires the updating of data on the housing stock collected during prelimin­

ary assessment. This information should be supplemented by time-series data 

showing trends in the volume of housing stock and annual construction permits 

issued; annual net changes in housing stock by type, tenure and conditions; 

and market values and rental costs. Projections for these indicators which 

have been developed by local planning. agencies should be collected as well. 

Depending on how soon relocation is expected to occur, vacancy rates -- the 

key indicator of available housing -- can be further specified by examining 

newspaper advertisements and checking multiple-listing services. Building 

permits and records of housing start-ups, along with applications for zoning 

of new residential subdivisions, are used to refine estimates of new housing 

that will be available at the time of relocation. In addition, the expert 

judgments of area realtors can be solicited to verify data in record sources. 

Using the data collected on replacement housing requirements and available 

dwellings, practitioners can identify shortages of relocation housing in areas 

near each route. 
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Undesirable Residential Construction. Some additional data become available 

during detailed assessment which may be used to predict the likelihood and ex-

tent of undesirable residential construction. Data on changes in area-wide 

access can more accurately predict accessibility gains once feasible routes 

are defined. Findings are used to refine estimates regarding the attractive­

ness of the locality to residents, and the residential influx and construction 

which may follow project completion. Additional data, used to assess the 

likelihood that businesses will be attracted to the area and bring jobs and 

new residents, are discussed under indirect impacts in Section 5.1. 

5.3 FISCAL IMPACTS 

The following subsections discuss the data required to assess the impact of 

a proposed project on local government finances during preliminary and de-

tailed assessments. Figure 9 specifies the data elements used to complete 

and document the assessment process. 

···••*** 
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Figure 9. Data used to assess fiscal impacts. 

5.3.1 Data Used in Preliminary Assessment 

Tax Base Losses. Crude approximations of tax base losses can be made prior to 

the development of alternative routes. Engineering data are used to develop 
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an estimate of acreage to be taken for the ROW. Data on land uses in the 

study area are collected and used as a basis for estimating how much of the 

affected land is devoted to various taxable land uses. Average assessed val­

ues and tax rates per acre for each taxable use are then used to (1) estimate 

the tax revenues generated by property to be taken by the ROW, and (2) fore­

cast the first year reduction in revenues associated with these properties. 

Information on the total taxable property base in the study area, by land 

use if available, is used to determine the percentage reduction in the tax 

base that ROW acquisition can cause. Similar estimates can be made for lost 

tax revenues using data on total revenues from property and other local taxes. 

Reductions in Property Values. Decreases in property values are usually esti­

mated later in the assessment process, when routes have been defined and more 

is known about land uses near the alternative routes. Information on the pro­

posed facility available at this stage can, however, be used to judge the mag­

nitude of potential proximity effects which may cause decreases in property 

values. 

5.3.2 Data Used in Detailed Assessment 

Tax Base Losses. More reliable estimates of tax base losses can be made when 

route alternatives have been defined. All property and improvements to be 

taken by each alternative ROW must be identified. Property assessment files 

are used here to identify individual parcels of undeveloped and vacant land in 

each ROW. Tax exempt properties need not be included. The additional data 

used to identify potentially displaced homes and businesses are discussed in 

Section 5.2.2 on residential displacement and Section 5.1.2 on employment, in­

come and business activity. 

If parcel-by-parcel information is not available, the tax value of displaced 

land and improvements can be estimated using data on average assessed values 

for the various property uses. Alternatively, market values of comparable 

real estate in the area may be used in conjunction with data on the ratio of 

assessed to market values. Another less accurate, but simpler, method uses 

estimates of the costs of ROW acquisition -- available from ROW officers --
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and the ratio of acquisition costs, or market values, to assessed values. Tax 

rates, by property use, are then used to translate tax base losses into first 

year revenue losses. 

These estimation procedures should be supplemented by observing locations in 

the study area where property values deviate significantly from average val­

ues. For example, the average assessed value of homes in slum areas will be 

significantly below the mean for the area. The judgments of tax assessors are 

often used to make these adjustments. 

If parcel-by-parcel information is available, assessed values and annual taxes 

on potentially displaced parcels are collected. If annual taxes are unavail­

able, tax rates are again required to estimate first-year tax revenue losses. 

First year losses can be compared to data on the total tax base and annual 

property tax revenues to determine the relative magnitude of these losses. 

Tax revenue losses over time are difficult to determine, but can be approxi­

mated using data collected during detailed assessment on: 
0 

0 

0 

Trends and projections concerning market value of various property 
types, 

Trends in assessment and tax rates, and 

Frequency of reassessment. 

Future property values can be projected using aggregate time-series data. The 

expertise of area realtors may also prove useful. Trends in assessment rates 

and frequency of assessment, available at assessors' offices, are indicators 

of the time lag that can be expected in the adjustment of assessed values to 

reflect changing market values. 

Decreases in Property Values. Parcels along each ROW that are subject to de­

creases in property values resulting from negative proximity effects can be 

identified once alternative routes have been developed. While residences and 

businesses within this range have already been identified in Sections 5.1.2 

and 5.2.2, information on other land uses and improvements must be obtained 

from observation or property assessment files. 
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Data used to determine the magnitude of proximity effects, such as limited ac­

cess, safety hazards, and pollution, are also identified in Section 5. l. 2. 

Limited data are available estimate the magnitude of expected decreases in 

property values. 

of the negative 

Decreases in value depend primarily on peoples' perceptions 

effects of living or doing business near the facility. 

Knowing the land uses of affected parcels helps practitioners to estimate the 

magnitude of decreases since some uses are historically subject to greater de­

creases than others. Analogous cases can also be used. Planners cannot rely 

on these, however, because circumstances in every situation are different. 

Area realtors and tax assessors are often used to examine available informa­

tion and make qualitative judgments. 

Data on frequency of reassessment and trends in assessment rates as compared 

to market values can also be used to estimate how quickly changes in property 

values will be reflected in assessment values. 

Property values may be affected by design features which are specified during 

detailed assessment. For example, if a noise barrier is to be erected, expec­

ted reductions in residential value may not occur, or will be less than antic­

ipated. The only way to quantify the impact of these changes or additions to 

design features is to reinterview experts. 

5.4 LOCAL LAND USE AND DEVELOPMENT PLANS 

The following subsections discuss the data required to assess the impact of a 

proposed project on local land use and development plans during preliminary 

and detailed assessments. Figure 10 (p. 62) specifies the data elements used 

to complete the assessment process. 

5.4.l Data Used in Preliminary Assessment 

Information on community plans for future growth and development is required 

during preliminary assessment to screen for negative impacts. The goals and 

objectives, and general strategies for achieving them, found in local plan­

ning agency documents are the basic data used. There will often be additional 
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Figure 10. Data used to assess impacts on local 
land use and development plans. 

information on current problems and short- and long-term recommendations in 

the areas of transportation planning, land use, and community character. Some 

communities will supplement conceptual plans and policy statements with sta­

tistical data on the current situation, and future goals in the areas of land 

use, zoning, development, population density, etc., to be achieved by actions 

taken under the plans. Data available in planning documents and through in­

terviews with local planners, elected officials at all levels, and civic lead­

ers, are used to determine policies and strategies for future development. 

To determine whether the proposed project will further these plans or con­

flict with them, data on the potential impacts of the project are required --

in both social and economic areas. This includes virtually all data used 

during preliminary assessment to identify potential impacts. Here, however, 

the information is used for the special purpose of determining whether the 

identified changes caused by the proposed project are consistent, or in con­

flict, with the short- and long-term planning goals and programs of the area. 

Initial assessment is normally ·confined to determining the overall compati­

bility between future plans and the construction of a new highway facility or 

improvement. This is because data on the highway facility and its impacts 

especially the induced effects -- are limited. 
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5.4.2 Data Used In Detailed Assessment 

The detailed assessment of the social and economic impacts of alternative 

routes provides data which can be used to further assessment in this area. 

While no new data on land use plans are available, the new and more accurate 

data on changes caused by the routes can be (1) examined in relation to plan­

ning documents, land use plans, and other materials, and (2) considered by 

planners and other local officials who are qualified to assess the compatibil­

ity of each route with community plans. 

In many instances, however, the assessment of the project's compatibility with 

planning goals and objectives will be subject to interpretation and judgment, 

particularly when the secondary, or induced, effects of the project are at 

issue. Planning goals and development policies which have not been tied to 

site-specific proposals are often so broadly stated that it is impossible to 

address the issues of consistency or conflict except on a case-by-case basis. 

Additionally, many changes caused by the road cannot be accurately determined. 

And, as mentioned earlier, many projects will have points of agreement and 

conflict. Highway practitioners often have to rely on the expert judgments of 

local planners and other public officials to clarify questions on the impacts 

of each route on land use and development plans. 

It should be noted here that the design features of the proposed route which 

become known during detailed assessment may have an effect on the compatibil­

ity of the proposed project with future plans. Also, local ordinances de­

signed to implement development plans, planning-related regulatory measures 

such as zoning changes, the designation of special development sectors, and 

development incentives may be used to minimize adverse impacts on land use and 

development caused by the selected route. These determinations are often best 

made by area elites who have been involved in project planning, 
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Chapter 6. DATA ON PUBLIC ATTITUDES AND PERCEPTIONS 
REQUIRED TO COMPLETE ASSESSMENTS 

The data which can be used to profile attitudes and perceptions concerning the 

proposed project and its effects are discussed in the following sections. 

Figure 11 (pp. 65-66) specifies the data elements commonly collected during 

preliminary and detailed assessments. 

6.1 DATA USED IN PRELIMINARY ASSESSMENT 

During preliminary assessment, information is commonly c.ollec.ted on the atti­

tudes of local leaders toward the proposed highway project and their expert 

opinions on existing conditions in the area. This information is often sup­

plemented by data collected from small samples of residents. The key ques­

tions here are: 

0 

0 

0 

Is the improvement or new construction needed? 

Will it benefit the area? 

When should it be built? 

The question of where the road should be located can also be explored at this 

point. Answers to this question are used to evaluate the routes deemed fea­

sible by highway engineers. 

During preliminary assessment, it is also useful to obtain information from 

local leaders and residents on what impacts they expect the new facility to 

have on their communities and neighborhoods. These perceptions can be used to 

(1) alert· practitioners to possible negative impacts that should be examined 

closely, (2) prepare highway spokesmen for public hearings, and (3) identify 

and clear up negative perceptions which are based on misconceptions about the 

proposed project. 

Respondents can also be asked which of a series of possible design features 

should be incorporated into any new facility that passes through the area. 
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Figure 11. Data used to assess attitudes and perceptions. 
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Figure 11. Data used to assess attitudes and perceptions (continued). 
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6.2 DATA USED IN DETAILED ASSESSMENT 

In detailed assessment of alternative routes, survey activities focus on the 

preferences of local residents concerning the route alternatives being exam­

ined. The objective here is to identify the route most acceptable to the pub­

lic. Respondents may be asked to rate or rank the alternatives, and provide 

other information useful in a comparison of proposed routes. This can include 

measures regarding the strength of resident preferences, i.e., support for and 

opposition to each route. It also may include the reasons which residents 

give for their stated preferences, i.e., their perception of positive and neg­

ative effects associated with expressed preferences. 

Information on design preferences is often collected at this stage. This in­

quiry is generally more focused than the approach used in preliminary assess­

ment, since preferred routes have now been defined and design features can be 

considered in terms of discrete route alignments. 

Graphic representations of the proposed ROWs for each alternative, and their 

relation to selected landmarks in the area, are used to help respondents visu­

alize the route alternatives on which they are being asked to comment. Also, 

questions on the design features which respondents are asked to consider are 

often accompanied by drawings of each feature. 
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Part 2. DATA COLLECTION 

Par>t 2 focuses on sour>ces of socio-economic impact data. 

Chapter> 7 identifies individual 77t:i.ps, r>ecor>ds, and sur>vey techniques used to 
collect the info7'm'ltion elements specified in the data fields (Figur>es 3-11) 
in Par>t 1. Each potential data sour>ce is descr>ibed, and its utility for> meet­
ing requirements of pr>eliminar>y and detailed assessment is discussed. 

Chapter> 8 presents matr>ices fo-,, eae!h of the foUol.Jing topical oo.tegor>ies: 

Land Use 
Comrrunity facilities 
Population 
Housing 
Business activity 

Employment 
Agr>icul.tur>e 
Local gover>nment finance 
Attitudes and per>ceptions 

\ 

These rratPices cor>T'elate data r>equirements, found in the data fields of PaPt 
1, i,,n.th the infor>rrr1.tion sour>ces and sur>vey techniques discussed in Chapter> 7. 
The rra.tr>ices shol,) -- data element by data element -- l,)hiah inf or>rrntion 
r>equir>ements can be found in lJ)hich sour>C!es. 

Chapter> 9 pr>ovides a discussion of tr>ade-off considerutions which ar>ise when 
infor-rration and sur>vey sour>ces ar>e selected. The r>elative str>engths and limi­
tations of m:zps, r>ecor>ds, and sur>Veys are discussed in ter>ms of: 

0 The infoT'fl'i.'ltion available fr>om each potential sour>ce, 

0 Geogruphio units cover>ed and ho~ they match up l,)ith typical study ar>­
eas in pr>etiminar>y and detaited assessment, 

0 The cur>riency of data in published sour>ces, 

0 The r>esour>ces r>equir>ed to coZLect the data by purichase or> by manual 
and autom::i.ted retr>ieval priocedur>es, and 

0 The r>eliabitity and validity of the d,at;a. 

T'ae nuter>ials in these chapter>s ar>e designed for> use in conjunotion with the 
following sections in Volume II: 

0 Par>t 1, Inform:z.tion Sour>ces, 

0 Par>t 2, Sur>vey Techniques, and 

0 Par>t 3, Sampling Pr>ocedures. 
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Chapter 7. SOURCES OF ASSESSMENT DATA 

Data required to conduct socio-economic impact assessments are collected from: 
0 

0 

0 

Maps, 

Records, or 

Surveys. 

Generally, a combination of these sources is used to gather the required data. 

This chapter identifies individual maps, records, and surveys which may be 

used to collect the data elements specified in Part 1. Maps and records are 

organized by type of source -- nationwide, State, or local. Surveys are cate­

gorized by collection technique -- observation or questionnaire -- and by sam­

pling methodology -- random or non-random. 

Source synopses in this chapter indicate the ability of each map, record, and 

survey covered to provide the general information normally used to complete 

preliminary assessment, or the more localized, ROW-specific data needed during 

detailed assessment. Each source and technique is correlated, in Chapter 8, 

with specific information requirements identified in Part 1. 

Page references in this chapter may be used to access the technical descrip­

tions of individual maps, records, and surveys presented in Volume II, Parts l 

and 2. Part 3 of that volume contains a detailed discussion of sampling pro­

cedures used when surveys are conducted. 

7.1 MAP SOURCES 

Maps and aerial photographs used in socio-economic impact assessment identify 

land use and topographic information. They show natural land features, trans­

portation systems, boundaries, community facilities, residential and business 

areas, and farmlands. They usually show existing land use, and may also indi­

cate planned usage. 

Maps are commonly available from (1) nationwide, (2) State, and (3) local 

sources. Private cartographic and aerial photography firms -- primarily at 
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the local level -- also prepare maps which may be of use in impact assessment. 

Many of these firms will custom-prepare maps which meet users' specialized 

needs, Practitioners should be aware, however, that most of the required car­

tographic data are readily available from existing map sources, and purchase 

of specialized services is generally unnecessary. 

Maps from nationwide sources provide moderately detailed, standardized carto­

graphic information. They are particularly useful in preliminary assessment 

to locate the study area and identify its major topographic features. These 

maps are also indispensable sources of data for study areas not covered by lo­

cal mapping agencies. 

While nationwide maps show only existing land use, some locally produced maps 

identify projected land use as well. Local maps generally provide more de­

tailed information than nationwide maps, although this is not always the case. 

Among the most valuable local maps are plats, or real property maps. Plat 

maps, which are normally used in detailed assessment, enable practitioners to 

spatially identify individual parcels of land. 

Statewide maps, like local maps, vary widely in the information they show. 

Most provide extensive coverage of the State transportation network. One type 

of map available from State sources is used to identify prime and unique farm­

lands. 

Many nationwide and State maps are organized by quadrangles. These are the 

geographic subdivisions of States or counties which are reported on a single 

map sheet. Quadrangles are normally identified by geographic coordinates or 

major landmarks. In contrast, local maps usually cover counties, municipali­

ties, planning districts, or neighborhoods. Plats are typically organized by 

county section, block, and lot. 

Although maps vary in their currency, local maps tend to be more up-to-date 

than those from nationwide sources. To increase the likelihood that carto­

graphic data are generally reliable, practitioners ought to examine informa­

tion from different map sources. Inconsistencies in data can usually be rec­

onciled by consulting records or conducting observations in the affected 
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places. Special attention should be given to newly developed areas, since 

they are least likely to be accurately represented on maps. 

Practitioners having difficulty locating particular map information are en­

couraged to contact the National Cartographic Information Center (NCIC). NCIC 

operates a nationwide information system which directs users to appropriate 

public or private sources of cartographic data. The system may be accessed by 

writing: 

National Cartographic Information Center 
U.S. Geological Survey 
507 National Center 
Reston. Virginia 22092 

7.1.1 Nationwide Maps 

Maps available from nationwide sources include: 
0 

0 

" 

United States Geological Survey (USGS) topographic maps, 

Aerial photos, and 

Census maps. 

These maps are principally used in preliminary assessment, but also may be 

consulted in detailed assessment. 

USGS topographic maps (Volume II, P• 12) provide moderately detailed coverage 

of an area. They show natural and manmade features, and community and juris-

dictional boundaries. Topographic maps of rural areas identify individual 

buildings; in metropolitan areas they show all major community features. USGS 

topographic maps are revised periodically using aerial photographic and field 

verification techniques. 

Aerial photos (Volume 11, p. 9 ) provide pictures of the physical features 

shown on topographic maps. Altitudes at which photographs are taken vary, 

as do the geographic areas covered. However, photos are taken frequently and 

for a wide variety of purposes; thus chances are good that photographs meeting 

practitioners' needs will be readily available. Aerial photos compiled by the 

USGS are available from the NCIC. 
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Census maps (Volume II, P• 19) do not, for the most part, indicate topographic 

features. Rather, they are used to extract population and housing data from 

U.S. Census reports. First, the geographic area under investigation is lo­

cated on a tract outline map (for tract data) or Metropolitan Vicinity Map 

(for block statistics). Then, when the applicable tract or block numbers have 

been identified on these maps, the pertinent information may be located in the 

corresponding reports. 

7.1.2 State Maps 

Maps available from State sources are: 
0 Statewide highway maps, and 
0 Soil maps. 

Like nationwide maps, State maps are mainly used in preliminary assessment. 

Statewide highway maps (Volume II, p, 11) present many of the same kinds of 

data as USGS topographic maps, although the extent of coverage varies by 

State. Because these maps give indepth coverage of the existing transporta­

tion network, they are especially valuable in highway planning. Highway maps 

are usually updated as the State's road system changes. 

Soil maps (Volume II, p. 11), available from the State Soil Conservation Ser­

vice, identify soil characteristics across each county. Practitioners use 

these maps to identify areas -- e.g., prime and unique farmland -- that should 

be avoided when highway locations are selected. 

7.1.3 Local Maps 

The following maps, available from local sources, are frequently consulted in 

impact assessment: 
0 Land use maps, 
C 

0 

0 

Comprehensive plan maps, 

Zoning maps, and 

Plat maps. 

The first three of these maps are primarily consulted in preliminary assess­

ment. Plat maps are used almost exclusively in detailed assessment. 
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Land use maps (Volume II, p. 10) identify usage patterns across a community. 

They show residential, commercial, industrial, agricultural, and other land 

uses, but may or may not present additional topographic data. Although most 

land use maps identify current patterns of usage, some maps -- notably compre­

hensive plan maps (Volume II, p. 10) -- also show land uses planned for the 

community. Thus examination of comprehensive plan maps will show the expected 

locations of future residential, commercial, and industrial growth. Planned 

facilities and other projected development projects are also shown. 

Zoning maps (Volume II, p. 36), where ·used, identify the geographic location 

of zones in the community. These maps, read in conjunction with zoning texts, 

enable practitioners to identify those development requirements sanctioned in 

each zone. In this way, projections about housing density, quality of neigh­

borhoods, etc., may be made in areas where development is planned or in prog­

ress. 

Individually owned parcels of land in the community are identified on a plat 

map (Volume II, p. 10). Lot dimensions, utility and access easements. and 

other information are shown either on the map or on companion documents. Plat 

maps are normally available from the local property management or assessment 

office. 

7.2 RECORDS SOURCES 

Records used in socio-economic impact assessment provide demographic and eco­

nomic information about the residents, businesses, and community facilities in 

the study area. They identify the uses to which land and buildings are put, 

and they give important information on social, economic, and land use trends. 

Most of the factual data used to profile the macro study area in preliminary 

assessment are available in records. Records also provide much of the infor­

mation on micro study areas, although a sizable amount of the data required in 

detailed assessment must come from surveys. 

Records, like maps, are available from (1) nationwide, (2) State, and (3) lo­

cal sources. The nationwide sources provide aggregate data, whereas the local 

sources often contain disaggregate information. State sources generally 
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contain aggregate data, although they also include disaggregate information on 

selected community facilities. 

Most records covered in this Manual are compiled by government agencies. Sev­

eral private sources of potentially useful data are also identified. Private 

groups produce business and residential directories, maintain lists of proper­

ties for sale or lease, and update local population statistics. The privately 

produced records identified in this Manual are generally as reliable as public 

records and should not be overlooked when available. 

Among the different sources of records, local sources give practitioners ac-

cess to the broadest range of information. Information available in local 

sources include data on land use, community facilities and services, popula­

tion, housing, business, employment, agriculture, and local government fi­

nance. Nationwide records, in contrast, provide population, housing, busi­

ness, and employment statistics. Topics addressed by State sources include 

community facilities and services, employment, and agriculture. Nationwide 

and State sources are primarily consulted in preliminary assessment, while lo­

cal records are most widely used in detailed assessment. 

Most records provide geographic coverage at the county or municipal level. 

There are some important exceptions, however. For instance, many of the popu­

lation and housing data in nationwide sources are available for census tracts 

and blocks. Property assessment records, farm records cards, community facil­

ities registers, and other State and local files also contain information on 

individually owned or operated property units. 

Nationwide sources are less likely than other records to be current. The na­

tionwide records presented in Section 7.2.1 (below) are completely updated 

only once every five years (for business and employment data) or ten years 

(for population and housing data).* Most State and local sources, in con­

trast, are revised annually or even more frequently. Some sources, such as 

*Many statistics presented in nationwide sources are revised during in­
terim periods, but only for large geographic areas, i.e., States or counties. 
Nevertheless, large-area statistics are often used as proxy indicators of 
growth trends in small areas. See Section 9.3 below. 

74 



local comprehensive plans or zoning ordinances, are updated less frequently or 

on an irregular basis. However, in these cases currency can be ensured if all 

amendments to the documents are examined. Another way to assess currency is 

to interview agency officials responsible for compiling records. Frequently, 

these officials will be cognizant of important changes which have occurred 

since the sources were compiled. 

Practitioners may judge the general reliability of records data by (I) compar­

ing similar information in several different records, (2) looking for consis­

tencies in trends over time, and (3) spot-checking the records using mini­

surveys and other survey techniques. 

7.2.1 Nationwide Sources 

Highway practitioners regularly consult the following reports compiled by the 

U.S. Bureau of the Census: 
0 

0 

0 

0 

0 

Tract Reports, 

Block Statistics, 

Urban Transportation Planning Package (UTPP), 

Economic Census Reports, 

County Business Patterns, and 

Current Business Reports. 

The first three reports contain population and housing data used mainly in 

preliminary assessment, but of ten studied in detailed assessment as well. 

The latter three reports present economic data, and are primarily consulted 

in preliminary assessment. Practitioners may find that other Census reports 

also contain useful information. 

The information presented in Census reports is generally more detailed than 

data in other records. Also, whereas many records are compiled from sample 

data, Census reports are based largely on complete-count information. Conse­

quently, practitioners frequently begin their assessment activities by examiu­

ing Census reports, even when these data are not current. 
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Tract Reports (Volume II, p. 21) and Block Statistics (Volume II, P• 24) are 

compiled following each decennial census. They present population and housing 

data for extremely small geographic areas. These data are extracted by (1) i­

dentifying the study area on a Census map, and (2) locating the corresponding 

tract or block numbers in the appropriate report. 

Tract data in the 1980 decennial census are available in printed reports, on 

microfiche, or on summary tape files (STFs) 1-4. Block data are reported on 

microfiche and on STF 1.* Summary tape files provide practitioners with sev­

eral important advantages: ( 1) they include greater subject and geographic 

detail than other types of Census reports, and (2) they enable users to manip­

ulate data to serve specific needs. The major disadvantage of STFs is that 

computer hardware is required. 

The UTPP (Volume II, p. 25) is a computer-software program prepared especially 

for highway planners. It generates population and housing data on (1) resi­

dents of census tracts and block groups, (2) workers in these areas, and (3) 

traffic flows between key residential and employment centers. 

Economic census data are generally available in printed reports or on summary 

tapes. Economic Census Reports (Vol II, P• 26), which are compiled every five 

years, provide detailed information on the following subjects: (1) retail 
' 

trade:, (2) wholesale trade, (3) service industries, (4) construction indus-

tries, (5) manufacturers, and (6) mineral industries. County Business Pat­

terns (Vol. II, p. 26) presents information on businesses and employment by 

industry; it is updated annually. Current Business Reports (Vol II, p. 28) 

covers business activities in selected states, SMSAs, and cities; it is is­

sued monthly. 

The Census Bureau maintains a sizable public liaison staff. Specialists on 

this staff (1) assist users in identifying and locating suitable data, (2) di­

rect them to public and private organizations which print out tabulations from 

*In non-tracted or non-blocked areas, Census data are reported for small 
geographic jurisdictions called enumeration districts. Following the 1980 
census, enumeration district data were reported on microfiche and on STFs 1 
and 3, 
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summary tapes, and (3) respond to general inquiries. These specialists may be 

contacted at: 

Data User Services Division 
Bureau of the Census 
Washington, o.c. 20233 

Census Bureau regional offices are also staffed by Data User Services special­

ists. 

7.2.2 State Sources 

Records available from State sources include: 
Q 

Q 

Q 

Q 

0 

Agriculture statistics, 

Employment statistics, 

Health facilities directories, 

Library facilities directories, and 

School directories. 

These sources are mainly used in preliminary assessment. 

Information reported in State Agriculture Statistics Bulletins (Volume 11, p. 

15) vary by State. However, most States report information aggregated at the 

county level on (1) total farm acreage, (2) acreage by crop, (3) productivity 

per acre, and (4) costs and revenues per acre, Agriculture statistics are up­

dated annually, State employment statistics (Volume II, p, 31), issued month­

ly, indicate current unemployment rates and provide data on employment trends 

by industry. Data are typically aggregated for counties, cities, and labor 

market areas. 

Three documents available from State agencies are commonly used to identify 

community facilities in the study area. Whereas local directories generally 

list public facilities only, the State directories identify public, private, 

and parochial facilities. The health facilities directory (Volume II, p. 32) 

lists health care facilities by location, and usually contains information on 

the types and sizes of facilities. Lists of public and private libraries are 

available in the library facilities directory (Volume II, p. 12). The State 

directory of schools (Volume II, p. 36) lists public, private, and parochial 
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schools. It usually presents information on student enrollment and service 

area boundaries. State directories are normally updated annually. 

7.2.3 Local Sources 

The following records are commonly available from local sources: 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

" 
0 

0 

0 

0 

Comprehensive plans. 

Zoning ordinances, 

Property assessment files, 

Criss-cross area directories, 

Business directories, 

Community facilities registers, 

Public property inventories, 

Building permit files, 

Farm record cards, 

Business license files, 

Population statistics. 

Annual operating budgets. 

Capital Improvement Program (CIP) files, 

Multiple listing services, and 

Classified ads. 

Those local sources containing aggregate data are chiefly consulted in prelim­

inary assessment. Records presenting disaggregate information for individual 

property units are primarily used in detailed assessment. Most local records 

are revised annually, or on a continual basis, although practices vary by lo­

cality. 

Community goals, objectives, and policies governing land use development are 

documented in the local comprehensive plan (Volume II, p. 30), sometimes 

called the master plan. Highway practitioners use this plan to (1) identify 

land use trends in the study area, and (2) determine whether the proposed 

highway project is consistent with these trends, and the planning goals of 

local agencies. 
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Zoning ordinances (Volume II, p. 36) present additional land use data in zoned 

communities. They indicate the types of land use activities, e.g., single­

family, local commercial, light industrial, permitted in each zone, or dis­

trict. They also regulate specific development criteria, e.g., permissible 

sizes of lots and buildings. Zoning data help users project future housing 

densities and the quality of neighborhoods. Comprehensive plans and zoning 

ordinances are first consulted early in preliminary assessment, but are gen­

erally of value throughout the planning process. 

Property assessment files (Volume II, p. 34) give practitioners access to im­

portant information on individual parcels of land. Among the available data 

are (1) size of parcels and buildings, (2) assessed value of land and build­

ings, (~) estimated market value, and (4) names of property owners. Property 

assessment records cover most areas of the county, including residential, com­

mercial, industrial, agricultural, undeveloped, and public lands. They are 

used in detailed assessment in conjunction with plat (or real property) maps. 

Property assessment records are updated continuously. 

Several types of directories available from local sources are also keyed to 

individual property units. However, whereas assessment records identify prop­

erty owners, community directories normally list the occupants or users of in­

dividual property units.* Criss-cross area directories (Volume II, p. 30), 

published by private firms but available in local libraries, list residents 

and businesses by street address and phone number.** Business directories 

(Volume II, p. 17) are similar in format to criss-cross directories, except 

businesses are frequently listed alphabetically by type. Community facilities 

registers (Volume II, p. 29) list all public and many private facilities. Fa­

cilities listed include health care facilities, schools, religious facilities, 

social and cultural centers, and recreation centers. 

*Hence, the owners of an apartment complex will be identified in the prop­
erty assessment records, while the tenants of individual apartments are listed 
in the community directory. 

**Representative samples are often drawn from criss-cross directories. In­
dividuals in the sample are then surveyed in face-to-face interviews, by tele­
phone, or with mail-back questionnaires. 
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More detailed information on individual 

property inventories (Volume II, p. 35). 

facilities is presented in public 

Inventoried data often include fa-

cility size, general design features, year built, and condition. 

Several other local records help practitioners access information for individ­

ual property units. Building permit files (Volume II, P• 16) contain informa­

tion on current and scheduled development projects. They include detailed 

site plans showing all structures planned for construction, estimates of de­

velopment costs, and the names of owners or developers. A building permit is 

required before construction can begin, but its presence in the file does not 

necessarily mean construction has begun or will begin. 

Farm record cards (Volume II, p. 31), available from the county Agricultural 

Stabilization and Conservation Service (ASCS), U.S. Department of Agriculture, 

give important information on individual farms. Among the pertinent data a­

vailable are (1) total acres per farm, (2) acreage by land use and crop, and 

(3) average yield per acre. 

Business license files (Volume II, p. 17) normally contain data on individual 

businesses. Stored information may include (1) business type, (2) location, 

(3) ownership, (4) years in operation, and (5) years at current address. Ad­

ditional data are sometimes available on each businesses' employees, including 

distribution by labor category, sex, and race. The chief problem with license 

files is that recordkeeping procedures in some localities make access to data 

for individual businesses difficult or impossible. 

Other types of local records contain more general, but no less important, in­

formation. Public and private planning agencies often publish local popula­

tion statistics (Volume II, p. 34) for counties or municipalities. These sta­

tistics are reported for many of the same categories of data as Census popula­

tion reports, and frequently include population projections. In many instan­

ces local statistics are more current than Census data. On the negative side, 

local population statistics are not usually reported for census tracts and 

blocks, al though there are exceptions. Additionally, local statistics are 

usually developed using sample, rather than complete-count, collection proce­

dures. 
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Annual operating budgets for local government units (Volume II, p. 15) iden­

tify projected revenues and expenditures for the fiscal year. Among the per­

tinent data shown are (1) property assessment rates, and (2) tax revenues by 

property type. These data help practitioners estimate total revenues gener­

ated by properties in different parts of the macro study area. Future trends 

in property tax rates and revenues can often be estimated when operating bud­

gets from previous years are studied. 

In the event that one or more of the alternative routes subject to detailed 

assessment will likely displace existing public facilities, Capital Improve­

ment Program files (Volume II, p. 18) ought to be consulted. CIPs provide 

information on capital expenditures and improvements planned for periods of 

five or more years. These data help users estimate the functional replacement 

costs required to relocate displaced facilities. 

The multiple listing services (Volume II, p. 33) maintained by local Boards of 

Realtors list residential, commercial, industrial, and undeveloped properties 

for sale or lease. Practitioners use these lists to (1) identify undeveloped 

lands and other properties ideally suited to highway development, and (2) de­

termine the general availability of replacement properties for residents and 

businesses who may possibly be displaced. Similar information on the availa­

bility of replacement property may be found in the classified sections (Vol­

ume II, p. 28) of local newspapers. 

7.3 SURVEY TECHNIQUES 

Surveys used in impact assessment generate both factual and perceptual infor­

mation. These data encompass all nine topical categories, ranging from land 

use to local government finance. Surveys are especially important for col­

lecting information which is not available in maps and records, e.g., data on 

trip activity patterns or residents' opinions about the proposed highway pro­

ject. Surveys are important sources of information in detailed assessment, 

and are used selectively in preliminary assessment as well. 

Seven types of surveys are presented in this Manual. They are: ( l) wind­

shield surveys, (2) walk-through reconnaisance, (3) purposive surveys of area 
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elites, (4) mini-surveys of area residents and businesses, (5) surveys of lo­

cal facility managers, (6) surveys of area residents and businesses, and (7) 

trip activity surveys. The first two techniques require investigators to ob­

serve land use activities across the study area. The other techniques utilize 

respondent questionnaires, although trip activity surveys often combine obser­

vation and questionnaire approaches. Most of the respondent surveys may be 

used with small- or medium-sized sample groups. Surveys of area residents and 

businesses, which require selection of a comparatively large sample, are the 

sole exception. 

Surveys of area elites and local facility managers use non-random sampling 

methodologies. These methodologies assume that certain individuals in the 

community -- elected officials, government agency staff, or facility mana­

agers -- have specialized knowledge about the subject areas being investi­

gated; practitioners select groups of respondents from these experts.* Non­

random methodologies include judgmental, purposive, and linked-chain sampling 

plans.** 

Mini-surveys, surveys of area residents and businesses, and trip activity sur­

veys generally use random sampling methodologies. Random sampling plans, when 

correctly executed, ensure that all persons in the survey population have an 

equal chance of being selected. Random methodologies include simple or sys­

tematic random, sequential, stratified, and cluster or multi-stage sampling 

plans. The size of the sample relative to the survey population is an issue 

in random sampling, with larger samples tending to y'ield more reliable survey 

results.*** 

The five techniques which utilize respondent questionnaires may be (1) self­

administered and mailed back, (2) administered by phone, or (3) administered 

in face-to-face interviews. Self-administered surveys are the least expensive 

*When only a few people are qualified to discuss a particular subject, it 
may be practical to interview all of them. This is called a census survey. 

**Volume II, Chapters 5-6 give more detail on sampling methodologies. 

***Volume II, Chapter 7 includes a detailed discussion of sample size. 
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but have low return rates, ranging from 10 to 60 percent. They do not allow 

for interaction between interviewers and respondents, and there is no remedy 

for misinterpretation of questions. Self-administered questionnaires have a 

better rate of return when they are short, and when used with a target group 

having a high level of education. They also enable respondents to think 

through their answers before replying. 

Phone surveys are more expensive than self-administered surveys, but less ex­

pensive than face-to-face interviews. Interviewers are able to rephrase ques­

tions and clarify responses, although verbal clues provide the only indication 

of respondent feelings. People are more likely to answer questions over the 

phone than to mail back questionnaires, but only persons with telephones can 

be sampled. There is a tendency with phone surveys for respondents to feel 

pressured to answer too quickly. 

The face-to-face interview is the most expensive of the techniques. However, 

it is generally the best approach for gathering information about complex, 

emotionally-charged subjects. It allows for maximum interaction between in­

terviewers and respondents, and enables interviewers to probe for sentiments 

which may underlie an expressed opinion. Personal interviews usually yield a 

better sample of the general population than the other approaches, since more 

people are willing to cooperate when all they have to do is talk. Neverthe­

less, as with phone surveys, respondents may feel pressured to answer quickly. 

7.3.1 Windshield Surveys and Walk-Through Reconnaissance 

Observation techniques familiarize practitioners with the physical• social, 

and economic characteristics of the study area. They are commonly used to up­

date information shown on maps, collect data on the condition of houses or 

businesses, and conduct pedestrian counts. They also enable practitioners to 

to observe social phenomena unobtrusively, e.g., patterns of interaction among 

area residents. These observations can be used to assess cohesion and acces­

sibility.* 

*Observations of social phenomena, e.g •• pedestrian traffic, should be con­
ducted during various time periods and, when applicable, at different loca­
tions. This will help ensure the reliability of observations. 
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Observation techniques used in impact assessment include (1) windshield sur­

veys (Volume II, pp. 39 & 53) and (2) walk-through reconnaissance (Volume II, 

p. 53). The two surveys differ in that the former is conducted by automobile, 

and the latter on foot. Windshield surveys are conducted in preliminary or 

detailed assessment, while walk-through reconnaissance is done in detailed 

assessment. Observation data are recorded on a base map or an observation 

checklist. 

7.3.2 Purposive Surveys of Area Elites 

Purposive surveys (Volume II, pp. 39 & )4) enable practitioners to elicit spe­

cialized data from informed members of the community. These community members 

are often local officials, realtors, planners, county agents, and tax asses­

sors. They may also be spokespersons for organizations and special interest 

groups. 

A substantial amount of expert judgment and opinion data may be gathered using 

purposive surveys. County planners, for example, might be asked whether the 

proposed project is consistent with plans for future development. Property 

assessors could be asked to develop projections about the effect a project 

will have on future tax revenues. Chamber of Commerce spokespersons might be 

questioned on members' preferences regarding route location. 

Purposive surveys are used in both preliminary and detailed assessment. They 

are often loosely structured. The interviewer briefs the respondent on the 

proposed project, and then asks a series of questions and records the answers. 

Purposive surveys are most often conducted in face-to-face interviews, but may 

be done over the telephone or by mail. 

In general, when a majority of experts indicate similar or identical posi­

tions, their judgments can be accepted as credible. Conversely, when expert 

judgments diverge and meaningful patterns are not discernible in the respons­

es1 the judgments should be regarded cautiously. Selection of alternative 

techniques for collecting the data on the issues treated is then probably in 

order. 
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7.3.3 Mini-Surveys of Area Residents and Businesses 

Mini-surveying (Volume II, p. 47) is a procedure for generating information 

from extremely small samples. It is used in preliminary assessment to screen 

the attitudes and perceptions of study area residents and businesses. Mini­

surveys may be used to assess attitudes toward the project, perceptions about 

the benefit or harm the project will have, and preferences concerning route 

selection. They may also be used to collect core socio-economic data on resi­

dents or businesses. 

Questionnaires used in mini-surveys contain a small number of items, and are 

usually administered by phone. The small samples used in mini-surveys have a 

greater margin of error than the larger samples used in more traditional sur­

vey approaches. However, even with wider confidence bands, it is often pos­

sible to draw solid conclusions from the response patterns. Also, pinpoint 

accuracy is not usually required in the early periods of preliminary assess­

ment, when opinions and perceptions are often only partially formed.* 

7.3.4 Surveys of Local Facility Managers 

Surveys of local facility managers (Volume II, p. 56) are used to determine 

levels of use, service areas, and modes of access to local institutions. The 

surveys also elicit information on the perceived impacts which route alterna­

tives will have on facility use, and suggestions for mitigating negative im­

pacts. 

Facility surveys are usually conducted in detailed assessment. C,enerally, a 

census survey of institutions in or abutting on each of the ROWs under consid­

eration is used. The surveys are often self-administered and mailed back; 

this gives facility managers time to search their records for the information 

requested. 

*See Volume II, Chapter 5 for a discussion of sampling procedures followed 
in mini-surveys. 
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7.3.5 Surveys of Area Residents and Businesses 

Random surveys of residents and businesspersons (Volume II, p. 59) generate a 

broad range of factual and perceptual information. They provide core socio­

economic data which are often used to improve on the currency and level of 

disaggregation of population profiles drawn from records. They also provide 

information on perceptions of effects which can be correlated with socio­

economic data. Examples of perceptual data collected with random surveys are 

preferences among alternative routes, degree of attachment to neighborhood, 

perceived stability of neighborhood, importance of access to specified desti­

nation points and perceptions of the impacts the project will have on busi­

nesses. 

Because they have high resource requirements, random surveys are usually con­

ducted during detailed assessment. The surveyed population may consist of all 

residents and businesses in the macro study area or be drawn from residents 

along each alternative alignment. Random surveys are usually administered in 

face-to-face interviews, but can be administered by phone. 

Since the probability of sampling error for data generated in random surveys 

is normally small, the potential for highly reliable findings is good. Maxi­

mum reliability, of course} is required of all data used in the route selec­

tion process. 

7.3.6 Trip Activity Surveys 

Trip activity surveys (Volume II, P• 84 ) are used to identify patterns of 

travel to and from community facilities, employment centers, shopping areas, 

and other destination points. Data are often collected on frequency of trips, 

mode of travel, origin and destination, route followed, and socio-economic 

characteristics of tripmakers. Information required to identify pedestrian 

dependency routes is also frequently collected. 

Trip activity surveys commonly employ both observation and questionnaire ap­

proaches. Typically, surveyors make observations about the volume of traffic, 

number and demographic characteristics of travelers, travel modes, etc. Then 
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a short questionnaire is administered -- usually in a face-to-face interview 

-- to collect additional information. Respondents may be randomly selected or 

all tripmakers may be surveyed, depending on the volume of traffic and other 

circumstances. 

Trip activity surveys require minimal resources, and are extremely flexible. 

In many cases, conduct of the survey during different time periods will im­

prove the reliability of findings. 
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Chapter 8. DATA/SOURCE MATRICES 

The matrices presented in this chapter (Figures 13-21) link the information 

requirements specified in the data fields in Part 1 to the sources evaluated 

in the preceding chapter. Since data collection activities are normally con­

ducted by topic (e.g., population), rather than by impact (e.g., cohesion), 

each matrix presents data elements associated with a single topical category. 

The 9 topical categories and 37 potential sources covered in the matrices are 

shown below in Figure 12. 

Land use 

Community facilities 

Population 

l!ousing 

8usicesa activity 

Employment 

Agriculture 

Potential Data Sources 

Aerial photographs 
Census maps 
Comprehensive plan maps 
Land use maps 
Plat maps 

MAPS 
Soil maps 
Statewide highway maps 
USGS topographic maps 
Zoning maps 

RECORDS 
Agricultural statistics 
Annual operating budgets 
Building permit file 
Business directories 
Susiness licenses 
Capital Improvement Programs 
Census reports 
Classified ads 
Comm.unity facility registers 
Compr~hensive plans, local 
Criss-·croas area directories 

Employment statistics 
Farm record cards 
Health facilities directory 
Library facilities directory 
Multiple listing services 
Population statistics, local 
Property assessment records 
Public property inventories 
School directories 
Zoning ordinances 

SURVEYS 
Wiodshield surveys 

Local government finance Walk-through reconnaissance 
Purposive surveys of area elites 
Mini-surveys of area residents and businesses 

Attitudes and ~ercepCions Surveys of local facility managers 
Surveys of area residents and businesses 
Trip activity surveys 

Figure 12. Topical categories and potential data sources. 

The matrices are designed so that users can, starting with an individual data 

element, look across and locate the cells on that row that are bulleted, and 

then up, to find the source of the datum listed at the top of the column. 

The data presented in each matrix are grouped under subheadings which appear 

on the left-hand margin. Subheadings used in eight of the matrices relate di­

rectly to the topics examined. Subheadings used in the ninth matrix on atti­

tudes and perceptions (Figure 21) pertain to (1) preferences about project 

site and design, and (2) expected social and economic effects of the project. 
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The matrices are normally used at the beginning of data collection. They en­

able practitioners to identify data requirements, examine potential sources, 

and decide where to go for information. 

The matrices should be used in conjunction with (1) the information on the ad­

vantages and disadvantages of available sources presented in Chapters 7 and 9, 

and (2) the detailed descriptions of individual sources in Parts 1 and 2 of 

Volume II. These reference materials will be particularly useful in cases 

where the the same data are available from more than one source. 
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Figure 13. Data requirements by source: land use. 
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Figure 13. Data requirements by source: land use (continued). 
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Figure 14. Data requirements by source: community facilities. 
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Figure 14. Data requirements by source: 
(continued) 
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Figure 15. Data requirements by source: population. 
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(continued) 
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(continued) 
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Figure 16. Data requirements by source: housing. 
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Chapter 9. TRADE-OFF EVALUATION 
OF ALTERNATIVE COLLECTION APPROACHES 

Practitioners conducting socio-economic impact assessments must determine 

which information requirements can be effectively met by existing data bases 

and which will be best satisfied by the development of new data bases. Exist­

ing data are of two types -- maps and records. New data are usually developed 

using surveys. Thus for every datum required, practitioners must choose to 

collect the information from: 
0 

0 

g 

Maps and records, 

Surveys} or 

Some combination of these sources. 

The outcome of decisionmaking in this area is significant} for it will largely 

determine the quality and completeness of data available to the project team, 

and the extent to which these data accurately reflect conditions in study ar­

eas investigated. Decisions made at this point will also affect the costs, 

time, manpower, and other resources needed to gather the information. 

This chapter discusses some of the major trade-offs among maps, records, and 

surveys. Five criteria are applied: (1) information available, (2) geographic 

coverage, (3) currency, (4) resource requirements, and (5) reliability and 

validity of the data. 

The main recommendation to practitioners which emerges from these discussions 

is this: the possibility of collecting each required datum from maps and rec­

ords ought, first, to be examined; data which cannot be extracted from these 

sources should then be gathered using surveys. When this collection procedure 

is followed, maps and records will generally be used heavily in preliminary as­

sessment, while surveys are chiefly administered in detailed assessment. Ex­

ceptions to this rule of thumb are discussed in the sections which follow. 

9.1 INFORMATION AVAILABLE 

Information retrievable from maps and records is limited to data stored in the 

sources, while surveys can be designed to generate data tailored to specific 
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assessment requirements. In other words, maps and records provide fixed cate­

gories of data which may or may not be appropriate in a given context. Sur­

veys, on the other hand, allow users to collect selected information which is 

situation-specific. 

However, because the collection of survey data tends to require the outlay of 

substantial resources (see Section 9.4), the survey option must be judiciously 

exercised. Often the information in maps and records -- though less versatile 

than survey data -- will meet practitioners' needs. 

9.1.1 Factual vs. Perceptual Data 

In the conduct of impact assessments, highway practitioners must examine both 

factual and perceptual data. Factual data denote information about tangible 

things which can be objectively verified. They include information about the 

location and operation of community facilities, demographic and economic data, 

trip-activity patterns, information on property tax rates, and policies and 

plans governing local development, In contrast, perceptual data refer to peo­

ple's views and attitudes on particular subjects. These include citizens' at­

titudes toward a proposed highway project, businessowners' expectations con­

cerning the effect the project will have on future business, and study area 

residents' statements on the neighborhood characteristics they value most 

highly.* 

Most factual data may be collected using either maps and records or surveys. 

Some data, however, can be collected using only one of these approaches. For 

instance, trend data, e.g., changes in the annual housing stock, can be devel­

oped only from maps or records which contain time-series data. Other factual 

data, e.g., the conditions of buildings or trip activity patterns, are nor­

mally generated only by conducting observation surveys. 

*In this Manual, the professional judgments of community experts (e.g., 
planning officials, real estate assessors, etc,) are generally treated as fac­
tual information. It is important to remember, however, that when experts 
give information in areas where they are not specialists, or express personal 
opinions (e, g., how they feel about the project), their responses should be 
treated as perceptual information. Perceptual data are usually meaningful 
only when collected using representative sampling techniques. 
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When given a choice between collecting factual data using maps and records on 

the one sand, or surveys on the other, the former are generally preferred. As 

noted, this is because the time and resources required to generate survey data 

tend to be greater. Also, the scope, quality, detail, and accuracy of in­

formation on maps and in records frequently exceeds that of data generated 

through surveys. 

Unfortunately, maps and records data do not always meet assessment require­

ments. The data may be (1) too aggregated, (2) available for large geographic 

areas only, or (3) out of date. Therefore, in many situations -- especially 

in detailed assessment -- surveys provide the sole means to secure the neces­

sary information. 

Unlike factual information, most perceptual data must be gathered using sur­

veys. Again, there are exceptions. For instance, citizens' attitudes about 

a project can often be found in records of public hearings, newspaper ar­

ticles, and other written materials. While these documents are a valuable 

source of information, they often do not provide data that is representative 

of the perceptions of all citizens potentially affected by a proposed project. 

Thus most of the detailed representative information required on attitudes and 

perceptions can only be generated by surveys. Expert judgment data, which are 

normally a mixture of factual and perceptual information, are also generally 

collected using surveys. 

9.1.2 Aggregate vs. Disaggregate Data 

Surveys are normally designed to generate disaggregate data. These data may 

be used as is, or combined into aggregate categories. Most maps and some rec­

ords also report disaggregate data which can be aggregated if required by the 

situation. However, a majority of records available offer only highly aggre­

gate information. 

Aggregate data are often useful, particularly in preliminary assessment when 

general information on the entire area potentially subject to impacts is re­

quired. These data help practitioners profile the macro study area. 
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Aggregate data can present a problem in detailed assessment when precise in­

formation -- sometimes for individual property units -- is required. Data 

stored in records cannot normally be disaggregated. Thus, while records are 

regularly used to construct demographic and economic profiles of study area 

(and subarea) residents, they can rarely be used to profile residents of in­

dividual households. To collect disaggregate information of this type, sur­

veys are usually needed. 

Records data may be available at different levels of aggregation. For in-

stance, the ages of children might be reported in records as (1) single varia­

bles (122 children are 1 year old, 97 are 2 years old), (2) ranges (679 child­

ren are less than 6 years old), or (3) averages (the mean age of children is 

9.3 years). Each of these statistical sets conveys potentially valuable in­

formation. Yet, in most cases, the least aggregate data are preferable. This 

is because less aggregated data, e.g., single variables, can be used to calcu­

late more summated information, e.g., averages, while the inverse of this is 

not true.* 

9.2 GEOGRAPHIC COVERAGE 

Information used in impact assessment is available for (1) large geographic 

areas, (2) small areas, and (3) individual property units. Generally, the 

smaller the geographic unit, the greater the utility of the data. 

Large areas are defined by geographic or political entities such as municipal­

ities, counties, standard metropolitan statistical areas (SMSAs), and States; 

these areas are usually bigger than the macro study area. Small areas include 

local planning districts, community service areas, residential neighborhoods, 

business districts, and census tracts and blocks; these are usually smaller 

than macro study areas. Individual property units refer to contiguous lands 

and buildings which have a common owner; they range in size from residential 

properties to public lands which cover many square miles. 

*For example, if practitioners know the number of 1 and 2 year olds, they 
can figure the mean age of all children. But if they know only the mean age, 
they will not be able to determine the number of 1 and 2 year olds. 
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Theoretically, surveys can be conducted for geographic areas of any size. In 

practice, however, they are best suited to the collection of data for small 

areas and individual property units. This is because surveys of large areas 

usually require large sample groups, and thus are expensive and time-consuming 

to administer.* Records, in contrast, are most frequently consulted when data 

for large areas are needed. But some records, including many of those speci­

fied in the preceding chapters, also contain important information for small 

areas and individual property units.** 

9.2.1 Large Areas 

Large-area data commonly available in records have several uses. First, they 

are used to make comparisons across different spatial units. For instance, 

the proportion of minority residents might be compared between the study area 

and larger, surrounding areas, e.g., the county or municipality. This compar­

ison would help practitioners establish minority population norms for the reg­

ion, and judge whether the study area is more or less vulnerable to negative 

highway effects than the region as a whole. 

Secondly, large-area data may sometimes be used as proxy indicators of condi­

tions in the study area, especially when the required information is not re­

ported in records for small geographic units. Suppose practitioners need to 

know the unemployment rate for a macro study area in which employment statis­

tics are not reported for areas smaller than counties. One practical solution 

might be to accept the county unemployment f~gures as indicative of unemploy­

ment in the study area. Adjustments could be made in the county rate based on 

practitioners' knowledge of special circumstances, e.g., that a disproportion-

*Surveys of large areas need not always be resource-intensive. The mini­
survey (Section 7.3.3) uses a very small sample group, and thereby cuts time 
and costs to a minimum. 

**Unlike records and surveys, maps provide data for an essentially limit­
less number of geographic areas. For instance, practitioners examining a 
county map could determine the number of schools in the county, macro or micro 
study area, or other geographic subarea. Since they offer this special flex­
ibility, maps are not discussed further in this subsection. However, a com­
parison of major geographic areas covered by various map sources is given in 
Sect.ion 7 .1. 
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ately large number of workers at a newly closed factory reside in the study 

area.* Later, after alternative alignments have been defined, investigators 

might survey residents or businesses to determine the unemployment rate more 

precisely, 

9.2.2 Small Areas 

Data covering small geographic units, when available in records, are usually 

preferable to survey-generated data. This is particularly true in preliminary 

assessment, when the use of large random sample surveys to generate reliable 

data is not normally feasible due to the relatively high expenditure of re­

sources required. 

Records data for small geographic units can of ten be combined to yield a 

fairly accurate profile of the study area. For instance, to estimate the num­

ber of persons residing in a macro study area, practitioners could identify 

the census tracts comprising the area, and then calculate the total persons 

residing in all tracts. Of course, more exact population counts -- probably 

using surveys -- would be required for the detailed assessment of alternative 

alignments. Nevertheless, use of up-to-date records data to profile the macro 

study area is resource-efficient, and usually produces dependable results. 

9.2.3 Individual Property Units 

Information about individual property units is generally required in detailed 

assessment. This is true for all units in each alternative ROW, and addi -

tional units subject to proximity effects, The information is usually gath­

ered using surveys, although selected data may be available in records, e.g., 

property assessment files. In either case, it is important that the informa­

tion be reliable. At this stage in the planning process, having access to ac­

curate and up-to-date information is essential. 

*Estimation techniques of this kind are best used in preliminary, and not 
in detailed, assessment. 
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9.3 CURRENCY 

Surveys almost always provide more current information than maps and records. 

This is because the data are usually collected at the time of impact assess­

ment, whereas data from the other sources have been compiled earlier. Some 

map and record sources are updated monthly; some contain data which are 10 

years or more out-of-date. 

The currency factor often influences practitioners' decisions on whether to 

use data from maps and records, or to conduct surveys. Compilation dates are 

usually indicated on source documents, or can be obtained from the agency 

which gathered the information. However, there is no guarantee that all of 

the data in the source are current as of its publication date. One reason is 

that publishers follow different policies on the updating of information. 

Some sources, e.g., U.S Census Bureau population and housing counts, are 

updated in accordance with fixed schedules. Other sources, e.g., most local 

comprehensive plans, are revised only when significant changes in conditions 

documented in the source occur. In the latter case, it follows that an infor­

mation source which has not been revised for several years is not necessarily 

obsolete in areas where no significant changes have occurred. 

The pace of change in study areas varies. This pace naturally impacts on the 

currency of source data. When new construction activities are heavy, the key 

indicators for a community will change quickly. If residential turnover rates 

are especially high, dramatic shifts in demography may occur. Therefore, it 

may be that where data for two communities are published in the same year, the 

set covering one community reflects current realities three years later, while 

the other set does not. 

Although the currency issue mainly applies to maps and records, it may also 

arise in dealing with survey data. For instance, practitioners may find that 

the survey results collected during preliminary assessment are no longer valid 

in the detailed assessment phase. The attitudes and perceptions of citizens 

concerning a controversial project are especially volatile indicators. 
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9.3.l Using Dated Information Sources 

Dated information on maps and in records, while it must be treated with care, 

is often very useful. When used in conjunction with other sources, this in­

formation can provide time-series data which show trends, and can be used to 

develop projections. Dated information can also be tested and validated using 

the results of small-scale surveys to ensure that it is representative. 

Efforts to learn all that is possible from available maps and records -- re­

gardless of their currency -- are usually resource-efficient. This is especi­

ally true during preliminary assessment, when an overview is sought and highly 

accurate data for small areas are not generally required. 

The following suggestions may help practitioners who find that the major in­

formation sources available are dated: 

1. Older information, e.g., population data, will frequently be avail­
able for small geographic areas such as census tracts, while more re­
cent information covering the same variables is often only available 
for larger areas such as counties. In this case, practitioners may 
(1) determine the percent change for the smallest geographic area 
common to both sets of data, and (2) apply that percentage to the 
(smaller) study area. This allows practitioners to estimate changes 
which have occurred since the small-area data were compiled. (For 
instance, if current county population data in local records are 8 
percent higher than data in a Census report that is five years out­
of-date, it can be inferred that the population in each census tract 
also increased by 8 percent.) 

2. Examination of trends in time-series data may help practitioners pre­
dict current and future conditions in the study area, even when rec­
ent information is not available. (Suppose that the population in a 
particular census tract increased by an annual average of 1.5 percent 
according to the three most recent decennial Census reports. Practi­
tioners might then hypothesize that the population has continued to 
increase at a similar rate.) 

3. Examination of additional maps and records sources may provide indi­
rect indications of changes in the study area. (For instance, to es­
timate the population change in a study subarea, practitioners could 
examine records on available housing stock and annual housing starts. 
These records are often updated more frequently than population re­
ports.) 

4. Surveys of individuals responsible for compiling or monitoring the 
status of published data will frequently provide practitioners with 
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a basis for updating older information. Purposive sample surveys of 
this type are often cost-effective. 

5. Practitioners may also conduct mini-surveys of residents or busines­
ses in a study subarea. Survey findings often help substantiate a 
practitioner's estimate of the changes which have occurred since the 
last records were compiled. 

Obviously, practitioners will want to use information which is as current as 

possible. However, through a combination of common sense and simple analytic 

techniques, practitioners can select, test, and update information in dated 

maps and records sources. Again, these techniques are best used in prelimi­

nary assessment. When current data are not available in detailed assessment, 

there is generally no substitute for conducting surveys. 

9.3.2 Trend vs. Episodic Data 

Surveys are mainly useful in generating episodic data, i.e., information which 

is accurate only at the time of the survey. Maps and records, in contrast, 

generally contain data published on a recurring basis which reveal change over 

time. Thus while surveys generally yield the most current information, they 

have limited value to practitioners interested in patterns of change. This is 

a significant limitation, since examinetion of past trends, and prediction of 

future developments, is an important part of impact assessment. 

Given this trade-off in utility, it is often advantageous to use surveys in 

conjunction with maps and records. 

9.4 RESOURCE REQUIREMENTS 

The gathering of information using surveys normally requires more resources 

than does retrieval of data from maps and records. This is because informa­

tion in maps and records is generally available to practitioners in usable 

form, and need only be excerpted. In contrast, survey questions must first be 

formulated and the data collected from original sources before it can be pro­

cessed and examined. Thus surveys usually require more substantial outlays of 

time, money, and manpower than collection activities using maps and records. 
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9.4.1 Requirements for Maps and Records 

Numerous factors influence the resources required to extract usable data from 

maps and records. These include: 

0 

0 

"' 

The ease with which the information source(s) containing required data 
can be located. Repeated difficulties in finding suitable sources de­
lays assessment activities and results in excessive expenditures of 
time and money. Practitioners may occasionally find it will be more 
cost-effective to collect certain data using surveys than to spend 
time searching for elusive maps or records. 

The agency which compiled the source. Private firms usually charge 
more for their information than public agencies, although certain 
documents, e.g., business directories, are available free of charge. 
Some agencies will loan out copies of documents, ·or charge users only 
the costs of photocopying materials. Of course, many of the maps and 
records used in impact assessment are available in public libraries. 

The form in which the source data are reported. Published documents, 
e.g., U.S. Census reports, tend to be more expensive than unpublished 
information sources, e.g., farm record cards. But the savings are 
likely to be more than offset by the additional time required to ac­
cess unpublished information. Information on computer tapes costs 
more to purchase, and is more time-consuming to use, than printed re­
ports. However, use of computer tapes -- if data processing equipment 
is available -- allows practitioners to manipulate information to meet 
specific assessment requirements. This capability frequently justi­
fies additional resource outlays. 

The number of data elements covered in the source. Sources which con­
tain a small number of data elements may be less expensive than those 
containing many elements. At the same time, sources which meet a 
large number of data requirements will be proportionally more cost­
effective than those which satisfy few requirements. Hence, it is 
most resource-efficient to collect as much information from as few 
sources as possible. 

The level of aggregation. Aggregate data normally require minimal re­
sources to extract. But disaggregate data, especially when listed by 
individual property units, are relatively costly and time-consuming to 
collect. It is recommended that collection of disaggregate data for 
extremely small units be limited to uses during the detailed assess­
ment of relatively small impact areas. This is because proportionally 
fewer resources will be required to collect disaggregate data for each 
alternative alignment than for the entire macro study area. 
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When data on individual property units are needed, in either preliminary or 

detailed assessment, sampling may be appropriate.* For instance, a stratified 

sample (see Volume II, Part 3) might be drawn from the property assessment 

file to determine average residential property values in the macro study area. 

The sample could be stratified for similar dwellings in each neighborhood. 

9.4.2 Requirements for Surveys 

The resources required to collect data using surveys vary greatly. Factors 

affecting survey costs are: 

0 

0 

0 

The design of the survey instrument. Instrument development requires 
practitioners to (1) identify the information, i.e., facts or opin­
ions, to be collected, (2) prepare clear, concise questions which will 
capture the information, (3) define mutually exclusive response cate­
gories for close-ended questionnaires, (4) determine the questionnaire 
format and order its contents, (5) prepare written instructions, espe­
cially for self-administered surveys, and (6) reproduce the instru­
ment.** Normally, the larger and more complex the instrument, the 
greater the resources needed to develop it. 

The size of the sample. The bigger the survey sample, the more pre­
cise survey findings are likely to be.*** At the same time, bigger 
samples mean higher survey costs, since data must be collected from a 
larger number of respondents. Renee, practitioners are faced with the 
constant task of achieving an appropriate level of precision at rea­
sonable costs. Often this can be done by conducting small-sample sur­
veys in preliminary assessment, and using much larger samples in de­
tailed assessment. Since less precise data are tolerable in prelim­
inary assessment, findings with a higher-than-normal margin for error 
may be acceptable. In detailed assessment -- when precision is essen­
tial -- larger samples are used, and the margin for error is reduced. 
These issues are further discussed in Volume II, Chapter 7. 

The approach used to administer the survey. Respondent questionnaires 
may be (1) self-administered and mailed back, (2) administered by tel­
ephone, or (3) administered in face-to-face interviews. Self-adminis­
tered surveys are the least expensive approach. Only clerical skills 

*Samples of records data can be taken only when the records represent com­
plete-count information. Records which themselves were compiled from sample 
information cannot be resampled. 

**Volume II, Part 2, Survey Techniques, gives examples of questions used in 
different types of surveys. 

***This relationship between sample size and precision applies to random 
sampling techniques. It ordinarily does not apply to non-random techniques. 
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are required to mail questionnaires with an accompanying form letter; 
mailback surveys can be administered to a large numb~r of individuals 
simultaneously. Telephone-administered questionnaires are more expen­
sive than self-administered surveys, since trained interviewers are 
needed. A single interviewer can survey only one respondent at a time 
but the interviewer does not have to travel to the respondent's loca­
tion. Face-co-face interviews are the most expensive. Trained in­
terviewers are required, and interviewers must normally travel to the 
homes or offices of respondents. When respondents are scattered 
throughout a wide geographic area, the transportation costs incurred 
by interviewers are apt to be high.* 

The manner in which survey findings are tabulated. Findings may be 
tabulated either manually or by machine. Manual tabulation of re­
sponses usually requires a team of tabulators and takes time. Machine 
tabulations are fast, require relatively few people, but involve ex­
penditures for data processing services. Generally, manual tabulation 
of completed questionnaires is most cost-effective when the sample 
size is small, e.g., in purposive or mini-surveys, while machine tabu­
lation is most economical when the sample size is large or the ques­
tionnaire is especially long, e.g., surveys of area residents and bus­
inesses.** 

Resource requirements can be lessened when survey activities are carefully 

planned. Thoughtful decisions about the groups to be interviewed and the 

questions to ask must be made in both preliminary and detailed assessment. 

Nothing is worse than to discover, after having conducted a large-sample sur­

vey, that several questions which should have been asked have been left out. 

9.5 RELIABILITY AND VALIDITY 

Reliability refers to the likelihood that the same information will be gener­

ated in repeated applications of the collection technique. Validity is con­

cerned with the relationship between the properties measured and those the 

researcher intended to measure. Since major decisions about the highway pro-

ject are made on the basis of collected data, the reliability and validity of 

*While the face-to-face interview is the most expensive of the three ap­
proaches, it offers interviewers greater flexibility and generally yields 
more reliable results. Thus, even though the face-to-face interview requires 
a higher investment of resources, it is likely to be justified when ( l) the 
issues are complex, but important, and (2) very precise results are needed. 

**Ordinarily, open-ended questionnaires are not machine tabulated. 
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collection procedures are of considerable significance, particularly in de­

tailed assessment. 

Several types of errors or biases are commonly associated with information 

gathered using surveys. These errors, which can affect the reliability or 

validity of findings, include: 

0 

0 

" 

0 

Errors in instrument construction. Response categories may not be mu­
tually exclusive, or they may be worded poorly. These errors can be 
largely eliminated by pretesting and retesting the survey instrument. 
A bigger problem has to do with the legitimacy of the response cate­
gories, i.e., the extent to which each survey question captures the 
concept being measured. Most of the data elements identified in Part 
l of this Manual are valid indicators of the impacts with which they 
are associated, and may be used accordingly. Categorical validity may 
also be established by pretesting various response alternatives, in­
terviewing experts, or using widely recogonized socio-economic indi­
cators in records sources. 

Sampling errors. Practitioners must consider whether the sampling 
technique used will produce a representative sample. Even when an ap­
propriate sampling technique is used, the sample will not be repre­
sentative if non-response rates are high. Non-response can be les­
sened when face-to-face interviews are conducted; follow-up calls or 
visits will usually reduce non-response when surveys are administered 
by mail. Practitioners must also consider the validity of the sam­
pling plan -- a reliable plan may or may not be valid, depending on 
the circumstances. In Volume II, Chapters 5-6 discuss the approp­
riateness of different sampling techniques.* 

\ 

Interviewer bias. Interviewers may make mistakes in recording respon-
dent answers. They may also make comments or take other actions which 
inadvertently influence the answers given by respondents. Interviewer 
bias can be minimized when survey administation procedures are speci­
fied clearly and interviewers are carefully trained. Use of a pretest 
offers researchers the chance to observe interviewers in action, and 
correct behavior likely to produce biased responses.** 

Coding errors. When questionnaires are coded and key-punched or hand­
tabulated, errors may occur. This problem can be largely eliminated 

*Also, Volume II, Chapter 8 provides a more complete technical examination 
of sampling error. 

**Surveys and other information sources are valid only to the extent that 
respondents answer truthfully. Hence, interviewers should do all they can to 
ensure that respondents feel comfortable and understand the questions. While 
this will not guarantee that they will answer truthfully, it will increase the 
chances. 
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if coding procedures are specified clearly, and coded questionnaires 
and tabulations are spot-checked for completeness and accuracy. 

A similar potential for error applies to maps and records compiled from survey 

data. Practitioners should familiarize themselves with the procedures used to 

compile each information source, and evaluate their reliability and validity. 

As noted in Section 9.3 1 the major reliability problem for maps and records 

pertains to the currency of information. 

Another reliability problem is the completeness of map and records data. Sup­

pose a social service agency gives practitioners a list of handicapped persons 

in the micro study area. What kinds of handicaps are covered on the list? Are 

all persons with those handicaps included, or only those persons who have been 

referred to the service agency? These kinds of questions can usually be an­

swered by interviewing agency officials, comparing data from different sour­

ces, or using mini-survey findings to assess the reliability of records data. 

Users of records are sometimes tempted to extract data from a source even 

though those data fail to capture the concept being measured. Data extracted 

under such circumstances are usually invalid, and can lead to erroneous con­

clusions. Rather than risk generating inaccurate data, users should try to 

locate the needed information in other sources or collect it using surveys. 
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Part 3. DISPLAY AND ANALYSIS OF DATA 

'I"ais par>t focuses on the pr>esentation of socio-economic data in fo-rmats which 
(1) pr>ofile the impact ar>ea(sJ, and (2) pr>ovide a basis for> analyzing and doc­
wnenting assessment r>esul-ts. These fo7'TT1G.ts take -the data specified in t]ie 

fields appear>ing in Par>t 1 -- which ar>e cor>r>elated with the matr>ices pr>esented 
in Par>t 2 -- and organize them into displays suitable for use in completing 
the assessment process. 

ChapteT' 1 O descr>ibes and gives numePous examples of the use of rmps and map­
ping techniques to locate the study ar>ea(s) in spatial tePms, and to show the 
location and distribution of r>esidential populations, business activity, etc., 
aer>oss the potentially impacted ar>ea. Major> sections ar>e devoted to pr>oject 
location m:zps, base maps, map supplements, and map over>lays. 

Chapter> 11 discusses and pr>ovides examples of the use of tables and rrutr>ices 
to ar>my and show r>elationships among the statistieal data collected dur>ing 
the assessment pr>ocess. It begins with a br>ief discussion of univar>ia-te, bi­
variate, and multivariate tables. Major> sections which follow ar>e devoted to 
use of tabular> for>m:1.ts to corrrpar>e data acr>oss s-patial units, develop [XJ.r>cel 
logs, convey tr>ip activity data, and pr>esent the r>esults of sur>veys which col­
lect judgmental infornntion. 

Chapter 12 discusses the utility of two otheP presentational modes -­
displays and naPr>ative swnmar>ies -- to doewnent assessment r>esults. 
several examples ar>e pr>ovided to illustrute how each approach can be 
pr>esent differ>ent kinds of infor>m::ztion. 

gruphic 
Again, 

used to 

Many of the displays shown in these ahaptei•s ar>e taken fr>om envi-,,onmental doc­
uments developed by State pr>actitioner>s. These documents are on file at FHWA 
and State highz,xzy offices. 

Additional technical infor>rration on analysis of assessment data may be found 
in Volwne II, Part 4, Analytic Techniques. 
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Chapter 10. MAPS 

Maps are used to portray the study area and its socio-economic characteristics 

in spatial terms. A broad range of information is typically shown on these 

maps, including (1) topographic features, (2) community and neighborhood boun­

daries, (3) land use configurations, (4) trip activity patterns, (5) demo­

graphic and housing characteristics, and (6) patterns of business activity. 

These maps are used to present information about a proposed project and its 

impact to members of the general public and to interested parties in Federal, 

State, and local agencies. 

Practitioners typically use the following maps: 
0 Project location maps, 
0 Base maps, 
0 Map supplements, and 
0 Map overlays. 

Some general comments regarding the areas covered by these maps, map scale, 

and map symbols are provided below. 

Areas Covered. Project location maps show the study area under investigation 

in a regional, area-wide, and local context. Base maps and map overlays are 

normally used to present information on the macro study area in preliminary 

assessment, and on each micro study area in detailed assessment. Supplemental 

maps may also be created which identify sectors of the study area requiring 

special treatment. 

Map Scale. Map scale refers to the relationship between the measurement of 

features as they appear on a particular map and as they actually exist. The 

larger the map scale, the greater the detail shown. In general, the map scale 

selected should be large enough so the features displayed and their spatial 

relationships can be easily identified, but not so large that the map is un­

manageable. In preliminary assessment, a base map scaled at 1:24,000 (i.e., 

one inch on the map equals 24,000 inches, or 2,000 feet, on the ground) is 

normally satisfactory. Base maps used in detailed assessment are often con­

structed on a scale of 1:6,000 or more. 
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Base maps and overlays are usually prepared using identical scales. This en­

sures that overlays created "fit" each base map developed. 

Map Symbols. Maps tell their stories through the use of symbols, which assume 

a variety of shapes, sizes, colors, and shades. Although color-coding is of­

ten useful, particularly when practitioners are analyzing a wide array of 

data, the costs of reproducing multi-colored maps in project reports are often 

prohibitive. Fortunately, a broad range of mapping techniques exists -- some 

of which are shown on the following pages -- for presenting cartographic data 

in black-and-white. 

10.l PROJECT LOCATION MAPS 

Project location maps, which show the study area in geographic perspective, 

may be used in both preliminary and detailed assessment. These maps help 

practitioners define the potential impact area in terms of selected topo­

graphic and manm.ade features. They enable planners, participants at public 

hearings, and readers of environmental documents to visualize the study area 

in physical terms. 

Since project location maps are intended to provide an overview of an area, 

relatively few topographic features are normally shown. However, the charac­

teristics are selected carefully to help users orient themselves to the most 

outstanding attributes of the study area. Elements which might be identified 

on location maps include municipal boundaries, major highways and roads, nat­

ural and · manmade landmarks, and other prominent community institutions and 

features. 

During preliminary assessment, project location maps are used to place the 

macro-scale study area in a regional and local context. Often a series of 

maps, each showing the study area on a progressively larger scale, are used 

to establish this context. For instance, Figures 22-23 (pp. 127-128) show how 

a study area in an urban community can be spatially represented using a series 

of three location maps. The number of location maps required will vary de­

pending on such factors as the size of the study area and population density. 
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In detailed assessment, project location maps are used to show each micro 

study area, i.e., alternative highway alignment, in relation to the other 

alignments, and to the macro study area as a whole. 

Each alternative alignment can be shown on a single map as in Figure 24 (p. 

129). Alternative alignments -- particularly those which diverge signifi­

cantly, or converge at a variety of points -- can also be shown on separate 

base maps. As demonstrated in Figure 25 (p. 130), these maps should be de­

signed so they can be compared. 
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Lowell, Massachusetts Regional overview of the study area. 

Source: Skidmore, Owings, and Merrill, The Environmental Assessment Notebook 
Series, Notebook 5: "Organization and Content of Environmental As­
sessment Materials," U. s. Department of Transportation, 197 5, pp. 18-
l 9. 

Figure 22. Project location map in preliminary assessment. 
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Lowelf, Massachusetts Study area in a community context. 

Lowell, Massachusetts Study area in relation to contiguous areas. 

Source: Skidmore, Owings and Merrill, Notebook S. 

Figure 23. Different contexts in preliminary assessment. 
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Houston, Texas 
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Source: Texas Transportation Institute, Attitudes, Opinions, and Expectations of Businessmen in a Planned 
Freeway Corridor, Texas Highway Department and Federal Highway Administration, 1972, p. 5. 

Figure 24. Project location map in detailed assessment: 
Alternative alignments shown on a single map of the study area. 
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Oklahoma-East Alternative 

Source: Interstate 235 Central Expressway: Final Environmental Impact State­
ment, Oklahoma Department of Transportation, 1980, pp. 8-6 and 8-9. 

Figure 25. Project location maps in detailed assessment: 
Alternative alignments shown on mult-iple maps of the study area. 

10.2 BASE MAPS 

Base maps identify the most prominent features of the study area, and provide 

a back-drop on which map overlays identifying other selected elements of the 

area can be placed. In preliminary assessment, base maps will show the macro 

study area. In detailed assessment, individual base maps can be prepared for 

each alternative alignment. 

Data profiled on base maps typically include: 

0 

Boundaries (e.g., community, neighborhood, census and property lines), 

Key natural features (e.g., mountains and rivers, forests, concentra­
tions of farmland, and vacant areas), 
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0 

0 

0 

Highways and roads, 

Important public facilities (e.g., civic centers and schools), and 

Major residential and shopping areas. 

The elements shown on each project base map will vary depending on the type of 

study area, the stage in the assessment process, and the purposes of the map­

ping exercise. For instance, a base map of an urban study area might show ma­

jor streets and emphasize the boundaries separating residential and commercial 

districts. A base map of a rural area, on the other hand, might highlight 

farm.lands and distinguish between forested and cultivated areas. 

During preliminary assessment, practitioners may prepare several types of base 

maps. One map type commonly developed at this stage shows prominent topo­

graphic and land use features across the macro study area. Another type of 

base map identifies planning area boundaries, other important boundaries, and 

statistical areas. 

Figures 26 and 27 (pp. 132-133) show selected land features, major roads, and 

county and community boundaries. Because they portray an urban area, few land 

features are identified on these base maps. However, since the study area in 

Figure 27 is fairly confined, the base map is able to distinguish effectively 

between residential and commercial sectors. Both maps provide valuable infor­

mation without appearing cluttered. 

Often aerial photographs can be used effectively as base maps. Figure 28 (p. 

134) shows an aerial photograph where key roads and a major community facility 

in the study area have been clearly labelled. 

The base map in Figure 29 (p. 135) identifies census tract boundaries in the 

study area. Later, when demographic and housing data are examined for each 

tract, maps showing concentrations of residents subject to negative highway 

effects may be overlaid on a base map of this type (see Section 10.4). These 
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Compton, California 

Source: Gordon J. Fielding, Group Dynamics in the Urban Freeway 
Division Process, California Transportation Agency, 1971, p. 49. 

Figure 28. Use of aerial photograph as base map. 
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overlays will identify sectors of the study area which should probably be a­

voided when alternative alignments are defined.* 

Base maps of other study area boundaries can also be developed. For instance, 

if information about projected land use is available by planning district, a 

base map showing those districts comprising the study area may be useful. 

Figure 30 (p. 137) provides an example of such a map. Map overlays showing 

existing and planned land use can then be created. 

In detailed assessment, separate base maps are ordinarily prepared for each 

alternative alignment.** They usually identify individual land parcels in and 

proximate to each alternative ROW. 

Figures 31, 32, and 33 (pp. 137-139) identify several kinds of base maps which 

may be used to show land use in detailed assessment. 

10.3 MAP SUPPLEMENTS 

Supplemental maps are used to highlight characteristics of the study area re­

quiring special treatment. The supplement is normally constructed on a larger 

scale than the base map or overlay; it might show a single neighborhood within 

a large study area, a highway interchange, or individual parcels of land. 

*Census tract boundaries are an example of the kinds of data which can be 
shown either on base maps or map overlays, depending on the circumstances. As 
noted, tract boundaries might be identified on base maps when analyses of dem­
ographic trends are conducted. On the other hand, suppose that planners 
wanted to identify residential districts spatially by census tract. One way 
to do this might be to place an overlay showing tract boundaries on a base map 
identifying general land use in the study area. 

**When each viable alignment follows nearly the same pattern, use of a sin­
gle base map may sometimes be appropriate. Figure 33 (p. 139 ) illustrates one 
such situation. 
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Source: Maryland 1970 Social Indicators 
Series, Vol. I: "Educational Char­
acteristics," Maryland Department 
of State Planning, 1972, p. C-14. 

Figure 30. Identification of planning 
districts on base map. 

Source: Environmental Assessment 
Notebook Series, Notebook 
S, P• 32. 

Figure 31. Drawing of alternative corridor 
on an aerial photograph in 

detailed assessment. 
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Figure 32. Use of property assessment map as base map. 
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INDUSTRIAL PARK 

Source: Fielding, p. 50. 

Figure 33. Alternative corridors on a standard base map 
in detailed assessment. 

Parcel schematics, such as those shown in Figure 34 below, are commonly used 

in detailed assessment to describe the buildings on individual land parcels. 

Parcel schematics are especially useful for describing the layouts of multi­

use buildings, including apartment and office buildings and shopping malls. 
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Figure 34. Parcel schematic on map supplement. 
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10.4 MAP OVERLAYS 

Specialized information about the study area may be profiled spatially on map 

transparencies, or overlays. These overlays, when placed on top of base maps, 

help planners to define alternative alignments and select the preferred align­

ment, if any are appropriate. 

The placement of different types of data on separate overlays enables plan­

ners to examine various combinations of information, as necessary. An overlay 

identifying community shopping centers, for example, might be placed on a base 

map of the macro study area to show the number and locations of shopping areas 

affected by the proposed highway project. Use of a second overlay identifying 

neighborhood boundaries could provide further information on the location of 

residential populations served by each shopping facility. 

The types of data typically shown on overlays include: 
0 

0 

Study area boundaries, 

Land use configurations, 
0 Facilities and other community destination points, 
0 Trip activity patterns, and 
0 Demographic, housing, and economic data. 

10.4.1 Area Boundaries 

The map overlay in Figure 35 (p. 141) identifies neighborhood boundaries on a 

base map of the study area. This information could be used to assess levels 

of social cohesiveness within each bounded neighborhood. 

Other boundaries, including those demarcating planning districts, U.S. Census 

areas, and areas served by particular community facilities, can be arrayed in 

much the same way. 

10.4.2 Patterns of Land Use 

Overlays are often used to identify existing and planned land use activities 

across a study area. Figure 36 (p. 142) shows existing residential, public, 
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Figure 35. Neighborhood locations on a map overlay. 
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Figure 36. Existing land use on a map overlay. 



industrial, and commercial sections of a macro study area. This kind of map 

enables practitioners to visualize the spatial relationships between various 

land use activities in an area. It also helps them to choose alternative 

alignments which minimize displacement of existing activities. 

Zoning overlays often furnish a greater amount of information than do general 

land use maps, For instance, Figure 37 (p. 144), used in conjunction with the 

text of the community's zoning ordinance, would enable practitioners to iden­

tify the different types of businesses located in, or planned for, the study 

area. Similar overlays designating residential districts could be used to 

identify de cached homes, townhouses, condominiums, apartments, etc. Also 1 

since zoning ordinances generally specify the maximum number of residential 

structures permitted per acre of land, zoning overlays can frequently be used 

to estimate planned residential density for an area. 

In detailed assessment, planners normally identify the specific uses to which 

land parcels in each alternative alignment are put. This allows for the de­

velopment of overlays which can be used to compare displacement and proximity 

effects in each ROW. 

Specific land uses may be shown directly on a map overlay, as indicated in 

Figure 38 (p. 145). They may also be identified by (1) assigning a numerical 

code to each parcel and cross-referencing that code on a parcel log, or (2) 

using zone boundaries or other designations to identify usage when a number 

of contiguous parcels are put to similar use, e.g., a neighborhood of single­

family dwellings. As described in Section 10.3 (above), parcel schematics are 

often developed to identify particular activities in the study area as well. 

Parcel schematics are especially valuable when multiple land uses are de­

scribed. 

Figure 38 both identifies specific land uses proximate to an alternative a­

lignment, and compares existing and planned land use. These comparisons are 

important since land which is vacant might, for example, be the site of a 

planned industrial park. 
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Figure 37. Zoning overlay of commercial district. 
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Source: Social and Economic Effects of Highways, Office of Program Policy 
and Planning, Federal Highway Administration, 1976, p. 100. 

Figure 38. Identification and comparison of existing and planned land uses. 

10.4.3 Facilities and Other Community Destination Points 

Community facilities and services may be identified on one or more map over­

lay, such as that shown in Figure 39 (p. 14 6). Of ten, individual groups of 

facilities, e.g., schools, hospitals, fire stations, etc., are arrayed on 

separate overlays; this makes it easier to identify service area boundaries 

around each group of facilities (see Section 10.4.4, below). Other major com-

rnunity destination points, such as shoRping centers, can also be arrayed on 

overlays. 
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Figure 39. Community facilities on a map overlay. 
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10,4.4 Trip Activity Patterns 

Maps are often used to determine patterns of residential trip activity across 

the study area. Alignments which will make workplaces, shopping areas, and 

community facilities less accessible to large numbers of residents are gener­

ally to be avoided. Pedestrian dependency routes, in particular, should not 

normally be disrupted since the residents who depend most heavily on these 

routes of ten have limited mobility and are sensitive to changes in access 

routes. 

One way to determine trip activity is to identify the residential areas served 

by various types of facilities. Some facilities, such as fire stations and 

local schools, serve identifiable sect ions of a community. The over lay in 

Figure 40 (p. 148), for instance, shows the location of public schools and the 

areas served by each, Similar maps may be prepared for other public facili­

ties, retail centers, etc. 

Figure 41 ( p. 149) demonstrates a technique for making a more precise co rre la­

t ion between community facilities and the residential areas they serve. Here, 

school travel patterns are identified for students living in homes proximate 

to the alternative alignment. The overlay helps practition~rs to (1) identify 

concentrations of school-aged children along the alignment, ( 2) compare the 

number of children attending each school, and (3) identify the routes followed 

to and from the schools,* Similar profiles may be prepared for trips to other 

community f acili ties, employment and commercial areas, and other community 

destination points. 

A technique for comparing pedestrian dependency across a study area is dis­

cussed in the next section. 

*Students living in homes proximate to the alignment depicted in Figure 41 
are sometimes permitted to walk to school if the distance is one mile or less 
each way. Hence, travel paths to schools within a one-mile radius of the pro­
posed alignment are designated on the map as pedestrian dependency areas, 
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Figure 40. School service areas on a map overlay. 
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Figure 41. School travel patterns on a map overlay. 
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10.4.5 Demographic, Housing, and Economic Patterns 

Map overlays are frequently used to show the spatial distribution of selected 

demographic, housing, and economic trends across a study area. They are par­

ticularly useful for locating populations which are likely to have special 

sensitivity to negative highway effects. Practitioners use overlays both to 

profile current trends in the study area and to array time-series data. 

Overlays of this kind are generally used in preliminary assessment, when the 

study area is large enough that distributions of social and economic charac­

teristics are readily apparent. They may also be used in detailed assessment 

to identify concentrations of special populations such as minority groups, 

elderly persons, and handicapped persons. 

figure 42 (below) compares population densities for census areas comprising a 

macro study area. Since the population data displayed in Figure 42 were com­

piled from U.S. Census records, a base map showing census tracts was used. 

Once the overlay is prepared, however, it can be placed on other base maps or 

used in conjunction with additional overlays. For instance, if placed on a 

base map showing neighborhood boundaries, the overlay would allow the compari­

son of popula~ion densities by neighborhood. 
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Figure 42. Population density on a map overlay. 
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As noted, the location of populations especially sensitive to negative highway 

effects can be identified using maps. For example, Figure 43 (below) shows 

the distribution of median family income, by State planning district, across 

an urban study area. In this instance, planners may want to avoid highway a­

lignments through low-income areas, most notably districts 17, 18, 19, and 23. 

MEDIAN TOTAL. F"AMILY 
Under S 5,000.00 

$5,000.00 - 6,999.99 
$7,000.00 - 8,999.99 

s s.ooo. •• -10.sss.ss 
s11,aoo.• o -12.sss.ss 
$13,000.00 and over 

INCCHE 
...... 
+++++ 

@,iijt19 

lil!i!l!ilel ..... 
Baltimore City 

Source: Maryland 1970 Social Indicator Series, Volume III: "Income 
Characteristics," P• D-57. 

Figure 43. Distribution of median family income. 

Figure 44 (p. 152) compares mobility rates for residents of planning districts 

in a suburban county. In this case, planners would normally attempt to define 

alignments which avoid those districts having relatively high stability quo­

tients. 
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Source: Mary land 19 7 0 Socia 1 Indicator Series, Volume II: .. Age and )'fa bi lity 
Characteristics," p. C-16. 

Figure 44. Proportion of population residing in area for five or more years. 

Other types of data can also be displayed spatially. Figure 45 (p. 153) shows 

the dist ri bu tion of residential property values across study area neighbor­

hoods. (Similar distributions can, of course, be prepared for co~mercial and 

agricultural properties.) Again, the general assumption is that residents of 

dwellings having relatively low values are most susceptible to negative dis­

placement and proximity effects. 

Once the data of special interest to the assessment team have been spatially 

arrayed, one or more composite overlays may be prepared. These composite 

overlays provide a visual summary of areas which should be avoided in the def­

inition or selection of ROWs. 

Figure 46 (p. 154) shows one kind of composite map. Here, a base map identi­

fies the seven census tracts comprising a study area. One overlay shows phys-
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ical constraints, e.g., land features and existing roads, which the proposed 

highway must avoid. A second over lay identifies neighborhood facilities; 

rings around each set of facilities indicate those areas with high concentra­

tions of pedestrian dependent population. A third overlay is used to compare 

the relative levels of pedestrian dependency between neighborhoods,* 
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• TQII~. E11:, 
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I§\"'~ 
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LOWEST 
MEDIUM 
HIGHEST 

Source: Social and Economic Effects of Highways, pp. 54-58. 

Figure 46. Physical constraints, neighborhood activities, 
and pedestrian dependency on composite overlay. 

Visual displays of these kinds of data help practitioners to identify physi­

cally and socially feasible alignments. 

*In this example, 
est, medium, highest 
come, (2) ethnicity, 
available, and (5) 

neighborhood dependency on walking was calculated as low­
on the basis of five factors: (1) household size and in­
(3) proportions of young and old persons, (4) automobiles 
residents in the same home for five or more years. 
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Chapter 11. TABLES 

Most socio-economic impact data can be effectively displayed in tabular ar­

rays. The information presented in these tables is generally of two types --

frequency distributions and summary averages. Frequency distributions are 

normally stated as raw numbers or percentages, while summary averages are 

shown in terms of arithmetic means, medians, or modes. 

Tables present data which describe the study area or its surroundings. Many 

tables -- notably those which present data for two or more variables -- are 

both descriptive and enable practitioners to make inferences about the rela­

tionships among variables. 

The simplest tables used to present data are univariate arrays. These arrays 

present data for a single variable only. Despite their limitations, valuable 

information can be shown in univariate arrays, like the following: 

Addresses of Residents to be Displaced 
(Peach Street) 

294 295 296 297 298 299 

While this format will enable the reader to reconstruct the original data com­

pletely -- which might be feasible in dealing with small numbers -- it will 

prove unwieldy in most cases. The alternative is to develop frequency tables 

for grouped data. For example, in treating the age variable, tables similar 

to the following can be constructed: 

Study Area 
Population 

0-18 years 

183 

19-39 years 

261 

40-65 years 

201 

65+ years 

98 

Grouping will vary according to the interests of the analyst and the grouping 

used in standard statistical sources. In general, it is recommended that 

grouping be precoded on survey instruments, although it is possible -- and 

sometimes desirable -- to capture a single number on the survey instrument 

(e.g., age= 39, income= $16,500) and devise groupings later when the data 

are prepared for analysis. 
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Practitioners may wish to translate the raw data into percentages. For the 

previous example: 

Study Area 
Population 

0-18 years 

25% 

19-39 years 

35% 

40-65 years 

27% 

65+ years 

13% 

Practitioners may also wish to present the data in the form of summary aver­

ages. Options here include the mode (the most frequently reported answer), 

either grouped or ungrouped, the arithmetic mean, or the median (the middle 

response). It might thus be reported that most respondents are ages 19 to 39 

years (mode), that their mean age is 34 years, and that the median age is 35. 

Averages have the virtue of reducing raw data to a single number (or cate­

gory) which represents all the detailed information collected on an item. 

However, that advantage comes at a cost, since the reader cannot reconstruct 

the original data from an average. 

More complex tables, called bivariate arrays, focus on the relationship be­

tween two variables. In the following example, two variables -- race and geo­

graphic area -- are cross-tabulated: 

Population by Race (%) 

Geographic Native Asian and Total 
Area White Black Hispanic American Pacific Islander Other Population 

Study Area 28% 41% 22% 1% 6% 2% 19,700 
SNSA 45 32 19 0 3 1 342,000 
State 69 19 9 2 l 0 1,098,000 

The preceding table both describes the relative size of the minority popula­

tion residing in the study area and identifies population norms for the larger 

surrounding area. 

The use of bivariate tables to profile a population generally involves de­

scribing the distribution of responses to one variable for stratified sub­

groups of a second variable. In the following example the distribution of re­

sponses to the income variable is stratified by age group. The format is use­

ful for descriptive purposes. 
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Age 
19 - 29 
30 - 45 
46 - 59 
60 - 65 
65+ 

Distribution of Responses 

0 - SK 
9 
4 

8 
14 
25 

I n 
5 - lOK 

32 
9 

11 
15 
11 

c o m e 
10 - 15K 

21 
45 
37 
29 

7 

15K + 
11 
41 
39 
21 

2 

In explanatory bivariate analysis, however, this format would not be useful, 

since age (the dependent variable) cannot logically be understood as a func­

tion of income (the independent variable). If attitude towards a project were 

substituted for age in the preceding table, the explanatory power of the table 

would increase. This is because support or opposition to the project (the de­

pendent variable) may well be a function of income level.* 

The third type of tables commonly used in impact assessments is the multivari-

ate array. Such tables are similar to bivariate arrays, except now three or 

more sets of variables are treated. In the following example, the three vari­

ables are neighborhood, race, and number of automobiles: 

Automobiles Available per Household by Neighborhood and Race (%) 

South Brunswick Silver Hills 
No. of Automobiles White Black Other White Black Other 

0 1.8% 57.5% 52.9% 0.5% 4.0% 11.2% 
l 52.0 37.0 36.3 7.9 19.0 33. l 
2 40.9 4.1 10.8 20.0 25.3 44.2 
3 or more 5.4 1.4 a.a 71.6 51.7 11.5 

Total Households 1431 1018 92 956 302 52 

This table indicates that residents of South Brunswick have fewer automobiles 

and are far more dependent on alternative modes of transportation than are 

residents of Silver Hills. A similar inference could have been made from a 

bivariate array showing neighborhood and number of automobiles. However, in­

troduction of the race variable extends the level of analysis. Now it is 

known that the minority residents of South Brunswick are primarily those with­

out automobiles. Accordingly, project plans likely to affect South Brunswick 

*See Volume II, Part 4 for a more detailed treatment of techniques for ana­
lyzing relationships among variables. 
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residents will have to take account of minority group dependency on alterna­

tive transportation modes. 

This chapter suggests ways in which univariate, bivariate, and multivariate 

tables can be used to: 
,, 

0 

(I 

(I 

11.1 

Compare impact data across spatial units and over time, 

Construct logs identifying individual parcels of land, 

Document and compare trip activity patterns in a 

Array judgment and opinion data, and 

Summarize large quantities of data in impact matrices. 

TABULAR COMPARISONS ACROSS SPATIAL UNITS 

study area, 

Standard tabular arrays are often used to compare socio-economic characteris­

tics across a variety of study area segments. Useful comparisons may be made 

between: 
0 

0 

0 

The macro study area and larger surrounding areas, 

Spatial subunits of the macro study area, and 

Alternative alignments within the macro area. 

Generally, comparisons of the first two types are made in preliminary assess­

ment, Comparisons between alternative alignments are performed in detailed 

assessment. 

Tables 1 and 2 (p. 159) show comparisons of data between macro study areas and 

larger spatial units. Comparisons of this type help practitioners assess the 

extent to which conditions in the study area resemble or deviate from condi­

tions in surrounding regions. Large spatial units for which data are often 

examined include the city or to~n, county, SMSA, State, or other identifiable 

area in which the study area is located. 

Tables J - 5 (pp. 160-16~ compare important data elements across study areas. 

These comparisons familiarize planners with the socio-economic infrastructure 

of the study area. They also help to distinguish between subareas which are 

most conducive to highway development and those which are probably susceptible 

to negative highway effects. Subunits of the study area examined typically 

include community-designated planning areas, neighborhoods and census areas. 
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Table 1. Tabular comparisons of population and housing trends. 

Percent Change 
1960 1970 1960-1970 

Dwelling Dwelling Dwelling 
Analysis Area Population Units Population Units Population Units 

Study Area 83,129 37,096 66,317 31,102 -20.2 -16.2 

Oklahoma City 324,253 115,067 366,232 138,343 +12.9 +20.2 

SMSA 511,833 172,942 640,889 226,936 +25.2 +31.2 

Source: Interstate 235 Central Expressway, p. 6-23. 

Table 2. Employment estimates for study area and SMSA. 

Proportion of Workers Employed in: Study Area SMSA 

Agriculture 2.1 % 1.7 % 

Mining .1 1.2 

Construction 7.3 6.3 

Manufacturing 18.3 15.0 

Transportation and Public Utilities 7.7 6.6 

Trade 23.6 25.5 

Finance, Insurance, and Real Estate 6.1 6.8 

Services 14.4 13.3 

Government 19.9 24.6 

TOTAL PERSONS IN LABOR FORCE 50,750 620,600 
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Table 3. Retail sales data for study subareas. 

Total Total Total Average 
Center Retail Market Expendable Per Capita Average Average Market 

Shopping Size Sales Area Income Expendable Sales Sales Per Penetration 
Area (sq.ft.) ($000) Population ($000) Income Per Capita Rate * 

Sq.Ft. 

Central 
Business 500,000 $50,000 100,000 $330,000 $3,300 $100 $ 500 15.2% 
District 

A & M 
Plaza 100,000 9,500 11,000 33,000 3,000 95 864 28.8 

San Luis 
Mall 500,000 62,000 45,000 144,000 3,200 124 1378 43.1 

Country 
Club 200,000 23,000 19,500 64,350 3,300 115 1179 35.7 

Midtown 
Plaza 100,000 11,200 12,800 40,320 3,150 112 875 27.8 

* Market Penetration Rate~ Average Sales Per Capita~ Average Per Capita Expendable Income 

Source: Adapted from Alan M. Voorhees and Associates, Social and Economic Considerations in Highway 
Planning and Design: Workbook. and Resource Guide, for the FHWA, 1977, p. 226. 



Table 4. Distribution of land use acreage by census tract. 

Census Total Residen- Agricul-
Tract Acres Commercial Industrial tial Public tural Vacant 

1 580 66 1 46 426 -- 41 

2 779 30 -- 318 261 -- 170 

3 2,065 42 -- 621 524 21 857 

4 379 101 54 125 69 -- 30 

5 255 11 10 71 125 -- 20 

6 324 53 1 226 34 -- 20 

7 481 107 -- 212 132 -- 30 

8 413 93 -- 217 83 -- 20 

9 3,768 114 10 813 400 -- 2,431 

10 788 45 -- 579 70 -- 94 

11 1,416 3 11 305 658 1 438 

12 351 45 30 167 69 -- 40 

13 265 43 -- 16 216 -- 8 

14 644 27 -- 200 123 -- 249 

15 867 9 -- 654 so -- 94 

16 3,409 40 -- 878 277 5 2,207 

17 3,291 10 -- 1,129 372 -- 1,780 

18 5,431 72 25 557 624, -- 4,152 

19 4,506 57 17 702 625 474 2,631 

20 2,590 129 28 553 621 -- 1,259 

21 1,888 22 -- 811 200 76 779 

22 7,343 7 -- 1,150 793 685 4,692 

Source: Voorhees, p. 532. 
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Table 5. Housing occupancy and tenure by census tract. 

PERCENT OWNER-OCCUPIED PERCENT RENTER-OCCUPIED 
OF TOTAL OCCUPIED UNITS OF TOTAL OCCUPIED UNITS 

Percent Single- Multl- Single- Multi-
Census of Uni ts P"!rcenc Family Family Family Family 
Tract Occueied Vacant Dwelling Dwellini:; Total Dwellini:; Dwellins Total 

SUB-AREA l 
1001 91.18 8.82 67.91 4.48 72.39 24.18 3.42 27.61 
1003 94.25 5.75 74.39 2.12 76.51 20.70 2.79 23.49 
1006 89.46 10.54 45.00 15.00 60.00 21.25 18.75 40.00 
1007 90.13 9.87 58.18 4.62 62.80 31.39 5.81 37 .20 
1008 91.97 8.03 49.06 12.02 61.08 24. LO 14.82 38.92 
1010 85.99 14.01 27.01 13.07 40.08 42.50 17 .42 59.92 
1011 82.72 17.28 13.87 17.39 31.26 31.74 37.00 68.74 
1012 85.81 14. 19 19.82 15.23 35.05 30.56 34.39 64.95 
TOTAL 89.46 10.54 26.69 28.04 57.73 28.03 14.24 42. 27 

SUB-AREA 2 
1005 80.61 19.39 42.12 12.01 54. 13 31 .33 14,54 45.87 
1051 86.67 13.33 56.23 12.47 68.70 20.29 11.01 31.30 
TOTAL 82.95 17.05 45.40 21.43 66.83 26.87 6.30 3 3. 17 

SUB-AREA 3 
1015 83.95 16.05 34.49 11.62 46.11 39.09 14.80 53.89 
1026 72. 79 27 .21 12.17 6.41 18.58 46.68 34.74 81.42 
1027 87.61 12.39 12.83 4.60 17 .43 9.21 73.36 82.57 
1030 75.14 24.86 12.91 16,76 29.67 40.36 29.97 70.33 
1038 68.94 31.06 19.39 5.92 25.31 55.83 18.86 7,, .69 
TOTAL 77.38 22,62 21.40 10.24 31,64 40.59 27. 77 68.]6 

S.,uree: Interstate 235 Central Expressway, p. 6-29. 
Statf.Btir.s provided by R.L. Polk & Co., Urban Stat111ttcal Of.vision, 1975. 

Tables 6 - 9 (pp. 163-165) are examples of the kinds of data which can be com­

pared across alternative alignments. These ROW tables are similar to arrays 

which compare study subareas, but they usually provide greater detail. ROW 

tables are used to profile each alignment, and to assist practitioners in se­

lecting the most suitable route. 

Regardless of the spatial units under investigation, impact data can be com­

pared for either (1) a single point in time, or (2) designated time intervals. 

Examination of demographic, housing, economic, and land use variables over 

time will often yield valuable information about growth trends in an area. 

11.2 PARCEL LOGS 

Parcel logs are prepared in detailed assessment to identify residences, busi­

nesses, community facilities, farms, and other properties along each alterna­

tive alignment. They may be used to record information on (L) the physical 
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Table 6. Comparative summary of alternative alignments. 

OK.LAHOMA OKLAHOMA 
ALTERNATIVE BROADWAY RAILROAD WEST EAST 

Project Length 3.8 Miles 4.1 Miles 3.4 Miles 3. 7 Miles 

Total Monetary Cost ($) 

Construction & Utilities 80 Million 95 Million 66 Million 84 Million 

Right-of-Way 14 Million 18 Million 12 Million 19 Million 

Relocation Assistance 4 Million 4 Million 4 Million 4 Million 

TOTAL 98 Million 117 Million 82 Million 107 Million 

Residential Displacement 

Housing Units, 123 79 131 93 
Single Family (19 vacant) 

Housing Units, 470 258 547 303 
Multi-Family (81 vacant) 

Residents 916 564 1,195 699 

Business Displacement 

Businesses 51 49 54 

Employees 1,339 818 393 617 

Ins ti tu tional Displacement 8 6 3, 

Traffic Service to 
Major Generators 

CBD Good Fair Good Good 

Oklahoma Health Center Poor Good Good Good 

Capitol Complex Fair Good Good Good 

Source: Interstate 235 Central Expressway, p. 8-14. 
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Table 7. Comparison of retail facilities along alternative alignments. 

NUMBER OF FACILIT ms 

Business/ 
ALIGNMENT Convenience Food Professional Industrial Hotel/ Vacant 

SEGMENT Goods Stores Automotive Services Services Motel Commercial 

Langley l l 4 0 5 0 l 

Freemont 0 0 1 l 0 0 0 

Watei:-front 2 0 3 6 2 5 0 

Meadow field 4 2 4 0 2 l 2 

Source: Adapted from Voorhees, Social and Economic Considerations, p. 355. 

Table 8. Comparative fiscal impact of project by alignment. * 

Est. Annual 
ti of Displaced Mean Property Taxable Property 

Alignment Properties Values ($000) Values ($000) Tax Losses 

A 121 $46.5 $18.6 $171,000 

B 74 69.2 27.7 155,700 

C 82 52.0 20.8 129,600 

* Assumes an assessed value of approximately 40 percent of the market value, and 
a property tax rate of $76.00 per $1,000 of assessed valuation. 

TOTAL 

12 

2 

18 
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Table 9. Demographic and economic profile of alternative alignment. 

Household Size 

Age of Reads of Households 

Sex of Heads of Households 
with Children under 18 

Ethnic Composition of 
Households 

Ownership, Tenancy and 
Ethnic Composition 

School Children 

Monthly Income 

Estimated Fair Market 
Value of Owner-Occupied 
Units 

Average Monthly Rental 

2.0 

35% considered elderly 

Sex evenly divided 

58% White, 41% Black, and 
1% American Indian 

70% of housing units: tenant-occupied 
30% of housing units: owner-occupied 
97% owner-occupants: white 
58% of tenant occupants: black 

Approximately 63 
49% Grades K-5 
11% Grades 6-8 
40% Grades 9-12 

Average $640 ($7,680 a year) 
Ranges from $55 to $2,170 

$10,000 to $35,000 

Average $101 predominantly 
1 to 2 bedroom units 

Source: Oklahoma West Corridor Survey, Oklahoma Department of 
Transportation, 1978. 

and economic characteristics of individual facilities, and (2) the residents 

or users of those facilities. 

As indicated by Tables 10 - 14 (pp. 166-168), the data shown on parcel logs 

are highly variable. Often a single log is prepared for the entire alignment. 

Other times, e.g., when the number of non-residential facilities along the a­

lignment is large, specialized logs identifying different types of land uses 

are prepared. It is sometimes instructive to profile individual groups of fa­

cilities, e.g., schools, on a single log. This is particularly desirable when 

consideration is being given to displacing one or more individual facilities 

and reassigning users to other existing facilities (see Table 14). 
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Table 10. General land parcel log. 

Deecrtp. No. Area of Diroenelon No. Resident lel No. of Tenure Total Fair 
Street Street Map Cocle of of Parcel of Bldg. of Structure Household of Aeeeese,I Market Owner 

No. Name Activity Bldge. (sq.ft) (ft.) Flre. Type Units Users Value Value 

Home 
602 ELM 39-15,11 Furni- 2 33,000 200 X 100 I - - CNned $127,800 $142,000 c. Rr kker 

ture Co. 75 X 50 

House-
603 ELH 39-15.12 hold l 14,000 125 X 80 3 Walk-up 10 Rented $ 81,900 $ 91,000 s. Taylor 

Unite Apt. 

House- Single-
606 ELH 39-15.13 hold I 6,200 60 X 50 2 Unit I Owner! $ 46,800 $ 52,000 J. Ludwig 

Unit Detacher! 

--·-

Phyei-
606 ELM 39-15.lli cian'e I 6,500 70 X 45 2 - - Owned $ 53,100 $ 59,000 R, Suasklnd 

Office 

610 ELH 39-15.15 Drug l 3,800 80 X 35 I - - O.rned $ 52,200 $ 56,000 Flanders & 
Store Co. 

llouse- Single-
612 El.I-I 39-15.16 hold I 2,600 60 X 32 I Unit I Owned $ 34,200 $ 38,000 D. Wright 

Unit Detached 



Table 11. Characteristics of households along alignment. 

Type Unit Household Household Spe.::lal Needs 
Address Occupied Size & Composition Inconie T.;:nure or Probleiaa 

Adults Children (Estimate) (Brief Deecriptlon) 

1. 17 Maio 1-family 2 3 moderate own none 

2, 6 Main l-fa,:dly l 2 low own walks to work 

3. 3 Hain l-farllily l 0 welfare rent elderly Ii, handicapped 

4. 7 School 1-falll.ily .) 0 woderate own none 

5. 9 Jackson 2-family 2 l =deratc own ~hild emotionally 
dhturbed 

6. 9 Jackson 2-family 2 2 moderate rent r~eidee in 2-family 
holllt! with parents 

So:;urce: Adapted from l::nvironmental Aaeess111ent Notebook. Setie>:1, Notebook 3, NEconllmic Impacts,·• 
pp. 134-135. 

Table 12. Retail business log. 

Square N\lnlber 
Footage Condition of Yeare Grose Revenues Net Profit 

Budneea SIC of of at Number of ($000) (SOOQ) 
Name Addreea Code Building Building Location Tenut"e Employees '78 '79 '80 '78 '79 

Acme Food 802 541 9900 Excellent 4 Rented 42 1,842 1,978 2,026 55.3 79. l 
Stot"e Duke 

Southville 806 591 4700 Good 15 Owned 9 750 672 7J5 25.4 -15.2 
Pharmacy Duke 

Brian's 816 525 .3500 Fait" to Owned 5 .345 382 413 25.9 28.6 
Hardware Duke 

Gibbon's 820 566 650 Fair 9 ovned 3 57 44 49 s.1 3.9 
Shoes Duke 
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Table 13. Community facilities log. 

II uf 
Floors Condition Average Control Owners 

FactUcy /J of (each Square 'itaar of 81.:lg. I of ,rnd (if 
Group Type Name Add,:-ess BldRs. bld11:.) Footal!e lh1il t Structur~ C.1narcity Uuera Fundin1< Private) 

CedaC" 540 
Scho.;,l Elementary Elementary Elu, l l 37,000 1976 [x:cellent 1250 9/iB Public -

School St. 

First 10 
Churci1 Pr.;,testant Baptist Walnut l l 2J,UOO 1959 Good 425 350 Private Congre-

ChuC"ch St. gation 

Clinic: Southeast JH8 76 
Health GeneC"al Health Peach l l 8,200 1949 Fatr 24 Patients Public --

Care Medicine Cencer Sc. per day 

Table 14. School and enrollment log. 

ENROLLMENT 
Schools Urades Cal!acit)::'. 1974/7', 1975/76 Z Chanse 

Harding (; - 8 l,JSO 1,138 1,103 -03.0 
Edgemere IC - 5 400 307 358 +16.6 
Dewey K - 5 325 :ms 294 Hl3.2 
Wilson K - 4 350 262 282 +()7. 6 
Central * 6 - 8 1,500 1,050 205 (N.A.) 
Lincoln K - S 425 309 295 -04.S 
Page-Wocdsc,n IC - 5 625 241, 290 +18.9 

* In 1~75/76, Central became a high school. 

Source; Inter~tate 235 Central ExpC"essway, P• 6~63. 

In constructing parcel logs, practitioners are encouraged to record uniform 

information for each alternative alignment. This expedites the comparison of 

data for potential R0Ws and helps planners to select the most suitable route. 

Also, inclusion of street addresses or map codes on parcel logs (see Table 10) 

helps practitioners to spatially locate facilities on map overlays of the a­

lignment (see Section 10.4). 
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11.3 TRIP ACTIVITY MATRICES 

Trip activity matrices describe patterns of travel across a study area. They 

may be used to show a variety of important data, including (1) the relation­

ship between trip origin and destination, (2) modes of travel, (3) frequency 

of trips, and (4) travel times, distances, and costs. 

Tables 15 - 16 (below & p. 170) display trip data normally examined in prelim­

inary assessment for two macro study areas. Figure 15, taken from U.S. Census 

reports, shows modes of travel by various categories of workers in a metropol­

itan area. Suppose this information was studied in conjunction with another 

table showing worker occupation by residential neighborhood. Practitioners 

would then be able to make general inferences about the mode of transportation 

used by workers in each neighborhood. 

Table 15. Transportation mode to work by occupation and location of residence. 

In SMSA Outsid~ SMSA 
----in Outside 

Central City Central City By Public 
By Tranapor-

OCCUPATION OF WORK.ER By Public By Public Auto tatl,;in 
By Transpi>r- Sy Transpor-

Auto tation Auto Cation -
Distribution by Location & 

Total Method of Transport;,tion (%) 

All occupst1ons 100 % 26% lJ :i: '.H:l: :; % 281 l X 

Profe5siooal and managerial 100 26 5 39 3 26 l 

Clerical and sales 100 26 16 29 6 22 l 

Crafts..,,,n, operatives, and 1 abor~rs 100 26 'J JO 1 33 l 

Service and private workers 100 22 2] 21 2 30 2 

Others and nonavailables lOO 22 22 27 1 27 -

Source: Stanford Research Institute, Methods of Evaluation of the Effects of Transportation Systems 
on Community Values, for Department of Housing and Urban Development, 1971, P• 44. 
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Table 16 compares origin-destination patterns for the nine zones within a 

particular study area. By measuring the extent of interaction between each 

combination of zones, practitioners are able to identify those routes which 

should not be obstructed by the proposed project. 

Table 16. Trip activity patterns by zone. 

Zone of Destination 

Zone No. 
of A B C D E F G H I of 

Origin Samples 

A - 3 0 37 8 16 4 0 0 68 

B 6 - 0 25 15 8 6 3 0 63 
I 

I C 9 4 - 46 18 21 10 5 0 I 113 
I 

I I I D 0 1 0 - 0 2 0 0 0 3 

I 

f 
E 21 11 0 51 - 39 8 1 0 131 

F 3 2 0 43 1 - 1 2 0 52 

G 9 6 0 41 9 44 - 8 0 117 

H 4 5 0 22 14 17 3 - 0 65 

I 12 7 0 12 5 9 2 0 - 47 

Total 
Trips 64 39 0 277 70 156 34 19 0 659 

Tables 17 - 18 (pp. 171-172) identify trip data ordinarily examined in the de­

tailed assessment of alternative alignments. The first table compares general 

information on travel mode and trip purpose along the alignment. The second 

provides more comprehensive information on the travel habits of users of two 

community facilities potentially subject to displacement. 
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Table 17. General trip patterns along prospective ROW. 

T R I P p u R P O S E s 

WORK GROCERY DOCTOR DENTIST HOSPITAL CHURCH 

TRAVEL No. of No. of No. of No. of No •. of No. of 
MODES Samples % Samples % Samples % Samples % Samples % Samples % 

PERSONAL 55 90 89 83 71 83 47 82 71 85 so 88 
CAR 

NEIGHBOR'S 1 1 11 10 6 7 5 9 6 7 4 7 
CAR 

TAXI -- 0 4 4 3 4 2 3 1 1 2 l 

BUS 1 2 2 2 4 5 2 4 5 6 1 2 

WALK 4 7 l l 1 1 1 2 1 l -- --

TOTALS 61 100 107 100 85 100 57 100 84 100 57 100 

AVERAGE MILES 
PER TRIP 4.1 2.0 3.6 3.8 3.2 2.8 

Source: Interstate 235 Central Expressway, p. 6-41. 



Table 18. Trip activity matrix for community facilities 
along Alignment #2. 

FREQUENCY OF TRIPS 
Daily 
Not daily, but at least weekly 
Not weekly, but at least monthly 
Less than monthly 

NUMBER IN TRAVEL PARTY 
l 
2-3 
4-6 
more than 6 

POINT OF ORIGIN 
Bayview Heights 
Bell Forest 
Eastern Hills 
Other 

MODE OF TRAVEL 
Walking 
Bike 
Car 
Taxi 
Bus 

ROUTE FOLLOWED (may be displayed 
on a map) 

l 
2 
3 
Other 

TRAVEL TIME (Minutes) 
10 or less 
11-20 
21-30 
Over 30 

ESTIMATED TRAVEL COST 
No cost 
$1 or less 
$1 - $5 
Over $5 
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Bayview Kensington 
Recreation Public Library 

Center Bayview Branch 

34% 
42 
18 

6 

57% 
34 

7 
2 

35 
31 
29 

5 

22 
46 
20 

0 
12 

32 
28 
25 
15 

48 
36 
14 

2 

68 
22 
10 

0 

11% 
27 
43 
19 

41 
58 

l 
0 

52 
27 
10 
11 

9 
24 
52 

6 
9 

46 
37 
12 
s 

37 
35 
19 
9 

33 
25 
41 
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11.4 TABULAR ARRAYS OF JUDGMENT AND OPINION DATA 

When information of a judgmental nature is required, or the resources needed 

to collect certain types of statistical data are excessive, practitioners fre­

quently rely on the judgments of experts. Judgmental data, like factual in­

formation, can be arrayed in bivariate or multivariate tables. It is advis­

able to collect information from a group of experts, rather than from a single 

specialist, whenever possible. This allows practitioners to identify and as­

sess variations in judgments. 

Sample arrays of judgmental data are shown in Tables 19 - 21 (below & PP• 174-

175). Table 19 summarizes respondents' estimates of future development, given 

alternative highway scenarios. The table is of limited utility, however, in 

that it does not allow the reader to assess the range of expert responses. In 

other words, did two respondents interviewed predict that 25,000 single-family 

residential units would be constructed if the highway were not built? Or did 

one expert say 5,000 units would be built, while another predicted 45,000? 

Table 19. Expected development along corridor, 
1975 - 1985.* 

~ With Alteniative: 
Withou.t f 

t Highway _A_ B _s_ 

RESI~ENTIAL UNITS 
Si:i.gle Falllily 25,000 12,000 21,000 40,000 
Multi-Family Rental 7,500 14,000 6,000 11,000 

IND!lS'!RlAL USES 
Square Feet 400,000 320,000 332,0DO 230,000 

COMMEBCiAL USES 
Square Feet 750,vOO 600,000 623,000 1,170,000 

*Based on interviews with County planning officials. 

Source: Adapted from Voorhees, Social and Economic Consideracions, P• 497, 
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Tables 20 and 21 correct this deficiency by indicating the proportion of re­

spondents which adopted particular positions. For instance, Table 20 reveals 

that 86 percent of the experts believe construction of the proposed project 

will have a favorable effect on property values in areas proximate to new 

highway interchanges. Figure 21 both presents the range of response regarding 

the compatibility of the project with community plans and shows the compati­

bility quotient calculated for each alternative alignment. Here, the special­

ists agreed that, of the options available, Alternative No. 2 would be most 

compatible with community plans. 

Table 20. Estimated effect of Alternative Alignment A 
on property values.* 

{Percent of respondents indicating each rating) 

Propert.y Effect on 
Values Effect on Property Effect on 

Property Values Property 
Values Within 200 Yds. Values 

Witilin L.25 of High1,1ay Along 
Rating fille of ROW Interchange ~ain Street 

No Oii:-ect Effect 0% 7% 0% 
on 'falue 

fill<!ly Favorable 13 13 27 
Effect 

Stroni;ly Favorable 0 73 13 
Effect 

Strongly Adverse 27 C, 0 
Effect 

~U.:.<!ly Adverse 40 i 13 
Ef Eecc 

:-tixed Effect 
(Sott1e favorable, 7 a t.7 

some adverse) 

l~possible to Say 13 0 0 

*Eased on interviews with l5 County assessment officials. 
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Table 21. Project compatibility with community plans.* 

(!lumber of officials indicating eacb rating) 

~ No Build Alterus.tive Alternative Alternative Alternativei 
Rating Ill iJ2 n 14 

j 1, Highly 
Compatible 0 0 5 0 0 

2. Compatible 1 2 3 1 l 

3. Somewhat 
Compatible 2 5 l 3 l 

4. Not very 
Compatible 6 2 0 5 3 

s. Incompatible 0 0 0 0 4 

6, ttesn Scol:'e 3,56 3.00 1.56 3.44 4, 11 

*S...sed on interviews with eity planning officials. 

In general, when a majority of experts indicate similar or identical posi-

tions, their judgments can be accepted as credible. However, when expert 

judgments diverge, and meaningful patterns are not discernible in the respon­

ses, the judgments should be regarded cautiously. Select ion of alternative 

techniques for collecting the data on the issues treated is then probably in 

order. 

Public opinion data, like judgmental data, may be effectively displayed in ta~ 

bles. Tables 22 - 25 (pp. 176-177) show how survey findings on citizens' at­

titudes toward a proposed project, businesspersons 1 expectations regarding the 

effect a project will have on future retail activity, and displaced residents' 

preferences for relocation sites can be presented in tabular formats. De­

sc ri pti ve info rm.at ion a bout respondents, when it can be introduced in to an 

array, will nearly always enhance the table's analytic value. Table 23, for 

example, suggests a strong correlation between the percentage of customers re­

siding in the study area and businesspersons' attitudes toward the highway. 
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Tabl~ 22. Citizen opinions on proposed project. 

REL.\TIVE FREQUENCY 
RESPONSE CATEGORY OF RESFONSE 

tlo bypasa needed 

Begin COD.Stt'UCtiCD. further south on 411 

Begin construction further .iest of city 

Bypasa should exclude more of the urban 

Bypass should include more of do·.ro. to.in 

Bypas~ should extend further southeast 

ttisc.ellaoeous 

area 

area 

12.5% 

35.7 

33.9 

5.4 

5.4 

2.0 

Source: Michael E. Gordon, Evaluation of an ~ttitudinal Criterion 
~or Measuring Public. Reac.t!on to Proposed Highway Projects, 
University of Tennessee, ~oxville, 1974, p. 28. 

Table 23. Businesspersons' attitudes toward 
highway project. 

ATTITUDE TOWARD FREEWAY 

Total 
No Respondents 

O:HARACTERISTIC favor Opposed Opinion {175)' 

Si:e ~f Business: 

Less than rn. employees 71% 17'% 13?.: 103 
tO or more employees 58 33 8 72 

?ercentas;e of Custocnel'.s 
ir. Stud! Area 

10-15 86:t 2,: u;;: 83 
26-50 75 15 10 20 
51-75 57 43 0 Zl 
76-100 33 53 14 51 

T2Ee of Business 

Retail 60% 29¾ 11:. 73 
Service 66 2C 14 59 
Wholesale/Manufacturing 74 19 7 43 

Soutce: ~dapted from Attitudes, 0Einions 1 and 0:xEeccations of Businessme:i 
in a Planned :reewar Corridor, P• 20. 
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Table 24. Expected impact of project on retail businesses 
in study area.* 

PERCENT OF RESPONSES 

Project will 
TYPES OF ESTABLlSBMENl' Help Business 

Project will Project will Not 
Bure Business Affect 8ua1nesa 

Applfance and recol:'d 8.5% 26.9% 64.6% 

Clothing 13.6 30.9 55.5 

Drug 8.6 14.6 76.7 

Fa.r:m equipment 12.0 12.3 75. 7 

Foodstore!I, 
locally OW'lled 14.3 18.2 67.4 

FoodstOl:'l!S, chain 17. 1 13.7 69.2 

Furniture 8.3 38.7 53.0 

ltiirdware 13.7 13.3 73.Q 

lfotels and !IIOtels 8.4 85.2 6.4 

Res taut ants 10.0 75.0 15.0 

Se:rvice stations 7.0 84.6 8.4 

AVERAGE, all responses 11.3% 37.0% 51. n: 

*Based on interviews witb owners and managers. 

Table 25. Relocation preferences indicated 
by prospective displacees. 

Percent of Residents Percent of Residents 
North of 231:"d Street South of 23rd Street 

Relocation Area Owner- Owner-
Desil:'ed Occupants Tenants Occupants Tenants 

Nol:"theast - 1.8% 3.0% 23.4% 

jorthwest 19.5% 46.0% 5,1% 27.4! 

Southeast - - - 2.0% 

Southwest 1,8% 5.3% 0.5% 2,5% 

Centr.11 - 1.8% - -
Other 3.5% 8.0% 2.0% 8.6% 

:l'o Preference 4.4% 8.0% 5.6% 19.8% 

Source: Interstate 235 Central Expressway, p. S-S6, 
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11.5 IMPACT MATRICES 

Most tabular data presented in the preceding sections are organized by topical 

category. These displays, taken together, provide a composite profile of the 

study area. However, the assessment process is incomplete until the profiles 

are formally evaluated in terms of the seven impact categories. 

A simple but reliable technique for evaluating the data to identify potential 

impacts requires practitioners to construct impact matrices. These matrices 

list key indicators for each impact category, which are then quantified and 

compared across study subareas (in preliminary assessment) or alternative a­

lignments (in detailed assessment).* 

Tables 26 - 27 (p. 179) are examples of impact matrices used in detailed as­

sessment to compare the probable effects of displacement and fiscal impacts, 

respectively. Normally, the information to be recorded on these matrices has 

already been gathered at this point. Now the practitioners 1 task is to summa­

rize the key information related to each impact in a single table so that sys­

tematic comparisons can be made. 

The key indicators chosen for each matrix will vary by project and study area, 

For instance, if one or more of the alignments will displace residences, a 

supplement to the table shown in Figure 26 would probably be in order. The 

supplemental matrix might list as key indicators those groups (e.g., elderly 

persons, families with young children, or handicapped persons) who are espe­

cially susceptible to negative displacement effects. The number of persons in 

each group residing in each ROW could then be recorded. 

*Numerous mathematical techniques can be applied to screen socio-economic 
impact data for indicators and potential negative impacts. Several of these 
techniques are presented in Volume II, Part 4. 
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Table 26. Impact matrix fo~ comparing displacement effects. 

71 
R lGtlT-OF-IIAY Rl::QU IltED ( 0 of Ac rca) I I UI SPI..AC£..'lEN'fS (I) 
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Table 27. Impact matrix for comparing fiscal impacts. 
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Another decision making tool, similar to the impact matrix, is presented in 

Table 28 (pp. 181-183). This "Level of Impact Assessment Matrix" enables 

practitioners to evaluate each of the seven impacts in terms of magnitude, 

duration, and area of impact. The matrix was originally designed for use in 

preliminary assessment to provide composite scores on each socio-economic im­

pact across an entire study area. However, it can be used equally well to 

compare alternative alignments in detailed assessment, provided that a separ­

ate matrix is prepared for each prospective ROW.* 

To use the matrix, practitioners evaluate the probable effects of the project 

for each impact category. (A sample list of important factors to consider ap­

pears beneath each impact.) Magnitude is scored on a continuum from "major 

beneficial" to "severe adverse." Impact duration extends from "construction 

period only" to "permanent." Area of impact ranges from the ROW to the entire 

study area. 

The Level of Impact Assessment Matrix also provides space for the recording of 

"probable issues" and "probable affected publics." In preliminary assessment, 

this information can help identify (1) issues which need to be investigated in 

greater detail, and (2) individuals and groups who ought to be invited to par­

ticipate in the decision-making process. In detailed assessment, these cate­

gories help to summarize data already collected. 

* The Levels of Impact Assessment Matrix first appeared in Community In­
volvement in Highway Planning and Design: A Manual of Techniques, jointly pre­
pared by the Center for Urban and Regional Studies (Virginia Polytechnic In­
stitute and State University, Blacksburg) and the Office of Environmental Pol­
icy, FHWA, 1977, pp. 34-44. However, the data elements listed in the Figure 
28 matrix have been changed to conform with the presentation in this Manual. 
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Table 28. Level of impact assessment matrix. 

Project Identification ---------------------------
Project Type --------------------------------
Planning Stage -----------------------~-------

+3 
+2 
+l 

Important factors to con-
sider are listed beneath 
each impact category be-
low. EVALUATE the mag-
nitude, duration, and 
area of impact in each 
category and ENTER THE 
NUMERICAL SCORE in the 
appropropriate box. 

1. 0 SOCIAL IMPACTS 

1.1 Cohesion 

Community and neighbor­
hood boundaries. 

Population clusters. 
Populations w/ shared 

characteristics. 
Community and neighbor­

hood organizations. 
Residential mobility. 
Attachment to neighbors 

and neighborhood. 

1.2 Accessibility 

Access to destination 
points: employment 
centers, shopping 
areas, community fa­
cilities and services. 

Transport modes used. 
Pedestrian dependencies. 
People w/ special needs. 

Impact 

M 
A D 
G u 
N R 
I A 
T T A 
u I R 
D 0 E 
E N A 

LIST 
"Probable 

Issues .. 
with each 

impact 
score 
below. 

LIST 
"Probable Affected 

Publics" 
below. 

Impact Scoring Codes 

IMPACT MAGNITUDE I IMPACT DURATION/ IMPACT AREA 
Strong Beneficial -3 Severe Adverse lo Construction !O ROW 
Moderate Beneficial -2 Moderate Adversell Few Years l l Adjacent Property 
Minor Beneficial -1 Minor Adverse !2 Many Years 12 Neighborhood 

0 Negligible or No Impact 13 Permanent 13 Study Area 
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Table 28. Level of impact assessment matrix (continued). 

Important factors to con­
sider are listed beneath 
each impact category be­
low. EVALUATE the mag­
nitude, duration, and 
area of impact in each 
category and ENTER THE 
NUMERICAL SCORE in the 
appropriate box. 

1.0 SOCIAL IMPACTS (cont'd) 

M 
A 
G 
N 
I 
T 
u 
D 
E 

Irapact 

D 

u 
R 
A 
T 
I 
0 
N 

A 
R 
E 
A 

LIST 
"Probable 

Issues" 
with each 

impact 
score 
below. 

LIST 
"Probable Affected 

Publics" 
below. 

1.3 Displacement 

+3 
+2 
+1 

Residential displacement: 
II of households, 
ti of persons, 
characteristics of po-

tential displacees. 
Commercial displacement: 

fl of businesses, 
il of employees. 

Displacement of farmland. 
Displacement of community 

facilities. 
Relocation prospects. 
Attitudes toward reloca­

tion. 

2.0 ECONOMIC IMPACTS 

2.1 Employment, Income, and 
Business Activity 

Employment opportunities: 
as facility is built; 
when facility operates. 

Resident income effects. 
Business activity: firms 

displaced, firms by­
passed, shopping & bus­
iness pattern shifts, 
construction impacts, 
effects on commercial 
property values. 

Impact Scoring Codes 
IMPACT MAGNITUDE ]IMPACT DURATION! 

Strong Beneficial -3 Severe Adverse lo Construction lo 
Moderate Beneficial -2 Moderate Adversell Few Years 11 
Minor Beneficial -1 Minor Adverse 12 Many Years 12 

0 Negligible or No Impact !3 Permanent 13 
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Table 28. Level of impact assessment matrix (continued). 

Impact 

Important factors to con- M 
sider are listed beneath A D LIST 
each impact category be- G u ''Probable LIST 
low. EVALUATE the mag- N R Issues " "Probable Affected 
nitude, duration, and I A with each Publics,. 
area of impact in each T T A impact below. 
category and ENTER THE u I R score 
NUMERICAL SCORE in the D 0 E below. 
appropriate box. E N A 

2.0 ECONOMIC IMPACTS (cont'd) 

2.2 Residential Activity 

Housing stock. 
Demand for housing. 
Property values and 

housing costs. 

2.3 Fiscal Impacts 

Tax revenue losses and 
gains: displacement of 
private property, 
changes in property 
values, changes in 
economic activity. 

Costs of providing addi-
tional public services. 

2.4 Land Use and Develop-
ment Plans 

Goals and objectives. 
Development plans by 

land use. 

Impact Scoring Codes 

IMPACT MAGNITUDE !IMPACT DURATION! IMPACT AREA 
+3 Strong Beneficial -3 Severe Adverse )0 Construction Jo ROW 
+2 Moderate Beneficial -2 Moderate Adversell Few Years 11 Adjacent Property 
+l Minor Beneficial -1 Minor Adverse ]2 Many. Years 12 Neighborhood 

0 Negligible or No Impact 3 Permanent 3 Study Area 
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Chapter 12. SUPPLEMENTAL DISPLAY MODES 

As indicated in the preceding chapters, most socio-economic impact data can 

be presented effectively on maps and tables. Many times, however, the use­

fulness of information may be increased when selected data are arrayed in 

other display modes. These displays can convey valuable information which 

would be less meaningful in cartographic and tabular formats. 

This chapter discusses the use of two types of supplemental displays: graphs 

and narrative summaries. 

12.1 GRAPHS 

Many categories of impact data shown in tables can also be displayed on 

graphs. Graphs typically present less information than tables, but they can 

bring out relationships and patterns in the data which are not apparent in 

tabular formats. Graphs can be used effectively to present frequency distri­

butions pictorially, and to compare data across spatial units or over time. 

Like maps, graphs help planners make important assessments about a broad range 

of data. Graphs are also valuable tools for transmittig significant informa­

tion about project impacts to readers of environmental documentsc 

Figures 47-50 (pp. 185-187) are examples of bar graphs used to display impact 

data. The first two figures show information normally compiled in preliminary 

assessment; the other two show data normally prepared in detailed assessment. 

Figure 49, in particular, shows how comparisons across alignments can be made 

for an entire impact category. Here, displacement effects are compared in 

terms of impacted businesses, land area, and housing units. 

Figure 50 shows how information previously recorded on a "Level of Impact As­

sessment Matrix" (see Table 28, pp. 181-183) can be graphically displayed. In 

this case, the ·expected duration of impacts is compared for two alternative 

alignments. Since it gives a concise, pictorial accounting of all seven so­

cio-economic impact categories, this kind of graph is especially useful at the 

close of detailed assessment, when a preferred route is identified. 

184 



§ 
.. 
:II 

£ .. .., 
C. 

"' .., ,... 
u 
:E .., 
"'" 

4 

3 

2 

0 

NEW CANAAN AVE. TO 

ROUTE 15 NORWALK 

LEGE/ID: 

ROUTE 15 NORWALK 
TO ROUTE 33 

S. JCT. WILTON 

~ 1973 Peak Hour f1J E - Level, Capacity 

rn O - Level, Capacity 

ROUTE 33 S. JCT. 
TO ROUTE 33 

IL JCT. WILTON 
ROUTE 107 WILTON TO 

ROUTE 102 RIDGEFIELD 

11990 DHV, ~/1thou t Exp. - I 1990 Df\V, N Ith 
Exp. 

Source: Envlronmental Aoseas~ent Nutebook Series, Notebook 5, p. 37. 

Figure 47, Vehicular flow by route, 1973 and 1990. 
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Figure 50. Summary of impact durations. 
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Examples of line graphs displaying impact data are shown in Figures 51 - 54 

(pp. 189-192). The graphs in the first two figures, prepared in preliminary 

assessment, compare time-series data for different spatial units. These 

graphs present demographic, housing, retail, and employment data over a period 

of time which is sufficiently long that the associated trends are readily ap­

parent. Identification of these trends is essential to the successful predic­

tion of future patterns of growth and development in the study area. 

The latter two figures show examples of line graphs prepared in detailed ~s~ 

sessment. Figure 53 compares accessibility to employment oRportunities for 

residents of a study area neighborhood, given the alternative choices of doing 

nothing or widening existing roads. It shows that virtually all job opportun-· 

ities in the study area will be available to neighborhood residents, regard­

less of decisions about the proposed project. It also shows tha_t: t_!le__ e_?CPag~eq __ 

facility would increase job opportunities available to residents within a 

fixed travel time. For example, while 20 percent of the study area's jobs are 

within 10 minutes travel time from Belleview, 45 percent of all jobs would li·e 

within ten minutes travel time if the expansion project -is completed. - Similar 

graphs can be prepared to measure other socio-economic ~~pacts. 

Figure 54 provides a pictorial representation of the expected magnitude of 

impacts -- for all seven impact categories -- across three alternative-align­

ments. Like the bar graph in Figure 50, it draws on -the tabular data pre­

sented in the "Level of Impact Assessment Matrix" (pp. 181_:!_8_3). These 

graphs, which summarize vast amounts of information, may be used by prac­

titioners to weigh the relative benefits and liabilities of each highway 

choice. 

The impact graphs are particularly useful in the conduct of trade-off analy­

ses. For instance, the impact curve for the no-build alternative indicates 

that while this option will not result in displacements, it is not likely to 

stimulate economic activity in the study area either. On the other hand, the 

impact curves for the two construction choices under consideration suggest 

that although displacements will occur~ increased business, employment, and 

residential activity can be expected. Of the two construction choices, the 
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Figure 51. Business and retail trends for study subareas, 1958-1967 .. 
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Figure 52. Population and housing trends for study subareas, 1960-1975. 
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Breezeway alignment is expected to result in the greatest number of displace­

ments. However, this alignment will also produce the highest levels of busi­

ness activity. 

12.2 NARRATIVE SUMMARIES 

Narrative summaries present concise descriptions of socio-economic impact 

data. They are used to summarize findings and present data which cannot be 

meaningfully reduced to statistical or graphic form. The goals and objectives 

governing land use and development in a community are one example of informa­

tion frequently presented in narrative form. Observations about the composite 

effect displacement will likely have on a particular family are another ex­

ample. 

Narratives are also used to augment cartographic and tabular displays. For 

instance, narratives might describe the location of alignments shown on accom­

panying maps. They might also summarize complex data displayed in adjoining 

tables. 

Carefully written narratives prepared in preliminary and detailed assessment 

can often be used, largely verbatim, to document assessment findings in EIS's 

and other project documents. 

Figures 55 - 59 (pp. 194-196) give examples of data recorded in narrative for­

mats. The utility of the information presented in these narratives is self­

explanatory. 
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Oklahoma-East Alternative 

The Oklahoma-East Expressway alternative parallels the east side of the A.T. 
& S.F. railroad tracks from north of 36th Street to 7th Street, then pro­
ceeds diagonally to the Interchange with I-35/I-40. The expressway would be 
elevated from 36th Street to 15th Street; depressed from 15th Street to 5th 
Street; and then elevated from 5th Street to the I-35/ I-40 Interchange. 

This alternative would tentatively provide either full or partial ramps at 
the following streets: 36th, 23rd, 21st, 11th, 6th, and 2nd Streets, Lincoln 
Boulevard and Sheridan Avenue. A connection to Reno Avenue would be pro­
vided as part of the I-35/1-40 Interchange improvements. 

Source: Interstate 235 Central Expressway, p. 8-9. 

Figure 55. Narrative description of alternative alignment. 
•• _. •~--- •-- • - .-.• •r- • •-- -- ---

Northwood Mall 

The Northwood Mall will be located approximately two miles north of the 
State Capitol (O. 8 miles south of the Tallahassee Mall) on North Monroe 
Street. Northwood, which is expected to open in 1969, will contain a total 
of 463,176 square feet, of which 60,000 square feet will be occupied by one 
department store. The other major tenant will be a supermarket. Mall space 
will occupy approximately 275,000 square feet on two levels. 

Source: Voorhees, Social and Economic Considerations, p. 489. 

Figure 56. Description of future development project 
in relation to alignment. 

The New Valley Nature Center, 1001 North Forest Road, lies within the selec­
ted ROW. The center conducts afternoon, evening, and weekend programs for 
children and young adults, ages 5-17. Sixty-five children, on average, par­
ticipate in the center's programs each day; 478 children have attended one 
or more center programs in the last six months. More than 70 percent of all 
program participants live in the Poplar Hills or Cedar Creeks developments, 
and nearly all of these children walk or bike to the center. Most of the 
programs revolve around the nature center's proximity to New Valley State 
Park, and include hikes and arts-and-crafts. 

The center building is 65-by-40 feet, and consists of two large work rooms, 
a supplies closet and cleaning area, and two restrooms. The grounds of the 
center measure 125-by-65 feet, and include eight picnic tables. The nature 
center is operated jointly by the Department of Recreation and County School 
Board. 

Figure 57. Narrative summary of facility 
replacement requirements. 
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ARLINGTON COUNTY 

A. GOALS. Goa.l.l identified for Arlington County and relevant to the study are: 

To develop a flexible and efficient transportation system. 

To J1aintain and improve the qu.allty of ~eighborhood life. 

To prov1.de a high standard of public serv:1.cas. 

To continue a policy of limited, controlled growth. 

~o improve cha fiscal situation of the County. 

To make a <Jider range of social services available 
and accessible to all citizen.a of Arlington County, 
parcicuiarly the elderly, poor, handic3pped and a.J.l 
mnority groups. 

To improve the quality of life for Arlington County 
residents by.preserving and ?COtec:ing the qua.lit7 
of che nacural euviro0111enc. 

3. OBJ'ECTIVe:S. Rlllavent objectives derived from these goals are as follow: 

Trllllllporcation 

1. ~llaaize and actively :,rolllOta public tranaportatiou. 

2. Reduce rellanc:• on private auto• by expanding and im­
proving public transport services. 

J. Develop tte ab1lit7 to ?rovida public transportation 
service, .hi.ch Will be a :ujor decer.:iinant in future 
deveio~enc on specific ~ices. 

~. tmprove crosa~ouuty and circumferentia.J. transporta­
tion facilities and ser-1icea. 

5. !-take ~ore efficiant ~•e of eld.sti.ig t=ansporaUou 
iaclli :!es • 

6. ?r01:10te a transportation system. chat prov1das il!B.ld.Clllll 

:lex:!.bili:y !or citizen& :o adapt to future conditions 
t~at c:annot be predicted. 

Growt:h and Develooa?enc 

i. 1.J.cit high densit7 develop-m,ent to targeted areae at 
rapid cranaic scaciona. 

a. ?reset"'Ve low-M1dium population deMi ty. 

9. ?reserve and acquire adequate open 9pace to protect 
commin1c7 amenities. 

lO. ~ncourage c~e coaipletion of R.oaal;n development. 

tl. ?reserve single family ne1gbborhoods. 

12. Preserve older garden apar~nts. 

?ubli-: Serv1cas 

l). Better ?r~vide for recreecion needs, 

l~. I::rprove health c..are :acil1ties. 

lS. Increase police protection. 

16. ?rovide adequate water and sewer service :.nch­
in population limits. 

17. Maintain high quality of ec:iucaci011, 

i:.::rolo'nllent 

18. Expand employment potential conaiscent ·.,ith 
the ~est interests of the collllll1nity. 

19. Encourage the iocation of aon-~edera.l emplo~­
meut 1n employment centers. 

Environmental 

20. Maintain air quality at acceptable levels. 

21. Reduce noise pollution. 

22. :le.duce water ucill:at1on. 

23. Co:lntrol stoti:? water runoff and scream ~rosion. 

24. Preserve natural beauty of the ?otociac ?ali­
;ades and ~thee natural features. 

25. Ensure that ::ucure development enhances ~es­
thetic >1alues. 

26. :l.eta1n real ~ropercy tax rata. 

27. rncreaee local revenue sources. 

28. leduce reliance on ,ands for !inancing capital 
improvements. 

~ourc:e: A sumi::iary of che ~e car ?!.an •Ji • .\r.!.ingtoo C.:iunt7, 1/irgiD.ia, l 961. 

Figure 58. Narrative summary of local land use and development. 
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NEIGHBORHOOD 
TYPE 

Sl:.id Row 
District 

1. i.owir.r 
Class 
Apart1Ql!11 ts 

3 Ethnic 
Neighbor­
hoods 

4 !iiddle to 
Upper Cl.aaa 
!ownhouaea 
and Apart­
ments 

5 Kiddle Class 
Single F~ 
ily ll.omea 
and Apart­
ments 

~ Working 
Clan 
Single fur­
Uy lioaes 
and Apart­
me11ta 

7 Uppar 
Cl.an 
Singla 
Family R01De1 

l.clCAUON 

Oldar parts 
of tbe inner 
dty. lleclin­
iag cDIIIIDl!rCial 
or ioduatrial 
areaa 

Older parta of 
of the inner 
i:1ty 

Older pan& of 
the inllet' city. 
Often near exiat­
iog indus.tt'ial 
and cocmercial 
areas 

At the edge Df 
the central bur 
inesa disttict, 
in some cities 
adjacent to 
major cOIIDlll!r­
cial ceuceu 

The edge of tbe 
urban area bl!fore 
it becomes the 
auburbs 
No induatry, only 
locallud c011211er­
cial eatabliallmenta 

These areaa exist 
in nriowi parts 
of c1 ty, but orig­
inate generally 
ue.a r indu atria 1 or 
coamercial aouri:as 
of employment 

Edge of urban 
area and auhurba 
Gene.rally 110 in­
dustry; commercial 
facilltiea grouped 
in larger center& 

Cl!ARACTERISUCS 
OF RESIDENTS 

• Generally tran­
sients, tbe aged, 
<lr the poor 

• Low levels of ed.ucatian 
• Low level! of mobility; 

pedeatri&n oriented 

• All age groups 
• LOW' levals of educa­

tion 
• Frequently felllllle 

head of houaahold 
• lligh parceatage of 

transients 
• Low level of mobil­

ity - pede• trian 
oriented 

• All age groups, large 
number, of fudliee 
(o!ten extended) 

• Low levels of education 
• Lev level of mobility -

generally pedestrian 
orie11tsd 

• Generally single people 
of all ages and child­
less couples 

• IUgh levels of education 
• Sigh 90bil1ty - leaa 

need for faciUties 
within walking distance 

• eoasibly a high percent­
age of transients 

• Older families and indi­
viduals 

• lligh lavela of aducation 
' IUgh levela of ,aobillty; 

lea& need for facilities 
witlrln walking diatacce 

• Old.er families and indi­
viduals 

• KediWB leval of 
education 

• aeaaonably good mcibility 

• Older familiea 
• Older child.leas couple& 
• High level of education 
• High nobility; leaa need 

of facilitiea within 
walking distance 

Source: A<apted from Vorhees, p, 93, 

SOClAL 
C!!ARACTE!USTICS 

• Few famil• ties -
no family· struc­
ture 

• L.:,ck of any shared 
behavioral or ralli­
dential patterua 

• E.xiateoce of a family unit 
• Some shared behavioral 

patterns but little iden­
tity with the particular 
area or gToup 

• lnterai:tion,; with thoae 
cloae by basically in form 
of "atreet ,activity" 

• Low laval of participation 
in formal activities 

• Area& of shared behav­
ioral patterns 

• Strong family unit; ac­
tivities family oriented 

0 ldentification with 
sma.ll geograpbic araa 

'Great identification 
with people of the area 
Fairly high level of pat'tic­
ipation in fonaal activities 

• If population is largely 
tranaient, ~here will be 
a lack of shared patterns 
and a generally weak iden­
tification with the arr.a 

• If population is not tran­
sient, area charactari~ed 
by shared perceptual pat­
teros and general identifi-
cation with the area· 

• Righ level of participation 
in formal community and 
neighborhood organi~atioos 

• Strong family unit 
0 Shared perceptual and 

bahavioral patterns 
• Good deal of informal 

and formal interaction 
• H0111e ownerahip incraaaea 

identity an.d cOl!lmitment 

• Stroog family unit 
• Shared behavioral patterns 
• Jligh levels of informal 

io te ract i 011 
• Some formal interactio11 
• Strongly identify with i:om­

mitment to the neighborhood 

• Strong family unit 
• Shared perceptual and 

bahartoral patterns 
• Good deal of for.al and 

informal interaction 
• Bigh level of participation 

in formal community/neigh­
borhood organizations 

ECONO!UC 
CHARACTERISTICS 

• Low income levels 
• Facilities and services 

generally m.argin.&l oper­
ations run by institu­
tions or elderly people 

• No O',llll!r occupancy 
0 Low income levelG 
• Facilities and ser­

vices are marginal; 
may be run by insti­
tutions 

'Lower inco~e to lower 
llliddle income 

• No owner occupancy 
• Facilities and services 

often owned and oper­
atad by local people 
and oftan-marginal 

• Middle to upper income 
• Some owner occupancr 
• General facilities and 

servicea are small and 
<!XJ)t!llSiVe 

• Middle to upper income 
• High percentage of 

bomeownera 

• Lower to !llddle income 
'Fairly lrlgh percentage 

of home ownership 

• Opper income 
• Majot'ity are bomeownera 
• Facilitie& and service& 

generally high quality 

Figure 59. Typology of neighborhoods comprising study area. 
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INTRODUCTION 

Since 1972 1 environmental impact assessments have been a required part of the 

planning process for all major highway projects supported by Federal Aid high­

way funds. In that year, the Federal Highway Administration (FHWA) published 

initial guidelines for implementing the transportation component of the Na­

tional Environmental Policy Act (NEPA) of 1969. Over the past 10 years, these 

guidelines have been elaborated by FHWA (most notably in the Process Guide­

lines published in 1974) and adopted by many States. 

Existing Federal and State guidelines provide general criteria and standards 

on (1) what impacts to look for when performing an assessment. and (2) the 

information to be assembled, analyzed, and presented in environmental docu­

ments which show assessment results. Road construction and improvement pro­

jects are normally planned and implemented at the State level. Therefore, 

State highway agency personnel are normally responsible for applying existing 

guidelines in the performance of assessments. 

PURPOSE 

This Manual is designed to be used by State highway personnel who are respon­

sible for assessing the potential impacts of new highway projects and report­

ing the results in environmental documents. It focuses on the systematic as­

sessment of site-specific displacement and proximity effects, and the use of 

findings to plan projects which stimulate positive socio-economic development 

and minimize adverse effects. 

The Manual provides a set of checklists, procedures, and analytic techniques 

which State practitioners may use to: 

0 

0 

0 

Define the information required to investigate impacts in study areas 
subject to displacement and proximity effects, 

Locate and collect this information, and 

Organize the information in formats which profile the areas subject to 
impacts and provide a basis for analyzing and documenting assessment 
findings. 
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The emphasis on performance of these basic activities is intended to simplify 

the assessment process, make it more cost-effective, and improve the quality 

of results. 

COVERAGE 

The Manual covers the assessment of social and economic impacts. Physical im­

pacts, which are also examined in the environmental assessment process, are 

not covered. 

The three social impacts examined are: 

C, 

0 

Impacts on the accessibility of intra-community and outside destina­
tion points to community residents, 

Impacts on community and neighborhood cohesion, and 

Impacts on local residents caused by the displacement and forced relo­
cation of house holds , local businesses, and community ins ti tut ions 
within the right-of-way (ROW). 

The four economic impacts examined are: 

0 

0 

0 

0 

Impacts on employment, income, and business activity caused by ROW ac­
quisition and changes in accessibility, 

Impacts on residential activity, including changes in the cost and 
availability of existing housing, and the need for and rate of new 
construction in the study area, 

Fiscal impacts on local governments, including highway-induced changes 
in the local tax base and revenues, and in expenditures required to 
provide local government services, and 

Impacts on local land use and development plans.* 

The Manual also covers techniques for profiling the attitudes and perceptions 

of local leaders, interest groups, businesspersons, and residents. Data of 

*The categorization of social and economic impacts used here and through­
out the Manual was developed by Skidmore, Owings and Merrill and presented in 
the Environmental Assessment Notebook Series (Washington: U.S. Department of 
Transportation, 1975). This work was a pioneering effort to codify the FHWA's 
guidelines and systemize the assessment activities needed to satisfy the es­
tablished requirements. 
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special interest in this area include: 

0 

Q 

0 

The attitudes of respondents toward the proposed project, 

Their preferences on route location and design features, and 

Their perceptions concerning possible effects of the project 
on the social and economic life of affected communities. 

The Manual provides guidance on the identification, collection, and presen­

tation of data needed to explore the seven impact areas listed above, and to 

profile the attitudes and perceptions of potentially affected populations. 

Assessment activities are normally conducted in two stages, referred to in 

the Manual as preliminary and detailed assessment. In preliminary assessment, 

practitioners identify concentrations of local residents and economic activi­

ties subject to project impacts and screen for indicators of special sensitiv­

ity to negative impacts. In detailed assessment, practitioners conduct an in­

depth examination of the corridors defined by alternative alignments to deter­

mine the scope, magnitude, and duration of possible impacts. 

ORGANIZATION 

The Manual consists of two volumes. Volume I focuses on the three major steps 

in the assessment process: (1) identification of information requirements, 

(2) collection of data, and (3) presentation of findings. Volume II provides 

resource materials which can be used, as needed, to support the assessment and 

documentation activities described in the first volume. 

The materials presented are designed for use with different types of highway 

projects in a variety of settings. Hence, users are free to select and use 

those sections of the Manual which satisfy their special needs. 

Volume I: The Impact Assessment Process. The opening sec. tion of Vo 1 ume I, 

The Context of Soc.io-Ec.onomic Impact Assessment, provides information which 

can be used to classify highway construction and improvement projects. It 

specifies the assessment activities and documentation requirements associated 
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with each project category, and shows how these activities fit into the over­

all project planning process. 

This section also discusses the seven major socio-economic impact areas exam­

ined in the assessment process. It covers the types of impacts to look for in 

each of these areas, and the information needed to screen for potential im­

pacts and estimate their scope, magnitude, and duration. The discussion con­

cludes with a description of information needed to profile the attitudes of 

affected populations towards the project and their perceptions concerning its 

possible effects. 

The three main sections of Volume I focus on the mechanics of the assessment 

process. Part 1, Information Requirements, specifies the data needed to (1) 

define local study areas, ( 2) assess potential socio-economic impacts, and 

(3) profile public attitudes and perceptions. Core information requirements 

for completing both preliminary and detailed assessment activities are pre­

sented in a series of data fields. These fields are a checklist of the infor­

mation potentially needed to conduct assessment under each of the impact areas 

treated in the Manual. 

Part 2, Data Collection, examines the use of (1) maps, (2) records, and (3) 

surveys to collect socio-economic data. It identifies and discusses 9 map 

types, 21 record sources, and 7 survey techniques which are potential sources 

of the information requirements specified in Part 1. 

A set of matrices is used to correlate individual data elements specified in 

the Part 1 data fields with the sources of these data. Since data collection 

activities are normally conducted by topic (e.g., population), rather than by 

type of impact (e.g., cohesion), the data/source matrices in Part 2 are organ­

ized in nine topical categories: 

Land use 
Community facilities 
Population 
Housing 
Business activity 
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Part 2 concludes with a discussion of the trade-offs involved in using maps, 

records, and surveys as data sources. These sources are evaluated using the 

following criteria: (1) information available, (2) geographic units covered, 

(3) currency of data, (4) resources required to collect the data, and (5) re­

liability and validity of the data. 

Part 3, Display and Analysis of Data, focuses on the use of (1) maps, (2) ta­

.bles, (3) graphics, and (4) narrative formats to organize and present assess­

ment data. These formats are used both to identify potentially adverse im­

pacts and to present findings which meet Federal and State documentation re­

quirements. Numerous examples are provided on the use of maps and mapping 

techniques, statistical and analytic tables, graphs, and narrative summaries 

for these purposes. Most of the examples are excerpted from environmental 

documents prepared by State highway agencies. 

In summary, Volume I presents checklists, matrices, and procedures which can 

be used to complete the following assessment activities: 

A.CTIVITY 

Define information 
requireaienta. 

Locate sources and 
collect data. 

Analyze sad present 
findingu. 

CONTENTS OF MANUAL 

Part l specifies potential in­
formation requirements for each 
impact area. 

Part 2 linka individual data 
elements with their sources. 

Part 3 shows organizing mechan­
Tsaia'commoaly used by practi­
tioners to tdentify and estimate 
impacts and document findings. 

PERTINENT DISPLAYS 

Data fields are presented in 
Figures 3 - 11. 

Topical matrices are pre­
aen,ted in Figures 13 - 21. 

Sample maps, tables, graphs, 
and narratives for organizing 
data are presented in Figures 
22 - 59 and Tables l - 26. 

Volume II: Resource Materials. Volume II provides backup materials -- de­

tailed information on available data sources, sampling approaches, and ana­

lytic tools -- which may be used, as needed, to support the assessment activ­

ities described in Volume I. 

Part 1, Information Sources, consists of an alphabetical listing and critical 

evaluation of the 9 map and 21 record sources covered in the Manual. The map 

sources which receive individual treatment are: 
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Aerial photographs 
Census maps 
Comprehensive plan maps 
Land use maps 
Plat maps 

The record sources examined are: 

Agricultural statistics 
Annual operating budgets 
Building perm.it files 
Business directories 
Business licenses 
Capital Improvement Programs 
Census reports* 
Classified ads 
Community facility registers 
Comprehensive plans 
Criss-cross area directories 

Soil maps 
Statewide highway maps 
USGS topographic maps 
Zoning maps 

Employment statistics 
Farm record cards 
Health facilities directories 
Library facilities directories 
Multiple listing services 
Population statistics 
Property assessment records 
Public property inventories 
School directories 
Zoning ordinances 

Part 2, Survey Techniques, provides a listing and critical evaluation of the 

seven survey techniques covered in the Manual. These are: 

Windshield surveys 
Walk-through reconnaissance 
Purposive surveys of area elites 
Mini-surveys of area residents and businesses 
Surveys of local facility managers 
Surveys of area residents and businesses 
Trip activity surveys 

The description and evaluation of these survey approaches are followed by a 

series of questions and response categories which can be used to collect data 

using each technique. 

Part 3, Sampling Procedures, describes state-of-the-art sampling methodolo­

gies. It focuses on the utility and limitations of different sampling plans 

in solving problems encountered in generating reliable survey results, while 

minimizing the cost of data collection. 

*Census reports covered include: 
Block Statistics 
County Business Patterns 
Current Business Reports 
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Part 4, Analytic Techniques, describes state-of-the-art analytic methodologies 

which can be applied in the assessment process. Each methodology is discussed 

in terms of its particular utility in identifying significant relationships 

among available socio-economic data and developing reliable measures of poten­

tial effects. 

Volume II may be used in conjunction with Volume I, or read independently as 

a compendium of sources and techniques.· The relationship be tween ac ti vi ties 

covered in the two volumes is shown below: 

ACTIVITY 

Define information 
requirements, 

IAcate sources and 
collect dllta. 

Analyze and present 
findinga. 

VOLUME I 

Part 1 specifies potential in­
Ioriiiation requirements for each 
impact area. 

Part 2 links individual data 
elements with their sources, 

Part 3 Bhowa organizing mechan­
Tsiiis"co1WI10nly used by practi­
tioners to identify and estimate 
impacts and document findings, 

* * * * 

VOLUME II 

Part 1 examines the utility of 
specific map and record sources. 
Part 2 evaluates individual survey 
techniques, and includes questions 
and sample response categories. 
Part J provides technical cover­
age of random and non-random 
sampling methodologies. 

Part 4 covers advanced analytic 
techniques. 

* 

The Manual is predicated on the belief that assessment activities can fre­

quently be simplified, and the results improved, when practitioners concen­

trate on a limited number of clearly stated data requirements and widely 

available information sources. In this context, the information requirements 

covered serve as a checklist of the core socio-economic data needed to conduct 

impact assessments. The sources identified are those most commonly available. 

The presentational formats offered are those widely used in current documen­

tation. 
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AERIAL PHOTOS 

Abstract: 

Utility: 

Coverage: 

Chapter 1. MAP SOURCES 

The most common aerial photographs are taken perpendicular to 
(i.e., immediately over) an area and depict the tops of trees 
and roofs of buildings. Oblique aerial photos are shot at an­
gles of less than 90° and show height or elevation more clearly. 
All aerial photos may be produced in a range of sizes and 
scales; topographic contours and names of roadways can be super­
imposed on them. 

Identification of land use and topographic features. Compari­
son of current and dated photos provides visual documentation 
of land use trends. 

Most areas of the country are covered by aerial photographs. 
The USGS computerized system -- the Aerial Photography Summary 
Record System -- provides a centralized listing of available 
photographs from the 1930s forward. 

Information: Aggregate Data on Land Use 
Topographic features 

waterways 

Concentrations of Residential 
Structures 
Transportation Data 

Currency: 

Sources: 

Retrieval: 

woodlands 
Land use by activity 

Aggregate Data on Community 
Facilities 

Number 
Location 
Size 

Varies. 

Roads 
Bridges 
Railroads 
Airports 

National Cartographic Information Cencer, U.S. Geological 
Survey, 507 National Center, Reston, Virginia, 22092. 

County and local governments. 
Private aerial photography firms. 

When ordering aerial photos from the National Cartographic In­
formation Center, the geographic coordinates of the area of 
interest should be specified. If unavailable, the area can be 
circled on a USGS map, or on a State or local highway map. 
Special requirements should accompany the order. These include 
preferences on the type of film (i.e., black-and-white, color, 
color-infrared), approximate date of photograph, time of year, 
level of desired ground detail (eg., low altitude, photo scale, 
etc.), size, whether stereoscopic photos are desired, and the 
intended use of the photograph. 
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COMPREHENSIVE PLAN MAPS 

CENSUS MAPS 

LAND USE MAPS 

Abstract: 

Utility: 

Coverage: 

See "Comprehensive Plans, Local" in Chapter 2. 

See "Census Reportst Population and Housing Data" in Chapter 2. 

Maps showing existing land use depict how a community's land is 
currently being used.* Land use is classified typically as (1) 
single-family residential, (2) multi-family residential, (3) 
commercial, (4) industrial, (5) agricultural, or (6) open space. 
Though the classifications may vary by community, existing land 
maps provide a general description of what land has been devel­
oped and how it is being used. 

Used to identify agricultural and land use characteristics. 

Counties and local municipalities. 

Information: Aggregate Data on Land Use 
Land use by activity 

Aggregate Data on Agriculture 
Total acres 

Currency: 

Source: 

Retrieval: 

PLAT MAPS 

Abstract: 

Utility: 

Location 

These maps are intended to be updated with every major change 
in land use. Actual practice varies by community. 

Regional, county or local planning commission. 

Available for review on request. Copies may be purchased for a 
nominal fee. 

Plat maps identify the location and dimensions of each parcel 
of property in local areas. Each lot created when property is 
divided into residential subdivisions, industrial parks, etc., 
is represented on the plat map. Information shown includes lot 
line dimensions, the location and dimension of utility and ac­
cess easements, and the location of waterways, roads, and rail­
roads. 

Map overlays showing proposed ROW locations, used with plat 
maps, facilitate the identification of parcels within and near 
the ROW. Recent subdivision of property may indicate the own­
ers' intentions to develop the property in the near future. 

*Maps showing proposed land use indicate how a community wants land to be 
used at some point in the future. This type of map is frequently one compon­
ent of a community's comprehensive plan. 
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Coverage: Counties and municipalities maintain plat maps of property in 
their jurisdictions. 

Information: Data on Individual Parcels 
Property lines Acreage of lots 

Tax lot numbers 
Roads 

Currency: 

Source: 

Retrieval: 

SOIL MAPS 

Abstract: 

Utility: 

Coverage: 

Property dimensions 
Access and utility 

location 
dimensions 

Railroads 
Waterways 

Varies by municipality. Property lines and tax lot numbers are 
usually current, although other information may be dated. 

Real Estate Assessment or Property Management office of the 
county or municipality. 

Available for review on request. 

Soil is classified by texture, composition, percolation rate 
and other characteristics. Soil maps show the geographic dis­
tribution of each soil type found in an area. Topographic maps 
are commonly used as base maps for soil maps. Map scales and 
geograhic coverage vary depending on the variety of soils found, 
base map used, and size of the county or soil district. 

Soil charateristics are factors to consider when the develop­
ment potential of land is assessed. Prime agricultural land 
and land ill-suited for development can be identified. 

Counties and soil districts. 

Information: Aggregate Data on Agriculture 
Soil characteristics 
Location of soil types 

Prime and unique farmlands 
Wetlands 
Waterways 

Currency: 

Source: 

Retrieval: 

Once an area is mapped, it is not usually revised unless envi­
ronmental circumstances change. 

State Soil Conservation Service. 

Available on request for a nominal fee. Technical assistance 
in interpreting the maps is also available. 

STATEWIDE HIGHWAY MAPS 

Abstract: An overview of the transportation network in each State is pre­
sented in the official State highway map. More detailed high­
way coverage is provided by a series of large-scale maps cover­
ing geographically confined sections of the State. The latter 
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Utility: 

Coverage: 

are generally organized by county, although county size fre­
quently requires that two or more map sheets·be used to present 
a single county. In addition to depicting the existing trans­
portation network in a State, the large-scale highway maps show 
some community features. 

Used to identify selected community and land use features. 

State. 

Information: Aggregate Data on Land Use 

Currency: 

Source: 

Retrieval: 

Topographic features 
waterways 
mountains 
woodlands 

Boundaries 
community 
neighborhood 
political 

Aggregate Data on Community 
Facilities 

Government and municipal 
buildings 
Military installations 
Schools 

Hospitals 
Libraries 
Religious facilities 
Historical sites 
Parks and recreation areas 

Transportation Data 
Primary and secondary highways 
Light-duty roads 
Bridges and tunnels 
Mass transit systems 
Railroads 
Airports 

Concentrations of Businesses 

Generally, highway maps are regularly updated as a State's 
transportation network grows and changes. Practitioners, how­
ever, should communicate with State highway cartographers re­
garding data currency, particularly when using the maps as a 
primary source for profiling the study area. The publication 
date which appears on the map does not necessarily mean that 
all topographic features were field-verified as of that date. 

Map Distribution Section, State highway agency. 

The appropriate map in the State highway series may be accessed 
when the counties comprising the study area are specified. 

U.S. GEOLOGICAL SURVEY TOPOGRAPHIC MAPS 

Abstract: Geological survey topographic maps depict natural and selected 
cultural features of an area. Contour lines, map symbols, and 
colors are used to show such features as the shape and eleva­
tion of terrain, water areas, roads, towns, and major buildings 
and landmarks. The topographic maps most commonly used are the 
standard quadrangles which include the 7.5-minute and 15-minute 
series.* The map scale in the 7.5-minute series is 1:24,000 (1 
map inch represents 24,000 feet on the ground); the scale in 

*A quadrangle, or quad, is the area of land shown on a single map sheet. 
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Utility: 

Coverage: 

the 15-minute series is 1:62,500 (1 inch represents about 1 
mile).* Approximately 75 percent of the United States has been 
mapped in one or both series. 

Used to identify major community and selected land use features. 

Geological survey quadrangles cover geographic areas ranging in 
size from 49-71 square miles, in 7.5-minute maps, to 197-282 
square miles in 15-minute maps. Quadrangles showing only neigh­
borhoods and sections of towns, however, may be pieced together 
to examine municipalities, counties, regions, or States. 

Information: Aggregate Data on Land Use Religious facilities 

Currency: 

Source: 

Topographic features 
waterways 
mountains & valleys 
woodlands & marshes 
orchards & vineyards 

Boundaries 
community 
neighborhood 
political 

Aggregate Data on Commun­
ity Facilities 

Government & municipal 
buildings 
Military installations 
Schools 
Hospitals 
Libraries 

Pits, mines. & quarries 
Museums & historical sites 
Parks & recreation areas 
Reservoirs & wells 
Utilities, towers, and 
pipelines 

Concentrations of Residential 
Structures 
Concentrations of Businesses 
Transportation Data 

Primary and secondary highways 
Light-duty roads 
Bridges and tunnels 
Mass transit systems 
Railroads and train stations 
Airports 
Canals 

The Geological Survey constantly updates the 7.5-minute and 15-
minute maps. However, because all quadrangles in the series 
are not revised simultaneously, the currency of particular 
maps, even within a single State. can vary greatly. It is thus 
important for practitioners to be aware of the currency of maps 
covering the study area. The year the map was compiled from 
field surveys, revised from aerial photographs, and field 
checked (when applicable), is clearly indicated in the margin 
of each map. This information is also summarized in the State 
Index (see Retrieval, below). 

Geological Survey maps for areas east of the Mississippi River 
may be ordered from the Branch of Distribution, U.S. Geological 
Survey, 1200 South Eads Street, Arlington, Virginia 22202. 
Maps for areas west of the Mississippi River may be ordered 
from the Branch of Distribution, U.S. Geological Survey, Box 
25286 Federal Center, Denver, Colorado 80225. The Geological 
Survey also maintains sales counters at a variety of locations 

*The 7.5 minute maps show greater detail than any other topographic series 
providing nationwide coverage. For example, in non-urban areas covered by 
these maps, individual houses are shown. 
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Retrieval: 

ZONING MAPS 

around the country. Commercial dealers who sell topographic 
maps are listed in each State Index. 

Each topographic map is identified by name, series and State. 
Detailed instructions on identifying and ordering the maps are 
provided in each State Index. State indices may be ordered, 
free of charge, from the distribution branches listed above. 

See "Zoning Ordinances" in Chapter 2. 
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Chapter 2. RECORD SOURCES 

AGRICULTURAL STATISTICS, STATE 

Abstract: 

Utility: 

Coverage: 

State Agricultural Statistics Bulletins provide comprehensive 
statistics on agricultural activities. These statistics cover 
(1) crop acreage, (2) the productivity and value of land, and 
(3) the number, output, and value of livestock. Data showing 
change over time are also normally available. 

Highly useful in rural areas. Reliability of data varies by 
State, since reports are often based on responses to voluntary 
mail-out questionnaires. 

States and counties. 

Information: Aggregate Data on Agriculture 
Total acres 

Average revenues per acre 
Data on Individual Farms 

Currency: 

Source: 

Retrieval: 

Number of farms 
Average acres per farm 
Acreage by crop 
Average productivity per acre 

Costs and revenues 
operational costs per acre 
revenues per acre 

Updated annually. More current data are frequently available 
from State Departments of Agricultural (DOA). 

Issued cooperatively by the u.s. and State DOAs. The Crop and 
Livestock Reporting Services Division of each State DOA pre­
pares statistical documents. 

Available on request. 

ANNUAL OPERATING BUDGETS, LOCAL GOVERNMENTS 

Abstract: 

Utility: 

Coverage: 

Local government units develop and operate under annual budgets 
which present projected revenues by source and expected expendi­
tures by cost item. These budgets also contain balance sheets 
showing revenues and expenditures for previous years. 

Used in the examination of local government finances. 

All local government units. 

Information: Aggregate Assessment and Local Government Expenditures 
New construction 

Currency: 

Tax Data 
Total tax base 
Assessment rates 
Property tax revenues 
Other sources of funds 

Ope~ations and maintenance 
costs 
Interest charges 

Budgetary documents are developed annually. Most government 
units also generate quarterly financial statements. 
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Source: 

Retrieval: 

Budget or Finance Departments of local government units. 

Available on request. 

BUILDING PERMIT FILES 

Abs tract: 

Utility: 

Coverage: 

The building permit file consists of building permit applica­
tions and official building'records. Prior to the construction, 
alteration, or demolition of a structure, a permit must be is­
sued by the appropriate Building Inspector's office. The build­
ing permit application briefly describes work to be done and 
gives the dimensions of new structures planned. The official 
building record includes more detailed information such as (1) 
a site plan which shows existing structures and the dimensions 
of planned structures, (2) a record of all inspections, and (3) 
a record of other permits that have been issued, e.g., zoning 
and sewer permits. 

A useful source of data on land use, housing, and business ac­
tivity. 

Counties and incorporated municipalities. 

Information: Scheduled Development Projects 
Location 

Number of rooms by type 
Description of rooms 
Style of unit 

Currency: 

Land use type 
Description of each project 
Estimated development costs 
Owner/developer 

Aggregate Housing Data 
Total housing units 
Housing types 
Number of units in structure 
Age of structure 
Plumbing facilities 
Kitchen facilities 
Number of rooms 
Year dwelling built 

Data on Individual Dwellings 
Type of housing 
Number of dwellings in unit 
Location 
Dimensions 
Size of land parcel 
Finished floor area 
Number of floors 

Condition 
Special features 
Condition of facade and 
building 
Surrounding area 
Land uses 
Physical condition 

Housing Construction 
Construction permits issued 
previous year 

Data on Individual Businesses 
Street frontage 
Physical plant/operating 
area 
Street frontage 
Acreage/square footage 
Type of construction 
Special features 
Age 

Once a permit is issued, the user has approximately 180 days to 
begin construction. If construction does not begin in the al­
lotted time, the user must secure a new permit. Information is 
regularly updated as new permits are issued and ongoing pro­
jects are inspected. 
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Source: 

Retrieval: 

Local Building Inspectors' Offices and County Building Divi­
sions within the County Planning or Zoning Department. 

Permits for buildings within a municipality's boundaries are 
issued by the local Building Inspector's Office. These records 
are maintained at the local level. Permits for buildings out­
side the municipality, but within the county, are issued by the 
county Building Inspector's Office. In most cases, records are 
filed by location. 

BUSINESS DIRECTORIES 

Abstract: 

Utility: 

Coverage: 

Business directories in most municipalities are published ei­
ther by the local chamber of commerce or a private company. 
Formats vary, but typically include (1) alphabetical listings 
by name, (2) alphabetical listings by business type, and (3) 
listings by street name and address. Directories developed by 
the chamber of commerce may be limited to the area's largest 
employers or only to businesses which are members of the cham­
ber. 

Provides detailed data on employment and business activity. 

Municipalities. 

Information: Aggregate Data on Businesses 
Total businesses 

Data on Individual Businesses 
Name 

Currency: 

Source: 

Retrieval: 

by type (SIC) 
Concentrations of Businesses 

Number 
Type 
Location 

Type 
Location 

Major Employment Areas 
Type 
Location 
Estimated number of employees 

Currency varies, although the directories are frequently up­
dated annually. 

Local chambers of commerce or private firms. 

Can be reviewed at source or purchased for a fee. Local li­
braries often maintain reference copies. 

BUSINESS LICENSE FILES, LOCAL 

Abstract: Most municipalities require businesses to obtain a license to 
operate. License applications typically include information 
similar to, but considerably more detailed than, data found in 
business directories. The major drawback to using license 
files is that information on a particular business is often dif­
ficult to access. However, in recent years, some municipali­
ties have automated license data, enabling users to retrieve 
listings by census tabulation area, SIC code, number of employ­
ees, and other criteria. 
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Utility: 

Coverage: 

Information: 

Currency: 

Source: 

Retrieval: 

Business licenses are a source of detailed information on busi­
ness activity and employment. However, records may be incom­
plete, difficult to access, or out-of-date. 

Most municipalities. 

Aggregate Data on Businesses 
Total number of businesses 

by industry (SIC) 
by tenure 

Concentrations of Businesses 
Number 
Type 
Location 
Number of tenants 

Data on Individual Businesses 
Name 
Type 
Location 
Ownership 
Years in operation 
Years at current address 

Employees 
number by business 
distribution by sex 
distribution by occupation 
distribution by ethnicity 

Aggregate Employment Data 
Number by business 
Distribution by sex 
Distribution by labor category 
Distribution by race/ethnicity 

Major Employment Areas 
Number 
Type 
Location 
Estimated number of employees 

Normally updated annually. New businesses are required to have 
a license prior to opening. 

Municipal finance or business license office. 

Users should contact the Finance Department or Office of Busi­
ness Licenses for information regarding that municipality's rec­
ordkeeping procedures. If the licenses are organized by name 
only, and not cross-indexed by SIC, address, number of employ­
ees or other useful categories, extraction of pertinent data 
may prove difficult and time-consuming. 

CAPITAL IMPROVEMENT PROGRAM FILES 

Abstract: 

Utility: 

Coverage: 

Capital Improvement Program (CIP) files document a municipal­
ity's planned capital expenditures, (e.g., non-operating expen­
ditures for construction of a police station or acquisition of 
new parklands) for periods of five years or more. They also 
contain data on capital expenditures for improvement of exist­
ing facilities (e.g., an addition to the main library). Im­
provement plans are usually grouped by functional area (e.g., 
police protection). 

GIP files may be used to determine (1) the number, type and lo­
cation of facilities to be built or remodeled, and (2) the re­
sources to be expended in these areas. 

Municipalities and other local government units. 
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Information: Aggregate Data on Community 
Facilities 

Type 
Location 
Physical description 

year built 
condition 

Service area boundaries 
Recommended facility-to­
population standards 
Physical Description 

size 

capacity 
date construction began 
date operational 

Funding and administration 
funding level 
source of funds 
owner 

Usage/capacity ratio 
Planned Comm.unity Facilities 

Number 
Type 
Location 

Currency: Varies by municipality. CIP files are normally updated annu­
ally to reflect project additions, deletions and amendments. 

Source: Municipal planning or budget office. 

Retrieval: Available from the originating office. Local libraries often 
maintain reference copies. 

CENSUS REPORTS 

Two types of census surveys conducted by the U.S. Bureau of the Census pro­
vide standardized sources of nationwide data which play a central role in 
socio-economic impact assessments: -(1) the population and housing census, and 
(2) the economic census. The former is conducted every 10 years and the lat­
ter every 5 years. The Bureau also conducts sample surveys on a more fre­
quent basis. Survey findings are combined with data from administrative rec­
ords to update data from the censuses. However, this updating is generally 
done at a high level of aggregation which makes the results of limited value 
to impact analysts. 

The Bureau compiles data for the U.S., its regions and divisions, and the fol­
lowing political and statistical areas: 

Government Areas 
States ;, 
Counties 
Places (by population size) 
Congressional Districts 
Minor Civil Divisions (MCDs) 
Indian reservations 
Alaskan native villages 

Statistical Areas 
Urban areas 

Standard consolidated statistical 
areas (SCSAs) 

Standard metropolitan statistical 
areas (SMSAs) 

Census county divisions (CCDs) 
Census tracts 
Block groups 
Blocks 
Enumeration districts 

Figure l (p. 20) shows the geographical hierarchy of statistical units cov­
ered in census reports. 

SCSAs are consolidated SMSAs. An SMSA consists of a central city with a popu­
lation of 50,000 or more, the county or counties in which it is located, and 
contiguous counties which are socially and economically integrated with the 
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Figure 1. Census geographic hierarchy. 
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central city. Urbanized areas are based on population density and consist 
of a central city and surrounding areas which have a combined population of 
50,000 or more. 

Places are either incorporated municipalities or concentrations of residences 
which the census designates as places. County subdivisions are either legal 
minor civil divisions (MCDs), usually called townships, or census county di­
visions (CCDs).· 

Census tracts are statistical divisions of SMSAs with an average population 
of 4,000. Blocks, averaging 60 people, are the smallest area for which cen­
sus data are tabulated. They are used in urbanized areas with a population 
of 10,000 or more. Enumeration districts average 800 persons each, or around 
250 households, and are assigned in non-blocked areas. 

Census reports provide the core data required to profile the social and eco­
nomic characteristics of the study area. They also provide time-series data 
which are used to identify trends and predict future changes. 

Reports are available in one or more of the following media: (1) printed re­
ports, (2) microfiche, and (3) summary tape files (STFs). Figure 2 (p. 22) 
shows the correlation between spatial unit coverage and storage media for ma­
jor Census reports. Summary descriptions of the Census reports which are 
most useful in impact assessment are presented below. 

CENSUS REPORTS: Population and Housing Data 

Census Tracts 

Abstract: 

Utility: 

Coverage: 

Census tract reports present data for complete-count and sample­
estimate population and housing questions collected during the 
decennial census. Data are tabulated by census tract and for 
larger statistical units of which the tracts are components, 
For tracts with 400 or more blacks, American Indians, Asians 
and Pacific Islanders, or persons of foreign origin, detailed 
data on these groups are presented on separate tables. 

Are a primary source of demographic and housing data for impact 
assessments. 

SMSAs, counties aggregated by census tracts, and tracted places 
with populations of 10,000 or more. 

Information: Aggregate Population Data 
Population density 

density per acre 
persons per household 

by automobiles available 
by residence five years ago 
by race/ethnicity 
by marital status 

Total population 
~a~ 
by employment status 
by occupation 
by family income 
by mode of travel to work 
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household relationships 
enrollment in school 

Population trends 
total population 
density 
race/ethnicity 
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Figure 2. Small-community areas covered in reports and summary tape files (STFs). 



Currency: 

Source: 

Retrieval: 

Aggregate Housing Data 
Total housing units 

by type 
by units in structure 
by age of structure 

Vacancy rates 
Tenure 

owner-occupied 
renter-occupied 

Presence of plumbing 
facilities 
Presence of kitchen 
facilities 
Number of rooms 
Persons per room 

Year dweller moved in 
Value of home (if owned) 
Monthly homeowner costs 
Monthly rent (if rented) 
Monthly utility costs 

Residential Concentrations 
Ethnic minorities 
Foreign-born 
Non-English speaking 
Female-headed households 
Low-income households 

Housing Construction 
Trends 

tenure 
housing costs 

Population and housing censuses are conducted every 10 years, 
in years ending in "O". 

U.S. Department of Commerce, Bureau of the Census. 1980 tract 
data are available in printed reports, Series PHC80-2, Census 
Tracts. All four STFs provide tract-level data. STFs 1 and 
2 contain data based on a complete count; STFs 3 and 4 contain 
sample-estimate data. STFs 2 and 4 offer more detail than do 
STFs 1 and 3. 

Available as a printed report, on microfiche and on computer 
tape.* Printed copies may be used at or ordered from Depart­
ment of Commerce district offices and Census regional offices. 
Libraries and State Data Centers often have reference copies 
available. Microfiche and computer tapes may be purchased from 
the Data User Services Division (DUSD), Bureau of the Census, 
Washington, D.C. 20233. 

To extract data for a particular study area from a printed re­
port, identify the tract numbers on the appropriate tract out­
line map (available with the tract report), and then locate per­
tinent data element for those tracts in the corresponding re­
porte Tract data are generally arranged alphabetically by SMSA, 
and then numerically by county and principal cities within the 
county. Since tract boundaries frequently cross municipal or 
county lines, it may be necessary to review data elements under 
multiple listingse Detailed information on accessing tract 
data from the STFs is provided in the 1980 Census User's Guide, 
Part B. 

*Data from complete-count questions are on STF 2. Data from sample ques­
tions are on STF 4. 
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Block Statistics 

Abstract: 

Utility: 

Coverage: 

Information: 

Currency: 

Source: 

Retrieval: 

Block reports are the only source of census data tabulated at 
the block level. Block data are limited to complete-count 
questions. 

Blocks are the smallest statistical units for which census data 
are reported. Block reports provide population and housing 
data in detailed assessment. 

Urbanized areas, incorporated places of 10,000 persons or more, 
and other areas which have contracted for block-level statis­
tics. 

Aggregate Population Data 
Population density 

persons per household 
Total population 

by age 
by race/ethnicity 
by marital status 
by household relationship 

Population trends 
total population 
race/ethnicity 

Aggregate Housing Data 
Total housing units 

by housing type 

by units in structure 
by tenure 
by number of rooms 
by persons per room 
by value of home (if owned) 
by monthly rent (if rented) 

Vacancy rate 
Number with plumbing facili­

ties 
Housing Construction 

Trends 
tenure 
housing costs 

Block statistics are collected during each decennial population 
and housing census, in years ending in "O". 

1980 block data are available on microfiche, Series PHCS0-1, 
Block Statistics. STF 1 provides both block-level and enumera­
tion district data. 

To extract block data for a particular study area from micro­
fiche, id~ntify the block numbers on the appropriate Metropoli­
tan Vicinity Map (available with the block report), and then lo­
cate the pertinent data elements for those blocks on the corres­
ponding microfilm sheet.* Block data are arranged alphabetic­
ally by State, then by urban area; tracts and blocks are listed 
numerically in chronological order. Detailed information on ac­
cessing block and enumeration data from the STFs is provided in 
the 1980 Census User's Guide, Part B. 

*Maps in the Metropolitan Vicinity Map Series, though they show block 
boundaries and major roadways, are not always current. These maps should be 
used only to identify census tracts and blocks, and not for other profiling 
purposes. 
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Urban Transportation Planning Package 

Abstract: 

Utility: 

Coverage: 

Information: 

Currency: 

Source: 

Retrieval: 

The Urban Transportation Planning Package (UTPP), available 
through the Census Bureau, is a special computer software pro­
gram which provides a predefined set of tabulations for SMSAs 
and urban and rural subareas. The program compiles data on the 
characteristics of (1) persons by census tract and block group, 
(2) workers by census tract and block group, and (3) the traf­
fic flows between major residential and employment areas. 

This source is particularly useful in areas with a heavy flow 
of traffic to and from major employment centers. 

SMSAs. 

Aggregate Population Data 
Population density 

density per acre 
persons per household 

Total population 
by age 
by race/ethnicity 
by marital status 
by household relationships 
by enrollment in school 
by employment status 
by occupation 
by family income 
by mode of travel to work 
by automobiles available 
by residence five years ago 

Population trends 
total number 
density 
race/ethnicity 
income 

Residential Concentrations 
Population centers 

Ethnic minorities 
Foreign-born 
Non-English speaking 
Female-headed households 
Low-income households 

Aggregate Housing Data 
Total housing units 

by type 
by units in structure 
by age of structure 
by tenure 
by number of rooms 
by year dweller moved in 
by value of home (if owned) 
by monthly rent (if rented) 

Presence of plumbing fac'ties 
Presence of kitchen fac'ties 
Vacancy rate 

Housing Construction 
Trends 

tenure 
housing costs 

Population and housing censuses are conducted every 10 years, 
in years ending in "O". 

U.S. Department of Commerce, Bureau of the Census. 

Available on microfiche and STF l. Microfiche may be purchased 
from the Government Printing Office, Washington, D.C. 20402. 
Libraries and State Data Centers may have microfiche available 
for use. Printed copies may be purchased from the Data User 
Services Division (DUSD), on request. Computer tapes or print­
outs may be purchased from DUSD or State Data Centers. 
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CENSUS REPORTS: Economic Census Data 

Abstract: 

Utility: 

Coverage: 

Information: 

Economic census reports provide a standard data base on busi­
ness activities. Individual reports cover: (1) retail trade, 
( 2) wholesale trade, ( 3) service industries, ( 4) construction 
industries, (5) manufactures, and (6) mineral industries. Data 
are gathered through questionnaires and administrative records, 
and tabulated using the Standard Industrial Classification (SIC) 
system.* 

Are a primary source of statistical data on business activities. 

Figure 3 (p. 27) shows the geographic coverage of pertinent 
1977 Economic Census reports. 

Total 
No. by Type 

Total No. by 
Type of Organization 

Total Sales 
by Type 

Retail Trade X X X 
Wholesale Trade X X 
Service Industries X X X 
Construction Industries xt X xt 
Manufactures xt 
Mineral Industries xt ctData for all establishments 

Currency: 

Source: 

Retrieval: 

with payrolls.) 

Economic censuses are conducted every 5 years, in years ending 
in "2" and "7". 

U.S. Department of Commerce, Bureau of the Census. 

Available in printed reports and on computer tape. Printed re­
ports are available at many libraries, most Census Bureau re­
gional offices, and Commerce Department district offices. Cop­
ies may be purchased from the Government Printing Office. Com­
puter tapes may be purchased from the Data User Services Divi­
sion, Bureau of the Census, Washington, D.C., 20233. 

County Business Patterns 

Abstract: This Census Bureau publication contains economic data collected 
from records maintained by county governments and through an­
nual surveys. The data are similar to the information in the 
economic census reports, except they are reported annually. 

*The Department of Commerce's SIC system numerically classifies businesses 
by their primary activity. Two digit numbers are assigned to major groups of 
economic activity, e.g., "food stores." Three digits represent industry sub­
groups, e.g. , "food stores, retail bakeries." Four digits identify i ndus­
t r ies in even greater detail, e.g., "food stores, retail bakeries -- baking 
and selling." 
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Figure 3. Primary geographic areas for which 1977 Economic Census data are available. 



Utility: 

Coverage: 

This source can be used to update county-level data reported 
in the economic census, and to detect trends. 

Counties. 

Information: Aggregate Employment Data 
Employment by industry (SIC) 

Aggregate Data on Businesses 
Total businesses 

Currency: 

Source: 

Retrieval: 

by type (SIC) 

Updated annually. 

U.S. Department of Commerce, Bureau of the Census. 

May be purchased from the Government Printing Office, Washing­
ton, D.c. 20402. 

Current Business Reports 

Abstract: This printed report provides economic data on retail and whole­
sale trade and selected service industries. Estimates are 
based on sample surveys. Data are presented in both unadjusted 
and adjusted (for seasonal variations) form. Historical data 
are also included. 

Utility: Useful for updating other sources of economic data and identi­
fying short-term trends. 

Coverage: United States, selected large States, SMSAs, and cities. 

Information: Aggregate Data on Businesses 
Number by type 
Total ,revenues by type 

' 
Currency: Issued monthly. 

Source: U.S. Department of Commerce, Bureau of the Census. 

Retrieval: Order forms available from Subscriber Services Section (Publi­
cations), Bureau of the Census, Washington, D.C. 20233; Census 
Bureau Regional Offices; U.S. Department of Commerce District 
Offices; and State Data Centers. 

CLASSIFIED ADS 

Abstract: 

Utility: 

Coverage: 

Classified ads in local newspapers provide information on em­
ployment opportunities and the availability of goods, services, 
and property. Job descriptions are often limited, but normally 
include an address or phone number, making follow-up possible. 

Provide insight into the availability of residential and busi­
ness properties for sale or lease and employment opportunities. 

All areas served by one or more local newspapers. 
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Information: Data on Available Dwelling type of occupation 
location of business 
wage or salary 

Currency: 

Retrieval: 

Units 
Location 
Tenure (for sale or rent) 
Cost 
Financing options 
Size 
Types of rooms 
Special features 

Aggregate Employment Data 
Employment opportunities 

name of business 

Data on Available Business Space 
Location 
Tenure (for sale or lease) 
Cost 
Financing options 
Size 
Special features 

Varies with frequency of publication, i.e., daily, weekly, or 
biweekly. 

May be purchased ac newsscands and selected business establish­
ments, or read at public libraries. 

COMMUNITY FACILITIES REGISTERS 

Abstract: 

Utility: 

Local chambers of commerce compile general information on most 
community facilities within the municipality and in surrounding 
areas. These registers include data presented in a variety of 
formats on public and private facilities. The name and phone 
number of the facility's administrator is also often provided. 

Convenient source of data on community facilities. 

Coverage: Counties and municipalities. 
eluded. 

Contiguous areas may also be in-

Information: Aggregate Data on Community 
Facilities 

Health care facilities 
number by type 
location 

Schools 
number by type 
location 

Religious facilities 
number by type 

location 
Social/cultural centers 

number by type 
location 

Recreation centers 
number by type 
location 

Facility administrators 
name 
phone number 

Currency: Currency of data will vary by community. Chamber of commerce 
personnel can normally verify and update materials. 

Source: Local chamber of commerce. 

Retrieval: Available on request. 
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COMPREHENSIVE PLANS, LOCAL 

Abstract: A comprehensive plan provides a blueprint for a community 1 s fu­
ture development. The plan may be devoted exclusively to writ­
ten goals, objectives and policies, or it may consist only of a 
proposed land use map for the community. Some community plans 
may (1) describe existing patterns of land use, (2) identify 
community needs, (3) provide growth projections, (4) present a 
plan for modifying existing land use patterns to meet projected 
needs, and (5) recommend legislative and regulatory actions to 
implement the plan. Comprehensive plans, while not legally 
binding, provide guidelines for subsequent legislative and regu­
latory actions on, e.g., taxation, annexations, and zoning. 

Utility: Describe community plans regarding land use and related issues, 
e.g., transportation and recreation facility development, that 
are required to support various land use activities. 

Coverage: Counties, local municipalities, or planning areas.* 

Information: Planned Land Use 

Currency: 

Source: 

Retrieval: 

Projected land use 
Consistencies/inconsistencies of project with 
community goals, objectives, and policies 

Although comprehensive plans should be updated at least once 
every five years, actual practices vary by community. Informa­
tion regarding the currency of a particular plan may be ob­
tained from the agency responsible for its preparation. 

County or municipal planning board. 

A comprehensive plan for a county or municipality may be pre­
sented in one or more volumes. Some plans cover particular sec­
tions of the locality (e.g., a community plan or downtown urban 
renewal plan). Others address specific land use activities 
across the locality (e.g., an agricultural land preservation 
plan for rural areas). Most comprehensive plans consist of a 
text and a series of maps. Large maps are sometimes packaged 
separately from the text. 

CRISS-CROSS AREA DIRECTORIES 

Abstract: 

Utility: 

Criss-cross area directories normally provide the most compre­
hensive, up-to-date listings of residents and businesses. 

Used to identify individual businesses and residences in a 
study area. Addresses and phone numbers in the directories may 
be used to sample and survey residents and businesses. 

*A planning area may be a region encocpassing several municipalities or 
counties. It may also be a specific section of a municipality, such as a cen­
tral business district (CBD). 
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Coverage: Metropolitan communities. Since criss-cross directories are 
compiled by private publishers, some municipalities will not 
have directories. 

Information: Data on Individual Residences 
Address Address 

Currency: 

Source: 

Retrieval: 

Name of resident 
Phone number 

Data on Individual Businesses 
Name 

Varies by municipality. 

Phone Number 
Concentrations of Businesses 

Location 
Number of tenants 

Private firms such as R.L. Polk Co., Haine~ and Co., and Hill 
Directory Co., publish the directories. 

The local chamber of commerce and public libraries usually 
have reference copies. 

EMPLOYMENT STATISTICS, STATE 

Abstract: 

Utility: 

Coverage: 

Employment agencies in most States publish extensive statistics 
on employment.* These publications often contain narratives 
highlighting developments in major industrial sectors and time­
series data useful in identifying trends and anticipating fu­
ture changes. 

Provides monthly data on employment by industry and unemploy­
ment rates. 

States, SMSAs, labor market areas, counties, municipalities. 

Information: Aggregate Employment Data 
Employment by industry (SIC) 
Unemployment rate 

Currency: 

Source: 

Retrieval: 

total 
by industry 

Available monthly. 

State employment agencies. 

Available on request. 

FARM RECORD CARDS 

Abstract: The U.S. Department of Agriculture, through its Agricultural 
Stabilization and Conservation Service (ASCS), collects data on 
individual farms. These data are stored on Farm Record Cards, 

*State employment agencies are variously called Departments of Employment 
Security, Employment Commissions, Departments of Labor and Industry, or a 
similar name. 
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Utility: 

Coverage: 

and are kept at the county level and filed by sections (stand­
ard land subdivision units). They provide information on indi­
vidual farm acreage and yield. The cards are kept for five 
years and thus provide historical data showing change over time. 
They also provide crop projections for the following year. 

Useful in providing detailed agricultural data for rural areas. 

Individual farms, collected at the county level. 

Information: Aggregate Data on Agriculture 
Total acres 

Average productivity per acre 
Data on Individual Farms 

Total acres 

Currency: 

Source: 

Retrieval: 

Number of farms 
Average acres per farm 
Average acreage by crop 

Updated annually. 

Acreage by land use and crop 
Average yield per acre 

County offices, Agricultural Stabilization and Conservation 
Service (ASCS), U.S. Department of Agriculture. 

Available on request. Farm Record Cards may be reviewed and 
copied at the county ASCS office. Cards are filed by farmer's 
name and by location. 

HEALTH FACILITIES DIRECTORY 

Abstract: 

Utility: 

Coverage: 

State Departments of Health publish directories containing the 
names and addresses of all public and private health care facil­
ities operating in the State. These directories often contain 
information on the type and size of the facility, and the name 
and phone number of its chief administrative officer. 

Used to locate health care facilities in the study area when 
community facilities are profiled. 

Individual facilities, compiled for the entire State, 

Information: Data on Individual Facilities 
Health care facilities 

number by type 

address 
name of administrator 
phone number 

Currency: Updated annually. 

Source: State Department of Health. 

Retrieval: Available on request for a nominal fee. 

LIBRARY FACILITIES DIRECTORY 

Abstract: The American Library Directory is published by a private firm 
for the American Library Association. It contains names and 
locations of all public and private libraries in each State. 
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Utility: 

Coverage: 

This includes university, medical, law and other special inter­
est libraries. The Directory also contains the names and phone 
numbers of chief administrators, and a listing of the special 
services provided. 

Used to locate libraries in the study area when community fa­
cilities are profiled. 

Individual libraries. Data are organized by State and munici­
pality. 

Information: Data on Individual Facilities 
Libraries 

address 
chief administrative ·officer 
phone number 

Currency: 

Source: 

Retrieval: 

number by type 

Updated annually. 

State Office of Libraries. 

Photocopies of pages covering pertinent geographic areas may of­
ten be ordered from the State Office of Libraries for a small 
reproduction charge. Also, public libraries frequently main­
tain reference copies of the directory. 

MULTIPLE LISTING SERVICE 

Abstract: 

Utility: 

Coverage: 

Multiple listing services centralize individual real estate of­
fice listings of properties for sale or lease. The service in­
creases the circulation of a property's availability beyond the 
realtor's office which originated the listing. 

Commercial, industrial, residential and undeveloped properties 
in the multiple listing provide insight into residential activ­
ity and, in particular, the availability of replacement proper­
ties for those displaced by a new facility. Although all prop­
erties for sale or lease are not covered in the listing, it 
does serve as an important indicator of property trendsa 

Most metropolitan areas. 

Information: Data on Available Dwelling Taxes 

Currency: 

Source: 

Retrieval: 

Units & Other Properties 
Address 
For sale or rent 
Asking price 
Financing options 

Up-to-date. 

Size of structure(s) 
Size of lot 
Types of rooms 
Type of construction 
Type of utilities 

Provided by the local Board of Realtors on a subscription basis 
to individual member real estate offices. 

Contact a real estate office which subscribes to the service. 
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POPULATION STATISTICS, LOCAL 

Abstract: 

Utility: 

Coverage: 

Population trends and projections are commonly developed by re­
gional planning agencies, counties, and municipalities. Trends 
are identified from population estimates for previous years and 
used to develop projections for future periods of 10 to 30 
years. Both trends and projections typically utilize decennial 
census data as a data base. Data on building and demolition 
permits, school enrollment and residential vacancy rates are 
also used in developing projections. Fertility, birth and mor­
tality rates, migration patterns, and unemployment figures may 
also be considered. Assumptions are made on interrelationships 
of these factors with the local and regional economic bases, 
quality of schools, services and amenities, and the community's 
goals and policies regarding growth. 

Helpful in identifying trends and in determining future demand 
for housing, goods and services. Projections made prior to the 
announcement of a new highway facility, however, will not re­
flect its impacts on growth. 

SMSAs, counties, municipalities, and communities. 

Information: Aggregate Population Data 
Population trends and projections 

total population 

by age group 
by race/ethnicity 
by income range 

Currency: 

Source: 

Retrieval: 

Varies. 

Municipal planning department or research-statistics branch of 
the regional planning agency. 

Available on request. 

PROPERTY ASSESSMENT RECORDS 

Abstract: 

Utility: 

Coverage: 

Different types of property assessment data may be found in (1) 
county real property map books, (2) county land books, and (3) 
county real estate cards. The county real property map books 
show the location of each parcel of land within the county. In 
addition, these maps identify land that has been subdivided 
plus existing roads, railroad tracks, and waterways (creeks and 
rivers). County land books present an overview of real estate 
taxes and assessments for each parcel of land. The county real 
estate cards provide more detailed information, including a sum­
mary of current and past land use for a particular parcel of 
land, structural descriptions, and assessed values by land and 
property type. 

Provides detailed data on land use, housing, local government 
finance, and business activity. 

County or municipality. 
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Information: Data on Individual Parcels 
Number 

Current market values 
Location 

Currency: 

Source: 

Retrieval: 

Size 
Location 
Assessed value. land and 

structures 
Estimated market value 
Owner 

Data on Undeveloped Land 
Location 
Description 

size of parcel 
Assessed value 
Estimated market value 
OWner 

Data on Individual Dwellings 
Assessed value of land and 
house 
Date of last assessment 
Previous assessed values 

Owner 
Current costs (owner) 
Price Paid 

Concentrations of Businesses 
Data on Individual Businesses 

Approximate size of building 
Condition of building 
Building owner 
Financing 
Value of property, building 

Aggregate Assessment and Tax Data 
Total tax base 
Average assessed values 

by property type 
Tax rate by property type 
Assessment-to-market ratio 

by property type 
Annual property taxes 

Real estate cards are continuously updated. The land books are 
normally updated following the annual property assessment. The 
real property maps are updated less often, but the date of the 
last revision appears on the map. 

Property or real estate assessment office. 

Generally, a parcel of land is first identified on the county 
real property maps which give a map reference number. This ref­
erence number is used to locate the real estate cards which are 
filed by map reference number and by property owner name. The 
county land books list parcels alphabetically by owner and nu­
merically by map reference number. 

PUBLIC PROPERTY INVENTORIES 

Abstract: 

Utility: 

Coverage: 

Municipalities often maintain inventories of public properties 
-- usually compiled for insurance purposes -- which list the 
names and locations of facilities. Additional information some­
times includes year built, type of construction, acreage or 
square footage, and market value.* 

Useful in locating and profiling public facilities in the study 
area. 

Municipalities. 

*State governments provide similar information on State-owned public facil­
ities in the area. 
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Information: Aggregate Data on Community Physical description 
acreage/square footage 
general design features 
year built 

Currency: 

Source: 

Retrieval: 

Facilities 
Number 
Type 
Location 

Data on Individual Facilities 

Varies by municipality. 

condition 
owner 
market value 

Municipal property management office. If such an office does 
not exist, contact the chief administrator of the planning or 
budget office. 

Available on request. 

SCHOOL DIRECTORIES 

Abstract: 

Utility: 

Coverage: 

Most States publish a Directory of Schools which provides the 
names and addresses of public, private and parochial schools 
within the State. The name and phone number of each school's 
principal are included, along with the number of students en­
rolled for the preceding year. 

Used to locate schools in the study area when community facili­
ties are profiled. 

Individual schools, organized by State, county and municipality. 

Information: Data on Individual Facilities 
Schools service area boundaries 

enrollment 

Currency: 

Source: 

Retrieval: 

number by type 
address 

Updated annually. 

State Department of Education. 

phone number of administrator 

Available on request for a nominal charge, 

ZONING ORDINANCES 

Abstract: Zoning is the most widely employed technique for implementing 
land use policies, particularly those policies specified in 
comprehensive plans. By establishing specific development re­
quirements for an area, zoning ordinances, in effect, regulate 
the size and quality of housing, population density, and loca­
tion of commercial and industrial centers.* The ordinance 

*While some communities do not have zoning ordinances, virtually all ex­
ercise varying degrees of control over land-use activities. In communities 
where zoning ordinances are not in effect, the planning board can usually pro­
vide information on implementation of local land-use policies. 
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Utility: 

Coverage: 

typically consists of (1) a map depicting the boundaries of 
each zone, and (2) a text specifying development requirements· 
in each zone. There are two major kinds of zoning plans: fixed 
and flexible. Fixed zoning plans generally designate geograph­
ic sections of the community as residential, business, or com­
mercial districts. Sometimes several additional zones (e.g •• 
agricultural districts, airport approach areas, historic pres­
ervation districts, or critical environment zones) are assigned 
to meet special community needs. Whereas fixed zoning plans de­
scribe all allowable activities, flexible zoning plans pre­
scribe types of permissible activities without requiring that 
an area be devoted exclusively to one of them. Typically, a 
prospective developer is invited to demonstrate that his ideas 
for development of a parcel of land in a flexible zone are con­
sistent with the community's land use policies. Many communi­
ties use a combination of fixed and flexible zoning. 

Provides data on permitted land use activities and required de­
velopment regulations. 

Counties and municipalities. 

Information: Planned Land Use 
Activity districts 

Development requirements by district 
Zoning Restrictions 

Currency: 

Source: 

.Retrieval: 

Currency can generally be assured if the zoning ordinance text, 
and all amendments to it, are thoroughly examined. Zoning maps 
may not be revised each time a property's zoning classification 
changes, so practitioners are encouraged to examine the written 
amendments for legal descriptions changes in zone boundaries! 

Local zoning or planning board. 

Zoning ordinances consist of two parts: (1) a zoning map, and 
(2) a zoning text. The map specifies the geographic location 
of the zones in an area. The text provides a detailed schedule 
of requirements for each of the zones. Map and text should not 
not be used independently of one another. Both may be borrowed 
on request, or may be purchased. 
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Part 2. SURVEY TECHNIQUES 

Sur>Veys ar>e an extr>emely flexible tool for> collecting useful infor>mation. Us­
ers ar>e free to tailor> sur>veys to their> needs -- to define wha.t inforl!Ution 
they want, choose their> sour>ces, go to those sour>ces when they ar>e ready, and 
r>ecor>d the findings in a pr>eselected for>ma.t. Since the information collected 
genemlly costs moPe, it follows that it usuaUy has a special utility. Exam­
ples are suPveys which collect: 

0 Data unavailable in r>eeor>d and map sour>ces, e.g., route and design 
pr>efer>enees, or> per>ceptions of potential negative impacts. 

0 Data mor>e cur>r>ent than infor>ma.tion in r>ecoPds and maps that can be 
used to test and update infor>rrution fr>om those sour>ces. Cur>r>ency is 
often an issue in cases wher>e the study ar>ea is under>going r>apid so­
cial and economic change. 

0 Data keyed to smaller> geogruphic units and selected population sub­
gr>oups. ExampZes ar>e aPeas subJ"ect to the pPoximity effects of alter>­
native r>outes, and r>esidents and businesses displaced by the pr>efer>r>ed 
r>oute. 

This par>t of Volume II focuses on Survey Techniques. Chapter> 3 pr>esents ap­
pr>oaehes tail,or>ed to meet info-,,,natiori needs whiah ar>ise during pr>eUminar>y as­
sessment. Chapter- 4 descr>ibes appr-oaches used dur-ing detail,ed assessment, 
when r>oute alterrnatives ar>e known and mie:po study ar>eas have been defined. 

Each sur>vey technique is discussed and evaluated in te-,,ms of: 

0 The objectives it can be used to meet, 

0 How it can be impl,emented, 

0 Possibte sampling appr-oaches, 

0 Resour>ce r-equir>ements, and 

0 The utility and limitations of the appr>oach. 

The discussion of each technique is followed by a listing of questions a~.d r-e­
sponse categor>ies corrononly used to collect data with that appr>oach. The ques­
tions 7.,isted include both infomv.:ition items and questions on attitudes and 
per>ceptions. The questions can be selected, combined, and supptemented to 
suit proactitioner-s 1 objectives~ the tar>get gr>oup, and the ar>ea being investi­
gated. 

This rrater-ial on suPvey appr-oaches is intended to complete the br>idge be-tween 
data r>equir>ements and sour>ces established in the rnati"ices of Volwne I, Part 2. 
It cover>s the obser>Vation.al, and Pespondent survey techniques which wer-e pr>e­
sented on those rratr>ices. 
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Chapter 3. USE OF SURVEY TECHNIQUES FOR PRELIMINARY ASSESSMENTS 

The following sections describe and evaluate observation and questionnaire ap­

proaches useful in the preliminary phase of the assessment process. A listing 

of survey questions and response modes is provided at the end of the discus­

sion of each respondent survey technique. 

3.1 WINDSHIELD SURVEYS 

Objective. To become familiar with the physical, social, and economic charac­

teristics of the study area; to identify natural and man-made barriersj to 

identify areas of possible negative impact; and to update selected baseline 

data, 

Description. This observation survey is conducted using a car and driver. 

The surveyor uses a base map to record the data elements listed below, Empha­

sis, at this stage, is on identifying and characterizing clusters of activity 

and land use. The surveyor may have. to drive the study area several times if 

data concerning population characteristics and social activities are desired. 

Data Items. Commercial, industrial, and residential areas (including types of 

dwellings); civic centers; public and private institutions; parks and recrea­

tional areas; major employment areas; minority clusters; etc. 

3,2 PURPOSIVE SURVEYS OF AREA ELITES 

Surveys of area elites focus on local officials, realtors, planners, county 

agents, tax assessors, and chambers of commerce. Questions may also be direc­

ted at spokespersons for organizations, clubs, special interest and advisory 

groups. 

Objectives, To test hypotheses about area characteristics and potential im­

pacts developed from an analysis of records and maps; to supplement socio­

economic data with information on attitudes towards the project and percep­

tions of effects. 
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Description. These are often loosely structured surveys in which the State 

highway representative briefs respondents on the proposed project, and then 

asks a series of questions and records the answers. Targeted groups can also 

be given questionnaires to complete and mail back, or they can be questioned 

over the telephone. 

Sampling Approach.* To elicit data from elected officials, a census sample is 

often taken since there is a limited number of respondents and each will rep­

resent different levels of government and different constituencies. A non­

random judgmental or purposive sample is often used to select spokespersons 

for other targeted elites. 

The sampling frame can be partly constructed from lists containing names, ad­

dresses and phone numbers of public officials and area organizations. These 

lists are available through State, county, and local government offices. State 

highway agency mailing lists may be used to supplement government office list­

ings. 

If available lists are not adequate and the user wants to expand coverage, the 

linked chain technique can be used. This technique involves asking readily 

identifiable respondents to indicate other individuals and organizations which 

meet the selection criteria. In this way, names and phone numbers of respond­

ents not in the initial sampling frame can be collected, and these individuals 

can be questioned until new names or organizations in the targeted group no 

longer turn up. 

In selecting the sampling frame, the following criteria may be considered: 

0 

0 

0 

The number of people from the study area represented by the individual 
or organization, 

The kind of information about the study area that is available from 
the target group, 

The existence of a designated spokesperson who is qualified to comment 
for the organization, and 

*See Part 3 for more detail on sampling methodologies, 
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The involvement of the individual or organization in issues related 
to potential impacts identified. 

Resource Requirements. Resource requirements are low. Agency personnel usu­

ally administer the survey to familiarize themselves with the views of area 

elites and interest groups. The number of respondents is generally small, al­

though the number of spokespersons and elites can be 25 or more. The size of 

the sample and method of data collection will depend on resources available. 

The mailback questionnaire requires only postage costs and, given the audi­

ence, will probably have a high response rate, 

Utility and Limitations of Approach. The user has a great deal of flexibility 

in the selection of respondents. For example, if screening identifies poten­

tial negative impacts on minority clusters, then organizations representing 

minority interests may be included in the sample. If cultural or religious 

organizations are particularly active in the area, the planner may want to 

speak to the leaders of these groups. If citizen advisory committees have 

been established by local governments, they might be included. These groups 

will probably have detailed information to supplement the core socio-economic 

data, and their perceptions will help to confirm or deny any hypotheses devel­

oped. They also serve as indicators of public attitudes and perceptions to­

ward the project. However, information collected from elite groups may be bi­

ased, reflecting special interests, and not representative of the population 

of the study area. This should be considered when reviewing responses. 

The approach assures that public officials and organizations have been in­

formed about the project and that they are asked to comment early in the plan­

ning process. Respondents are expected to be more cooperative based on this 

early consultation. 

Since it is assumed that route alternatives remain unidentified at this point, 

the range of questions is limited accordingly. For example, questions on per­

ceived impacts may suffer from lack of specificity on route locations. 
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3.3 QUESTIONS USED IN PURPOSIVE SURVEYS OF AREA ELITES 

The following questions can be selected, combined, and supplemented at the us­

er's discretion, depending on project objectives, particular target groups, 

and the nature of the study area. 

Information Questions 

I. ldencification of the Respondent/Group 

(1) Name of person completing questionnaire (or being interviewed) _________ _ 

(2) Position held by respondenc _________________________ _ 

(3) Organi~acion/constituency represented=-----------------------

(4} NUlllber of persons in organization/constituency ________________ _ 

Attitude and Perception Questions 

I. Views Regarding Community Goals and Development 

• Transpoctacion-Related Coals 

(I} What are your/your organization's views regarding coinmunity concet'Tls, goals, and 

problems related co transportation? !{ave you/has your group developed papers or 

reports concertl.ing these issues? (IF YES, LIST AND ATTACH COPIES) 

(2) Can you identify the transportation-related improvements in this acea/comraunity 

which are most important to your constituency/organization? (LIST IN RANK ORDER 

AND PROVIDE EXPLANATIONS OF EACH) 

(3) What are your/y~ur organization's specific recommendations regarding each improve­

ment mentioned? 

(4) Based on a prepared list of 10 transportation-related objectives for this ares/ 

community (SEE NOTE), please rank each objective, putting a number l by the most 

important, number 2 by the next most important, etc. 

NOTE: A 11st of objectives for use in Q4 can be compiled based on analogous cases, 
content analysis of newspaper articles, planning doclllllents, and other writ­
ten materials or brain-sto?'ln.ing sessions. Indepth interviews with area spe­
cialists a~d elites are another source of information. 

~ Effects on ~ocal Government Plans (fo: ~overtllllental Officials Only) 

(L) For each planning area listed below, please indicated how the proposed road ~ill 

affect plans and goals for future development. 

Planning Area A: 

Planning Area B: 

Planning Area C: 

Positive Effect 

Positive Effect 

Positive Effect 

Adverse Effect 

Adverse Effect 

Adverse Effect 

No Ef£ect 

No Effect 

No £ffec: 

NOTE: Planning areas listed ~ay be counties, municipalities, State-designated 
areas, etc. 

(la) for ~ach planning area ~here p~sitive or adverse effects are ex.,ected to occur, 

please describe. 
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(2) \./hat is the development policy of local government bodies responsible for plan­

ning and zoning in the study area? (PROVIDE MAP) 

Governme-o.t Rapid 
Body Development 

(A) 

{B) 

(C) 

2. Perceptions of Comll)llnity Character 

Identifying Cohesive Communities 

t-!oderate 
Development 

2 

2 

2 

Slow No 
Development Oeve!.opment 

) 4 

) 4 

3 4 

(l) Co!llfllllnity cohesion is generally defined in tens of interdependency, levels of mu­

tual attraction and support, and common cultural or religious bonds, Please rate 

each of the communities (or neighborhoods) listed below in terms of their degree 

of cohesiveness, 

(A) 

(Bl 

Name of Cornunity 
Not 

Cohesive 

(2) Please explain your ratings for each community. 

Somewhat 
Cohesive 

Highly 
Cohesive 

~DTE: The respondent can be asked to supply the list of communities based on a =P 
of the study area provided by the surveyor. 

0 $creening for Recent Changes in Key Indicators 

(l) What is the pace of development in the study area? (PROVIDE MAP) 

l Rapid 2 !'loderate 3 S1011 4 None 5 Dec.lining 

(2) For each. community or neighborhood listed above, please 1nd1cate the degree of 

change* in the factors listed below over the laat five years. 

Cohesion 

Accesaib1lity to 
Key Facilities 

Employment, Income and 
Business Activity Levels 

Residential Turnover 

Property Values 

Communicy 
(,\) 

* Use the following codes: l • No change 

Community 
(B) 

Community 
(C) 

Community 
(D) 

2,. S0111e c.hange 3 w Notable change 

(2a) For each community where change has occ.urred, please describe the nature of the 

c.hange, 

J. General Attitudes Toward the Proposed ?rojec.t 

• Use of Scales to Measure Opinion 

(l} In general, how do you feel about the proposed projec.t: 
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OPTION l: Do you: 

Ver; 
Strongly 
Approve 

Strongly 
Approve 

2 

OPTION 2: Are you: 

Approve 

3 

Feel 
Undecided 

4 

Disapprove 

5 

Strongly 
Disapprove 

6 

Very 
Strongly 

Disapprove 

7 

Extremely Favorable (3 or 5 intermediate points) , • , Extremely Unfavorable 

OPTION J: Do you feel it is an: 

Extremely good idea. , • (3 or 5 intermediate points) • • , Extremely bad idea 

Use of Categorical-Response Questions 

Yes/No Question 

(2) Do you think a highway should be built in the area? 

Desirability of Area in Relation to Project 

(3) Do you think it would be more desirable to live in this are during the next 10 

years with the proposed highway or without the proposed highway? 

2 

With the highway 

Without the highway 

Advantage/Disadvantage Question 

3 

4 

About the same 

Don't know 

(4) Do you think the new highway will be an advantage or a disadvantage to (SPECIFY 

AREA) and its people? 

l Advantage 2 Disadvantage 3 Both 4 No effect 5 Don't know 

NOTE: These categorical questions tend co polari~e opinion in contrast to the 
approval, favorability, and good-bad idea scales which precede them. 

Probing for Reasons (Perceptions of Effects) Behind Responses 

For Use with Ql-3 

(5) Why do you feel that way? 

OPTION: Response categories for persona giving positive responses to Ql-3 can be taken 
from the list in Addendum A following Chapters 3-4. Response categories for 
persons giving negative responses can be taken from the list in Addendum B. 

For Use with Question 4 

(6) What are the advantages and disadvantages? 

OPTlON: Response categories for recording advantages and disadvantages cited by re­
spondents in Q6 can be chosen from the lists in Addendums A & B. 

4. Importance of Specific Factors in Route Selection 

'Ranking Factors in Order of Importance 

(l) What factors should have the most influence on the choice of routes? Rank the fac­

tors listed below from l to_, with l being the most important. 

NOTE: The positive and negative factors used for Ql can be selected from the lists 
in AddendU111S A & B, The question can also be left open-ended. 
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Rating the Impottance of Factors 

(2) There are many factors to be considered in determining the location and design of 

the new highway. Even though all of these factors are important, they are oot con­

sidered of equal importance by each person. What is the relative importance of 

~ach of the following item& to you? 

Displacement of 
Sueinesses 

Increased Property 
Values 

E:xtremely 
Important Important 

Relatively 
Important 

Not 
Important 

NOTE: Other positive and negative factors can be selected from the lists in Adden­
dums A & B, 

Paired Comparisons (Trade-off) 

(3) Of the following paired items, which should be the most imoortant in designing and 

locating a highway in this area? 

Displacement of Businesses z Increased P~operty Values 

NOTE: Other pairs of ?Oaitive and negative factors can he selected Erom the liet 
in Addendums A & S for use in Q3. 

5. Preferences Concerning Route Location 

(1) Where do you think a new freeway coming thrnugh this area should be located? 

NOTI:: The use of a llliip is recommended both as a means of stimulating responses and 
recording them. The interviewer can also record route preferences by noting 
their relationship to the existing reed network, tnajor topographic features, 
etc. 

Probing for Reasons Behind Responses 

For Use with Ql 

{2) Why do you favor that location? 

6. Opinions Concerning Project Impact on Area 

General Perception of Effects 

(l') What effect i:J.o you think the proposed project would have on chis area as a place to 

live? As a place to live, would this area be: 

Very Much 
ll!lproved 

l 

Somewhat 
Improved 

2 

Perceived Benefits to the Area 

General Benefit 

Unaffected 
3 

Some;,hat 
Downgraded 

4 

{l) Do you feel that the area in general would benefit from a highway? 

Degree of Benefit (General) 

Vecy Much 
Downgraded 

5 

(la) {IF YE:S) Oo you feel the benefit would be very great, moderate, or rather small? 

Nature of Benefit 

(2) How would the area benefit? 

OPTION: Possible response categories are listed in Addendum A. 
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Degree of 3enefit (for Each Benefit ~amed} 

(3) Is the benefit the area would derive from ____ _ (RE.AD FIRST BENEFIT IDENTI-

FIED IN Q2) vei:y great, moderate, or rather small? (REPEAT AND El.ECORD FOR EACH 

BENEFIT MENTIONED IN Q2) 

Perceived Detriments to the Area 

General iiarm 

(l) Do you expect that a highway would have a harmful effect upon the area in generalZ 

l Yes 2 No J Don't know 

Degree of Harm 

(la) (IF YES) Do you feel the har'lll. would be very great, moderate, or rather small? 

Perceived Negative Effects 

(2) How would a highway be hamul to the community? 

OPTION: Response categories can be selected from the list of negative factors listed 
in Addendum B. 

Degree of Harm 

(3) Do you feel that the negative effect from _____ (READ FIRST NEGATIVE EFFECT 

M.E.'ITIONED IN Q2) would be vecy great, moderate, or rather small for the neighbor­

hood in general? (REPEAT AND RECORD FOR EACH NEGATIVE RESPONSE. MENTIONED IN Q2) 

7. lnfor=ation on Positions of Other Area Groups 

(1) Do you know any organizations which support the project? {IF YES) Pleaae indicate 

na'O'le and address. 

No 

2 '!es Nauie Addr_e_s_s _______ _ Name Addr_e_s_s _______ _ 

(2) Do you know of any organizations which oppose the project? (IF YES) Please indicate 

name and address. 

No 

~ Yes Nauie Name Addr_e_s_s _______ _ Addr_e_s_s _______ _ 

(J) Are there any other key organizations or officials you think should be asked co 

co~plece chis questionnaire? (SPECIFY) 

NOTE.; QJ enables practitioners to use the linked-chain technique to test and 
ex,:iand the sample frame (Seep. 91). 
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3.4 MINI-SURVEYS OF AREA RESIDENTS AND BUSINESSES 

Objective. To get a preliminary reading on citizen attitudes toward the pro­

posed project, perceptions of potential negative effects, and preferences on 

route location. 

Description. These are short surveys (30 items or less). Information is col­

lected from a small random sample (80 respondents or less) of area residents 

or businesspersons. The survey is usually administered by phone. 

Sampling Approach.* A simple random sampling plan is generally used to survey 

residents or businesspersons. This means that all residences or businesses in 

the frame will have an equal chance of being selected. 

A criss-cross area directory can serve as a sampling frame. Practitioners 

select respondents by randomly choosing pages in the directory and pie.king 

names, using a random start-and-interval procedure. 

Resource Requirements. Resource requirements are very low. The sampling 

frame is readily available. It takes very little time to select respondents. 

Conducting the survey by phone involves only the costs of local calls. 

An interviewer will be required to administer the survey. At an average 

length of 20 minutes per completed interview (allowing for all non-responses, 

dialing and recording), a total of twenty interviews can normally be completed 

in a maximum of two working days. 

Utility and Limitations of Approach. The small sample allows practitioners a 

controlled way to screen public opinions concerning the project, and percep­

tions of effects, early in the planning process. This approach is simple and 

inexpensive, and it gives results that practitioners can speak about with some 

degree of confidence. Open-ended questions are often used to identify poten­

tial impacts on businesses and residents that are not apparent in the screen­

ing of baseline data. 

*See Part 3 for more detail on sampling approaches. 
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Small samples do; of course, have a greater margin of error than larger sam­

ples. However, even with wide confidence bands, it is often possible to draw 

solid conclusions from the response patterns. Also, pinpoint accuracy is nei­

ther possible nor required during preliminary assessment, when opinions and 

perceptions generally are only partially formed. 

3.5 QUESTIONS USED IN MINI-SURVEYS 

The following questions can be selected, combined and supplemented at the us­

er's discretion depending on project objectives, the target groups, and the 

nature of the study area. 

Information Questions. 

I. Knowledge of the Proposed Project 

(1) Do you know of any plans for constructing a highway in the area/neighborhood? 

(2) Have you ever heard of (project name)1 

NOTE: Questions (l) and (2) may be used to determine whether the respondent has 
sufficient knowledge of a proposed project co have formed an opinion. If 
the respondent has insufficient knowledge of the project, he or she should 
be given additional information before the survey is continued, 

2, Socio-Economic Data 

NOTE: These questions are normally asked at the end of the mini-survey. 

• Data on Residents 

- Sex 

Interviewer records: l Male 2 female 

Age 

(1) In which of the following age groups do you fall? 

l 16-24 2 25-34 3 35-49 4 50-&4 5 &5 or older 

Ethnic Background 

(2) Which of the (allowing categories best describes your ethnic background? 

Alllerican Indian or Alaskan Native 

2 Black/Afro-American 

3 Caucasian/White 

4 Pacific Islander 

5 Hispanic/Spanish-American 

6 Other (SPECIFY) 

48 



' 

l'ai:uly Income 

( 3} What 11as ;,our total famil~• income last year prior to taxes? 

(4) 

Less than SJ,000 4 S 8,000 - S 9,999 

" $3,000 - $4,999 .. 
3 $5,000 - S7,999 

Employment 

Are you currently 

Full-tbe 

1 Psi:t-cime 

Dwelling Unit 

5 $10,000 - Sl4,999 

6 $15,000 - $24,999 

employed? 

3 Unemployed 

4 Student 

7 S25,000 and over 

8 Refused 

5 Other (SPECIFY) 

{5} In what cype of dwelling do you reside? 

(6) 

(7) 

Single falllily 

2 Ouplex 

Driver's License 

Are you a licensed 

Auto Ownership 

3 Apartment 

4 Townhouse 

driver? 

Do you own a registered vehicle? 

Yes 

5 Condominium 

5 Mo bile hoeie 

., No .. 

'les " No .:. 

7 Other (SPECIFY) 

Data on Businesses 

type of Business 

( I) What cype of activity is 

Manufacturing 

2 Wholesale trade 

Annual Revenues 

this business engaged in? 

3 Retail trade 

4 Finance, insurance, 
or real estate 

5 Service 

6 Other (SPECIFY) 

(2) What have the gross dollar sales of your business (at this location) been during 

the past year? (IF !RE EXACT AMOUNT IS NOT KNOWN-) Please give your best estimate. 

l $ 10,000 or less 5 $ 75,001 - $100,000 9 $300,001 - $400,000 

2 $ 10,001 - s 25,000 6 $100,001 - Sl50,000 10 $400,001 - $500,000 

3 s 25,001 - $ 50,000 7 $150,001 - $200,000 11 $500,001 - over 

4 s 50,001 - s 75,000 8 $200,001 - $300,000 

jUlllber of Employees 

(3) nQW ~any people, including ill.Snagement, are employed by this business? 

One 

Z 2-5 

Payroll 

3 6-10 

4 11-15 

5 16-20 

6 21-25 

7 26-30 

8 31-40 

9 41-50 

10 51-75 

11 76-100 

12 101-over 

(4) What is your monthly payroll (at this location) including management? 

Less than $5,0CO 

2 S5,000 - S9,999 

3 $10,000 - S19,999 

4 s20,ooo - $49,999 
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Attitude and Perception Questions 

1. General Attitudes Toward the Proposed Project (See page 43) 

2. Importance of Specific Factors in Route Selection (See page 44) 

3. Preferences Concerning Route Location (See page 45) 

4. Opinions Concerning Project Im-pact on the Area (See page 45} 

5. Opinions Concerning Project Impact on Individuals 

• Perception of the Proposed Project as a Benefit to the Respondent 

General Perception of Personal Benefit 

(1) Do you feel that you person.ally/your business would benefit from a highway in or 

near your neighborhood (or the neighborhood in which your business is located)? 

Yes 2 No 3 Don't know 

(2) Do you feel that you personally/your business would benefit from a highway if it 

does not result in your relocation or increased noise in your block? 

1 Yes 2 No 3 Don't know 

NOTE: Q2 can be used instead of, or in addition to, Ql. It is designed to minimize 
the likelihood of negative responses based on generalized anxiety about the 
proposed road. 

General Degree of Benefit 

(2a) (IF YES) Do you feel that the benefit would be very great, moderate, or rather 

sma.11? 

Nature of Benefit 

(3) How would you/your business benefit from a highway? 

NOTE: Response categories can be selected from the list of positive factors in 
Addendum A. 

Degree of Benefit (for each benefit identified) 

(3a) Do you feel Chat the benefit from (READ FIRST BENEFIT MENTIONED IN QJ ABOVE) is 

very great, moderate, or rather awall? (REPEAT A.'ID RECORD FOR EACH RESPONSE IDEN­

TIFIED IN Q3} 

Very Great 
l 

Moderate 
2· 

Rather Swall 
3 

6 Perception of the Proposed Project as Ranoful to the Respondent 

General Perception of liar,n 

Don't know 
4 

(l) Oo you eXpecC that a highway in or near your neighborhood (or the neighborhood of 
your business) would have a negative effect on you personally/your business? 

Degree of Erar,n 

(la) {IF YES) Do you feel the negative effect would be very great, moderate, or rathe~ 

small? 

(2a) What negative effects would you ex-pect from a highway? 

NOTE: Response categories can be selected from the list of negative £actors in 
Addendum B. 
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Degree of HaI'lll (for each negative effect identified) 

(Zb) Do you feel that the negative effect from (R£AD FIRST NEGATIVE EFFECT MENTIONED IN 

Q2a ABOVE) is very great, moderate, or rather small? (REPEAT A.UD RECORD FOR EACH 

RESPONSE IDENTIFIED IN Q2a) 

Very Great 
l 

Moderate 
2 

Rather Small 
3 

Don't know 
4 

6. Perceptions on the Opionions of Others Concerning the Project 

Perceptions of Local Residents 

Concerning the Opinions of Neighbors 

(l) Since learning of the proposed highway, have you discussed it with your neighbors? 

Yes 2 No 

(la) How often would you say you have discussed the proposed highway with your neighbots? 

Frequently 3 Seldom 

2 Occasionally 4 Don't know 

(2) In general, how would you say moue of the people in your neighborhood feel about 

the proposed highway? Are they. 

1 Extremely favorable 4 Somewhat unfavorable 

2 Somewhat favorabl~ 

3 Neutral 

5 Extremely unfavorable 

6 Don' t know 

OPTION: Alternative response categories for Q2 are: 

1 Most favor it 

2 Moat oppose it 

3 Divided evenly 

4 Indifferent 

S Don't know 

Concerning the Preferences of Elected Officials and Community Leaders 

(l) Oo you know of any elected officials or community leaders who support the proposed 

road? (If YES) Please list the names and positions of these persons. 

No 

2 Yes 
Name, ___________ _ Name. ___________ _ 

Position,_ _________ _ Position _________ _ 

(2) Do you know of any elected officials or community leaders who oppose the proposed 

freeway? (IF ·ras) Please list the names and positions of these persons. 

l :io 

2 Yes 
Name. ____________ _ Name ___________ _ 

Position'=-----------
Position,_ ________ _ 

Coneenung the Preferences of Area Organizations (Seep. 46 for questions) 
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Perceptions of Local Businesspersons 

Concerning the Opinions of Other Businesspersons 

(1) ~hat is the general opinion of the business community regarding the proposed 

project? 

Most favor it 

2 Most oppose it 

3 Divided evenly 

4 Indifferent 

S Don't know 

Concerning the Opinions of Area Residents 

(1) Do you live in this area? 

(la) lJhat is your ZIP code? 

Yes 2 No 

(2) What is the general attitude of area residents toward the project? 
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Chapter 4. USE OF SURVEY TECHNIQUES FOR DETAILED ASSESSMENT 

4.1 WINDSHIELD SURVEYS 

Objective. To update and supplement building and land use maps covering each 

corridor, i.e., the ROW and area proximate to each route alternative; to re­

cord observations concerning selected socio-economic characteristics of each 

corridor; to aid in drawing community boundaries; and to identify possible 

impacts associated with each route corridor. 

Description. This survey is conducted with a car and driver as described in 

Section 3.1 (p. 39). The base map used at this stage will have a smaller 

scale. A building map can be used to facilitate recording the use and condi­

tions of each structure and uses of undeveloped land. The surveyor should 

also have a clipboard on hand to make notes on non-physical characteristics 

observe_d. Again, several trips may be required to record all of the data el­

ements listed below for each study area. When uncertain, the surveyor is en­

couraged to verify building use by speaking to people in or around the build­

ings. Useful comments should be recorded. 

Data Elements. Use, condition, approximate age and scale of structures; va­

cant structures; abandoned buildings and lots; facade conditions and mainte­

nance levels; land use; parks, recreational and other open spaces; historic or 

archeological sites; natural and manmade barriers; approximate age, sex and 

ethnicity of persons observed; areas with heavy pedestrian activity; use of 

public facilities. 

4.2 WALK-THROUGH RECONNAISSANCE 

Objective. See Windshield Surveys, above. 

Description. The walk-through reconnaissance is an observation survey conduc­

ted on foot. This makes it easier to talk with area residents and use them as 

an information source. In all other ways this approach is like the windshield 

survey. 
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Data Elements. See Windshield Surveys, above. 

4.3 PURPOSIVE SURVEYS OF AREA ELITES 

Objective. To obtain expert opinions of the alternative routes, the vulnera­

bility of communities through which the routes pass, and the possible negative 

impacts to be suffered by each affected community. 

Des c ri pt ion. This survey is described in Sect ion 3. 2 ( p. 39). 

Sampling Approach. The sampling frame developed in preliminary assessment can 

serve as the complete frame from which to select respondents. An additional 

criterion to be used for selection is the familiarity of the individual or 

group with sub-units, i.e., neighborhoods and communities, in the study area. 

Resource Requirements. See Section 3.2. 

Utility and Limitations of Approach. See Section 3.2. 

4.4 QUESTIONS USED IN SURVEYS OF AREA ELITES 

The following questions can be selected, combined, and supplemented at the 

user's discretion, depending on project objectives, target groups, and the 

nature of the study area. 

Information Questions 

l. Identification of the Respondent/Group (See page 42) 

Attitude and Perception Questions 

1. Views Regardin~Comm.i.nity Goals and Development (See page 42) 

2. Perceptions of CollllllUnity Character in Each Corridor 

0 Ranking Collllllllnities in rerms of Cohesion and Integration, Level of Organization, and 
Participation in Loeal Activities 

(l} Can you identify com,nunities in the areas around alternative alig=ents and compare 

theixi on their degree of cohesion and integration? (LIST COMMUNITIES FOR E:ACH ROUTE, 

OBTAIN A R.Al'lXING; R.E:CDRD REASONS FOR RANKING) 

(2) Can you rauk these same coDll!luniCies on their degree of neighborhood organization? 
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3. 

(3) ~ow rank them on their degree of participation in community and areawide activities. 

(4) Overall, which commuc.ities would you say are the most cohesive? (LIST [NORDER MEN­

TIONED) 

Evaluation of Alternative Routes 

Racing the Routes 

(1) What is your attitude (the attitud"e of your constituency/orgac.izacion) toward each 

_ alternative? 

Very Unfavorable 

Favorable 

Somewhat Favorable 

~eutral 

Somewhat Unfavorable 

Unfavorable 

Very Unfavorable 

Best and Worst Routes 

No Build Alternative A Alternative B Alte=ative C 

(2) What is the best alternative from your point of view (the point of view of your 

constituency/organ.i=ation)? 

(3) \Jhat is the worst alternative from your point of view (the point of view of your 

constituency/organization)? 

Effects of 3est and worst Routes 

(4) Taking the best alternative, what do you think its consequences will be for Ghe 

affected areas (for your constituency/organization)? 

(S) Taking the worst alternative, what do you think its consequences will be for affec­

ted areas (for your constituency/organization)? 

For Elected Officials and Organization Spokespersons Only 

(6) What percentage of your constituency/organization will be directly ai:ected by the 

worst alternative? 

Eicpected Acciona in Response to Choice of the Least Frefened Route 

(7) i.hat will you (your constituency/organi%ation) do if the worst alternative is 

chosen? 

0 Most and Least Disruptive Routes and Reasons 

(8) \Jhich of the routes would be the most disruptive of life in the neighborhood(s) 

affected? Why? 

(9) Which would be the least ciisruptive? Why? 

General Probe Regarding Problems Associated with Alternative Routes 

(10) \Jhat ocher problems should be pointed out about the various alternatives? 
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4.5 SURVEYS OF LOCAL FACILITY MANAGERS 

Objectives. To determine level of use, service areas and modes of access to 

local institutions; and to identify perceived impacts of the proposed route 

alternatives on service provision. 

Description. A self-administered questionnaire of approximately 20 questions. 

It is distributed to local institutions -- including public and private facil­

ities, fraternal organizations community centers, etc. The survey is usually 

conducted by mail. 

Sampling Approach.* A census sample of local institutions in or abutting each 

of the ROWs under consideration is recommended. A smaller sample would be in­

adequate because levels of use, service areas, and access to each institution 

will be different. Activity patterns of all institutions will be uniquely af­

fected by the various alternatives. 

Institutions on the State highway agency mailing list will provide part of the 

sampling frame. Names and addresses of other facilities can be extracted from 

results of the windshield survey and walk-through reconnaissance. Local in­

formants may be able to supplement the frame. 

The survey is most effectively conducted by mail. Administrators will often 

have to search the records to give accurate responses to information ques­

tions. A mailback questionnaire insures adequate time for this, and thereby 

increases the likelihood of reliable results. 

Resources Requirements. The survey of local institutions requires minimal re­

sources. The frame may take several days to develop, but this work can be 

done in-house. Postage to and from the institutions will be the only substan­

tive cost. The use of follow-up phone calls to increase response rates will 

result in small additional costs. 

*See Part 3 for more detail on sampling approaches. 
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Utility and Limitations of Approach. This approach offers an inexpensive way 

to gather extensive data on the vitality of local institutions, and on per-

ceived impacts. Frequently the number of facilities to be surveyed in the 

corridors under consideration prohibits any other type of survey. 

Surveyors may have difficulty constructing a complete sampling frame. The 

suggestions offered under sampling approaches should, however, minimize this 

limitation. Another potential problem -- the low response rates typically as­

sociated with postal surveys -- should be minimized by the importance institu­

tions will likely place on having input in the route· selection decision. 

4.6 QUESTIONS USED IN SURVEYS OF LOCAL FACILITY MANAGERS 

The following questions can be selected, combined, and supplemented at the 

user's discretion, depending on project objectives, target groups, and the 

nature of the study area. 

Information Questions 

l. Data on Community Facilities 

• N3lDe, Addtess, Type, and Age of Facility 

(1) What is the name of this institution? 

(2) What is the add"resa of•the institution (or the branch that serves this area)? 

(3) Please describe the function of thie facility. 

(4) In what year was this ill5titution established in the atea? 

2, Data on Facility Users 

• Geographic Distribution of Users 

(1) A:pproxi111ately what percent of your users come from the following geographic areas? 

_this neighborhood 

_ this col!!ll2l.lnity 

_other communities 

(NAME) ______ _ 

(2) ilhat proportion of your users reside in the study area? (SHOW RESPONDENT A MAP OF 

THE STU'OY AREA.) 

1 Most 2 Hajodty 3 Some 4 'lery few 

(3) Please indicate on the map the boundaries of the facility's service area. 
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~ Profile of Users 

(4) What characteristics distinguish users of the facility? (FIRST ELICIT RESPONSES 

WITHOUT SUGGESTING CATEGORIES. FOLLOW-UP WITH QUESTIONS ON RACE, ECONOMIC CLASS, 

ETHNICITY, RELlG!ON, EDUCATION, ETC.) 

• Users' Acces5 to Pacilicy 

(5) What form of transportation is most widely u5ed by people com.ing to the facility? 

Attitude and Perception Questions 

!. Perceptions of Project Impact on ~acilitv, Users, and Modes of Access 

• Changes in Geographic Distribution cf Users 

(!) Do you chink the geographic distribution of users will change if Uternative A is 

constructed? aow? What if Alternative 8 is constructed? Alternative C? 

• Changes in Profile of User3 

(2) How do you think the characteristics of users will change due to the construction 

of Alternati'1e A? Alternative B? Alternative C? 

• Changes in Modes of Access 

(3) Do you expect users will have to find oew ~eans of transportation to the facility 

if Alternative A is chosen? Alternatives? C? 

2. Expectations Regarding Negative Project Effects 

• Construction Effects 

Disruptions Caused by Construction 

(1) Will highway construction activities disrupt service provision if Alternative A is 

chosen? How about Alternative B? C? 

(Z) (ASK ABOUT EACH ROUTE PERCEIVED AS DISRUPTIVE) Please describe the service disrup-

tion expected to occur during construction if Alternative 

Mitigation of !Ia= Caused by Construction 

is chosen. 

(3) What provisions could be lllil.de by the State highway agency to minimi:e disruption 

caused by cotultruction of Alternative 

DISRUPTIVE) 

• Operational Effects 

? (REPEAT FOR OTHER ROUTES PERCEIVED AS 

Pennanent Disruption of Services Following Completion of Highway Facility 

(4) Will Alternative A have an adverse iQpact on service provision? How about Alterna­

tive 8? C? 

(5) (ASK .\BOUT EACH ROUTE PERCEIVED AS DISRUPTIVE) Please describe the service disrup-

tion expected to occur if Alternative is constructed? 

Mitigation of Harm Caused by Highway Operation 

(6) What provisions could be made by the State h1gh~ay agency ~o minimite disruption 

caused by Alternative (REPEAT FOR O!HER ROUTES PERCEIVED AS OISRUPTIVE) 
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4.7 SURVEYS OF AREA RESIDENTS AND BUSINESSES 

Objectives. To determine the route preferences of residences and businessper­

sons in the impacted corridors; to identify perceptions of negative and posi­

tive effects associated wtih each alternative route; and to determine the re­

latibnship between responses and proximity to the proposed ROWs. The survey 

is also used to gather information useful in evaluating the vulnerability of 

potentially affected population subgroups to highway effects. 

Description. The survey begins with descriptions of the alternative routes. 

The questionnaire, which follows, is often lengthy, taking 30 or more minutes 

to administer. Respondents are residents and businesspersons in the original 

study area. The sample can be designed to focus on responses located in each 

of the impacted corridors. Preferably> interviews are conducted in person. 

Sampling Approach.* Some form of random sampling -- whether it be simple, 

proportional, stratified, or multi-phase -- is strongly recommended. While it 

will be impossible to interview everyone in the corridor to determine the pre­

ferred route, the results of a random sample can be used to make inferences 

about a population's preferences with a specified degree of confidence. 

Use of a simple or systematic random sampling approach insures that every res­

idence and business in the study area has an equal and known probability of 

being selected for sampling. The sample actually drawn, however, will not 

necessarily be an accurate representation of the population. For example, a 

simple random sample of 10 people, drawn from a study area composed of 90 

blacks and 10 whites, could contain all whites. Although the probability of 

drawing such an unrepresentative sample is very low, the possibility cannot 

be eliminated ·using a simple random procedure. The reliability of the results 

will depend on the representativeness of the sample, which cannot be deter­

mined (1) until the sample has already been drawn, and (2) unless character­

istics of the population used to determine representativeness are known. In­

formation about the population, when available, can be used to design a more 

precise sample. i.e, one that better estimates population preferences. 

*See Part 3 for more detail on sampling approaches. 
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Two sampling frames may be required: one that lists all residences in the 

study area and one that lists all businesses. If study area boundaries are 

drawn to coincide with some existing statistical areas (e.g.• voting dis­

tricts, census tracts, or local planning areas), a list of residences may be 

available. If not, a residential frame can be compiled from a city directory 

published for many urban areas -- which lists all residences on every block 

by address. Base maps developed through the windshield survey or walk-through 

reconnaissance can also be used. These maps identify residential structures, 

but do not often show the number of individual dwelling units. 

Business sampling frames must often be developed from a number of sources, in­

cluding records kept by local chambers of commerce and other business groups, 

shopping center managers, and county governments. Again, base maps will show 

commercial st rue tu res I but wil 1 not always identify individual businesses. 

Respondents can be selected from the frame by a purely random method. The 

dwellings or businesses in the frame are enumerated and matched up with num­

bers drawn from a random numbers table. Systematic selection, a slightly dif­

ferent and easier variant, involves using a skip interval to select respond­

ents. The number between selected elements is picked randomly prior to selec­

tion. 

Cluster sampling is an alternative random selection method used to geographi­

cally group the residences or businesses to be sampled, and thereby reduce the 

time and resources required to administer the survey. For example, in choos­

ing residences, blocks would be randomly selected instead of individual resi­

dences. Then all residences in the cluster -- or selected block -- would be 

surveyed. The requirements for a sampling frame are reduced significantly 

since the frame is simply a listing of blocks in the study area. Once blocks 

are selected, lists of residences and businesses are developed only for the 

subset of blocks. 

The survey is best conducted in person in order that a clear description of 

the routes can be provided. Visual aids, such as demarcated maps, photographs 

of the alternative RDWs and design features, or a model of the study area, 
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showing alternative corridors, can be used to describe the routes under con­

sideration and their spatial relation to the respondent. The more informed 

respondents are, the more accurate and reliable survey results will be. Ad­

ditionally, lengthier interviews are usually possible based on the rapport 

established between the interviewer and respondent. 

A stratified random sample places certain restrictions on the random process 

which insure that a particular segment, or segments, of the universe will be 

represented in the sample. The universe is divided up according to the attri­

butes of interest, e.g., location or race in the case of households, or amount 

of street frontage for businesses. Samples are drawn from each stratum. 

The surveyor must have prior knowledge about individual residences and busi­

nesses to draw a stratified sample. For example, if he wants to stratify by 

location, the surveyor must know the address of every member of the frame. 

Without this knowledge, there is no way to determine the strata to which indi­

vidual elements belong. 

In a stratified sample, identification of a frame occurs simultaneously with 

the selection of attributes by which to divide the population. All available 

data on individual residences should be examined to identify potential strati­

fication attributes. Once the attributes are chosen, a frame which includes 

that information is compiled or obtained. For example, if existing data 

sources -- containing information on ages, addresses, and vehicle ownership -­

are scanned and location is chosen as the stratifying variable, the surveyor 

should attempt to use the source as a frame. If this is impossible, for se­

curity or other reasons, a frame must be constructed. 

Proportional stratified sampling, a variant of the stratified method in which 

the number of respondents drawn from each stratum is proportional to the num­

ber of items in the stratum, can also be used to further increase the repre­

sentativeness of the sample. This procedure weights each stratum in the sam­

ple by the number of elements it contains. In the following simplified ex­

ample, the population is stratified by location in relation to the two alter­

native ROWs: 

61 



Universe: 100 Sample Size: 10 

Proportion & Percent % of Sample Calculation of 
of Frame in Each Drawn from ti Sampled from 

Stratum Stratum Each Stratum Each Stratum 

Proximate to 
ROW A 20/100 ; 20% 20% 20% of 10 : 2 

Proximate to 
ROW B 10/100 10% 10% 10% of 10 "' 1 

Proximate to 
ROWs A & B 50/ 100 = 50% 50% 50% of 10 "" s 

Proximate to 
Neither A nor B 20/100 ,:: 20% 20% 20% of 10 = 2 

Like simple random surveys, stratified surveys ought to be administered in 

person. 

Multi-phase sampling can be used when the universe of residences or businesses 

in the study area cannot be easily defined and little is known about it. The 

first phase of the approach involves taking a large sample to collect general 

data on population characteristics. This initial survey is inexpensive to 

conduct. In the second phase, a smaller subsample is selected from the origi­

nal sample group; interviews are then conducted to obtain more costly, indepth 

attitudinal data. Subsample-to-sample relationships are used to draw conclu­

sions about the attitudes of the remainder of the universe. 

There is no preferred sampling frame for the initial sample because the uni­

verse is not clearly defined. Respondents should be selected from a list that 

is as complete as possible, e.g., a criss-cross area directory. Only resi­

dents living in the study area should be selected. Respondents to the large 

survey become the frame for the subsample. 

Respondents are selected for the second phase survey using some form of random 

selection. Sampling cannot be purely random, however, due to the absence of a 

complete frame. 
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Telephone interviews are commonly used to collect data in the first round of 

interviewing, The short, mostly closed-ended questionnaire lends itself to 

the limitations of telephone surveying, The subsample should be surveyed in 

face-to-face interviews, 

Resource Requirements, Surveys of area residents and businesses can be costly 

to administer, although resource requirements will vary according to the sam­

pling approach chosen. A comparatively large sample is required since the 

practitioners will usually want to apply standard confidence level require­

ments to survey results. Interviews may last up to one hour, and must be per­

formed by skilled interviewers who can describe and answer questions about the 

alternative routes, and react appropriately to respondent concerns about hav­

ing a new highway in or near their neighborhood. 

The costs of transportation to the homes and businesses of respondents scat­

tered throughout the study area are generally high. Cluster sampling reduces 

transportation costs because geographic groupings of respondents, such as per­

sons on the same block, are interviewed. Similarly, in a sample stratified by 

location, respondents will be concentrated in subareas corresponding to the 

individual strata. 

Regardless of the sample design, a random sample is time-consuming and expen­

sive to develop and administer. However, the choice of a preferred route is a 

crucial point in project planning, and access to accurate, reliable informa­

tion regarding public opinion is an essential component of the decision-making 

process. 

4.8 QUESTIONS USED IN SURVEYS OF AREA RESIDENTS AND BUSINESSES 

The following questions can be selected, combined, and supplemented at the 

user's discretion, depending on project objectives, target groups, and the 

nature of the study area. 
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Information Questions 

1. Socio-Economic Data on Residents in the Study Area 

• Data on Individual Respondents 

Sex (seep, 48) 

Age (seep. 43) 

Ethnic Background (seep, 48) 

Marital Status 

(1) ~hat is your marital status1 

l Married 2 Divorced 

Education 

3 W-idowed 4 Separated 3 Never Married 

(2) Could you please tell me how many years of school you have completed? 

l Elementary 

2 Some high school 

Employment 

(3) Are you: 

Currently e111ployed? 

2 Looking for work? 

3 

4 

Finished high school 

Some college 

3 

4 

Retired? 

Homemaker? 

s 
6 

Finished college 

Graduate study 

5 Student'? 

6 Other? (SPECIF~) 

(3a) {IF EMPLOYED) What job are you now working at? (BE SPECIFIC) 

(3b) (IF UNEMPLOYED) '.ihat did you do at the last regular job you had? (SE SPECIFIC) 

• Data on Households 

Composition of Household 

(1) What is your household presently 

1 One person 

2 Married couple only 

3 Married couple with ehi11fren 

Number of Persons in Household 

composed of? 

4 Single parent with children 

S Unrelated persons 

6 Other (SPECIFY} 

( 2) How many persons, including yourself, re sid~ in your hous:~hold 7 

Distribution by Sex 

(3) How !l:lany of these persons, including yourself, are male? Female? 

Distribution by Age 

(4) How ;nany household members, including yourself, are in each oi the following age 

groups? 

0-5 years 

6-17 yea:rs 

18-24 years 

25 - 44 years 

45 - 64 years 

65 and over 

NUlllber of Faillily Members Employed, or in School 

{5} How many adult members of your household (including yourself) are presently 

employed? 

full-time ___ part-time 
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(5a) Please indicate the number of household members, including yourself, employed 

in each of the following occupational categories: 

Professional (doctors, teachers, engineers, lawyers, etc.) 

~anager or administrator (business owners & managers, government adminis-
trators, etc.) 

Clerical worker (office workers, secretaries, bookkeepers, etc.) 

Craftsman (carpenters, mechanics, upholsterers, machinists, etc.) 

Equipment operator (truck drivers, sewing machine operators, etc.} 

Laborer {window washers, maintenance workers, etc,) 

Sales worker (salesmen, checkers, clerks, etc.) 

Service worker (firemen, policecen, beauticians, practical nurses, etc,) 

Somecaker J 
Student 
Retired --

Othe,:- (SPECIFY) 

Fill in only if not ell!l)loyed in another 

category for 20 or more hours a week 

(6) How many adult members of your household attend school? 

Licensed Drivers 

(7) How many me111bers of this household are licensed drivers? 

Vehicles 

(8) flow tt1any licensed motor vehicles (autos, trucks, recreation vehicles, motorcycles, 

etc.) are owned by, or available to, you and members of your household? 

Sex and Emplo}'lllent Status of Heed of Household 

(9} Is the head of the household male or female? 

l Male 2. Female 3 No Response 

(10) Is the head of this household employed? 

( lOa) Employed: 1 Full~time 

2 Pai:c-time 

J Not employed 

i Looking 

5 N"ot looking 

6 Retii:ed 

(10b) What is the occupation of the head of the household? (See above, Q5a, for 
response) 

Household Income 

(11) i.'hat was your total family income last year prior to taxes? (Seep, 49 for response) 

(12) Ooes anyone in this household i:eceive income from one or more of the following? 

l Social Security 

2 Pensinn plan 

3 Food stamps 

4 Aid to Families 
Children 

5 Aid to the Blind 

Data on Dwelling Units 

Location 

oi: VA benefits 

with Dependent 

or Disabled 

6 State assistance programs 

Unemployment compensation 

8 Alimony/child support 

9 Assistance from friends and 
relatives 

10 Other (SPECIF'i:) 

(1) Street Address ____________________ _ 

(2) In what type of dwelling unit do you reside? (See P• 49 for response categories) 
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Years At Address 

(3) How many years have you lived in this house/apartment? ___ years 

Tenure 

(4) Oo you own Chis house/apart'l!lent or do you rent? 

1 Own or buying 2 Rent 

Estimated Value (£or Homeowners Only) 

(5) Whae, in your judg,nent, is the present value of this home? 

l 

2 

3 

Under $20,000 

$20,000-$29,999 

$30,000-$44,999 

4 s4s,ooo-ss9,999 

Rental Costs (for Renters) 

5 

6 

7 

$60,000-$74,999 

$75,000-$94,999 

S95,000 or more 

(6) liow wch rent do you pay each month? 

l.o rent 5 

6 

7 

8 

$200-$249 

$250-$299 

sJoo-sJso 
$350 or more 

2 

3 

4 

Under $100 

$100-$149 

$1S0-S200 

(6a) ls this for a furnished or unfurnished rental unit? 

Furn:!.shed 2 

(6b) Do payments include utilities? 

Unfurnished 

1 Yes 2 !fo 

(7) 

(8) 

(IF NO, INDICATE AVERAGE ~ONTHLY UTILITY CHARGES) 

Floor Space 

How much floor space do you have? 

1 Less than S00 sq. ft. 2 

Number of RooQS 

How t11any rooms do you have here? 

1 1-3 2 4-5 

(IF RESPONDEllT DOESN'T KNOW, ESTIXATE) 
500-999 3 1000-1499 4 1500 or more 

(DO NOT COUNT BATHROOMS, liALLS, OR HALF ROOMS) 

3 6 or more 

(9) liow many bathrooms do you have? 1 One 2 More than one 

z. Socio-Economic Data on Businesses in the Study Area 

0 Businesses by !ype, Organization, Revenues, Employees, and Wages 

Type of Activity 

{l) (OPEN-ENDED) What type of activity are you currently engaged in? 

OPTION: Qla, which allows the respondent to classify the act1v1cy accordinB to 
Standard Industrial Classification (SIC) categories, can also he used. 

(la) Please classify this activity under one of the following SIC categories (used in 

the Economic Census): 

1 Agriculture, Forestry, Fishing, 
Hunting, and Trapping 

2 Mining 

J Construction 

4 Manufacturing 

5 Transportation, Co1111DUnication, 
Utilities 

6 wholesale Trade 

7 Retail Trade 

8 Finance, Insurance, and Real Estate 

9 Services 

LO Public Administration 

11 :lonclaseifiable 
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Organization of Activity 

(lb) ~ow Ls this business organized? 

l Sole proprietorship 

Sales Revenues 

2 Partnership J Coryoration 4 Estate or trust 

(2) What were the gross dollar sales of your business (at this location) during the 

past year? 

OPTION: A question can be added to detemine the distribution of sales by business 
sector. 

(2a) Approximately what percent of the gross dollar sales at this location fall into 

each of the following categories? 

% Retail sales 

% Services 

~ Wholesale 

% Manufacturing 

Don't know 

OPTION: Q2 can also be used to collect infot'lllation on sales trends. 

(2b) Save your gross sales changed much in the last five years? 

1 Stayed same 

Employees 

2 Increased 3 Decreased 4 Don't know 

(3) Haw many people, including management, are employed by your business? employees 

OPTION: The following question is designed co classify e~ployees under census 
labor categories. 

(Ja) Please indicate the number of people, including yourself, ~mployed under each labor 

category as defined by che U.S. Census. (Seep. 65 far response cacegories) 

(4) ~hat is your current monthly payroll (including lll.anagement) 3t chis location? 

(See Q4, P• 49, for response categoriee) 

Length of Time ln Study Area 

(1) How long has :his business been in operation? __ years 

(2) ~ow long has it operated at chis location? __ years 

(3) How ~any years has this business been operating in this area/neighborhood? 

(IF LONGER 1'HAN TIME AT CURRENT LOCATION, ASK Q4) 

(4) Row many moves has it t!l4de within the.!!!!. before reaching this site? 

One 2 Two 3 Three or more 4 Don't know 

Cuatomer Profile 

NOTE: Ql-2 ciay be used to determine the interdependence ~etween retail and wholesale 
businesses and local clientele. Q3-3a :nay be added to explore less tangible 
aspects of che relationship. 

{l) \/hat percentage of your customers live in this neighborhood? 

(2) (SHOW MAP OF S!UDY AREA) lJhat percentage of your custo~era live in this area? 

(3) Are there any special services or favors chat you extend to your regular customers, 

such as setting aside newspapers or (D3gaz1nes, keeping keys, or extending personal 

credit? No 2 Yes (SPECIFY) 
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Square Footage 

{4) Approximately how much land do you have in this location? 

l r.ess than 5,000 sq. ft 4 20,000 - 49,999 

2 5,000 - 9,999 5 50,000 or more 

J 10,000 - 19, 999 6 Don't kno"' 

(4a) What is the approximate floor space uaed by your business in this location? 

1 r.ess than lOOO sq. ft. 5 5,000 - 9,999 

2 1,000 - 1,999 6 10,000 or more 

3 2,000 - 2,999 7 Don't know 

4 3,000 - 4,999 

• ~odes of Transportation Used (Wholesale and M.a.nufacturing Activities) 

(1) What percentage of your goods is received by the following modes of transportation? 

% !iotor vehicle 

% Rail 

% :.iater 

% Other (SPECIFY) Don't Know 

(2) What percentage of your goods is shipped from here by these modes of transportation? 

), Information Used to Measure Current r.evels of Cohesion 

0 Tenure (Seep. 66) 

• Residential Turnover 

Time at Current Address 

(1) How long have you lived in this house/apartment? Years ~onths 

(Ia) (IF RESPONDENT HAS DIFFICULTY RESPONDING) Oo you remember the month and year 

you moved to this address? 

Time in Neighborhood 

(2) How loog have you lived in this neighborhood? (RECORD IN YEARS) 

Time in Area 

(3) How long have you lived in this area? (RECORD lN YEARS) 

Previous Address 

{4) (IF RESIDENCY IS LESS IRAN TEN YEARS) Where did you live before moving co this 

address? 
to...u/City __________________ _ 

Stnte -----------------------
(5) What was your former address? (STREET ADDRESS IS PREFERRED. IF NOT l<NOWN, OBTAL~ 

STREET NAME AND APPROXIMATE LOCATION.) 

(6) Why did you move irom your previou9 address? 

(7) How long did you live there? 

• Social Interaction 

Contact with Neighbors 

(1) Since moving to this neighborhood, how many of your neighbors' homes have you 
visited more than one time? 
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(2) llow often do you invite any of your neighbors to visit your homa, or visit in 

their houses? 

l Nearly every day 5 About once a monc.h 
2 2 or more t illle s a !,/eek 6 Less often than once a lllOnth 
3 About once a week 7 Almost never 
4 Several times a month 

Relatives and Close Friends in Pro~ima.ce Areas 

(3) How IOllny relatives or close friends live 11':Lthin walking distance of your home? 

Within a 15-minute drive? Within a JG-minute drive? 

Nu!llber of 
Relatives 

N,.110.ber of 
Close Friends 

Walking Disc.a.nee 

Fifteen-.'tl.nuce ~ive 

Thirty-Minute Drive 

OPTION: Q4 can be used in place of Q3 to locate friends and relatives in the 
lll3cro or micro sc.udy area. 

(4) (SHOW' MAP OF STUDY AREA OR SIJBAREA) Do you have any close friends or relatives 

who live in the area covered by the map? l No 2 Yes 

(IF YES, HAVE RESPONDENT LOCATE FRIENDS' AND RELATIVES' HOUSES ON MAP. HARK EACH LOCA­
TION WITH AN •r FOR FRIEND OR AN •a- FOR RELATIVE, AS APPROPRIATE.) 

Frequency of Interaction with Close Friends and Relatives 

(5) About how often do you get together with any of these friends or relatives that 

live in this area? (See QZ for response c.ategories.) 

Involvement in Co=unity Organi~ations 

Screening Question 

(1) How involved do you gee in local and co11U11Unity activities? Would you say you are 

frequently fnvolved, sometimes involved, hardly ever involved, or never involved? 

l Frequently involved 

2 Somstimes involved 

3 llard.ly ever involved 

[nvolvem.enc in Neighborhood Organizations 

4 Never involved 

5 Don't know 

(2) Is there a neighborhood association here? (IF YES) What type of issues does the 

neighborhood association concern itself with? (8.ESPONDtNT !iAY INDICATE MORE THAN 

ONE RESPONSE.) 

l Neighborhood beautification (gardens, etc,) 

? Neighborhood ~ecreation (pool, parks, etc.) 

3 Development issues (buildings, roads, etc.) 

4 Political issues (dis~rtminacion, tenants' rights, etc.) 

5 Issues dealing with the larger coWNnity (voting, pollution, etc.) 

6 Other (SPECIFY) 

(3} Do you hold, or have you ever held, office in this neighborhood association? 

(4) Have you done any work for the association? 

(5) (IF NO WORK) Have you atte~ded meetings? 
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Involvement in Other Organizations 

(6) Do you or does any member of this household belong to any clubs, lodges, unions, 

PTA, chu.rch, social or professional organizations? 

(7) (1f YES) W'hat are the names of these organizations? 

1 No Z Yes 

(BJ Kaw would you rate your interest and participation in (ORGANIZATION)? Would you 

say you are: 

1 Very active and interested, attending meetings regularly 

2 Interested and moderately active, attending meetings when you can 

) A member only, attending meetings only rarely 

(REPEAJ' FOR EACH ORGANIZATION MENTIONED [N QZ) 

(9) Of the clubs/organizations that you just mentioned, which are located in y~ur 

neighborhood? 

Attitude and Perception Questions 

l. Change Over Time in Attitudes Toward the Proposed Project 

0 Presence of Change 

(1) Have your feelings concerning the proposed high-way changed since you first learned 

about the project? 

l Yes 2 No 3 Don't Know 

0 Direction of Change 

(2) (IF YES) Have your feelings become 1DOre favorable or less favorable? 

1 More Favorable 2 Less Favorable 3 Don't Know 

0 'Explanation of Change 

(3) (IF CHANGED) Why have your feelings changed? (PROBE FOR DETAIL) 

2. Evaluation of Alternative Routes 

Designation of a Preferred Route 

(1) Which route do you prefer? 

l Alternative X Z Alternative Y 3 ~ither 4 Pt"efer Both 
the Sani,e 

0 Ranking Routes (USED WHEN MORE THAN 2 ALTERNATIVES ARE UNDER CONSIDERATION) 

5 Don't 
Know 

(2) If the highway decision were to involve the following options, which would you 

most prefer? Which would be your second preference? 

Route A Route B Route C 

Your third? (RANK ORDER.) 

NNo buildN option 

OE'TION: The following question can be used with or instead of QZ to more precisely 
deter.nine variations among preferences for alternative routes. 

(3) Please tell us your preference for the twi, routes by dividing 100 points between 

Routes A and B. Assign the greatest number of points to the route you most prefer, 

and the remaining points to the other route. For exallJPle, a person who slightly 

prefers Rout3 A to Route 8 might answer this question in the following manner: 

Route A 60 

Route B 40 100 • total points 
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0 

Please indicate your preferences below for the two routes: 

Route A 

Route B 100 • total points 

NOTE; This format can be adapted to include additional alternatives and the 
no-build option. 

Intensity of Preferences 

Route Chosen First 

(4) How strongly do you feel about your choice of Route 

alte ruati ve ~ 

as the most preferred 

l Strongly Positive 2 Mildly Positive 

(S) If the highway 1o1ere to be located on the route which you chose first, how would 

you feel about it? Would you be; 

Very 2 Some1o1hat 3 Neutral 4 Somewhat s V'ery 

Favorable Favorable Unfavorable Unfavorable 

(6) What is the major advantage of the alternative you have chosen? In other words, 

what is the principal or main reason you chose Route ? 

(6a) (IF RESPONDENT PROVIDES A REASON) Ate there any other reasons you picked Route 

as your first choice? 

(7) Does it have any disadvantages, problems or shortcomings? 

OPTION: Q8 can be added conce~ng the respondent's opinion of the significance 
of pe!ceived disadvantages. 

(8) Is this a minor disadvantage or a serious problem? 

{9) \.lhat do you thillk its consequences will be? 

Route Chosen Last 

(10) How do you feel about your choice of Route 

l Strongly Negative 2 

as the least preferred alternative? 

11ildly N"egative 

(11) If the highway were to be located on the route which you chose last, how would you 

feel about it? Would you be: 

Veey 

Favorable 

.: Somewhat 

Favorable 

3 Neutral 4 So111ewha.t 

Unfavorable 

5 Very 

Unfavorable 

(12) Why did you rank Route as the least desiraole location for a road? that is, 

what ls the principal reason you consider Route to be the poorest choice? 

Importance of Specific Factors in Route Selection 

Perceptions of Differences Between Routes 

(1) Which route do you think will be ~ore (convenient•} for most people in the area? 

1 Alternative X 2 Alternative Y 

(2) How much more (convenient*} will Route 

Slightly 2 Mode-rately 

3 Neither 4 Equally 
Convenient 

? 

S Don't 
Know 

be than Route 

3 Ver:, Much More 4 Don't Know 

(3) How iw.po-rtant should the question of (conveo.ience*} be in choosing bet.een the 

two route9? 

Not Important 2 Somewhat Important 3 Extremely Important 4 Don't Know 
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*NOTE: This three-question series about convenience should be repeated to probe 
perceptions about other types of impacts. Examples of impacts which may be used 
with this format are provided below. Practitioners may also adapt factors and 
statements listed in Addendums A & B for use with these questions. 

Cohesion: Divide or split the area into two separate communities 

Accessibility: llilke it harder far children to get to school 
Disrupt people more when they want to shop or go to church 

Displacement: Cause more people to have to move out of their homes and find new 
places to live 

Destroy more parks 

Emplo}'11lent, Income, & : 
Business Activity 

Property Values & Taxes: 

Encourage companies to build new stores and shopping 
centers 

Encourage companies to build new factories which will 
provide jobs for people ln the area 

Produce increases in construction costs 

Land Use: Impr~ve land uses that are now deteriorating 

Summated Instrumentalities 

(1) When a road is built it usually causes changes to occur in the community through 

which it runs. Uae the rating form below to tell us how you would feel if the fol­

lowing possible changes occurred in (SPECIFY TOWN OR CITY) as a result of road 

construction. 

Extremely 
Unhappy 

7 

If residential 
property values 
increased, I 
would feel 

If homes had 
to be moved, 
I would feel 

Very 
Unhappy 

6 

Somewhat 
Unhappy 

~ 

Somewhat 
Neutral Happy 

4 3 

Very 
Happy 

2 

:.xtremely 
Happy 

l 

~OTE: Other possible effects which can be explored using this format are listed 
below by impact area: 

Accessibility: If driving to social actiVities (e.g., visits to friends, 
movies, amusement parks) becomes easier 

If driving to business districts becomes easier 
If driving to public facilities becomes easier 

Displacement: If businesses have to be mQved 
!f public facilities have co be moved 
If social facilities have to be moved 

Employment, Income & Business ActiVity: If the number of jobs in the area increases 

Property Values & Taxes: If co=ercial and industrial property values increase 
If rates and fees (e.g., gasoline taxes or license 

fees for operating vehicles) increase 

NOTE: Additional questions to explore other dimensions of the impact ~reas can be 
derived from the list of factors and scatements in Addendu:ms A£ B. 

OPTION: Q2 and 2a can be added to identify the most and least desira~le changes. 

(2) which of the changes in item (l} above would make you most happy? Please specify 

one and cank the top 3. 
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(2a) llhich of the changes would tnake you most unhappy? Please 5pecify one and rank the 

top 3. 

(3) Rate the likelihood that each of the changes listed under item (1) will.occur if 

Alternative A is choee.11 for the 11e•i1 route. 

Construction 
of Alternative A 

Construction 
of Alternative A 

Surely Probably 
Will Not Will ~ot 

May or 
May not 

(REPEAT FOR EACH POSSIBLE EFFECT USED IN Ql) 

Probably 
Will 

Surely 
Will 

Inctease 
Residential 
Property 
Values 

Cause Homes 
To Be Moved 

(4) Now rate the likelihood that each of the changes ~ill occur if Alternate Bis 

chosen. (USE Q3 FORl'!AT, SUBSTITIJTING ALTERNATIVE B FOR AL!'ER.!lATIVE A, AND REPEAT­

ING THE CHANGES LISTED rn Ql. CONTINUE FOR EACH ALTERNATIVE.) 

3, Opinion Data Used to Measure Neighborhood Cohesion 

feelings of Attachment to Neighborhood 

(1) So~e people feel they are really par: of a neighborhood, while ochers see it more 

as just a place to live. How do you feel about living in this ~e1ghborhood? 

Do you: 

l Feel you are really part of the neighborhood 

2 See the neighborhood as just a place to live 

J Don't know 

• Feelings of Satisfaction with Neighborhood 

Overall Satisfaction 

(2) Row do you race your neighborhood as a pl.ace to live? Would you say it's: 

7 Exce!lent 6 Very 
Good 

S Above 
Average 

4 Average 

Identification of 3est and Worst Features 

J Below 
Average 

(3) What things do you like best about living in this neighborhood? 

2 Poor Very 
Foor 

OPTION: Response categories can be selected from list of po81c1ve neighborhood 
characteristics in Addendum A, 

(4) What things do you like lease? 

OPTION: Response categories can be selected from the list of negative nei~hbor­
hood characceriscics in Addendum B, 

Rating Neighborhood Against Others in Atea 

(5) Which statement best describes how you feel about your neighborhood? 

1 One of the best neighborhoods 
in the area 5 Slightly worse than most 

2 Considerably better th.an most G Considerably worse than most 

J Slightly better than most 7 One of th@ worst in ch@ ai:ea 

4 About Che same as ~osc 8 No opinion 
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Perceived Stability ~f Neighborhood Over Time 

Presence and Description of Changes in Neighborhood 

(6) Has this neighborhood changed cm.,ch since you moved here? 

l Yes 2 No 3 Don't know 

(6a) (I~ YES) In what ways has it changed? 

Degree of Change and Identification of Major Changes 

(7) Do you think the neighborhood is changing a lot, somewhat, or not changing at all? 

1 Changing a lot 2 Changing some 3 Not changing 4 Don't know 

(8) In your opinion, what has been the biggest changes in this neighborhood in the 

past two years? 

Future Plans 

Expectation Concerning Future Moves 

(9) How long do you expect to live in this neighborhood? 

(10) (IF PLaN TO MOVE WITHlN FIVE YEARS) Why are you planning to move·/ 

Desire to Remain in Neighborhood 

(11) If you could chose, would you want to stay in this neighborhood, or would you 

want to move sumewhere else? 

1 Stay in neighborhood 

2 Move somewhere else 

Evaluation of Perceived Changes 

3 Doesn't C!latter 

4 Don' c know 

(12) Has this neighborhood gotten better or worse? 

(IJ) How do you feel about changes going on around here? Do you chink they are really 

improving things a lot, improving things somewhat, not improving things at all, 

or are they hurting che neighborhood? 

1 

2 

Really illlpcoving 

Improving somewhat 

£xpeccations Concerning Future Changes 

3 

4 

Noc improving 

Hurtiag 

5 Don't know 

(14) What changes, if any, do you ex;,ect to see in this area in the future? 

(15} What kind of changes, if any, would you like to see in this area 1n the aext ten 

years? 

4. Ptedicting the Effects of the Project on Cohesion 

Separation from Com111Unity 

(1) Do you feel a freeway near your neighboraood would cause any undesired separation 

from the com111Unity with which you wish to identify? 

1 Yes 2 No 3 Other (SPECIFY) 4 Don't know 

(la) Please explain your feelings. 

Rating Specific Characteristics of the Neighborhood 
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Semantic Differential 

(1) Rate your neighborhood in accordance with the following characteristics. Check 

one space between each pair of words or phrases. 

I!umple: 
l 2 3 4 5 7 

Noisy Quiet 

If you think the neighborhood is "noisy" marlr. the space next to the word "noisy." 

If you think it i:, "quiet", mark the space next to the word "quiet"; and if you 

think it is somewhere in between, mark the space where you think it belongs. The 

closer the check ia to the left or right, the ~re you feel that word describes 

your neighborhood. 

Congested 
D«ngeroua 

1 2 ) 4 3 6 7 
Spacious 
Safe 

NOTE: Cowbine other positive and negative neighborhood characteristics to form 
pairs of words or phrases for this question format. 

five-Point Rating Scale 

(2) Rate the following neighborhood characteristics: 

Very Good Good Fair Poor Very Poor 

Low Noise Levels 

Cleanliness 

NOTE: Repeat for other positive neighborhood characteristics. 

Rating Public Services 

(3) I'll read a list of public services. For ~ach one, please indicate your opinion 

of the quality of that service in this area, according to these categories: 

1. Very good 3. Not good ?r bad 

2. Good 4. Bad 

l. Park~ and recreation facilities? 

2. Public schools? 

3. Water for drinking and recreation? 

4. Police service? 

S. Fire services? 

6. Condition of city streets? 

7. Expressways? __ _ 

S. Mass transit service? 

9. ~ealth and hospital services? 

10. Welfare programs? __ _ 

11. Urban rene~al? 

12. Street lighting? __ _ 

1). Garbage collection? __ _ 

14. Parking? __ _ 

15, Preservation of historical sites? 
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• Exploration of Emotional Dimensions of Cohesion 

Emotions Associated with ~eighborhood 

{4) To indicate yout feelings about living in this neighborhood, please check one 

space between each pair of wotds ot phrases. Living in this neighborhood makes 

me feel: 

i:lappy 
Not Lonely 
Proud 
?eaceful 
tmpottant 
Powetful 
Contented 
Safe 
Cared for 

l 2 J 4 5 

Peteeptions of Emotional Disposition of Neighbors 

6 7 
Unhappy 
Lonel.y 
Ashamed 
Angry 
Unimpottant 
Powetless 
Discontented 
Unsafe 
Neglected 

(5) Please give your impression of the people who live in your area. I feel that the 

people in this area are: 

Friendly 
Helpful 
Interestinll: 
lfot Snobbish 
Happy 
Not Lonely 

1 2 3 4 

5. Opinion Data Used to Measure Accessibility 

• Proximlty to Area Facilities 

5 6 

Rating the Importance of Proximlty to Specific Facilities 

7 
Unfriendly 
tfot helpful 
Dull 
Snobbish 
Unhappy 
Lonely 

{l) People are often concerned about.the convenience of certain facilities in their 

neighborhood. Is it very impottant, important, ot not so important for the 

people in this {house)(apartment) to be very close to the following?: 

Food-store 

Other shopping 

Very Iumortant lmoortant Not So Imoottant 

NOTE: Repeat pattern for: hospital or clinic; church {SPECIFY); public transpoi:­
tation; elementary school; park or playground; daycare center; club or other so­
cial organization (SPECIFY); local bat or testautant; other entertainment (SPEC­
IFY); other nei9:hborhood destination points {SPECIFY). 

Identifying the Moat Impottant Facilities 

{2) Of all the facilities in yout neighborhood (in Ql, ABOVE) which one facility is the 

most impottant to be near? The second moat important? The third? 

(3) Vhat kind of transportation do you usually use to go to the.,.? (RECORD TRANSPOR­

TATION CODE FOR EACH ITEM LISTED IN Ql ABOVE) 

1 Walk J Borrow eat 5 Use public transportation 7 Don't go there 

2 Use own car 4 Take taxi 6 Other {SPECIFY) 

{4) About how =ny minutes does it usually talta to 9:0 to the 

MINUTES FOR EACH RELEVANT ITEM) 
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Rating Convenience of Aeeess to Neighborhood or Study Area Destinations 

Convenience of ~ccess to Pre-Specified Destinations 

(1) I'd like co get some ides of how convenient you find this area ior getting to 

various plaees. For eaeh place t mention, please tell me (a) whether you ever 

go to that place or do that thing, {b) which.2!!!_ form of transportation you use 

most often to get there, and (e) how convenient you generally feel it is for you 

to get there. 

Lat's start wich ftGoing to and from work.~ 

(la) Do you (go to and from work)? 1 Yes 2 No 

(lb) (IF YES) How do you usually (go to and from work)? 

1 Drive own car 

2 Friend/relative drives me 

3 Use public transporc~cion 

4 Take a cab 

5 Ride a bike 

6 Walk 

7 Other {SPECIFY) 

(le) How convenient is it to (go to and from work)? 

(l} 

Very convenient; rarely have problems 

Z Fairly convenient; occasionally have problems 

3 Fairly inconvenient; often have problems 

4 Very inconvenient; usually have problems 

XOTE: Repeat Qla-c for: take children to school; do the grocery shopping; shop 
for elochi~g and other things; visit friends who live in my area; visit 
friends who l!ve outside my area; go co church or synagogue; go to the 
doctor, health clinic or dentist; go out to eat; go to movies or other 
entertainments; go to parks or playgrounds; other (SFECIFY). 

Convenience Rating by Mode of Transportation 

Now, I'd like you to rate a number of other aspects of thb area that relate to 

convenienc.e. First, how would you rate the (READ EACH ITEM AND GE! AN ANSWER 

FOR UGH} 
Does 

Excel- Not Don't 
~ Good Fair ~ !e.tlr ~ 

a. Abilicy to get around this 
area by .=:!E. l 2 3 4 5 0 

b. Ability to get around this 
area by walkin!l l 2 3 4 5 0 

c. Ability to gee around this 
area by biczcle l 2 3 4 5 0 

d. Access co oublic cranseortation l 2 3 4 5 0 

e. Access to freewazs 1 2 3 4 s 0 

Opinions on the Importance of an Existing Road (Scheduled ?or ~ajor Improvements) 

(1) Does the existing highway make it difficult or easy for you and your falll.ily to 

get to (READ EACH ITEM AND GET AN ANSWER FOR EACH) 

(a) Work (e) Church or synagogue 

(b) Local schools (f} Neighborhood parks and playgrounds 

(e) Medical facilities 

(d) Shopping districts 

{g} Friends and relatives 
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6. Predicting the Effect of the Project on Accessibility 

General Impact 

7. 

(1) Would the ?roposed highway !!lake it easier or more difficult to make the :allowing 

trips? 

Trip Type 

To vork 

To school 

More Difficult Sot Aoulicable 

NOTE: Repeat pattern for tripe to grocery shopping; church or synagogue; doctors, 
clinics, hospitals; and recreation areas. 

Comparison of I.alpacts for Designated Route Alternatives 

NOTE: Ql can be modified to collect data on residents' perceptions about the 
advantages and diaadvantages of each route alternative. 

(2} Please indicate the effects of each proposed route on accessibility to the follow­

ing activities. 

Trip Type 

To 1o10rlt 

To school 

Easier 

Route A 

More Difficult 

(REPEAT FOR OTHER T2IP TYPES INDICATED IN Ql, ABOVE) 

Opinion Data Used to Measure Business Activity 

Opinions Regarding Level of Retail Activity in Area 

- NU111ber of Stores and Service Facilities 

Route B 

Easier More Difficult 

(1) Do you feel your local collllll.lnity has enough retail stores and service facilities? 

Or do you feel 1110re are needed? 

1 Enough 2 More are needed 3 Other (SPECIFY) 4 Don I t kno>1 

(2) Please explain why you feel there are enough or more are needed. 

- Opti,:o.al u:ications for ~ev Busine,ses 

(3) If ioore businesses were to locate in your coamunity, where w-ould the best location 

for them be? (SBOW RESPONDENT MAP OF AREA) 

Perceptions of the Area as Suitable Business Location 

- ~ssessment of Current Location by Owners 

(l) ijere are some words and phrases which we would like you to use to describe your 

business in relation to its location. for example, if you think it is in a good 

location, put an (X) right next to the ·.ords "good locaticn". If you chink it is 

a poor location, please put an (X) right next to the words "poor location~. If you 

think it is somewhere in between, please put an (X) where you think it belongs. 
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Good location 

i\dequate 
parking 

Not dependent 
on traffic 
from the 
expressway 

Low capital 
lnves tment in 
this location 

Has adequate 
room to e:,cpand 

VER'! 
:-i:uca so 

Closely tied to 
other organizations 
located in this 
area of the dty 

IN 
~ BETWEEN .ill_ 

VERY 
MUCH. so 

E'oor location 

Inadequate 
pai:king 

Dependent on 
traffic :'rom 
the express1,1ay 

Has a high capital 
investment in 
this locatioc 

Needs more land 
for expansion 

Not closely 
tied to other 
organizations 
located in this 
area of the city 

- Advantages acd Disadvantages of Location to Individual Owners 

(I) What are the advantages for your organization in your current location? 

(Z) The disadvantages? 

- Problems Facing ~eighborhood Businesses 

(1) As you see it, what are some of the important problems facing businesspersons in 

this neighborhood? 

(Z) (IF MORE !HAN ONE PROBLEM) Of the problems 7ou me~tioned, which do you consider 

the most important? 

Expectations Regarding Future Locations of Businesses 

Plans Over Next Two \'ears 

(1) Do you plan to move you.r business from this location within the next year or two? 

1 Yes 2 No 3 Don't know 

(la) (IF YES) llhy are you planning to move? 

Plans Over Next Five Years 

(Z) Do ynu expect this organization to remain in this location for the next 5 years? 

1 \'es 2 No 3 Unsure 

(Za) (IF NO OR UNSURE) What would be the chief cause of your moving? 

(Zb) If your organization did move, do you believe it would stay in this area of the 

city? 

1 Yes 2 No 3 Unsure 

Desire to Mov,a 

(3) Would you like ta move? 1 Yes tfo Don't know 

(3a) (IF \'ES) Why 1,1ould you like to move? 

1 Related to highway 2 Unrelated to highway 
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(3b) Would you want to stay in this neighborhood, or would you move somewhere else? 

1 

2 

Stay in neighborhood 

~!ove somewhere else 

3 

4 

Doesn't matter 

Don't know 

8. Predicting the Effect of the Project on Business Activity 

Overall Effects on Individual Businesses 

- General Expectations 

(l) Considering all of the good and bad effects, how ~ould do you generally feel 

about the impacts of the proposed highway on your business? 

Very 
Favorable 

2 Somewhat 
Favorable 

Effect on Sales Volume 

3 Neutral 4 Somewhat 
Unfavorable 

Are you: 

S Very 
Unfavorable 

(2) How would the dollar volume of your business be affected by the freeway? (IF IT 

DEPENDS, GIVE OETAILS) 
1 Inctease 1t 

2 Decrease it 

3 Wouldn't change 

4 It depends 

5 Don't know 

OP'TION: Q:Za can be added co secure information useful in determining effects on 
area business in general. 

(2a) If built, what effect would the freeway have on the general level of dollar sales 

for businesses of your type in the area? 

l Increase it 

2 Decrease it 

Benefits to Individual Businesses 

Overall Benefit 

3 Wo~ldn't change 

4 It depends 

5 Don't know 

(1) Do you feel that your business would benefit from a highway in or near this 

neighborhood? 

1 Yes 2 No 3 Don't know 

Perceived Benefits 

{la) (IF YES) How would your business benefit from a highway1 

l Relieve traffic congestion 

2 Increase property values 

3 Better neighborhood appearance 

4 Increase accessibility for customers 

OPTION: Qla can also be left open-endeci. 

Rating Benefits 

5 Increase accessibility for suppliers 

6 Other (SPECIFY) 

7 Don't Know 

(lb) Please tell how you feel about (READ 1st BENEFIT MENTIONED iN Qla). Do you feel 

that the benefit from (REPEAT BENEFIT) would be very great, moderate, or rather 

small? (REPEAT FOR EACH BENEFIT RESPONDENT HAS aENTIONED) 

1 Very great 2 Moderate 3 Rather small 4 Don't know 
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~egative Effects on Individual Businesses 

General Expectation of ~egacive Effects 

(2) Do you expect that a highway in or near this neighborhood will have any negative 

effects on your business? 

l Yes 

Perceived Negative Effects 

No 3 Oon' t know 

(2a) (IF YES) What negative effects would you expect from a highway? 

(SEE ADDENDUM B FOR LIST OF NEGATIVE EFFECTS) 

Rating Negative Effects 

(2b) Please tell ~e how you feel about (READ 1st NEGATIVE EFFECT MENTIONED IN Q2a 

RESPONSE). Do you feel that the negative 11ffect from (REPEAT NEGATJ:VE EFFECT) 

would be very great, moderate, or rather s111all? (IU:PEAT ~OR EACH NEGA!tVE EtFECT 
RESPONDENT HAS MENTIONED) 

1 Very great 2 Moderate 3 Rather sina.11 

• Effects of Knowledge About Project on Business Decisionui.aking 

- Decisions to Date 

4 Don't know 

(1) Have you already made specific decisions about your business because of the pro­

posed freeway? 

NOTE: Either Qla or 2a-c can be used to secure additional information on decision­
making. Responses to Q2a-c capture more detailed data concerning the ef­
fects of knowledge about the proposed road on upgrading and :naintaining the 
business. 

{la) (IF YES) What decistona have you made? (RESPONDENT MAY GIVE :1ULTIPLE ANSWERS) 

l ~ove out of area S Will acquire more land 

2 Relocate in area 6 Others (SPECIFY) 

3 Will not remodel or enlarge building Don't know 

4 Will remodel or enlarge building 

(2) If you have been thinking of remodeling or renovating your business or ?toperty, 

has knowledge of the proposed highway strengthened, weaKened, or not affected your 

deciston? 

1 Strengthened 2 Weakened 3 Re111ained the same 

(2a) Has knowledge of the proposed highway affected your attitude toward maintaining 

your business premises? 

1 Yes 2 tfo 3 Don't Know 

(Zb) (If YES) Would you say you are more inclined or less inclined to maintain yout 

business premises? 

1 More inclined 2 Less inclined 3 Don't know 
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Expected Decisions 

(l) If the highway is built within 10 years, what will you do? (RESPONDENT MAY GIVE 

MULTIPLE ANSWERS) 

l Depends on highway's distance ftom business 

:1. Depends on location of access ramps s Will remodel or 

3 Will acquire more land for business 6 Other (SPECIFY) 

4 Depends on presence of service road 7 Don't know 

(2) I! your business is in the ROW, what will you most likely do? 

1 Relocate in area 4 Other (SPECIFY) 

2 Relocate out of area 

3 Go out of business 

5 Don't know 

Knowledge of the Businesspersons' Decisions 

enlarge building 

NOTE'.: This question can secure data useful £or broadening knowledge of study area 
changes. 

(1) Have any businesses already moved out of the area because of the proposed freeway? 

(IF YES, GIVE NAME) 

1 Yes 3 

9. Opinion Data Used to Measure Land Use and Development Trends 

G Perception of Development Options 

Most Important Option 

Don't know 

(l) What do you believe is the one ~ost important thing which could be done to Improve 

this area of the city? 

Rating the Desirability of Specific Proposals 

(2) The location, design and access of transportation facilities are largely deter­

mined by the manner in which an area develops over an extended period of time. 

~hat is the relative desirability of de~elopment 0£ each of the following items 

for the (SPECIFY AREA) in the years ahead? Please check one column for each item. 

Single family housing 
on urban lots 

Single family housing 
tracts of one acre or 
larger 

Highly 
Desirable 

(1) 
Desirable 

(2) 

Relatively 
Desirable 

(3) 
Undesirable 

(4) 

NOTE: Repeat this sequence for multi-family housing tracts, mobile home parks, 
no new housing development; new commerciaI centers; improve or expand existing 
centers, no change in commercial centers; more parks, more indoor recreation 
facilities, more outdoor recreation facilities; preserve wildlife habitat, pre­
serve farmland; enlarge colleges and technical schools; additional health care 
facilities; new industrial facilities, develop or expand existing industrial fa­
cilities, no change tn industrial activity. 
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Agree<ee.nt or Disagreement with Specific Proposals 

(3) Listen to the following development proposals and indicate whether you agree or 

disagree with them. !'11 also ask how strongly you feel about these issues. 

The city should b~autify deteriorating areas of the city even though it will 

involve relocating some families. 

Stroogly agree 

2 Tend to agree 

J Tend to disagree 

4 Strongly disagree 

5 Don't know 

NOTE: QJ can be used for any development proposals facing the area. Each 
proposal should be phrased as a positive statement to which the re­
spondent can agree or disagree. 

Rating the Urgency of Development Proposals 

(4) For each development proposal listed below, indicate whether you consider it to be 

urgent, important, or not important. If undecided, e.~., somewhat important or 

somewhat unimportant, mark either 2 or 4. 
Not 

Urgent Important [mportant 

Beautification of deteriorating 
housing areas 

I 

2 

I 

3 

I 

4 s 

NOTE: This questioning pattern can be used to measure reactions to any develop­
ment proposal being considered in the study area. 

10. P~edicting the Effect of the Project on Land Use and Development Trends 

Change in tl'eighborhood Features 

(~) How would the following items change if the proposed ?roject is constructed? 

More/ Less/ About Don't 
Larger Smaller Same ~ 

Apartment Houses: Number 2 ] 4 
Size 2 3 4 

Retail ausi nesses: Number l '> J 4 .. 
Size 1 2 3 4 

Service Businesses: Number I 2 3 :. 
Size 1 2 3 4 

Industrial Businesses: lfomber 2 3 4 
Size 2 3 4 
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4.9 TRIP ACTIVITY SURVEYS 

Objective. To record information on trip activity patterns within the study 

area, and from locations within the study area to outside destination points. 

Description. The key to this survey approach is the selection of a location 

at which surveyors will observe trip activities, select respondents, and elic­

it information from them. Depending on practitioners' needs, the survey loca­

tion may be the entrance of key local service centers, shopping centers, park­

ing lots, employment centers, etc. Once the location is determined, and the 

time intervals for collecting data are established, the survey team will make 

observations and ask questions concerning frequency of trips, modes of travel, 

origin and destination points, time of day, and socio-economic characteristics 

of trip-makers. 

Sampling Approach.* Depending on the situation, the surveyors may take a cen­

sus sample, or use an interval or quota sampling approach. 

Resource Requirements. Resource requirements are usually low. The surveyors 

generally remain in one place, or are stationed at only a few selected loca­

tions. The observations made and questions asked are limited and relatively 

simple in nature, 

Utility and Limitations of Approach. The trip activity survey is a simple way 

to secure data not available in record sources on intra-community trip activi­

ties. It can also generate data on through traffic and trips to outside des­

tination points. The approach may be used to identify important pedestrian 

and bicycle routes, and to determine the frequency of use of local facilities 

and the characteristics of users. 

This approach is extremely flexible, allowing practitioners to select observa­

tion points which are consistent with project needs. Its major use is to gen­

erate data used to explore accessibility questions. However, information can 

*See Part 3 for more detail on sampling approaches, 
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also be collected which is useful in exploring community cohesion, potential 

displacement effects, employment patterns, and business activity. 

4.10 QUESTIONS USED IN TRIP ACTIVITY SURVEYS 

The following questions can be selected, combined, and supplemented at the 

user's di sere tion, depending on project obj ec ti ves , target groups, and the 

nature of the study area. 

Information Questions 

1. InfonAtion on Current Trip Al:::tivity (from Residence to Selected Locations) 

NOTE.: Mapping techniques are often used to graphically represent trip activities. 
This aids in the ideutification of areas with high levels of intracommunity 
trips and focuses particular attention on trips by foot. (See Vol. 1, p. 147, 
for a description of mapping of trip activity data,) 

• Trips to Workplace 

NOTE: These questions should be asked for each wage earner contributing 25% or ,nare 
of the total f&!dly income. 

Screening Question 

(1) Does (SPECIFY NAME OF WAGE EARNER) expect to stay on this job for another year or 

more? l Yes 2 No 

NOTE: This question is used to deterndne if the major wage earner plans to ~ork 
at the present location long enough to make it worthwhile to continue the 
questioning. 

Place of Employment 

(2) What is the nBlD.e and address of 's place of work? 

Mode of Travel, Route Taken, and Distance to Work 

( 3) How does _______ llSually go to Wl>rk? 

1 Walk:s 4 Uses taxi 

2 Uaes own car 

l Borrows car or carpools 

5 Uses public transportation 

6 Other (SPECIFY) 

(4) What streets or high\lays are uaed to get to work? (IDENTIFY ROUTE ON MAP) 
' • 

(5)' How far does _______ travel to get to work? 

0-5 6-10 10-15 15-20 In !-files? 

In Minutes? (SAME RESPONSE CATEGORIES AS FOR ~IN MILES~) 

~ Trips to School 

(1) {Do you/does the student) go to school full-time or part-time: 

(2) What is the name and address of the school? 

(3) What type of school is it? 
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{4) aow (do yau/daes the studeat) get thete? 

1 Walks 4 Borrows ~ar or carpools 

5 llses taxi 

7 Other (SPECI~Y) 

2 Takes school bus 

3 llses Qwtt car 6 llses public transportation 

(5} What streets or highways are used to get there? (IDENTIFY ROUTE ON MAP) 

{6) Row far (do you/does the student) travel to get to school1 {SEE QS rn PREVIOUS 
SUBSECTION FOR RESPONSE CATEGORIES) 

• Trips to Frequently Used Services 

(1) Where do members of your household go to perform the following activities, How 

far is each Erom your home? 

Distance in Miles 
Activity Name & Address 0-1/2 1/2-1 1-3 3-5 5+ D/K 

Grocery shopping l 2 3 4 5 6 

Bank 1 2 3 4 5 6 

SOTE: Repeat pattern for dry goods stores, friends, church; doctor care; movie 
theater; other entertainri1ent and public parks. 

OPTION: The fitst part of Ql can be rephrased as follows: Where did someone from this 
household .most recently go (for groceries)? This more direct question is often 
easier for respondents to answer. 

(Z) Eow often do members of yo~r falllily go to these places? 

Grocery Store 

Bank. 

Week. 

At Least Once Everv 

Month Year 

(REPEAT FOR SERVICES LISTED IN Ql, ABOVE) 

Don't 
Know 

Not 
Applicable 

(3) How do members oi your falllily usually get to and from these places? 

Mode of Travel 
Drive Rider 
Auto in Auto Bus Taxi Walk Other 

Grocery 3tore 

Bank 

(REPEAT FOR SERVICES LISTED IN Ql) 

Identification of Destination Points Inside and Outside the Study Area 

(1) Which of the following do you or your falllily usually do in (NAME AR.EA)? Which do 

you go outside the area to do, and which do you do both in and out of this area? 

Do you usually do your grocery shopping in (NAME AREA), go outside, or go both 

inside and outside? (iDENTifY ALL CAIEGORIES TH.4.T APPLY ANO REPEAT FOR ITEMS 

LISTED IN Qlb, BELOW} 

NOTE: In cases where respondents go to destination points outside the community, 
the following questions generate information on (1) whether this is by 
choice or because services are not available within the area, and (Z) recent 
changes in the availability of services. 

(la) (IF ~GO OUTSIDEri ASK) Are there any (READ ITEM) located in this neighborhood~ 

(IF ~NO" RECORD UNDER "NO FACILITIES IN AREA" in Qlb, BELOW} 
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(lb) (If "GO OUTSIDr OR "BOTH IN ARE.A AND GO OU!SIDE," ASK) Were any of the (RtAD 

ITEM) that you go to now formerly located in th1s neighborhood? (IF "YES" RECORD 

UNDER "FORMERLY !N ARE.A") 

Destinations 

Grocery 

Bank 

Not 
Aoplicable 

Oo In 
Area 

Both in 
and Outside 

Go 
Outside 

No Facil. 
in Area 

Fonilerly 
in Area 

Repeat for: dry goods stores, church or synagogue, movies or theaters, parks 
and playgrounds, doctor, and health clinics. 

• Use of ~p ta Show Major Facilities in Relation to Respondent's Home 

NOTE: Used to plot the location of the respondent's residence and the ?laces where 
the respondent goes to secure services. 

(SHOW !HE RESPONDENT A t1AP) Here is a ~ap of the area which may help us as we talk. 

To help us &et located, lee's find your house on the ro.ap. (FilID RESPONDENT'S HOUSE ON 

THE t-fAP AND MARK IT AS PRECISELY AS POSSIBLE. BE SURE TO SHOW THE HOUSE ON THE CORRECT 

SIDE OF THE STREET. !HEN IIAND MAP TO RESPONDENT.) 

Now, lo eking at the' oia p, please find and mark the following: 

{l) Where you do moat of your food shopping? (CIRCLE AREA ON~ AND I..ABEL "FOOD~) 

(2) Where you do most of your shopping for things other than food1 (CIRCLE AREA ON 

MAP AHO !.A11EL "SHOP~ ) 

(3) If you have any children in school, where is the school located? (CIRCLE AREA ON 

~ AND LABEL "SCHOOL") 

0 Use of an txisting Route for Selected Activtties 

(l) Do you presently travel aver Avenue? For what purposes? (RESPONDENT 

MAY SELECT MOR£ THAN ONE CATEGORY) 

1 Shopping 4 Co=uting to ~ork 

2 Travel to school 5 Taking children to 

3 Travel to town 6 Other {SPECIFY) 

Attitude and Perception Questions 

Importance of Tripe 

(1) Row :Lsnportant do you consider trips to _________ _ ? 

Extremely 
Important 

2 'lecy 
Important 

J tmportant 4 Not So 
Important 

school 

5 Unimportant 

(ASK SAME ABOUT TRIPS TO EACH PLACE MENTIONED BY RESPONDENT IN INFORMATION 
SECTION, ABOVE) 
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Addendum A 

PERCEIVED POSITIVE EFFECTS OF THE PROPOSED PROJECT 

Sample Response Categories 

COHESION 
Promote community togetherness 

ACCESSIBILITY 
Improve access to schools 
Improve access to religious facilities 
Improve access to employment centers 
Improve access to business districts 
Improve access to public facilities 
Improve access to parks and historical 

EMPLOYMENT, INCOME AND BUSINESS ACTIVITY 
Increase employment opportunities 

sites 

Increase opportunities for private development 
Improve customer access 
Improve access to suppliers 
Stimulate community development 
Encourage construction of new shopping centers 
Encourage construction of new industrial facilities 

PROPERTY VALUES & TAXES 
Increase property values 

LAND USE 
Rehabilitate deteriorated areas 

RESIDENTIAL ACTIVITY 
Stimulate housing construction 

AESTHETICS 
Improve general appearance of community 
Improve neighborhood appearance 

PHYSICAL 
Control air pollution 
Control noise 
Control water pollution 

HEALTH & SAFETY 
Improve fire protection 
Improve police protection 
Improve medical service (including ambulance) 
Decrease auto accidents 

AUTO RELATED 
Reduce fuel consumption 
Relieve traffic congestion 
Relieve public transit congestion 
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Addendum B 

PERCEIVED NEGATIVE EFFECTS OF THE PROPOSED PROJECT 

Sample Response Categories 

COHESION 
Split the neighborhood 
Separate family and friends 
Change social character of neighborhood 

ACCESSIBILITY 
Decrease access to schools 
Decrease access to religious facilities 
Decrease access to employment centers 
Decrease access to public and shopping facilities 

DISPLACEMENT 
Displace residential housing 
Displace commercial areas 
Displace industrial areas 
Displace parks and recreational facilities 
Displace wildlife and natural terrain 
Displace too many homes 

EMPLOYMENT, INCOME AND BUSINESS ACTIVITY 
Commercial encroachment 
Dislocate businesses 
Loss of goodwill 

PROPERTY VALUES & TAXES 
Facility construction or improvement costs will be prohibitive 
Decrease property values 
Raise property taxes 
Increase user fees and rates 

RESIDENTIAL ACTIVITY 
Discourage residential development 

AESTHETIC 
Downgrade neighborhood appearance 
Discourage owners from maintaining property 

PHYSICAL 
Increase air pollution 
Increase noise 
Destroy land, wildlife, and other natural resources 

AUTO SAFETY 
Increase automobile accidents 
Change local traffic patterns 
Increase traffic congestion 
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Part 3. SAMPLING PROCEDURES 

Par-t 3 is devoted to the discussion and cr-itical evaluation of sampling ap­
pr-oaches available to pr-actitioner>s inter-ested in rJonducting cost-effeative 
surveys. :the objective her-e is to descr-ibe available sampling techniques in 
te"f'frls of their applicability to the socio-economic impact assessment pr-ocess 
-- depending on the stage in the two-step assessment activity, the target pop­
ulation, infor'!T¥1,tion requiPements, time and Pesour>rJes available, and the de­
sir-ed level of confidence. 

Chapter 5 descPibes sampling appPoaches which rruy be used in pr-eliminar-y as­
sessment. Special emphasis is placed on the use of small sample sur-veys to 
get a quick, inexpensive r-eading on public attitudes and pe1•ceptions concer-n­
ing the prooject. 

Chapter- 6 focuses on sampling appr-oaches tailor,ed to pr-actitioner,s' needs dur,­
ing the detailed assessment of r-oute al-ter-natives. Her>e emphasis is placed on 
alter>native appr>oaches to the r>andom sampling of ar,ea r-esidents and business­
persons. Subsections in this chapter- discuss the parotioulaP utility and "limi­
tations of str>atification and multiphase sampling. 

Chapter>? is devoted to a discussion of how to deter>mine optimum sample sizes, 
i • e • sa.mp le s which wil l, g enero te r-epPe sen ta ti ve Pe suits while at the same time 
keeping the numbeP of Pespondents Pequir-ed, and the associated costs, to a 
minimum. Optimization is discussed in r>elation to a Va'Y'iety of situations 
faced by impa,ct analysts. 

Chapter> 8 focuses on the types of eT'T'or>s which aPe associated with estimates 
based on samples and how to avoid them or minimize their- effects. Separate 
sections her>e discuss er>Por> components, sampling var-iance, and bias. 

The rrnterial in this part is designed to (1 J help practitioner>s select the 
sampling appr>oach which meets theiP par-ticular, needs, and (2 J achieve the 
maximwn reliable inforrm:ztion fPom their- samples at the lowest cost. 
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Chapter 5. SM1PLING DURING THE PRELIMINARY ASSESSMENT PHASE 

5.1 NON-RANDOM SAMPLES OF AREA ELITES 

Samples of community leaders, elected officials, community groups, and other 

elites are usually taken on a non-random basis. This is because the practi­

tioner needs informed opinions concerning the impacts of a proposed road from a 

limited number of individuals with an overall understanding of the study area 

and major sub-areas in the initial phase of the assessment process. 

This perspective can be best captured by questioning selected respondents who 

customarily think in these broader categories. Therefore, in his selection, 

the practitioner will want to be certain he has identified the appropriate 

individuals. Time and cost considerations are a second reason for selecting a 

small target group. 

The sampler may use any of several techniques to select a sample. For in­

stance, the planner may choose a set of individuals or groups because he be­

lieves these people fit the general criteria stated above -- or some other 

criteria -- without testing this assumption using explicit measures. Sampling 

done in this manner is called judgmental sampling. Judgmental sampling is 

predicated on the assumption that the sampler himself can identify those indi­

viduals whose perceptions and opinions are most useful to him. 

In contrast, suppose the sampler chooses a set of individuals because he has 

some objective evidence -- independent of his own, subjective considerations 

-- that they will have insight into the community's reactions. An example of 

this would be the choice of publicly elected officials who have been in office 

for two or more years and represent a constituency in the study area. Such a 

selection, made on a more objective basis, is called a purposive sample. Pur­

posive sampling attempts to control the potential bias associated with the 

sampler's subjective judgments. 

An ancillary sampling technique which is potentially applicable to this stage, 

and is more purposive than judgmental, is called linked chain sampling. Here, 
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the sampler chooses an initial set of individuals or spokesmen for organiza­

tions who meet his criteria, and -- after interviewing them -- asks them to 

identify others who should also be interviewed. This selection may be subjec­

tive on the part of the interviewee, but it is objective on the part of the 

sampler. 

The process of asking interviewees to name other possible respondents who fit 

the established criteria is repeated during each new interview until no per-

sons who have not been interviewed are named. 

called sampling through qualified informants. 

This approach is sometimes 

A potential hazard of both the judgmental and purposive sampling approaches is 

the possibility that bias will be introduced whenever influential individuals 

or groups which hold conflicting viewpoints are not interviewed. Thus the 

practitioner should collect as much information as possible about the area in­

frastructure when developing frame listings. Purposive samples based on such 

detailed information are more reliable than judgmental ones. 

5.2. MINI-SURVEYS (SMALL SAMPLE SURVEYS) 

During preliminary assessment, the practitioner may want to obtain information 

on the initial attitudes of local residents towards the project. He also may 

choose to screen the residents regarding their perceptions about potential 

project impacts and other concerns. A mini-survey can accomplish these goals 

while using a limited amount of time and resources. 

Mini-surveying is a procedure for obtaining information using a small sample. 

Since precision in surveys is usually related to sample size -- with greater 

precision achieved using larger samples -- the question arises as to what con­

clusions can legitimately be drawn from a small sample survey. Under the 

right conditions, some clear conclusions can be drawn with a high level of 

confidence. However, in other circumstances, the results may be inconclusive. 

The following discussion examines those situations in which the mini-survey 

can provide useful information. 
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Suppose the practitioner wishes to screen a target r,esidential area for poten­

tial negative attitudes about road construction. More specifically, suppose 

he would like to know if the majority of individuals in the area are basically 

opposed to construction, i.e., are more than 50 percent of the residents in 

the area opposed to the construction? Can the results of a telephone survey 

of 20 respondents provide a definitive answer, i.e., do the results have an 

adequate level of precision? 

The precision of survey results is based on the amount of error associated 

with the estimated results. In the case of the question of negative atti­

tudes, the estimate would be based on the percent responding negatively. When 

a percent is estimated, the error of the estimate (or variance) associated 

with the percent is: 

Var(p) = pq/n, 

where pis the percent (as a decimal) responding negatively, q = 1 - p, and n 

is the sample size (20 in this case). Using this formula to calculate error, 

it is possible to determine the confidence that one can place in the results. 

Suppose 20 randomly selected individuals are asked whether or not they approve 

(a yes/no question) of the construction of a highway. What confidence state­

ments can be made about the results of a survey this size? 

To see this, suppose 10 percent (p = .10) of the individuals in the sample say 

they are opposed to the construction. The variance of p, Var(p), is: 

Var(p) ""pq/n 

= (.10)(.90)/20 

= .0045 

The standard deviation associated with the estimate pis then .067. A 95 per­

cent confidence range (see Section 7.4 ) around p - .10 will be 2(.067) = 

.134 (2 is used because the sample is small; the t-distribution is used in 

place of a normal distribution to correct for the uncertainty associated with 

small samples). Thus, one can be 95 percent confident that the true popula­

tion value is somewhere between .10 + .134 and .10 - .134, i.e., between .234 

and .00 (p cannot be less than .00). 
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This example demonstrates that a planner can be 95 percent confident that less 

than 50 percent of the individuals in the target area will have a negative re­

action to the new construction. This represents a significant amount of in­

formation given the limited resources required to generate the data. 

The foregoing example, however, may represent an extreme response situation 

because p could be larger than 10 percent. If 40 percent (p = .40) of the 20 

individuals respond negatively, the information would be less clear. In this 

case, a 95 percent confidence range would be .40 plus or minus .219, or .619 

to .181. One cannot have the same confidence as before that less than 50% are 

opposed, even though 40 percent stated so in the survey. If one could lower 

the confidence placed on the results, then one could state that there is a 

slightly larger than 60 percent chance that the true negative response is be­

low p = .50. In the marginal area, the decision is placed in the hands of the 

impact analyst. A chart showing the confidence intervals associated with var­

ious results (i.e., p values) appears in Table l (p. 95). 

It should be remembered that a mini-survey is really a screening procedure. 

If the results are unclear or suggest significant resistance to new construc­

tion, a more extensive survey may be required at a later stage. However, if 

the results show low negative attitudes with high confidence, then resources 

may be better utilized at a later stage for activities other than the perform­

ance of a large-scale opinion survey. 

Sequential Sampling for Screening Attitudes. An alternate method for screen­

ing area residents' attitudes is sequential sampling~ This approach allows 

the analyst to randomly select individual residents, one at a time, and af­

ter each response make a decision, for example, as to whether attitudes are 

against construction or for it and whether it is necessary to sample another 

resident. The type of question used in this procedure is one in which the 

response is binomial, i.e., yes or no: are you for the road or against it? 

Do you think the road will result in major impacts or not? 

Sequential selection procedures can save valuable time and resources. In a 

sequential sampling plan, the number of individuals selected is not predeter­

mined, and the decision to terminate sampling depends upon previous results. 
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Table 1. Degrees of confidence levels relative to results for proportions 
(percents) from samples of size 20. 

50 Percent 80 Percent 95 Percent 

Proportion Lower Upper Lower Upper Lower Upper 
(p value) * Limit Limit Limit Limit Limit Limit 

.10 • 054 .146 .011 .189 .ooo .240 

.20 .139 .261 .082 .318 .014 .386 

.30 .230 .370 .165 .435 .087 .513 

.40 .324 .476 .254 .546 .170 .630 

.50 .423 .577 .351 .649 .266 .735 

* The confidence band around pis calculated asp+ tSp, where pis the 
sample proportion, and tis the value on the t-distribution (used for small 
samples) which determines the percent confidence. Sp, the standard error 
of estimate, is calculated as Sp= Square root (pq/n), where q ~ 1-p. 

The sequential procedure described here is a modification of that developed by 

Wald (1947) and adapted by Bradley (1953). 

' Sequential Sampling as an Experiment. The sampling and analysis approach in a 

sequential framework is really posed in the form of an experiment. That is, 

one makes an assumption, or hypothesis, about the response of the population 

and then, by sampling sequentially, proceeds to test it. For example, suppose 

it is essential to determine during preliminary assessment whether the major­

ity of residents in an area are opposed to new highway construction. This is 

equivalent to hypothesizing that over SO percent of the target universe are 

opposed to the construction. 

To reject the hypothesis developed for a sequential sample, the surveyor often 

continues sampling until the results are more than adequate to support the de­

termination. For example, the analyst could reject the hypothesis of over SO 

percent opposition at the point when the negative response rate falls below 50 

percent. If the analyst continues sampling and the negative response rates 
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fall below 40 percent, ho~ever, he could more confidently conclude that the 

majority is not opposed. Also, there is sampling error associated wrth the 

sequential sample. Therefore, if one is testing the "majority-opposed" hy­

pothesis, it is probably judicious to raise the 50 percent decision-point to 

65 percent. However, 50 percent will be maintained in this case for illustra­

tive purposes. 

The Boundaries of Decision. When one is required to make decisions about a 

hypothesis, there must be a defined point or boundary at which the decision, 

when reached, becomes clear. In the case of a sequential sampling test, the 

boundaries of decision come in the form of lines. These lines are shown here 

in Figure 4. 

-: 
~ 
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a. Number of triab, n 

Figure 4. Sequential test chart. 

This chart shows how the boundary lines are related to the sequential sample 

size and the number of negative responses. After each individual is sampled, 

the total number of negative responses (on the vertical axis) are plotted 

against the total sample size (on the horizontal axis) at that stage. If the 

plotted point goes over L1, then the practitioner will accept the hypothesis 

that a majority (over 50 percent) are opposed to the construction. On the 

other hand, if the plotted point goes under L0 , the practitioner concludes 

that the majority are not opposed. 
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Determination of the Boundary Lines. While it is clear that the two lines in 

Figure 4 divide the sampling region into three decision regions, the practi­

tioner must know exactly where the lines are located so that erroneous deci­

sions are not made. First of all, the lines must reflect the assumptions (hy­

potheses) the practitioner makes about the degree of negative response in the 

population, e.g., he accepts the hypotheses if more than 50 percent are op­

posed or rejects if less than 40 percent are opposed. These two percents (p), 

then, are associated with two lines: for 11, Pi= .50; for 1 0 , P0 = .40. 

The lines cannot be calculated using the percents alone. It is necessary to 

take into account the confidence to be placed in the decision. This confi­

dence can be phrased in terms of the types of error involved when the practi­

tioner makes a decision to accept or reject the assumption of majority opposi­

tion. 

The first type of error occurs if the practitioner rejects the majority oppo­

sition hypothesis when it is really true. The second type involves accepting 

the majority opposition hypothesis when it is actually not true. As shown be­

low, these errors are usually stated as probabilities: 

(Type 1) A= .05 

(Type 2) B = .10 

This example introduces a control to test, stating that 5 percent error (.05 

probability) is allowed for the first type and a 10 percent error (.10 proba­

bility) for the second type. Some individuals who use this approach believe 

they can reduce the error by stating beforehand that they wish the error of 

the first type.to be 1 percent or less. This reasoning, however, is danger­

ous because if one error type is forced down, the other usually increases. 

Thus, a trade-off must be effected, and A~ .05 and B = .10 is frequently se­

lected. 

The two error types discussed above are essentially the statements of confi­

dence which the planner imposes on the sequential procedure. The planner is 

stating, in effect, that the error cannot exceed these probabilities. And by 

stating them beforehand, he controls the results. The confidence of the test 

is seen through the probabilities of not making an error. For example, if 

the planner accepts the hypothesis that the negative response rate is over 50 
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percent, he is 95 percent confident (1.00 - .OS= .95) that this is the cor­

rect decision. If, on the other hand, the results show that the 50 percent 

hypothesis should be rejected, then the confidence to be placed on that deci­

sion is 90 percent (1.00 - .10 = .90). This latter confidence is called the 

power of the test. 

Calculation of the Lines. From the hypotheses concerning the response rates 

(P 1 = .so, Po= .40) and the pre-defined errors (A= .05, B = .10), the bound­

ary lines can be calculated. The forms of the lines are given as: 

L1: d1 = a1 + bn, and 

L0 : d0 = a 0 + bn 

where n is the size of the sequential sample, bis the slope of the line, a1 

and a0 are the points at which the lines intersect the vertical axis, and d 

is the cumulative number of negative responses. 

To place the lines in the positions which reflect the hypothesized response 

rates (P0 = .40, P1 = .50) and the imposed errors (A= .OS, B = .10), it is 

necessary to calculate the slope (b) and intercepts (a 0 , a1) of the lines. 

This can be done arithmetically through the following formulas: 

b = K2/(kz + k1) 

ao = -e1/(k1 +k2) 

a1 = ez/(k1 +kz) 

where: 

K1 = log (P1/Po) 

Kz = log [(1 P0 )/(l - P1)] 

e1 = log [(1 - B)/A] 

ez = log [ (1 - A/B).* 

Using the values in the example, these formulas yield: 

kz ;;; .041 

and 

ez = .978 

b = 2.971 a0 = -9.094 a1 = 7.087. 

Thus, the lines are, L1: d1 = 7.087 + 2.971n, and L0 : d0 = -9.094 + 2.971n. 

*All logarithms are to the base 10. 
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To carry out the sequential sampling test of negative response to construc­

tion, a practitioner must first plot the lines on a piece of graph paper rela­

tive to the axes representing the cumulative number of negative responses and 

the cumulative size of the sequential sample. The next step is to randomly 

select residential phone numbers, interview an adult in the household, plot 

the response, and continue the process until one of the lines is crossed. 

When that occurs, one can be sure the decision is made with the stated confi­

dence. 

The Expected Size of the Sample in the Sequential Process. It was previously 

stated that the sample size in a sequential procedure is not known when the 

testing begins. In a strict sense this is true. However, it is possible to 

estimate what the expected sample size would be under the various different 

outcomes. For the values stated and calculated in the above discussion: 

(1) If there is no negative response. the formula for the 
expected sample size is: 

n = e1/k2, 

with e1 = 1.2S5 and kz = .041 

n = 1.25S/.041 

n = 30.6. 

(2) If the negative response rate falls below the lower line 
(reject majority opposition), the sample size is given as: 

.n = [(1- B)e1 - Bez]/[(1- P0 )k2-P 0 k1] 

n = 30. 3. 

(3) If a sample response exceeds the upper line (accept major­
ity opposition) then the expected sample size is given as: 

n = [(l - A)ez - Ae1]/[p1k1 - (1 - P1)k2] 

n = 30.9. 

(4) Finally, if every one responds negatively. the sample size 
is calculated as: 

n = ez/k1 , n = 10.1. 

As can be seen, the maximum expected sample size is about 31. The sample size 

can be lowered by structuring the initial values differently. For instance, 

changing the upper response rate from .50 to .65 would flatten the lines and 

reduce the size of the expected sample. 
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Chapter 6. SAMPLING TO SUPPORT THE DETAILED 
ASSESSMENT OF ALTERNATIVE ROUTES 

6.1 SURVEYS OF AREA ELITES 

This survey methodology is an extension of the survey of area elites described 

under Non-Random Samples of Area Elites (Section s.1). 

6.2 SURVEYS OF LOCAL FACILITY MANAGERS 

The census sample of local facility managers does not require technical know­

ledge. 

6.3 RANDOM SAMPLES OF AREA RESIDENTS AND BUSINESSES 

Samples selected on a random -- or probabilistic -- basis can provide unbiased 

results from which inferences about the population can be made with known pre­

cision. The inferences will have a known precision because the random nature 

of the selection process permits the results to be modeled by probability dis­

tributions for which precision can be calculated in terms of percent confi­

dence (confidence levels). The confidence levels are taken from various areas 

under probability curves representing amounts of precision (see Section 7.1, 

Sample Size and Precision), 

Selecting a Random Sample. There are basically two types of random samples: 

simple and systematic. Other methods are extensions of these two. 

The simple random approach to selecting a sample uses a table of random num­

bers. A reproduction of such a table is seen in Figure 5 (p. 101). To demon­

strate how a sample is selected in this manner, consider the following exam­

ple. Suppose there are 100 houses in the proximity strata in a corridor for 

an alternative ROW. To estimate the opinions from the total set of houses in 

that strata, suppose it has been determined that a simple random sample of 10 

houses will be chosen. The first step is to list and assign to each of the 

100 houses in the universe a number in the range from 1 to 100. That is: 
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Figure s. Random numbers table. 
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No. House 
-1- 417 Oak Ave. 

2 419 Oak Ave. 
3 421 Oak Ave. 
4 423 Oak Ave. 
5 425 Oak Ave. 

100 947 Green Way 

To choose a simple random sample, the surveyor can enter the random table (in 

Figure 5) at any point, i.e., any row or column. If he enters the table in a 

row, then he should move across the row to its completion. If one row is in­

sufficient, he moves to the next row above or below the original, and contin­

ues in the same direction until a sufficient number of usable random digits is 

found.* 

The random numbers in the table are displayed in groups of five digits each. 

Since it is only necessary to choose from a list of 100 houses -- each repre­

sented by a random number just the random digits up to 100 are used. If 

the digits 00 are allowed to stand for 100, then two-digit groups will be suf­

ficient for the selection. Since random numbers are considered random no mat­

ter how they are grouped, the digits in the table can be regrouped by two's. 

Thus in the first row, starting at the left of the table, the first two groups 

of five numbers, i.e., 03991, 10461, can be regrouped as five groups of two, 

i.e., 03, 99, 11, 04, 61. If this row is the one chosen to generate the sam­

ple, then the first 10 groups of two will designate a simple random sample: 

03, 99, 11, 04, 61, 93, 71, 61, 68, 94. 

By returning to the numbered list of houses, the random sample of 10 houses is 

identified by matching the random numbers with those on the list. Number 3 on 

the list is included, number 99 on the list, number 11 on the list, and so on. 

If a duplicate pair of digits comes up, one of two things can be done. The 

simplest solution is to skip the duplicate number and move on until 10 differ-

ent random numbers are chosen. The more desirable approach, the one that 

*The same procedure applies when the surveyor enters the table in a column. 
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insures randomness, requires the surveyor to enter a new row (or column) until 

10 different random numbers are drawn. 

A systematic random sample is selected using a random component and a system­

atic component where every xth house is selected. Following the example used 

above, a list of the 100 houses is again made, although this time the list 

need not be enumerated. Next, the surveyor makes a determination as to whe­

ther there is a systematic arrangement in the way the houses are listed, e.g., 

that every tenth house is on a corner lot and has a much higher value than 

the previous nine. If this turns out to be the case, the list must be •ran­

domly rearranged before a systematic method can be applied. In this way, the 

surveyor avoids selecting an unrepresentative sample. 

The systematic component is the sampling interval. This value determines the 

pattern with which houses are chosen from the list. The sampling interval is 

obtained by dividing the total universe by the sample size. In this case, 

the interval is calculated as: 

10; 100 (total houses on list)+ 10 (number in sample) 

This indicates that after some initial choice, every 10th house on the list is 

chosen. 

The random component has to do with the selection of the initial house. Given 

that one out of every 10 houses is selected, it makes sense to begin with a 

random number between 1 and 10. This number can be chosen by consulting a 

table of random numbers, entering the table from any direction, and selecting 

the first nwnber, between 1 and 10 inclusive. 

Suppose the randomly selected number is 4. Then the first house included in 

the sample is the fourth on the list. The next, the 14th, is identified by 

adding the sampling interval to 4. The next is the 24 th (14 + 10). The sur­

vey proceeds in this systematic manner until 10 houses are chosen. The last 

house chosen will be 4 + (9 x 10), or the 94 th• 

While this method of selection is easier to implement than the simple random 

method, there is no direct way to calculate the sampling error associated with 

the estimates made from the sample as there is for simple random samples. 
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There are methods available for making approximations of the sampling variance 

of systematic samples (Jessen, 1978). Unfortunately, these do not give exact 

values and often overestimate the sampling error. 

6.3.1 Stratification 

Stratification is a method for controlling the behavior of random samples. It 

involves certain restrictions or constraints on the ordinary randomization 

procedure to avoid getting unrepresentative samples. When conditions are 

right and the constraints are imposed properly, a significant gain in preci­

sion can be obtained -- usually with little or no additional cost. 

Stratification can ensure that data for population subgroups of interest are 

represented. This is particularly useful if the surveyor, hypothesizing that 

a particular subgroup will have unique and significant reactions to the pro­

posed road, for example, wants to make certain the group is represented in the 

sample. Suppose it is important to know the attitudes towards a highway pro-

ject of residents in various types of dwellings: single family homes, du-

plexes, townhouses, garden apartments, and mid- or high-rise apartments. Then 

dwelling type is used as "the stratifying variable" to divide the population 

so that members of each subgroup can be included in the sample.* 

Stratification is thus a technique for increasing the efficiency of a sampling 

procedure by incorporating into the procedure one's knowledge of a population. 

For example, if one hypothesizes that a variable such as automobile ownership 

is related to opinions about accessibility, then it may be judicious to strat-

ify on categories of that variable. (Of course, it is possible to use this 

plan only if the ownership status of each member of the universe is known.) 

Two strata are created: (1) those who own an automobile, and (2) those who do 

not own an automobile. Allotting portions of the sample to the two strata on 

the basis of prior knowledge will insure that sufficient observations are made 

*Other examples of stratifying variables are location (e.g., corridor, 
neighborhood, proximity to proposed ROW's) ethnicity, and income level. 
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to test the hypothesis that there is a relationship between automobile owner­

ship and accessibility. 

Allocation of Interviews to the Strata. Increasing the efficiency and repre­

sentativeness of the sample through stratification is usually carried out by 

the judicious allocation of the total planned sample numbers to the various 

strata. The allocation policy chosen for a particular stratified sample would 

depend not only on the sizes of the strata, but also on the degree of varia­

bility among the elements of each stratum. Proportional allocation ensures 

that each stratum is "weighted" by the number of elements it contains, i.e., 

each element has the same chance of being selected. These features are only 

realized, however, when the degrees of variability in each of the strata are 

roughly the same. 

When the "within strata diversity" is not the same across the strata, a more 

efficient procedure is to take a disproportionate stratified sample. Using 

relative degrees of dispersion as the basis for allocation, this policy col­

lects more than a proportionate amount of observations in those strata with 

the most variability. In other words, by allocating a disproportionate 

amount of effort (time, money, etc.) to those groups whose opinions are most 

varied, the surveyor can often obtain a maximum amount of information for a 

given cost. 

For instance, suppose a residential survey is designed to determine public 

acceptance of a proposed project for which three alternative routes are being 

considered. Residences in the study area are stratified by location in rela­

tion to the routes. For each route there are three strata: those dwellings 

abutting the ROW, those proximate to the ROW (one-quarter to one mile away), 

and those more than one mile from the ROW. The prior experience of the prac­

titioners suggests that those residents in dwellings abutting the road tend to 

be against the proposed project, while those over a mile away tend to favor 

it. Since, in this instance, it is the opinions of those proximate ½o the 

ROW that are most important, a disproportionately high number of observations 

might be taken from this stratum. 
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This type of allocation plan, which minimizes sampling error, is accomplished 

by assigning observations to the strata in proportion to: 

Nh is the number of houses in Stratum h, and Sh is the square root of the 

within-strata variance, i.e., the standard deviation.* In addition to the 

measure above, an optimal allocation policy should take into consideration the 

costs of obtaining interviews within each stratum. If the costs are the same 

in all strata, then the measure above is appropriate. However, a different 

measure must be used if they are not. 

The policy outlined above suffers from a serious difficulty since, in most in­

stances, the populations are not known beforehand. When this is the case, one 

is left with the possibility of trying to estimate these variances. If prior 

information is available in any reasonable form, this is sometimes possible. 

When it is not, one must turn to another approach or revert to using the orig­

inal policy of allocation proportional to the number of elements (houses) in 

each stratum. 

The only other straightforward allocation policy which attempts to utilize the 

concept of within strata dispersion involves using a known characteristic 

which is assumed to be associated with the value to be measured. Far example, 

if it is believed that the income level of a household is related to attitudes 

about road construction, then the diversity of household incomes can be used 

as a basis for allocating the observations across strata. When this relation­

ship has any strength at all, and allocation is made as a function of it, more 

efficiency can be obtained than is possible with the proportional-to-size 

method. 

Cluster and Multistage Sampling. When designing a sample, a complete list of 

individuals or other units comprising the target universe is sometimes not 

available. However, these individuals are often conveniently grouped in some 

readily identifiable manner. When the target universe is structured into such 

groups, the surveyor should consider cluster sampling. This technique avoids 

*See Chapter 7, Sample Size, for a discussion of standard deviation. 
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the need to compile and enumerate a complete listing, and often has other ad­

vantages. 

Cluster sampling involves selecting the ultimate observational unit (individ­

uals) through a series of stages. The partial listings of the population 

which, when combined, represent the total population -- are the clusters. In 

the first stage, a set of clusters is selected, preferably by random method, 

for inclusion in the sample. In the second stage, all elements in each cluster 

can be selected for the final sample. This sampling design is called cluster 

sampling. Alternatively, random subsets can be drawn, from all elements in 

each cluster, to develop the final sample. The drawing of a sub-sample from 

each cluster is called multistage sampling because there is an additional se­

lection stage. 

Cluster sampling is particularly efficient when clusters can be chosen that 

have high internal variability, i.e., are representative of the population, 

and have little variability among them. Ideally, all clusters have the same 

characteristics as the parent population. The characteristics, opinions, etc. 

of this population can be estimated by randomly picking one of the clusters 

and then observing all of the units in the cluster. However, in the more com­

mon situation, the clusters are not miniature replicas of the universe of in­

terest, and there are some that are more representative than others, In these 

cases, several clusters are randomly selected for sampling and normal proba­

bility will determine whether the most representative ones are selected. 

An alternative plan is to select clusters that are known to have the highest 

variability. This is a serious departure from randomness, however, and al­

though the clusters will be accurate for measuring accessibility, they may not 

provide representative opinions regarding overall receptivity to the proposed 

road and other issues. The most judicious method is to attempt to develop 

clusters that are as like the universe as possible and to select a random sam­

ple of them. 

The issue of interclass correlation, as it is referred to in statistical 

texts, can also determine the value of multistage sampling. As an example, 

suppose a planner wishes to interview workers in local industries to determine 

107 



the impact of new road construction on accessibility to work. Since it is 

probable that only a small number of workers live in immediate proximity to 

the proposed ROW, a residential survey may well miss these individuals. In 

such instances, a complete list of all workers in the impact area is often not 

available in a single source, and construction of such a list is generally 

time-consuming and costly. However, a list of the individual companies in the 

area is nearly always available, and most companies are willing to provide a 

list of employees. Either all of the employees, or a random sample drawn from 

each company, can be interviewed. 

Multistage Versus Simple Random Sampling Designs. Multistage sampling does 

not have to be used only when there is a lack of prior information about the 

universe of individuals to be interviewed. It sometimes turns out to be a 

more efficient way (in the sense of smaller error) to select individuals. 

This usually is the case when the behavior to be examined is quite diverse 

within the first (or earlier) stage grouping. For example, suppose that the 

surveyor wants to know about employee access to work locations, and that each 

of the local businesses or industries employs individuals who come from geo­

graphically diverse areas. In this case, it will probably be more efficient 

to use a multistage approach than a simple random one, even if a list of all 

relevant employees in the area is available. 

The criterion which determines the most efficient approach is based on the de­

gree of similarity within the cluster (or first stage group, in this case) of 

the thing being measured. The more similarity there is among target measures 

within the clusters, the more efficient a simple random selection design will 

be. Substantial differences suggest the use of multistaging. Extreme differ­

ences suggest cluster sampling. This diversity (or similarity) is measured by 

a statistic called the interclass correlation coefficient -- high positive 

values indicate similarity, low or negative values indicate diversity. The 

reader interested in a discussion of this measure and the decision suggested 

by it is referred to Jessen (1978) for a thorough treatment. 

The Staging of Samples and the Probability of Selection. In the example of 

multistage sampling, random selection occurred in two stages: (1) selection of 

businesses, and (2) selection of ~ndividual workers. 
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Multistage sampling is carried out in more than two stages. The number of 

stages is usually dictated by the way the target universe, or ultimate set of 

observational units, is structured. The essential point is that the random­

ness of the sample is developed in stages. The number of stages and the de­

gree of randomness at each stage determine the ultimate probability of select­

ing each individual, i.e., the likelihood of getting a representative sample. 

The ultimate probability of selection is, in most cases, the product of the 

probability at each stage. That is, if the probability of selecting business 

Dis .10 and the probability of selecting John Smith in business Dis .05, then 

the ultimate probability of the selection of John Smith is (.10)(.05), or .005. 

The accurate calculation of ultimate probabilities of selection is crucial in 

multistage sampling because, due to the structure of the selection procedure, 

individuals who are ultimately interviewed frequently have different chances 

of being selected, especially those in different clusters or businesses. The 

probabilities can be equalized only if information is known beforehand. Given 

that this may not be possible, each individual's probability of selection must 

be accurately calculated so that the total sample can be put on an equal ba­

sis. This equalization is carried out by weighing the individual responses in 

relation to the probabilities of selection and allowing inferences to be per­

formed on the sample. As one would suspect, many combinations of selection 

could occur. The reader is referred to two basic works in sampling: Cochran 

(1967) and Kish (1962). 

6.3.2 Multiphase Sampling 

In some sampling situations, crucial information is lacking when the sample is 

taken. For example, the number of individuals comprising pertinent subgroups 

may not be known. Consider a planned highway which will separate residential 

areas from a large shopping center. To measure accessibility in this in-

stance, the practitioner may want to know how individuals get to the center, 

how often they go there, and what their opinions are concerning the road. A 

sample could be taken in the potentially impacted areas, but these areas are 

difficult to identify. Further, if the areas are widely separated, survey 

costs could be excessive. 
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A reasonable alternative to sampling residential areas is to sample individu­

als at the shopping center itself. However, since it is likely that little or 

no information about the people who frequent the shopping center is available, 

a potentially difficult sampling problem may be created. 

Multiphase sampling provides a cost-effective technique for selecting an ac­

ceptable sample in such situations. 

Multiphase sampling, or double sampling as it is sometimes called, allows 

quantities to be estimated from the sample itself. Estimates made from infor­

mation obtained in the sample can be used, in the absence of external informa­

tion, to make inferences about the total target population when it has not ac­

tually been defined prior to sampling. This is achieved by judiciously struc­

turing the sample, obtaining multiple types of information, and using the re­

lationships among them to obtain estimates. The approach involves taking a 

sample within a sample and comparing the results. 

The shopping center example is extended to illustrate the principle of multi­

phase sampling. In the first stage, the surveyor must first decide on which 

days in the week (or month) the shopping center attracts the most customers. 

If this is not clear, then days and hours of observation can be randomly se­

lected. Samples of people at the shopping center are taken at random time in­

tervals (from probability distributions of time); the first person interviewed 

is the first encountered after each random period is chosen. These individuals 

are asked simple questions, such as area of residence (this can be identified 

on a map) or number of trips per month to the center. 

Before the sample is chosen, it is decided that a subset of that sample will 

be asked more indepth questions regarding perceived impacts of the proposed 

road and expected change in their attraction to the shopping center. This 

subset of people to be re-interviewed is randomly selected from those origi­

nally sampled. Indepth interviews are conducted with approximately 10 percent 

of the shopping center sample. 

When the interviewing is completed, the two types of data can be used to ob­

tain estimates of quantities relating to all those who live in the residential 
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area to be separated from the shopping center by a new road. Of course, esti­

mates are obtained for those on the non-separated side also, but the following 

discussion will be limited to those residents separated from the center. 

Suppose the desire is to estimate the average summated rating of impacts given 

by those in potentially separated residential areas. This can be done as fol­

lows: 

pl = the percent of individuals in the 
overall (i.e., big) sample from the 
"other" side. 

p11 = the percent of individuals from the 
"other" side in the subsample. 

yll = the average summated rating of im­
pacts obtained from the individuals 
in the subsample. 

Then the average summated rating of impact for all residents from the "other" 

side can be estimated as: 

This formula, known as the ratio estimator when it is applied to multiphase 

sampling, is known to be biased. Nevertheless, if samples of reasonable size 

are taken, the bias becomes negligible. In the above example, it would prob­

ably be less expensive to interview 300 people at the shopping center than to 

try to identify all residential areas affected and sample within them. For a 

further discussion of this approach, the reader is referred to Jessen (1978). 
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Chapter 7. SAMPLE SIZE 

The size of a sample (i.e., the number of units observed in a sample survey), 

has a direct bearing on the precision of the estimates derived from the sam­

ple. Generally, if the surveyor knows the desired precision surrounding an 

estimate from the sample, then he can estimate how large a sample is required 

to produce that precision. Precision (as related to sampling variance) in­

creases with sample size. 

It is normally possible to connect precision and sample size only when the 

sample is selected randomly. Ordinarily, measures of precision.are not avail­

able from samples obtained by judgment selection. This diminishes the value 

of judgment sampling. 

7.1 SAMPLE SIZE AND PRECISION 

The framework for tying sample size to precision through randomization is de­

scribed by the normal probability curve (sometimes called the bell-shaped 

curve). The normal curve has interesting features which make it a flexible 

tool in sampling situations. For example, if a sample is selected randomly 

and the average of the observed characteristic is calculated (say, the average 

length of trips to a shopping center as a measure of accessibility), it is 

known that the distribution of all such averages taken on all possible samples 

(of the same size) is normal in shape. 

This is the result of a well-documented work in statistics called the Central 

Limit Theorem. This statement has been shown to be true no matter what the 

actual population distribution of the characteristic may be. For example, the 

distribution of the lengths of trips to a shopping center by a population sub­

group may contain only a few elements in the larger numbers, but be clumped 

together in the smaller numbers around one or two miles. This distribution is 

hardly normal in shape. Yet, if one were to look at the average number of 

trips in all samples of forty individuals, this collection of averages would 

have a normal curve. This would not be the case if the sample were not ran­

domly selected. 
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Why is it so important for one to feel confident that a distribution of aver­

ages is normal in shape? The answer is that if one uses the standard devia­

ation as a unit of measure, then the same areas under the curve are always as­

sociated with the same units. That is, if one were to calculate the area un­

der the curve which was one unit above the center and one unit below the cen­

ter (i.e., one standard deviation), then this area would always be 68.26 per­

cent of the total area under the curve. Similarly, if the area bounded by two 

units above and below were calculated, it would always be 95.44 percent of the 

total area; three units above and below the center would always constitute 

99.72 percent of the total area. Figure 6 (p. 114) visually depicts these 

normal distributions. 

7.2 USE OF THE NORMAL PROBABILITY CURVE TO DETERMINE SAMPLE SIZE 

The normal probability curve and area under it can provide a framework for de­

termining the size of a sample which will produce known levels of precision in 

the information collected by a sample survey. For example, suppose the sur­

veyor wants to estimate the average number of trips to a specific shopping 

center from a specified neighborhood. Suppose he also wants the sample aver­

age to have a tolerable error of no more than plus or minus 4 trips. More­

over, it is imperative that he can be 95 percent confident about the estimate. 

The problem at hand is to find the size of the sample which will produce the 

required precision. It can be found using the desired confidence, the toler­

able error, and the population variance. 

In the simplest case, suppose one knows (or has a pretty good idea) that the 

variance of the population describing the number of trips is 100, i.e., Var(y) 

= 100, where Var stands for variance and y is representative of the random 

value of the number of trips an individual makes, i.e., is thought of as ran­

dom because a random sample is planned. Thus, if Var(y) = 100, then the var­

iance, or error surrounding the estimated average, from a sample will be: 

Var(y) = Var(y)/n, 

where y stands for the sample average and n is the size of the sample. 
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µ-a µ. µ-ra 

(a) 68.26% of all value, lie within one standard deviation of the mean 

µ+a µ+2a 

(b) 95.44% of all values lie within two standard deviations of the mean 

µ-3a µ-2a µ-a µ µ+a µ+2a µ+3a 

(CJ 99.72% of ::ill values lie within three standard deviations of the IT!.can 

Figure 6. The normal distribution. 

It is known that the units (standard deviations) on the normal curve, which 

between them cover 95 percent of the values, are +1.96 and -1.96, or 1.96 

standard deviations above and below the center (or point were the average is) 

of the curve. If the tolerable error is 4 with 95 percent confidence, then 4 

must represent 1. 96 standard deviations above and below the center of the 

curve. That means that the standard deviation associated with the average es­

timated from the sample is 4 ~ 1.96 or 2.04. But the variance of the mean was 
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given as Var(y)/n and its square root is the standard deviation associated 

with the estimate of the mean. Thus: 

2.04 = square root of Var(y)/n 

or, (2.04)2 = 4.16 = Var(y)/n 

then, n = Var(y)/4.16. 

But as was stated previously, Var(y) = 100, so 

n = 100/4.16 

n = 24. 

Under the conditions stated above, it turns out that a sample of 24 individu­

als will produce an estimated average number of trips in which a 95 percent 

confidence can be placed that the error is no more than plus or minus 4 trips. 

The general formula for this procedure is: 

n = Var(y)(d/t) 2 , 

where t is the tolerable error and d is the number of units on the normal 

curve to produce a certain percent of confidence. 

7. 3 LIMITATIONS 

The preceding procedure appears to be quite straightforward and simple. And 

in truth it is, except that only rarely is the populaton variance known be­

forehand. Of course, the surveyor could guess the amount of variance and use 

it to estimate the size of the sample to produce certain precision. There are 

procedures for producing estimates of the population variance from some sup­

posed knowledge of the largest and smallest values in the population, but 

these approaches are crude. If possible, the surveyor should use information 

from previous surveys to approximate the population variance. If such infor­

mation is unavailable, he can resort to other approaches to determine the re­

quired sample size. 

7.4 DETERMINATION OF SAMPLE SIZE IN THE ABSENCE OF KNOWLEDGE OF POPULATION 

VARIANCE 

Alternative approaches to sample size determination can be simple even when 

advance knowledge of the population variance is not available. For example, 
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suppose the surveyor needs to estimate the percent of individuals in the cor­

rid0r who are opposed to the construction of a new road. The simplicity of 

sample size determination in this case rests on the form of variance for a 

population percent. If P represents the percent of the population opposed to 

the highway, then Var(P) = PQ, when Q = 1-P. If Pis estimated from the sam­

ple, this estimate can be called small p, and the Var(p) = pq/n. As in the 

first example, the sample size can be estimated as: 

n = pq(t/d) 2, 

where tis again the number of units on the normal curve which designate a 

confidence level and dis the tolerable error. 

Even though PQ, the variance of Pt is not known, the calculation can be car­

ried out by assuming the worst case. The worst case occurs when P = .SO and, 

of course, Q = .SO. In this case, PQ takes on its maximum value of .zst i.e., 

the maximum population variance. If Pis more or less than .SO, say .7, then 

PQ will always be smaller, i.e., PQ = (.7)(.3) = .21. 

Suppose there is no previous information about Pandit is necessary to assume 

P = .SO. The required sample size can be estimated in the following manner. 

Assume that 95 percent confidence is required and that the tolerable error in 

estimating Pis no more than 5 percentage points, i.e., plus or minus .OS. 

Using the above formula, where tis the number of units on the normal curve to 

give a confidence interval: t = 1.95 and dis the tolerable error, d = .OS. 

Then, assuming the sample p (p = .SO) is used in place of the population P, 

the sample size will be: 

n = (.5)(.5)(1.95/.05)2 

n = 380. 

Thus, a sample of 380 will produce an estimate upon which a 95 percent confi­

dence can be so placed that the error is no more than 5 percentage points. If 

the estimated Pis more or less than .SO, the surveyor can be 95 percent con­

fident that the error will be something less than plus or minus .OS. 

Table 2 (p. 117) gives 95 percent confidence intervals for different values 

and sample sizes ranging from 20 to 1000. 
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Table 2. Ninety-five percent confidence band. 

957. Confidence Bands for the Population Portion 
P for Various Sample Sizes and Values of X/n 

x/n =- .so X/o ""' .25 X/n ... 00 
lLower Higher i...ower Higher 

- Sample Size (n) Limit Limit !tange Limit Limit 
'Lower 

Range Limit 
Higher I 
Limit Range 

' 
' 

20 .275 • 725 .450 .09 .49 .41 .00 .17 .17 
25 .300 .700 .400 .10 .46 .36 .00 .14 ;14 
30 .318 .682 .364 .11 .44 .33 .oo .12 .12 
40 • 343 .657 .314 .13 .41 .29 .oo .09 .09 
60 .372 .628 .255 .15 .38 .23 .oo .06 .06 
80 .390 .610 .221 .16 .36 .20 .00 .05 .. 05 

100 .402 .598 .197 .17 • 35 .18 .00 .04 .04 
200 .431 .569 .139 .19 .32 .13 .00 .02 .02 
400 .451 .549 .098 .21 .30 .oa .00 .01 .01 

1000 .469 .531 .062 .22 .28 .OS .00 .005 .005 
.. 

Source: The confidence bands for X/n = .SO were computed using the formula 
.50 + 1.96 (.5)(1.0 - ,5). The confidence bands for X/n = .25 and X/n = 
.oo may contain errors of+ .01. 

7.5 SAMPLING AND THE DEVELOPMENT OF CONTINUOUS MEASURES 

The foregoing discussion revolved around estimating the required sample size 

for a percent (P) when the population variance is not known. This was not too 

difficult for percents, because the worst case situation is clearly defined, 

i.e., when P = .5. This situation is not so clear when one does not know the 

. populatiot;i variance of a characteristic, such as the number of trips to a 

shopping center. When this lack of information occurs, and the surveyor must 

estimate the size of a sample to produce certain precision, a slightly differ­

ent approach must be used. 

For characteristics which are continuous or somewhat continuous measures, such 

as number of trips, one can talk about the population variance in relative 

terms. This introduces a concept called the coefficient of variation. The 

coefficient of variation is defined as the population standard deviation (the 

square root of the variance) divided by the population average. In symbolic 

terms, this is: 
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CV= S/Y, 

where CV stands for coefficient of variation, S for the standard deviation and 

Y for the population average. For sample values, the same concept can be ap­

plied, that is: 

CV= s/y, 

where the lower case letters stand for the sample values. 

In relation to estimates, i.e. , the estimated average or sample ave rage, a 

similar concept called the relative standard error of an estimator is used. 

In this case, the sample average (the estimator of the population average) is 

divided into the standard error of estimate. The standard error of estimate 

is defined as the sample standard deviation, s, divided by the square root of 

the sample size. Symbolically this is: 

RSE(y) = (s/sq. root n)/y, 

where RSE stands for the relative standard error; sis the sample standard de­

viation; sq. root means square root; n is sample size; y is sample average. 

Using these concepts, it is possible to estimate the size of a sample to pro­

duce relatively tolerable error with a certain degree of confidence. For exam­

ple, suppose the surveyor must estimate the average number of trips with a 

tolerable error of plus or minus 5 percent of the average regardless of its 

size. 

It has been noted that the tolerable error, d, is the result of multiplying 

the standard error estimate, s/sq. root n, by the number of units on the nor­

mal curve (or t-curve) to produce an interval confidence: 

d = (s/sq. root n)t. 

Dividing both sides by the sample, or estimated average, y, the framework for 

finding the sample size is established: 

d/y = (s/y)t/sq. root n. 

The factor s/y is the coefficient of variation. It can now be used to esti­

mate n, the sample size. The coefficient of variation is used here because, 

if the population variance is not known, it is easier to guess the coeffi­

cient of variation than it is to guess the variance. Coefficients of varia­

tion tend to be stable and are frequently found to be around 1.00. 
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If it is assumed that the coefficient of variation is about 1.00 and it is de­

signed to estimate the average number of trips to a shopping center with an 

accuracy of 20 percent and do it with 95 percent confidence, then the formula 

given above can be used to estimate the required sample size. First, the for­

mula is rearranged in terms of n: 

n = [cv t/(d/y)] 2, 

where cv is the coefficient of variation, tis the number of units on at­

curve to produce a 95 percent confidence interval, y is the sample average, 

and dis the tolerable error. 

The tolerable error, 20 percent of the population average, is substituted in 

the following manner: 

d = (.20)y. 

If the sample average, y, replaces the population average, y, and is then 

placed in the formula for n, then: 

n = [cv t/(.20y/y)]2 

~ [1.00 X 2/.20]2 

= 100, 

where cv = 100, and t = 2. A sample of 100 will produce the desired precision 

with the desired confidence. 
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Chapter B. ERRORS (VARIANCE) ASSOCIATED WITH 
ESTIMATES MADE IN A SAMPLE SURVEY 

When estimates of population characteristics are made from the data obtained 

in a sample survey, it is expected that there will be error associated with 

each estimate. This error exists even under the best of circumstances because 

the information is obtained on less than a census, i.e., less than a 100 per­

cent sample. Given that this error exists, it is the role of the sample de­

sign to minimize the error as much as possible. This can be done by (1) de­

termining the appropriate sample size, (2) structuring how the sample will be 

chosen, (3) analyzing nonresponse, and (4) investigating measurement error. 

The error associated with an estimate has several components. The components 

can be conveniently grouped into four components: 

0 

Sampling variance which arises because a sample is drawn. 
error which is expected in sampling. 

This is the 

Measurement variance, sometimes called response variance, which arises 
because the measurements obtained for a particular individual are not 
always the same for repeated trials of the measurement process. This 
component is the error which has direct influence on the reliability 
or the precision of the data. 

0 Bias which is present if there are any systematic errors in the mea­
surement process. 

Interaction variance which results from a relationship between sam­
pling errors and measurement errors. It is present if the measure­
ment for a particular individual in the sample depends upon the other 
individuals in the sample. In randomly chosen samples, this source of 
error is commonly assumed to be absent4 

These components of estimation error are influenced by various aspects of the 

sampling and measurement process which occur in a survey. 

8.1 SAMPLING VARIANCE 

The first component of estimation error, sampling variance, is influenced by 

three potential sources of error: (1) the sampling variance of the true val­

ues, (2) the sampling variance of the bias associated with individuals around 
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the overall net bias, and (3) the interaction between the individual bias 

terms and the true values. 

Sampling Variance of True Values. 

the true values, is unavoidable. 

sample. This variance can be 

The first source, the sampling variance of 

It is the error which results from taking a 

reduced by increasing the sample size. 

Sampling Variance of Individual Biases. The second source, the variation of 

individual biases. can be caused by errors resulting from the manner in which 

the sample is weighted. The sample is weighted based on the knowledge of how 

many individuals are in the universe or strata of the universe. If this in­

formation is missing or out of date (as often happens when intercensal popula­

tion data are used), then individual bias terms can be present in the esti­

mates of population characteristics. 

Interactions Between Individual Bias Terms and True Values. The third source 

of error in the sampling variance results from a relationship between the in­

dividual bias terms and the true values. This could occur if, for example, 

the true values of the population characteristic, e.g., opinions about new 

roads, are different in various strata, and there are different weighting er­

rors (bias) across those strata. This can be controlled by having accurate 

information concerning the si~e of the universe within each of the strata in­

cluded in the sample design. 

8.2 MEASUREMENT VARIANCE 

The second component of error, measurement variance, has two sources: (1) the 

sample measurement error, and (2) correlation of the individual measurement 

errors. 

Sample Measurement Error. This source of error is the result of a faulty 

measurement process which is usually associated with the questionnaire itself. 

For example, suppose one wished to measure opinions regarding the overall im­

pact of a proposed highway using a five-point rating scale (strongly agree 

strongly disagree) and a series of statements describing individual impacts: 

e.g. , ( 1) a lot of homes will go up for sale, ( 2) more high-rise buildings 
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will be constructed, (3) property will be bought up by people with lots of 

money. If the items on this scale are poorly worded, or they inadvertently 

measure more than one dimension of impact, then measurement error could ensue. 

This measurement error can be controlled by investigating the psychometric 

properties of the questionnaire in relation to measurement reliability and 

validity, or by using questionnaire items which have proven qualities. Simple 

measurement variance can also be controlled by the size of the sample. That 

is, an increase in sample size will tend to play down the effect of sample 

measurement error. 

Correlation of Individual Measurement Errors. The second source of error as­

sociated with measurement variance, the correlation of individual errors, is 

thought to be introduced by the presence of interviewers, abstractors, data 

coders, etc. This source can be controlled by training interviewers and im­

posing strong data quality control measures on the abstracting, coding, and 

general data-handling procedures. 

8.3 BIAS 

The third component of estimation error, bias or systematic error, is usually 

the result of nonresponse. The nonresponse rate is the number of uncompleted 

interviews from those in the sample who are legitimately in the universe, di­

vided by the number of potential respondents in the sample from the universe. 

Although the foregoing definition is simple, what actually constitutes an un­

completed questionnaire is not always clear. For example, questions arise as 

to when a sampled individual, household, business, etc., should be considered 

a non-sample element or a nonrespondent. When a house is vacant, should it be 

considered as having no one at home? What is the classification of people in 

hospitals, on extended vacations, or who are mentally incapacitated? For some 

studies, if critical information is missing on an otherwise completed survey, 

it is considered a non-response instead of a partially complete survey. Miss­

ing data usually stem from the following events: 

0 Not covered (cannot locate, overlooked, no telephone, not listed, 
wrong address, letter returned undelivered); 
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0 

Respondent not at home (away at work, vacation, no answer to phone); 

Respondent not available (too busy, sick, line busy); and 

Refusal. 

Typically, the group of respondents "not covered" is disregarded; the remain­

ing three groups are used to calculate the nonresponse rate. 

The nonresponse rate becomes an important indicator of the quality of a survey 

operation. A high rate increases the danger of bias in the survey, because 

nonrespondents are likely to differ from those who do respond in ways impor­

tant to the investigation. Although the rate of nonresponse should not be 

considered the sole indicator of a survey's quality, it can threaten the reli­

ability of the results. 

Nonresponse can be controlled in various ways. For example, if respondents are 

not available or not at home, a schedule of callbacks (by phone, revisit, or 

repeated mailings) can be used to obtain completed questionnaires. Refusals 

can be lessened by providing the interviewer with adequate training to handle 

hard-core cases. It has been suggested that information can be obtained from 

hard-core refusals through the use of money, i.e., inducements or honoraria. 

However, care should be exercised in this instance since the results of this 

strategy are inconclusive and the number of responses may not warrant the 

amount of money spent. 

Nonresponse car. also be handled in ways which utilize analytic methodologies. 

For example, an energetic attempt can be made to sample the pool of nonre­

spondents and use the estimated characteristics from both respondents and non­

respondents in a scheme to obtain unbiased results. This method also requires 

a lot of effort, so its value depends on the effort the surveyor can spend on 

minimizing nonresponse. Additionally, the extent of nonresponse bias can be 

investigated without sampling nonrespondents. A variety of complex statisti­

cal techniques can be used to estimate and adjust for the existence of bias. 

These techniques require the use of a large amount of resources. 

In making a decision about controlling nonresponse, the surveyor must deter­

mine if it is better to employ resources during the survey to minimize nonre-

sponse, or use them later in an analytic activity. Both approaches can be 
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effective. No matter which is used, the surveyor should remember that nonre­

sponse bias is a threat to both the reliability and the accuracy of the data. 

And this bias, if it exists, is almost always unaffected by the size of the 

sample. 
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Part 4. ANALYTIC TECHNIQUES 

T'ais par>t focuses on analytia techniques which aan be used to combine socio­
economie data arni statistically examine their> r>elationships. 'l'he pr>esentation 
supplements rruter>iats in Vo"lume I, Par>t 3, Disp"lay and .4nalysis of Data. 

Par>t 3 of Volume I discusses the use of maps, tables, gmphs, and naPPatit.1es 
to or>ganize and display findings. These are the foPmCLts used to display the 
basic outputs of socio-economic impact assessments. They ser>Ve to document 
the faet that the aPea subject to irrrpacts has been examined and the -,,,esults 
have been oPganized into a pPofile of pePtinent chamctePistics. These simple 
o-,,,ganizing mechanisms allow pmctitionen1, and other> inter>ested par>ties, to 
peview the data and dmw infer>ences concer>ning how the people and the economic 
ar;t i vi ties in the impacted a r>ea ( s) wi U be affected by a pr>opo sed pPoj ect • 
Part 4 of this volume focuses on supplementar>y ana.lytic techniques which ean 
be used to dmw additional meaning out of the available informa.tion. 

Chapter> 9 pr>ovides a description of thr>ee additional techniques fr>equently 
used in pr>eliminar>y stages of assessment -- the analogous case appr>oach, con­
tent analysis, and the delphi appr'oach. 

r.:hapteP 10 pr>esents a set of simple algorithms for> synthesizing cor>e socio­
er;onomir; data, collected duPing pPeliminaPy and detailed assessments, into in­
dir;es which can be used as measur>es of potential impacts. 

ChapteP 11 descr>ibes how mor>e sophistir;ated statistical techniques aan be ap­
plied in the impa.r;t assessment p7"ocess to exploPe and quantify the signifi­
cance of Pelationships among d.ata. 'fhe use of these techniques r>equiPes a de­
gPee of exper>tise in statistical methods; some ape pmctical only if computer> 
resources ape available. 

The p7"esentati'on is intended to provide pPactitioners with access to state-of­
the-ar>t statistical appr>oaches which can be used to dr-aw out the meaning of 
data which they have collected and aPmyed. It can also be vie1Jed as offer-ing 
a point of depar>ture, and a refePence~ for pmctitionePs who want to make ef­
fective use of specialized outside expePtise to assist in the statistical an­
alysis of sor;io-er;onomic data. 
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Chapter 9. PRELIMINARY AHALYSIS TECHNIQUES 

9.1 THE ANALOGOUS CASE METHOD 

In the initial phase of impact assessment, the analyst should seek out and 

evaluate impact studies where the type of project and study area are similar 

in meaningful ways to the project and study area he will be working with. 

Materials which can be used for the purpose include studies and environmental 

documents completed by the State highway agencies, and reports published by 

the Federal Highway Administration (FHWA) and other organizations which sum­

marize the literature on socio-economic impact assessments and provide de­

scriptions of findings.* 

The review of empirical studies of analogous cases should sensitize personnel 

responsible for conducting the assessment as to what to look for, the types of 

impacts to expect, and their probable magnitude. For example, previous stud­

ies concerning impacts of new freeways on property values provide some rela­

tively clear guidelines on probable changes in property values in similar 

cases. These studies also show how public attitudes toward -- and potential 

resistance to -- new projects are often a function of proximity, and of selec­

ted socio-economic characteristics. They can also shed light on who is typi­

cally hurt and who benefits from displacement and relocation. 

The analysis of similar cases provides a basis for shaping and focusing the 

overall assessment effort. It is often used to develop hypotheses to be test­

ed by subsequent assessment activities. This preliminary analysis also pro­

vides a basis for predicting impacts and identifying steps to minimize harm. 

However the materials reviewed should be used judiciously, since each case is 

unique in many respects, and surface similarities may mask significant dissi­

milarities which make the process of reasoning by analogy misleading. 

*Several of the references at the conclusion of Chapter 11 provide infor­
mation on analogous cases. 
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9.2 CONTENT ANALYSIS 

Content analysis is similar in many respects to the analysis of analogous cas­

es. Both focus mainly on narrative materials with an eye towards systemati­

cally extracting information which speaks to assessment problems faced by the 

practitioner. 

However, while the analogous case method focuses on previous research studies, 

content analysis is directed towards source materials generated by public and 

private agencies in the study area: planning documents developed by local 

government agencies, newspaper articles, transcripts of public hearings, and 

other materials which describe community and area-wide goals and reflect pub­

lic attitudes towards the existing transportation system and its improvement. 

Because the possible goals and the materials used in content analysis are so 

diverse, it is important that the planner develop a clear idea of his overall 

purposes, and that specific criteria for abstracting information from the 

sources be identified. A primary purpose of content analysis is to examine 

planning documents of local agencies and extract data which can be used to de­

termine whether, and to what extent, foreseeable project impacts complement or 

conflict with goals and objectives expressed in the documents. 

In the analysis of planning documents, a listing of goals and objectives 

should be developed for each document examined. This listing should be sup­

plemented by (1) the timetable established for the achievement of the stated 

goals, and (2) a description of actions taken and planned in support of the 

goals. 

The analysis of planning documents can also be used to callee t statistical 

data for the study area used to (1) test and update data in other baseline 

sources, and (2) provide supplemental information. Statistical presentations 

in planning documents (and other sources) should be reviewed for their useful­

ness in this area. Time-series data on variables pertinent to the seven im­

pact areas explored are of special interest here. 
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A second application of content analysis focuses on back copies of local news­

papers. This source can be used in the development of a chronological record 

of major transportation-related developments in the local area. It can also 

be used to identify local issues and public attitudes in this subject area, 

and to develop lists of local leaders and interest groups. 

Content analysis can be applied to other pertinent documents, e.g., position 

papers produced by organizations in the area. The technique can also be ap­

plied to transcripts of all public hearings on the project. Here, statements 

for and against the project are often summarized at the end of the analysis 

and correlated with their sources, i.e., the individuals or organizations 

voicing the opinion. Stated preferences can also be correlated with percep­

tions of possible effects. Such data are often summarized in tabular formats. 

9.3 THE DELPHI APPROACH 

This technique can be used to reconcile disparate responses from elite groups 

responding to a series of questions, and to move towards a consensus through a 

process of iterations. The major steps in this exercise are: 

(1) Select questions and a target audience, and administer the question­
naire. 

(2) Analyze the results, e.g. calculate frequency distributions and mean 
and median scores. 

(3) Summarize results, modify the questionnaire as desired, and request 
the same group to review the initial summary of findings and respond 
to the modified questionnaire. This feedback process provides re­
spondents an opportunity to review the responses of the entire popu­
lation surveyed (no names are associated with responses), re think 
their own position in view of this information and answer a second 
time. It also provides the planner with the freedom to modify the 
line of questioning based on first round responses, adding, delet­
ing, and rephrasing questions to clarify issues and probe deeper 
into areas of special interest. 

(4) Repeat the questioning and feedback cycle as required to resolve 
discrepancies in responses and arrive at consensus. The number of 
iterations will depend on the time and resources available and the 
degree of dispersion in responses. Three rounds are commonly used, 
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Chapter 10. THE USE OF SIMPLE ALGORITHMS TO DEVELOP INDICES 

A number of algorithms have been developed for combining key socio-economic 

indicators to produce numerical outputs which measure levels of cohesion, em­

ployment and business activity; predict displacement effects, tax revenue 

losses; etc. The outputs of these calculations are generally used in prelimi­

nary assessment to screen for potential negative effects. The results are of­

ten combined with mapping techniques to translate results into spatial terms. 

While the algorithms presented here are a simple tool for getting more out of 

core socio-economic data, the results should be viewed with cauton. In gen­

eral, the techniques have not been validated, and the general public may look 

on their use as a "black box" procedure that replaces common sense with ab­

straction. Other considerations concerning the currency and level of disag­

gregation of the data used as inputs to the algorithms are discussed in the 

following subsections. 

Currency. The algorithms presented here are often designed to use decennial 

census data. Intercensal updates can also be obtained, but the estimates are 

usually too aggregated for small area analysis. It is possible, when currency 

is a problem, that more sensitive estimates could be generated through small 

area analysis techniques, e.g., synthetic estimates and composite estimators, 

so that more current data are available for impact analysis. However, the 

precision of the estimates becomes weaker for smaller areas since the inter­

censal data (themselves estimates) are given for units no smaller than urban 

areas or a collection of counties. Small area techniques which utilize an­

cillary predictor variables, e.g., ethnic composition, income, and occupation 

categories, could also easily introduce sizable variability into tract and 

sub-tract estimates. 

obtain the required 

records. 

Another possible solution to the currency problem is to 

data from non-census sources, e.g., State and local 

In summary, al though the algorithms presented here often employ census data 

which are readily available, the issue of currency introduces the need for 

caution when they are used in the period between censuses. 
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Disaggregation. The algorithms are intended as small area measures. However, 

from the standpoint of face validity, the application of these measures need 

not be limited to that unit of analysis. Many of these indicators can be 

measured for areas of various sizes ranging from a sub-tract collection of 

blocks to a study area covering several tracts. 

The potential use of the algorithms on areas of different sizes is suggested 

for practical purposes. As noted, the data used in these measures are taken 

from the census. If current data are employed, then the indices can be more 

reliably calculated on the smaller areas in the range of application. When 

measures are required in the intercensal period, updates of census data can be 

obtained from current population statistics which describe areas usually no 

smaller than urban areas or counties. 

As was noted in the section on currency, unwanted error could be introduced if 

intercensal estimates are used on small areas. Therefore, the level of disag­

gregation may be a function of currency and, if confidence is to be placed on 

the measures, then it is suggested that the unit of analysis be adjusted ac­

cordingly. 

10.1 ALGORITHMS USED IN THE ASSESSMENT OF SOCIAL IMPACTS 

A series of indices has been developed for combining key indicators and rating 

the cohesiveness, accessibility problems, and vulnerability to displacement 

effects of population sub-areas within the study area. Nine algorithms which 

generate indices of this kind are presented in the following subsections. 

10.1.1 Algorithms Used to Identify Cohesive Population Groups 

Use of duration of residency, owner occupancy and single unit dwellings as in­

dicators of cohesion levels. This approach is based on the assumption that 

areas with low turnover rates have higher levels of cohesion among residents. 

These low turnover rates become proxy indicators of positive identification 

with place, neighborhood, mutual support activities, and membership in civic, 

church and fraternal groups. Stable neighborhoods are also associated with 

high levels of inter-generational cultural transmission, The purpose here is 
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to identify communities with high cohesion ratings which should be avoided in 

defining potential routes. 

(1) Mobility Index:* Used to measure the residential stability of an area. 
Low values indicate more stable areas which, it is believed, would suffer 
most from disruptions caused by road construction. 

MI= ZOO - ZR 
Variables 

MI Mobility index. 
R = Percentage of area population in dwelling five or more years. 

(2) Stability Index:** This is an elaborated version of the Mobility Index. 
It adds two new factors which correlate positively with stability -- per­
cent of single family and owner-occupied homes -- to the original index 
which is based solely on percent of families at the same address for five 
years or more. 

SI= R + [(OH+ SF)/2] 
Variables 

SI= Stability index. 
R = Percentage of area population in dwellings five or more years. 
OH= Percent of residents who own their own dwellings. 
SF= Percent of single family units. 

Use of housing characteristics (type and quality of dwelling unit, owner oc­

cupancy, persons per room, rooms per dwelling) as proxies for cohesion. This 

approach rests on the assumption that people occupying similar dwelling units 

are comparatively homogeneous in terms of other key socio-economic indicators. 

(1) Neighborhood Index:*** This index has a range of 0-300. 

NI= (00 +CC+ NC+ R/U) x 300/400 

Variables 

NI = Neighborhood Index. 
00 = Proportion of owner-occupied units. 
CC = Proportion of dwelling units in good condition. 

*Stuart Hill & Bamford Franklin, "Mobility as a Measure of Neighborhood," 
Highway Research Record 187, 1967, p. 33. 

**Ibid. 

***Jon Burkhardt, Lago and Rothenburg, Highway Improvements as a Factor in 
Neighborhood Change, Resource Management Corporation, Bethesda, Md., 1971. 
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NC = Proportion of dwelling units not crowded. 
R/U = Relative percentage of rooms/dwelling •. 

Use of duration of residency and density of residential units as proxy meas­

ures of social interaction. 

(1) Neighborhood Social Interaction Index:* This index is based upon regres­
sion analysis of various variables in one community. The output is an 
index of relative social interaction. 

NSII = 76.29 - 1.45M - .36R - .30Hu + u 

Variables 

NSII = Neighborhood Social Interaction Index. 
M = Percent of families with tenure 2 years or less. 
R = Percent of land residential. 
Hu = Housing units per residential area. 
u = Error term. 

10.1.2 Algorithms Used to Identify Accessibility Problems 

Algorithms are used here to identify areas with concentrations of persons with 

high levels of dependency on pedestrian access to key facilities and services, 

and potential accessibility problems. 

(1) Social Feasibility Model:** This index can be used to identify and de­
lineate areas where a high percentage of residents walk to and from 
schools, retail stores, social service centers, and other destination 
points. This information can also be used in route selection to avoid 
segmenting these areas and in design selection to determine steps to min­
imize harm. 

The model consists of four different indicators of pedestrian dependency: 

0 A general indicator which makes resident dependency on pedestrian 
access to destination points a function of income level, size of 
family, and ownership of an automobile. 

*From "Neighborhood Social Interaction: Measurement and Prediction of 
Changes," paper by Jon E. Burkhardt, FHWA, December 1973. 

**Marshall, Kaplan, and Kahn, Social Characteristics of Neighborhoods as 
Indicators of the Effects of Highway Improvements, Federal Highway Adminis­
tration, Washington, D. c., 1972. 
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0 

0 

0 

An indicator showing the concentration of grammar school children 
in the area. 

An indicator measuring the dependency of residents on pedestrian 
access to local shops as a function of the percentage of elderly 
and carless residents in the area. 

An indicator measuring the dependency of residents on social serv­
ice centers as a function of duration of residency• race, and coun­
try of birth. 

SF= GPD + SPD + LSPD + SIPD 

Variables 

GPD = General pedestrian dependency p = Persons per household 
SPD = Pedestrian dependency on i = Median neighborhood income 

schools I = Median city income 
LSPD = Pedestrian dependency on s = Number of grammar school 

local shopping children 
SIPD = Social service dependency N = Neighborhood population 

of pedestrians e = Number of elderly in neigh-
GPD = (h X p X I)/i borhood 
SPD = S/N t = Number of residents for 10 
LSPD = h + e/N years or more 
SIPD = (t + f + B)/N B = Number of blacks in neigh-

borhood 
h = Percentage of households f = Number of foreign residents 

without automobile 

( 2) Public Transportation Submarke t Index:* This index was originally de­
signed to determine requirements for public transportation services. It 
can be used to identify areas with high concentrations of people with 
limited mobility and potential access problems. These include large fam­
ilies, families with low incomes, the elderly and handicapped, and house­
holds which do not own automobiles. 

PTSI = GPD x W x PM 

Variables 

PTSI = Public Transportation w == Relative magnitude PM/PMm_n 
Submarket Index PM == Potential market 

GPD = General Pedestrian Dependency = E + H - C(H) 
= A X p X 1/i E = Percent of population elderly 

A = Percentage of households H = Percent of market handicapped 
without autos C = Percent of handicapped who 

p = Min. value of PM in city are elderly 
or region 

*Martin Stein, "Social-Impact Assessment Techniques and Their Application 
to Transportation Decisions," Traffic Quarterly 31 (April 1977). 

133 



i; Median neighborhood income 
1; Median city income 

PMuiin: Average persons per household 

10.1.3 Algorithms Used to Identify Potential Displacement Effects 

Both the algorithms discussed to this point and those presented in the next 

subsection on "Composite Algorithms" can be used as indicators of sensitivity 

to negative displacement effects. Their interchangability rests on the fact 

that they use many of the same indicatorsG These are: 
0 

0 

0 

0 

0 

Residency at the same location for more than five years, 

Households which do not own automobiles, 

High percentages of the old, the handicapped, and the very 
young, 

Presence of a significant minority population, and 

High percentage of low-income families, and female-headed 
households with young children. 

Use of selected indicators to predict the number of dwelling units taken. 

(1) Household Displacement Model (HD 1):* The model uses housing density, to­
tal land in ROW, and proportion of residential land use to predict the 
number of households that will be displaced. It was developed for use in 
the initial stages of project planning when the planner has defined the 
potential impact area, but the actual ROW' s have not been defined. 

Variables 

= Total dwelling units taken 
= Dwelling units in area 
= Residential units in study area 

10.1.4 Composite Algorithms 

= Acres in study area 
= Acres in right-of-way 

(1) Simple Negative Social Impact Index:** This composite index is used to 
identify population areas which will tend to be negatively affected by 
impacts associated with transportation project development. The variable 

*Klein et al., Methods of Evaluation of the Effects of Transportation Sys­
tems on Community Values, U.S. Department of Housing and Urban Development, 
Washington, n.c., 1971. 

**Martin Stein, "Social Impact Assessment Techniques." 
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"percentage of residents with lo+ years of tenure" is used as an indi­
cator of cohesion. This variable, along with low income and a high inci­
cidence of female-headed households with children, is an indicator of 
vulnerability to displacement and proximity effects and difficulty in re­
location. I.ow income households and female-headed households with chil­
dren are also indicators of pedestrian and mass transit dependency. Den­
sity is a measure of the magnitude of these negative impacts. 

SNSI = 1/15 [7D + 7(A + E + 3T +FR)+$] 

Variables 

SNSI = Simple Negative Social 
Impact Index 

D = Density (population per acre) 
A= Percentage of carless persons 
E = Percentage of population over 

T 

FR 

65 
$ 

= Percentage of residents 
with lo+ yrs. tenure 

= Percentage of female-headed 
households with own child-
ren under 18 

= Median household income 

(2) Negative Social Impact Formula:* This index uses 14 variables to iden­
tify neighborhoods with high susceptibility to negative social impacts 
associated with highway development. 

NSI = NIN + NII 

Variables 

NSI = Negative Social Impact. 
NII= Negative impact on individuals. 

NIN= Negative impact on neighbor­
hoods. 

NIN= 1/30 [6(min NIF/tract NIF)+ 3(min V/tract V)+ (min NDF/tract NDF)] 

NII= 1/30 (10D + 9AI + RLUF) 
Variables 

NIF = R+N NDF = SS + VR 
R = Residents with tenure less ss = Percent of dwellings sub-

than 10 years standard 
N = Change in tract population VR = Vacancy rate 
V = Percentage of tract vacant FH = Percentage of female-headed 
AI = 2A + 2E2T + 2FH + C + M/2 households with children 
A = Percentage of autoless C = Percentage of population less 

households than 9 years of age 
E = Percentage of population M :: Percentage of population non-

over 65 years of age white or foreign 
D = Density (persons/acre) I = Median family income 
T = Percentage of households RLUF = Percentage of land for resi-

tenured longer than 10 yrs. dential or single family use 

*Kurt Finsterbush, "Development and Application of a Systematic Methodology 
for Assessing the Potential Social Impact of a Prospective Highway Location," 
Department of Sociology, University of Maryland, 1976. 
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10.2 ALGORITHMS USED IN THE ASSESSMENT OF ECONOMIC IMPACTS 

Similar algorithms have been developed to combine and synthesize economic data 

to characterize the types and level of business and residential activity in 

the study and surrounding area. Some of these techniques can also be used 

to predict the proposed project's effects on business activity, residential 

activity and local government finances. Algorithms are described by impact 

area, below. 

Before using any one of these techniques, practitioners should examine the 

references provided to obtain a more complete understanding of its purposes 

and the meaning of its output. 

10.2.1 Algorithms Used to Characterize Local Employment, Income, and Busi­
ness Activity 

Use of employment by industry to describe the structure and vitality of the 

local economy. This approach assumes that (1) employment by industry is an 

indicator of the importance of an industry to the study area economy, and 

(2) some industries support local economies while others support regional 

economies. Thus the vitality and growth potential of a local economy can be 

determined by examining the most active industries in the area. 

(1) Major Employment Activity:* Used to identify the study area industries 
which are important to the economy. Industries that employ more than 
four percent of the total employees are considered important to the local 
economy. 

III = Es1c/TE 

Variables 

III = The index of the importance of an industry to the local economy. 

Esrc = Number of people in the local area employed in a SIC industrial 
category (the index should be calculated for each SIC category). 

TE = Total number of people employed in the local area. 

*J.D. Meck, The Role of Economic Studies in Urban Transportation Planning, 
U.S. Department of Commerce~ Washington, D.C., 1965. 
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(2) Location Quotient Method:* Uses a comparison of the level of an existing 
activity in a local area and in the regional area of which it is a part 
to determine the relative concentration (importance) of that activity in 
the local economy. The location quotient can be calculated for employ­
ment, retail employment, retail sales, owner-operated businesses, or al­
most any key indicator for which data are available. For example: 

LQ = 

Variables 

Industrial workers in local area 
Industrial workers in region 

All workers in local area 
All workers in region 

Employment by SIC category for local area and region. 

Sales by sector for local area and region. 

Businesses by type for local area and region. 

Use of consumer accessibility measures to demarcate trade areas around, and 

the level of activity at, retail centers. This approach assumes that proxim­

ity to and size of retail centers determine their usage, and that changes in 

access will alter usage patterns. Areas with heavy concentrations of retail 

activity and proximity to many residential areas will have high accessibility 

indices, high levels of retail attraction, and potential for growth. Small, 

isolated retail centers will have limited activity and be more vulnerable to 

changes in access routes. 

(1) Reilly's Law of Retail Gravitation:** This technique uses the distances 
between retail areas and the sizes of the areas to compute the area lim­
its of retail attraction, or trade area, between the two areas. The re­
sulting index is the mileage from the retail center to the market area 
border in the direction of the competing retail area. (Most users of 
Reilly's law have recently substituted driving time for highway mileage 
and square feet of retail floor space for population.) These alterna­
tives produce a revised ''break point~ equation that defines a trade area 
in terms of travel time. By using estimated travel times associated with 
alternative routes, practitioners can supposedly estimate changes in con­
sumer attraction to local trade areas, and hence the likely changes in 
sales and revenues in these areas. 

*Boston Transportation Planning Review, North Shore, May 1972. 

**William J. Reilly, The Law of Retail Gravitation (New York: Reilly, 
1931). 
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Original Version: MAB 
Xo = -----

Commonly Used Version: OT AB 

Variables 

Xe = Distance from retail center to boundary of trade area in direc­
tion of competing trade area, in miles: the "break point" between 
trade areas surrounding retail centers A & B. 

MAB = Miles between retail centers A and B. 

,!'.A = Population in retail area A over population in retail area B. 
PB 

Xe, = Distance from retail center to boundary of trade area in the di­
rection of a competing trade area, in tr ave 1 time: the "break 
point" between trade areas surrounding retail centers A & B. 

OT = Driving time between retail centers A & B. 

RFSA = Retail floor space in retail area A over retail floor space 
RFS8 in retail area B. 

( 2) Access! bility Index:* Used to measure the spatial separation between 
predetermined zones and the attractiveness of each zone. By using resi­
dential areas and retail centers as the analysis zones, the practitioner 
can determine the relative degree of consumer accessibility (and attrac­
tion) to the retail areas. Travel times associated with the proposed 
project can be substituted for existing travel times to determine poten­
tial changes in access to, and hence, activity at, various retail cen­
ters. A similar analysis can be conducted to determine accessibility of 
employment opportunities. 

N 

~ Rj (T1 -j) 
j=l 

*U.S. Department of Transportation, Final Manual: Special Area Analysis, 
August 1973; Stanford Research Institute, Methods of Evaluation of the Ef­
fects of Transportation Systems on Community Values, U.S. Department of Hous­
ing and Urban Development, 1971. 
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Variables 

Aij = Accessibility of residential zone i to retail center j. 
Rj = Retail establishments at zone j. 
Ti = Travel time between zones i and j~ 
j = Travel time friction factor (as measured by road grade) associated 

with trips from zone i to zone j. 
N = Number of analysis zones. 

(3) Market Potential Model:* Used to describe the expenditures of consumers 
at market areas in the study area and to predict changes in expenditures 
resulting from altered accessibility (or spatial interaction) resulting 
from the highway project. 

Given a description of the three components of the retail spatial struc­
ture -- demand, supply, and buyer-seller interaction space -- the model 
provides a measure of the probable sales levels at each center. The 
model can be manipulated with data on present driving times and with the 
projected driving times for the highway facility to estimate the change 
in consumer spending patterns. 

This equation is specific to a pair of zones: 

F· F· 
-J-x -J-x 

s1j C1 
dij 

Ci 
dij 

= = 
~ + F· ... 2n i F· 
diix 

~x X -Jx 
dij din J d-. l.J 

It can be modified to state the consumer expenditures in all zones of the 
region that would probably be spent in? zone, j. It implies that there 
is not a trade area boundary but a shopping interaction among all zones: 

Variables 

F· f"Jx 
ij 

< F· 
~ ~d X 
J ij 

= Total sales in retail center Fj• 
= Consumer retail expenditures of population in zone i, spent at 

zone j. 
= Total consumer retail expenditures of population in zone i as meas­

ured by the product in dollars, the population in zone i, and the 
per capita shopping expenditures. 

*T .R. Lakshmanan & W .G. Hansen, "Market Potential Model and its Application 
to a Regional Planning Problem," Highway Research Record, No. 102, 196 S. 
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= Size of retail activity in zone j as measured by number of retail 
establishments or, if possible, square feet of floor space de­
voted to the sale of consumer goods in zone j. 

= The distance between the shopping center j and the consumers in 
zone i as measured by driving time between the centers of the 
zones. 

x = Exponent applied to a distance factor, d. In practice, a friction 
factor is used so that: 

F = ~ where the exponent xis variable with dtj• 
dij 

Use of land and accessibility data to estimate the amount of undeveloped land 

(including farmland) that will be developed over some future period. This ap­

proach assumes that the likelihood of development is dependent on the degree 

of access to available land. Judgments are still required to determine the 

type of development that will occur. 

(1) Index of Development Pressure:* Used to estimate the strength of devel­
opment forces in the impact area. This approach uses the attributes of 
other competitive zones, such as developed land and proximity to study 
area, to identify the demand for development rather than assess the way 
demand and supply would reach an equilibrium. It provides a relative 
measure, among the different zones or areas within a metropolitan region, 
of the extent of development which might be expected. A high IDP indi­
cates a high likelihood of development. 

n 
Dt i Dj /Tij 

IDPi = -~j~=_l _____ _ 
n n 

<_ Uk ~ Dj/Tkj 
k=l j=l 

Variables 

IDP1 = Index of development pressure for zone i. 
Ui = Undeveloped acreage which is available for development in zone i. 
Dj = Developed acreage in zone j • 
Tij = Travel time from i to j. 

(2) Land Development Model:** Used to predict the amount of development that 
will take place on any given parcel of land in the impact area. This 
model integrates the concepts of land development, modal choice and ac-

*Klein et al., Methods of Evaluation. 

**John R. Hamburg, Geoffrey J. H. Brown, & Morton Schneider, ''Impact of 
Transportation Facilities on Land Developmen," Highway Research Record IJ305. 
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cessibility into a comprehensive model based on the premise that the 
amount of development that will occur at a particular location is related 
to the relative attractiveness and the relative accessibility of the site 
in comparison to all other sites in a region. Specified inputs are the 
total amount of development expected in the region, the amount of land 
in the region described in terms of its relative attractiveness, the 
transportation networks serving the region, and certain constants related 
to model choice. The model then allocates urban development to each zone 
until land development and accessibility in the region are in equilib­
rium. The impacts of speed, differential accessibility, magnitude of 
growth, central location, and density can be measured. 

Rf 
RF 
Ra 

I = 
J = 

= 
= 
= 

Equilibrium floor area at a site (i.e., existing development). 
Total floor area in the region. 
Relative attractiveness of the site (e.g., proportion of develop­

able land, flat topography, utility systems). 
Accessibility of the site. 

Access integral (fldR of the region). 

10.2.2 Algorithms Used to Determine the Impact of Displacement on Residential 
Activity 

Use of aggregate data on housing in the study area and ROW requirements to es­

timate the number of dwellings to be removed from the housing stock. These 

techniques are used early in the assessment process when the location of the 

proposed project is unknown. 

( 1) Housing Displacement Model (HDz): * This technique predicts the number 
of units to be displaced based upon empirical observations of typical 
displacement impacts. The model parameters were developed from regres­
sion analysis. 

Y = (0.61 x 10-2)(L)•85 x Rl.53 

RN= 5,280L(R0 - ReJ. + %(a1) - e1 + Nm(az) - ez 
43,560 

* Frank Ventura & Rajendra Metha, "Methods of Predicting the Effect of 
Long-Range Transportation Plans on Residential Land Use Activities," TRR 481, 
1974. 
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Variables 

H Number of housing units displaced. 
RN= Net right-of-way, in acres. 
Y = Number of housing units displaced per acre. 
L = Length of freeway section not including interchanges, in miles. 
Ra= Design right-of-way. 
Re= Existing right-of-way, in feet. 
Nt-1 = Number of major interchanges. 
Nm= Number of minor interchanges~ 
a1 = Average right-of-way required for major interchanges, in acres. 
a 2 = Average right-of-way required for minor interchanges, in acres. 
e1 = Existing right-of-way for major interchanges, in acres. 
e2 = Existing right-of-way for minor interchanges, in acres. 

(2) Housing Displacement Model (SAA):* In this technique, an estimate of the 
dwelling units displaced is calculated by multiplying the expected number 
of acres taken by the ROW, times dwelling units, and dividing it by res­
idential acreage in that zone. These estimates are summed across all 
zones to get total dwelling units displaced. 

DUDz(X1) = ROWz x DUzQfl where RACRES = PCTRz x TACRESz 
RACRESz 

i.e., (DU) x (#ACRE ) x (% RESIDENTIAL ) 
(ACRE) (FACILITY) (LAND USE IN ZONE) 

Variables 

DUDz 
ROWz 
DUz(X1) 
RACRES 
PCTRz 
TACRESz 
z 
Xi 
n 

= 
= 
= 
= 
= 

= 
= 
= 
= 

Dwelling units of Xi type dislocated in zone. 
Number of acres of ROW acquisition in zone. 
Dwelling units of Xi type in zone. 
ROW acreage which will come from residential land use. 
% residential land use in zone. 
Total acres in zones. 
Number of zones. 
Cost of dwelling unit. 
Number of housing cost groups. 

10.2.3 Algorithms Used to Quantify Fiscal Impacts 

Use of data on the proposed ROW and tax assessment to estimate property tax 

losses due to ROW acquisition. These techniques, which are especially useful 

early in the assessment process, are based on assumptions about the amount, 

types, and values of land required for the ROW. Based on these assumptions, 

*Skidmore, Owings and Merrill, Environmental Assessment Notebook Series, 
Notebook 3, "Economic Impacts," Department of Transportation, 197 5; Department 
of Transportation, Final Manual: Special Area Analysis (Washington, 1973), 
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average tax rates are used to calculate tax losses associated with the re­

quired acreage. 

( 1) Proportional Acreage Method:* This technique is based on the premise 
that the ROW acreage of each land use type taken for the construction of 
new facilities is proportional to existing uses in the affected zones. 
It requires the identification of the amount of property to be taken in 
the ROW acquisition, the estimation of proportions of different land uses 
in the study area, and the application of these proportions to the af­
fected property. The resulting estimates of acres of each use to be 
taken are multiplied by the average assessed value of property devoted to 
that use to get total assessed value by usage. The summation of these is 
multiplied by an average tax rate to get a rough approximation of the di­
rect tax lass. 

Total Residential Total Number Percent of Average Assessed 
Tax Base Affected = of Acres to be X Land in Zone X Value per Resi-
in Each Zone Acquired in Which is dential Acre in 

that Zone Residential that Zone 

Total Business Total Number Percent of Average Assessed 
Tax Base Affected = of Acres to be X Land in Zone X Value per Busi-
in Each Zone Acquired in Which is ness Acre in 

that Zone Commercial that Zone 

Total xxxt Tax Total Number Percent of Average Assessed 
Base Affected ::, of Acres to be X Land in Zone X Value per XXX 
in Each Zone Acquired in Which is Acre in that 

that Zone XXX Zone 

txxx. = any other significant use. 

(2) Right-of-Way Cost Ratio:** The model estimates the tax revenues lost by 
using estimates of the ROW acquisition cost as a reasonable approximation 
of fair market value. These figures are adjusted to reflect the fact 
that assessed values are often only a fraction of fair market values. 
The per parcel assessment value is multiplied by an average tax rate for 
the area to obtain annual tax revenue lost. 

TL= AC x (AV/MV) x TR 

Variables 

TL = Total tax revenue lost. 
AC :::, Acquisition cost. 
AV = Assessed value. 
MV = Market value. 
TR Average tax rate per dollar of assessed value. 

*Ibid. 

**Klein, et al., Methods of Evaluation. 
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Use of data on individual parcels of land to determine property tax losses due 

to ROW acquisition. This approach uses detailed tax assessment data on all 

affected parcels and sums the losses accruing to each one. It is most useful 

during detailed assessment when a limited number of alternatives are under 

consideration. 

(1) Parcel-by-parcel Method:* 

TR= r (AV) 

Variables 

TR = Local property tax revenues from parcels in question. 
r = Tax rate. 
AV = Assessed value of parcels in question. 

*Ibid. 

144 



Chapter 11. TECHNIQUES FOR TESTING THE SIGNIFICANCE 
OF RELATIONSHIPS AMONG DATA 

11.1 TESTS OF SIGNIFICANT RELATIONSHIPS IN BIVARIATE TABLES 

When categorical data are cross-tabulated, or arranged in a bivariate table, 

it is often desirable to summarize the array with a measure of association or 

a test of significance. A measure of association indicates how strongly two 

variables are related. From another viewpoint, a measure of association indi­

cates to what extent one's prior knowledge of a category (or value) of one 

variable facilitates the prediction of categories for the other variable. 

However, a measure of association only indicates how strongly the two vari­

ables are related among the individuals in the sample. This does not mean 

the relationship holds for all possible individuals in the universe. 

A test of significance, then, determines whether the surveyor can make state­

ments about all individuals in the universe using the results from the sample. 

Through tests of significance one can infer, from the results of the sample, 

the presence or absence of a relationship among variables in the uni verse. 

The inference is based upon the chance (probability) that the results occur. 

Therefore, there is nothing certain about the inference. If a different sam­

ple is taken, it is possible that significance tests could produce completely 

different results. 

The surveyor can rely on inferences developed as described above (inductive) 

only if the test is performed many times and the same result (either signifi­

cance or insignificance) occurs in 95 out of 100 trials. This is the basis 

for significance testing. 

Significance depends both on the strength of the relationship and on the size 

of the sample. In large samples even weak relationships may prove to be sta­

tistically significant. Tests of statistical significance indicate only the 

likelihood that an observed relationship exits in the universe; they do not 

tell how strong it is. Consequently, a relationship can be statistically sig­

nificant while not being substantively important. 
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The Chi-Square Test of Significance 

Suppose after a sample of residents is taken in a proposed ROW, it is impor­

tant to determine whether there is a relationship between home ownership and 

route preference for all residents in the ROW. To do this, it will be neces­

sary to perform a test of significance on the cross-tabulated sample data. 

The results of this test will permit inferences to be made to all residents 

as to whether or not a relationship exists. The cross-tabulated data which 

provide the basis for the test have the following appearance: 

Route Preference 

"No Build" ROW 
Route A Route B Route C Option Total 

Own or 
OWn- Buying 10 10 10 30 60 
ership 

Rent 10 20 5 5 40 

Column Total 20 30 15 35 100 

The statistical procedure generally used to perform a test of significance on 

categorical data of the type above is a Chi-square test. The Chi-square test 

test suggested here is predicated on the hypothesis that the two variables 

(ownership and route preference) are unrelated. The hypothesis of no rela­

tionship in a statistical test is called the null hypothesis. To prove that a 

relationship does exists, the null hypothesis has to be rejected when the Chi­

square test is applied to the data. 

The null hypothesis is accepted or rejected based on the value of the Chi­

square statistic. The Chi-square statistic is calculated as follows: 

2 4 
x2 = z z (0 - E)2/E 

j j 

: the sum over all cells in the table 
of squared difference between the ob­
served count and the expected count, 
divided by the expected count. 
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In this calculation, "O" stands for the frequency counts which are actually 

observed in the cells of the cross-tabulation. The "E" represents the expec­

ted frequency counts under the null hypothesis. Thus, if the disparity be­

tween the actual observations and the expectation of no relationship is sig­

nificantly large, one can reject the null hypothesis and state that the data 

support the existence of a relationship. 

Since one is not required to calculate the observed frequency counts -- they 

are merely observed from survey results and arranged in the cells describing 

the joint occurrence of ownership and route preference -- the discussion can 

focus on the calculation of the frequencies expected under no relationship. 

These calculations are shown below. 

The expected cell frequency for those who own or are buying a home and choose 

route A is calculated from the marginal row percent for owning or buying a 

home, and the column percent for choosing route A. 

Marginal for: 

(Row) Own or buying = 
(Col.) Route A 

60/100 
20/100 

Expected frequency for that cell: 

E = 100 (60/100) (20/100) 
= (Table Total) x (Row Rate) x (Column Rate) 
= 60 X 20/100 
= 12 

The other expected frequencies are: 

0 

" 

" 

Own and Route B: 

E = 100 (60/100) (30/100) 
= 18 

Own and Route C: 

E = 100 (60/100) (15/100) 
= 9 

Own and "No Build": 

E = 100 (60/100) (35/100) 
= 21 
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The 

0 Rent and Route A: 

E = 100 (40/100) (20/100) 
= 8 

0 Rent and Route B: 

E = 100 (40/100) (30/100) 
12 

0 Rent and Route C: 

E "" 100 (40/100) (15/100) 
= 6 

0 Rent and "No Build": 

E = 100 (40/100) (35/100) 
= 14 

Chi-square statistic is then calculated as: 

= (10-12)2/12 + (10-18) 2/18 

+ (10-8)2/8 + (20-12)2/12 + 

= 29.643 

+ (10-9) 2/9 + 
(5-6)2/6 + (5-14)2/14 

To test the significance of the value of the Chi-square statistic for this 

type of cross-tabulation, i.e., 2 x 4: 8 cells, a table of theoretical Chi­

square values is consulted (see Table 3, p. 149). To find the appropriate 

test value for deciding whether a relationship exists or not, it is necessary 

to enter the table in the specific row and column which fits the problem at 

hand. Specifically, the Chi-square test depends on the number of cells in the 

cross-tabulation and the practitioners' willingness to assume that a large 

Chi-square value does not really signal a relationship, but just happens as a 

rarity due to an extreme sample (which can happen in random sampling). 

The number of rows and columns determines a value called the degrees of free­

dom and each Chi-square value in the table is dependent on that value. The 

degrees of freedom merely relate to the constraints placed on the data by the 

way the analyst groups the data. 

In the ownership/route preference example, there are two categories of owner­

ship and four categories of preference; these categories are the constraints. 
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Table 3. The Chi-square distribution. 

p 0.10 0.05 0.025 o.oi 0.005 df 

2.71 3.84 5.02 6.63 7.88 
4.61 5.99 7.38 9.21 10.60 2 
6.25 7.81 9.35 11.34 12.84 3 
7.78 9.49 11.14 13.28 !4.86 4 
9.24 11.07 12.83 15.09 16.75 5 

I0.64 12.59 l4.45 16.81 18.55 6 
12.02 [4.07 16.01 tS.48 20.3 7 
13.36 IS.SI 17.53 20.1 22.0 8 
14.68 \6.92 19.02 21.7 23.6 9 
15.99 18.Jl 20.5 23.2 25.2 10 

17.28 19.68 21.9 24.7 26.8 II 
18.55 21.0 23.3 26.2 28.3 12 
19.81 22.4 24.7 27.7 29.8 13 
21.l 23.7 26.1 29.1 31.3 14 
22.3 25.0 27.5 30.6 32.8 15 

23.5 26.3 28.8 32.0 34.3 16 
24.8 27.6 30.2 33.4 35.7 17 
26.0 28.9 31.S 34.8 37.2 18 
27.2 JO.I 32.9 36.2 38.6 19 
28.4 31.4 34.2 37.6 40.0 20 

29.6 32.7 35.5 38.9 41.4 21 
30.8 33.9 36.8 40.3 42.8 22 
32.0 35.2 JS.I 41.6 44.2 23 
JJ.2 36.4 39.4 43.0 45.6 24 
34.4 37.7 40.6 44.3 46.9 25 

35.6 38.9 41.9 45.6 48.3 26 
36.7 40.l 43.2 4W 49.6 27 
37.9 41.J «.s 48.J 51.0 28 
39.l 42.6 45.7 49.6 52.3 29 
40.3 43.8 47.0 50.9 53.7 30 

51.8 55.8 59.3 63.7 66.8 JO 
63.2 67.S 71.4 76.2 79.5 jQ 
74.4 79.1 UJ 88.4 92.0 60 
85.5 90.5 95.0 100.4 104.2 70 

96.6 101.9 106.6 112.3 116.J 80 
107.6 113.1 I 18.J 124.! 128.J 90 
I 18.5 124.3 129.6 135.8 !40.2 100 

Source: K.J. Meier and J.L. Brudney, Applied Statistics 
for Public Administration (Boston: Duxbury Press, 1981), 
p. 444. 
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With these constraints, the rows have 4 - 1, or 3 degrees of freedom, i.e., if 

the row total is known and three categories freely vary in their counts, once 

they are known, the fourth must be set to make the row total. Similarly, for 

columns, there is 2 - 1, or l degree of freedom. Since the data array is bi­

variate, or two dimensional, the total degrees of freedom are 3 x 1 = 3. Thus 

the table is entered in the row under "df" (for degrees of freedom) which is 

numbered 3. 

The allowable decision error in rejecting the hypothesis about "no relation­

ship," between ownership and preference, is commonly set at the 5 percent con­

fidence level. That is, whatever value cuts off the extreme upper 5 percent 

of the Chi-square distribution is acceptable as a critical value for the test. 

If the value of the Chi-square statistic calculated from the actual data ex­

ceeds the five percent critical value in the table (for three degrees of free­

dom), then the null hypothesis can be rejected with the understanding that 

this decision can be in error five percent of the time. This merely means 

that if a set of residents are sampled over and over again ad infinitum, and 

there is no actual relationship between ownership and choice, five percent of 

those samples will produce results in that five percent extreme end of the 

distribution. This is what is meant by "extreme results happening by chance." 

Because random sampling allows all residents an equal chance of being inter­

viewed, extreme results indicating a relationship can occur even though in 

the total population it does not, in fact, exist. Because of the way the test 

is str~ctured, th~s can only happen five percent of the time as an error. If 

extreme results do occur, the chances are really much larger that they come, 

by sampling, from a set of residents in which a relationship between ownership 

and preference is actually present. The 5 percent error set in the test is 

the price one must pay for using a sample and not having all the information. 

Using the degrees of freedom (df = 3) and the acceptable error level (A =.05), 

the critical value can be found in Table 3. It was already stated that the 

appropriate row to enter the table was under df = 3. The appropriate column 

is determined by 1 - A or (since A = • 05) l - A = • 950. Thus the critical 

value of Chi-square for 3 degrees of freedom and A= .05 is 7.81. Since the 
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Chi-square statistic calculated from the data, 29.643, is more extreme than 

7.81, the results are significant, i.e., a relationship does exist in the sam­

ple and can be inferred to all residents. 

* * * 

As was mentioned earlier, tests of significance, such as Chi-square, indicate 

the possibility of a relationship which can be inferred to all residents in 

the ROW, but they do not indicate the strength of the relationship. It was 

also mentioned that tests of significance can indicate the existence of a re­

lationship when it is quite weak because the test depends, in part, on the 

size of the sample. To determine the strength of a relationship, it is often 

necessary to use the size of the sample to adjust the results of a test. For 

example, if the cross-tabulated table were two categories by two categories 

(i.e., a 2 x 2 table), then a measure of association called the Phi-coeffi­

cient (0) can be calculated: 

fJ = (XZ/N)l/2, 

where xZ is the value of a Chi-square statistic on the two-by-two table and N 

is the size of the sample. This coefficient takes on values which range from 

0 to 1, with O meaning no relationship and 1 meaning a perfect relationship. 

Cramer's V 

The Phi-coefficient is used to assess the strength of relationships for 2 x 2 

tables, but different adjustments must be carried out for cross-tabulations of 

other dimensions. One such measure is Cramer's V, which is given as: 

V = (02/[min(r - 1), (c - 1)])1/2, 

where~ is the value of the Phi-coefficient and min (r - 1), (c - 1) means the 

minimum value of (r - 1) and (c - 1), rand c being the number of rows and 

columns respectively. V, like Phi, ranges from Oto 1 when the dimensions of 

the cross-tabulation are larger than 2 x 2. In the example involving the 

cross-tabulation of ownership with preference, a 2 x 4 table, the value of V 

is calculated as: 

x2 = 29.643 
N = 100 
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0 = (29.643/100)112 
= .544 

r - 1 = 2 - 1 = 1 
C - 1 = 4 - 1 = 3 

min(r - 1), (c - 1) ca: 1 
V = ( (J2 / 1) 1/ 2 

:::, .544 

Vis the same as Phi because there were two rows in the cross-tabulation and 

r - 1 = 1 was the minimum value. 

The Contingency Coefficient 

Another measure of association based on Chi-square values is the Contingency 

coefficient, C. The formula is: 

c = [x2/(x2 + N)Jl/2 

For the original example, C = .478. C can be used for tables of any size. 

But, if the minimum value is zero, like V, the maximum value depends on the 

size of the table. For this reason it should be used only to compare tables 

having the same number of rows and columns. 

* * * * * 

Measures of association such as the Phi-coefficient, Cramer's V, or the Con­

tingency coefficient will signify the strength of association. However, they 

reveal nothing about the manner in which the variables are associated. That 

is, they say nothing about which variable is the predictor and which is pre­

dicted. The distinction between non-directional association and prediction in 

cross-tabulated tables can be seen by recalling the example about the rela­

tionship between home ownership and route preference. 

Owner­
ship 

Buy 

Rent 

Column Totals 

A 

.10 

.10 

.20 

Route Preference 

B C 

.10 .10 

.20 .05 

.30 .15 
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"No Build" 
Option 

.30 

.OS 

.35 

Row 
Totals 

.60 

• 40 

1.00 



If the frequency counts in the cells of the original cross-tabulation are di­

vided by the table total (100), the resulting decimal values represent the 

joint probability of the two variables. The joint distribution describes the 

nondirectional relationship between the two variables. This is the distribu­

tion which is tested by the Chi-square procedure and related measures. A re­

lationship exists if cell probabilities are not uniformly spread over the 

cells as in the table above, e.g., 30, or 30 percent, own or are buying a res­

idence and choose the "no build" option. 

In the data situation described in the ownership/preference table, the highway 

planning question is: Can route preference be predicted by residence owner­

ship? To array the data to fit that question, it is necessary to rearrange 

the joint distribution so that it becomes a conditional or predictive distri­

bution. This is accomplished by calculating separate distributions for each 

category of the predictor, or independent variable, across the categories of 

the predicted, or dependent variable. In relation to the ownership/preference 

table, this means that separate distributions will be calculated for the "Owns 

or Is Buying" category and the "Rent:ing" category across the choice categor-

ies. 
0 

This is done as follows: 

For "Owns or Is Buying": 

Row total= 60 

Distribution for Choice Categories: 

Choice A 
10/60 

Choice B 
10/60 

Choice C 
10/60 

No Build 
30/60 

For both categories of the independent variable, these distributions (as deci­
mals) are: 

Owner­
ship 

Owns 

Rents 

Marginal 

A 

.167 

.250 

.200 

Rout:e Choice 

B C 

.167 .167 

.500 .125 

.300 .150 

''No Build" 
0 1ption 

.500 

• 125 

.350 

Row 
Totals 

1.00 

1.00 

1.00 

This arrangement shows more clearly how the analyst could predict route pref­

erence if the category of ownership is known. For example, if a resident owns 

or is buying a residence, then the highest likelihood is that he prefers the 
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no-build option (.500). If a resident rents, then the highest likelihood is 

Route B ( .500). 

The Uncertainty Coefficient: A Measure of Association Which Takes Prediction 
into Consideration 

The Uncertainty coefficient is a measure of association which has the asymmet­

ric quality of allowing one variable to be an independent variable and the 

other to be dependent. It measures the reduction in uncertainty in prediction 

which can be gained by knowing the categories of the independent variables. 

In essence, this type of measure fits the data arrangement with the condition­

al distributions in the previous section. The uncertainty coefficient is 

given as: 

U.C. = U(Y) - U(Y/X) 
U(Y) 

where U(Y) and U(Y/X) are information functions, with U(Y) being the marginal 

information across the route preference categories (now called Y). They are 

calculated as: 

4 
U(Y) 

.,,. 
= - < Pj log Pj 

j 
= - (.200 log .200 

+ .300 log .300 
+ .150 log .150 
+ '.. 350 log .350) 

= .580 

U(Y/X) is the information function of the route preference (Y), given the dif­

ferent ownership categories (X). This function is calculated as: 

2 4 
U(Y/X) = - ~ ~ p(Y,X) log p (Y/X), 

i j 

where p(Y,X) are the joint probabilities and p(Y/X) are the conditional proba­

bilities. 

U(Y/X) "" - ( .10 log .167 
+ .10 log .167 
+ .10 log .167 
+ .30 log .500 
+ .10 log .250 
+ .20 log .500 
+ • 05 log .125 
+ .05 log .125) 

.534. 
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The Uncertainty coefficient then has the value: 

U.C. = [U(Y) - U(Y/X)] / U(Y) 
= (.580 - .534) /.580 
= .793. 

The value of .793 eliminates uncertainty by identifying the category of owner­

ship in which an individual falls. The maximum value of the uncertainty coef­

ficient is 1. A value of 1 would indicate the complete elimination of uncer­

tainty, i.e., perfect prediction from the knowledge of the categories of the 

independent variable. Therefore, the value of .793 indicates a high degree of 

predictability. 

The foregoing example of predicting route preference from home ownership shows 

clearly the difference between association as a nondirectional joint distri­

bution and association as a conditional predictive distribution. When cross­

tabulations are used to display the relationship between categorical (nominal­

level data) variables, the predictive shape of the data can always be shown by 

constructing distributions conditioned on the categories of the independent 

variable. Of course, the choice of the independent variable is made because 

the practitioner believes that a particular variable should be the predictor. 

* * * * * 

There is no guarantee that a variable is a predictor or independent variable, 

even if the data show that it does discriminate the outcomes of variables. 

The nature of prediction is often in the mind of the researcher, and sometimes 

that insight is not shared by others. Thus, one must be careful about choos­

ing a predictor variable because, in the context of the survey, it may not 

always be clear which variables can be labeled as such. Sometimes it is safe 

to consider certain variables as predictors because they are antecedent in 

time. Variables such as sex, ethnicity, education, and in this case resident 

ownership, occur before the road is built. But when two measures occur more 

or less simultaneously, it is not always clear which is the predictor. In­

stead of a predictive relationship, the variables could be subject to recipro­

cal causality which hardly clarifies the information provided by the data. In 

light of this, a researcher is well-advised to employ background variables, 

such as those mentioned above, to develop predictions. 
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There are a number of other measures of association and tests of significance 

for categorical data. Some use different ways of combining data and are based 

on different assumptions about the type of data (nominal, ordinal, etc.). In 

applying the techniques, care should be exercised concerning their appropri­

ateness. If the survey data, for example, are cross-tabulated and analyzed 

using the Statistical Package for the Social Sciences (SPSS), then the tests 

and measures described earlier, plus several more, can be printed with the 

tables as part of the output. Since the computer will calculate all of the 

measures, regardless of the type of data, one should be sure that the uses are 

appropriate. 

11.2 INDICES AND SCALES 

Attitude or opinion data are often collected in the form of ranked or ordinal 

data. An example of a set of questions which attempt to collect this type of 

data appears below: 

When a road is built it usually causes changes in the community through 
which it runs. Using the rating form below, tell us how you would feel 
if the following changes were to occur in your area as a result of road 
c.ons truct ion. 

The respondent is then asked to complete a series of statements about how he 

would feel about possible changes. The statements in the following example 

are designed to show the significance of selected accessibility questions. 

a) If driving to work becomes easier, i would feel .•• 
b) If driving to shopping centers becomes easier, I would feel ••• 
c) If driving to school becomes easier, I would feel ••. 

Respondents are provided a 5- or 7-point scale and asked to give a numerical 

response -- for example: 

Extremely Very Somewhat Somewhat Very Extremely 
Unhappy Unhappy Unhappy Neutral Happy Happy Happy 

7 6 5 4 3 2 1 

The planner may wish to combine responses to all questions in a subject area 

to obtain an overall measure of the importance of increasing accessibility. 

This is done by aggregating the rankings of the statements by each respondent. 
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Then d2 = 30 and· ' . 
r = l - 6(30) / (125 - 5) 

= 1 - 180 / 120 
-0.5 

A coefficient of -0. 5 indicates that respondent attitudes about these two 

changes are somewhat inversely associated where, for example, a respondent who 

was unhappy with increasing business property values, would tend to be happy 

with increasing residential property values. [The significance of r can be 

tested with at-test as t = r(N - 2)1/2 / (1 - r2)1/2, with N - 2 degrees of 

freedom (see Hayes, 1973).] 

11.4 THE PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT: MEASURE OF ASSOCI­
.ATION FOR INTERVAL (CONTINUOUS) DATA 

Interval data is not normally collected in surveys which measure opinions and 

attitudes. In survey data for highway planning this generally applies, except 

where non-opinion, information data are involved. Here the continuous infor­

mation measures are usually categorized in a manner similar to the following: 

Monthly Payroll 
1. Less than $5,000 3. $9,001 - $10,000 
2. $5,000 - $9,000 4. Over $10,000 

However, the definition of interval data can be stretched a bit so that the 

Pearson product moment correlation coefficient can be used to assess the de­

gree of association between two measures obtained in the survey. For example, 

a practitioner may be interested in the relationship between the manner in 

which goods are received by businesses in the area and the preference between 

two routes. The data collected for these two variables can be considered in­

terval measuresw For example, the following question can be viewed as elicit­

ing a response on an interval scale of Oto 100: 

What percentage of your goods is received by motor vehicle? 

Similarly, the question shown below applies an interval measure to route pref­

erence: 

Please indicate, on a scale of Oto 100, 
your preference for the two routes. 
(Points assigned to the two routes 
should, when combined, total 100.) 
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The response to this question calls for 100 points to be distributed over al­

ternative routes A and Bas a measure of preference. While this response is 

subjective, it is an interval measure on a scale from Oto 100. 

To see how the Pearson coefficient is calculated, suppose that five businesses 

interviewed respond to the two questions in the following manner: 

Respondent 
1 
2 
3 
4 
5 

% of Goods Carried by 
Motor Vehicle 

20 
80 
so 
70, 
90 

Focus on 
Route A (points) 

10 
60 
60 
20 

100 

The Pearson product moment correlation coefficient as a measure of association 

between two variables is defined as the co-variance between the two variables 

divided by the product at the standard deviation of each. The mathematical 

formula is: 

r = Sxy/(SxSy), 

where Sxy = the co-variance of x and y, and the co-variance of x and y = 

~ (x-x)(y-y)/n [x, y are the respective means, n is the size of the sample]. 

Sx is the standard deviation of x, represented by the following formula: 

sx = [ ~ (x - x)2/n] 1/2 

Sy is the standard deviation of y, represented by the following formula: 

Sy = ( ~ < y - y) 2 / n l 1 / 2 

In the example cited above, xis the% motor transport and y is the total num­

ber of preference points for route A. Thus, x = 50 and y = SO, and the corre­

lation in terms of the data is calculated as follows: 

X 

20 
80 
50 
10 
90 

Total 

Sxy = 

y (x - x)2 (y - y)2 

10 900 
60 900 
60 0 
20 1600 

100 1600 
5000 

Sx = (5000/S)l/2 
= 31. 623 

1020 r ::: 

1600 
100 
100 

1600 
2500 
5900 

Sy "" (5900/S)l/2 
= 34.351 

1020/(31.623)(34.351) 
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{x - x)(y - y) 

1200 
300 

0 
1600 
2000 
5100 

.939 



For example, an individual might respond to the three statements as follows: 

Statement Response (Rank) 
a 6 
b 3 
C J 

The summated rank for this respondent would be 16 (6 + 3 + 7), although the 

possible range of scores for any given respondent is from 3 to 21. It would 

seem reasonable to assume that the combined measure of concern over increased 

accessibility is better than any of the individual measures. There is obvi­

ously more information in the combined measure than in the ranking of a single 

statement. Unfortunately, however, there are some potential pitfalls in com­

bined measures. 

When the responses to multiple statements are combined as they are above, the 

tacit assumption is made that each response has the same weight. This assump­

tion is equivalent to stating that each statement is measuring the same varia­

ble, i.e., accessibility. While this appears to be true from an analytic. 

standpoint, it may not _ be. This possibility requires a distinction in the 

meaning of combined data. 

A combined measure such as the summated rating shown above can be called an 

index or a scale. An index is a number, usually a combination of individual 

measures, which is said to measure an attitude, opinion, etc., because it is 

believed to do so; it has face validity. A scale on the other hand has been 

shown to measure something because it has been validated through quantitative 

analysis. 

In most cases the statements whose ratings are to be summed are newly assem­

bled with each survey. When the summated ratings are used in further analysis 

-- in comparing alternative routes, for example -- one should be aware that an 

index is being used. If it is desirable to claim that the summated ratings 

are more than an index, they should be investigated to determine whether the 

statements, in fact, form a single scale. 

This can be done by correlating all possible pairs of statements across the 

respondents and using factor analysis to determine if one or more dimensions 

are being measured. If the results of this analysis show that some statements 
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do not measure the dimension -- in this instance, accessibility -- they can 

be eliminated from the sum. ,To insure that the elimination of statements does 

not leave too few to be summed, a relatively large number of statements should 

be included in the questionnaire when this type of analysis is attempted, 

11.3 THE SPEARMAN RANK CORRELATION COEFFICIENT: A MEASURE OF ASSOCIATION FOR 
RANKED DATA 

As noted above, opinion data are frequently collected in the form of ordinal 

data. To measure attitudes toward property value, for instance, the practi­

tioner might ask respondents to rank the following statements on an index of 

1 (extremely happy) to 7 (extremely unhappy): 

a) If residential property values increased, I would feel •••• 
b) If business property values increased, I would feel •••• 

The analyst may wish to determine whether the rankings of the two statements, 

a and b, are associated. A measure of association which can be used on this 

type of data is the Spearman rank correlation coefficient. 

To calculate this coefficient, it is necessary to have responses to both cate­

gories across a set of survey respondents. Suppose five individuals ranked 

the two categories in the following manner: 

Individual Category 
(a) (b) 

1 5 3 
2 7 2 
3 6 6 
4 5 5 
5 1 2 

The Spearman coefficient is calculated on these data as: 

r ; 1 - 6 r d2 / (N3 - N), 

where d is the difference in ranks across an individual and N is the total 

number of individuals (N ::: 5). The calculation would proceed as follows: 

Rank Rank d 
Individual (a) (b) [""'(a)-(b)] a2 

1 -5- -3- 2 -4 
2 7 2 5 25 
3 6 6 0 0 
4 5 5 0 0 
5 1 2 -1 1 

30 
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Since the Pearson coefficient ranges from -1 to +l, a value of .939 indicates 

a large amount of association (to test significance with at-test as t = r[(n 

- 2)/(1 - r2)]1/2, with n - 2 degrees of freedom, see Hayes, 1973). If these 

data were real, one could assume that the choice of the route for the sampled 

businessmen was related to the mode of access by which they receive goods by 

motor vehicle. 

Simple Regression: Prediction with Interval Measures 

As noted, the Pearson product moment correlation coefficient is a measure of 

association. It does not give an indication of how the measured variables are 

related. With interval measures, this type of question is usually answered by 

using regression analysis. Regression analysis is exemplified in the form of 

the equation: 

y =a+ bx, 

where y is a function of x, or y is predicted from x. That is, y is the de­

pendent variable and xis the independent variable. The a and bin the equa­

tion are constant values; a is called the intercept and bis called the slope. 

Graphically, the sample regression equation is described by a line on a two­

dimensional surface describing the variables x and y: 

X 

The intercept, a, is the value of y where the line intercepts they axis. The 

slope, b, is the degree of incline exhibited by the line. 

The constants a and bare estimated from the data. In fact, the slope bis 

related to the correlation coefficient in a straightforward manner. If y is 

the dependent variable: 

b = rSy/Sx, 

r being the correlation coefficient, Sy, the standard deviation of y, and Sx, 

the standard deviation of x. 
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Using the data in the example of the correlation coefficient, where xis the 

percent of goods received by motor vehicle and y is the preference points for 

route A, the equation for predicting y from x is calculated as follows: 

r .939 
Sx = 31.623 
Sy= 34.351 

b = (.939)(34.351)/(31.623) 
= 1.02. 

The intercept, a, is calculated using the form of the equation and the means 

of x and y: 
a= y - bx 

From the example: 
y = 50 X = 50 

a= 50-(1.02)50 = -1. 

Thus, the equation for predicting the preference for Route A from the percent 

of goods received by motor vehicles is: 

y = -1 + l.02x. 

For simple regression, i.e., one predictor, the test which determines the sig­

nificance of the equation is the same as the test for the Pearson product mo­

ment correlation coefficient (the t-test). 

The utility of the regression equation in the planning process is to estimate, 

by adjustment, the expected attitude toward a particular route, route A in 

this example. For instance, if it is known from secondary data sources that 

the average receipt of goods to businesses in the affected area by motor ve­

hicle is 65 percent, then this value and the equation can be used to estimate 

the overall attitude toward route A. This is done by substituting 65 for x in 

the equation: 
y = -1 + l.02x, where 

xis the average percent receipt of goods by motor vehicle in the area, and 

y is the unknown average preference points for Route A for all businessmen. 

If x = 65, then y = -1 + 1.02(65) = 65.3 points. 

The researcher could then assume that the average preference points for the 

alternative route (Route B) would be 100 - 65.3 = 34.7. This can, of course, 

be verified by an independent analysis on route B. The results will probably 

differ slightly due to sampling variation, but they should be close. 
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11.5 MULTIVARIATE ANALYSIS OF SURVEY DATA: THE CATEGORICAL CASE 

In the analysis of opinion survey data, the practitioner may wish to investi­

gate the simultaneous influence of a number of residents' characteristics on 

their expressed opinions about highway construction. This type of investiga­

tion, which uses multiple variables, is called a multivariate analysis. In 

the present context, multivariate analysis refers to the use of three or more 

variables. The variables considered here are measured by categorical data. 

Suppose the planner wishes to determine which resident characteristics have 

an influence on the choice of design features for a planned freeway. More 

specifically, suppose the planner wishes to investigate the effect, if any, 

which household composition and home ownership have on grade preference. 

These three variables might be examined using the following questions and 

response categories. 

Grade Preference. If a freeway had to go through your community, which of 
the following grades would your prefer? 

1 Depressed 
2 At grade 
3 Elevated 

4 
5 

No Difference 
Don't Know 

Composition of Household. 
your household? 

What is the relationship of persons comprising 

1 One Person 
2 Married Couple 
3 Married Couple 
4 Married Couple 

Only 
with Children under 18 
with Some Children over 18 

5 
6 
7 

Divorced Person with Children 
Other Adult-Children 
Other Adult Only 

Home Ownership. Do you own this house/apartment, or do you rent? 
1 Own or is Buying 2 Rent 

If these three variables are considered simultaneously, a three-way cross­

tabulation of the data is required to describe the multivariate behavior. If 

a three-dimensional table is to be displayed on a two-dimensional page, it is 

necessary to show two-way tables for each category of the third variable. In 

this example, composition of household can be arrayed against grade choice 

within each category of home ownership. The data might appear as shown on 

page 164. To assess whether choice is related to ownership, to household com­

position or to both would be an arduous task if done using pencil and paper. 
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Household 
Composition 

Column Total 

Household 
Composition 

Column Total 

11 
21 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 

~I 

Home 
1 
2 
5 
1 

10 
6 
4 
2 

30 

1 
10 

9 
15 

0 
5 

10 
9 

58 

Owners' Grade Choice 
2 3 4 5 Row Total 
8 7 5 6 I 28 
1 9 0 2 I 17 
0 0 4 3 8 
8 13 5 6 2 

17 6 3 9 41 
18 15 1 2 40 

4 16 1 11 34 
56 66 19 39 210 

Renters' Grade Choice 
2 3 4 5 Row Total 
1 3 5 7 I 26 
2 0 0 1 12 
5 1 2 1 24 
1 9 3 8 21 
0 0 1 0 6 

11 20 1 1 43 
3 1 5 2 20 

23 34 17 20 152 

Fortunately, there are analytic techniques available in packaged computer pro­

grams which can quickly analyze the data and provide output for tests of sig­

nificance. In relation to categorical data, two such techniques will be dis­

cussed in the following text. There are others, but these two offer quick, 

intuitive, and relatively inexpensive results. For a guide to the many other 

techniques the reader is referred to Andrews, et al.(1981). 

Log-Linear Models 

The use of log-linear models is a method for analyzing all possible relation­

ships which could arise from the three-way cross-tabulation of variables. The 

main problem which is encountered with this type of multivariate data has been 

the manner in which all the possible relationships can be represented (or mod­

eled) in relation to the observed data. It has been found that if this mod­

eling is attempted in the same fashion as was done with two-way or bivariate 

tables, the representation of the interactions (or relationships) between var­

iables is not consistent in all situations. To remedy this, a model has been 

developed in which the natural logarithm of the cell frequencies in the cross­

tabulated tables is set as a function of the interactions explicitly exhibited 

by the table. 
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In the case of the three-way table above, the representation would have the 

appearance: 
log n (123) = u + u(l) + u(2) + u(3) 

+ u(12) + u(13) + u(23) 
+ u (123), 

where u is the count shared by all cells in the table; u(l), u(2), u(3) are 

the marginal counts of the three variables; and u(12), u(13), u(23) are equal 

to all pair-wise interactions. 

This representation (model) is very similar to the typical analysis of vari­

ance model used in experimental designs. The existence (or absence) of inter­

actions (relationships) can be tested by including or dropping terms from the 

model and determining how well the resulting model fits the data. Dropping 

terms from the model is tantamount to collapsing the total cross-tabulation 

into various tables which fit the model to be tested. For example, if the 

term representing the three-way interaction were dropped, then the configura­

tion of the data would be three two-way tables for: 

0 

0 

0 

Grade choice by household composition, 
Grade choice by ownership, and 
Household composition by ownership. 

The test for this configuration involves determining whether marginal values 

of these tables fit the original three-way table. The test statistic is a 

weighted sum of the logarithm of the ratio of observed to expected frequency 

counts, summed over the cells of the three-way tables. This statistic is dis­

tributed as a Chi-Square variable with degrees of freedom appropriate to the 

tabular configuration. A significant departure of the observed frequency from 

the expected frequency would suggest a rejection of the model. The tests for 

other configurations are carried out in a similar manner. 

Computer capabilities are required to perform these analyses. A canned pro­

gram that can carry out this type of analysis is available from the University 

of California Press. The program is the Biomedical Computer Programs P-Series 

(BMDP-79), edited by W.J. Dixon and M.B. Brown. This program organizes the 

cross-tabulations from the data tape into frequency counts upon which the log­

linear analyses can be performed. Once this is done, the actual analysis of 

the counts is relatively inexpensive. 
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Chi-Square Automatic Interaction Detection (CHAID) 

In analyzing opinion survey data, it is often important to search the results 

for significant relationships in relation to a specific dependent variable. 

To a certain extent this is done with log-linear models, but in that technique 

no variable is actually designated as a dependent variable. Of course, if one 

has a particular variable in mind as a dependent variable and it is a part of 

a significant interaction, it can be viewed as a dependent variable, provided 

that the data in the results are arranged in conditional distributions. 

In some instances, the analyst may be interested in focusing immediately on a 

particular variable as being dependent and analyzing the other variables in 

order of importance. A technique which can effect this is called CHAID. This 

technique partitions the data into mutually exclusive, exhaustive subsets that 

best describe the dependent variable. The analysis, unlike log-linear analy­

sis, is performed without any preconceived notion of what variables may be re­

lated. 

CHAID proceeds in steps, analyzing each predictor separately in relation to 

the dependent variable. In the example discussed previously, in the section 

on log-linear models, the dependent variable would be choice of grade and the 

independent variables are household composition and home ownership. 

The first step in the analysis is to determine the best partition for each 

predictor. The predictors are compared and the best one chosen. The data are 

then subdivided according to the partition of the best predictor, and the sub­

subgroups are re-analyzed independently to produce further subdivisions in the 

data. The resulting partitions are grouped in relation to the dependent vari­

able, which is portrayed in the last step as a dendogram. 

The grade choice example can be used to show these steps. Suppose household 

composition is found to be the best predictor of grade choice. As a result 

of this analysis, the seven categories of household composition are parti­

tioned to a reduced set which has only three categories: 
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I. One Person 
Married Couples Only 
Other Adult Only. 

II. Married Couple with All Children under 18 
Married Couple with Some Children over 18. 

III. Divorced Person with Children 
Other Adult - Children. 

In effect the predictor, household composition, now has only three categories. 

Next, the second predictor, home ownership (Buy, Rent) is analyzed within each 

partition (new category) to determine if it contributes significantly to pre­

diction. Suppose this is found to be the case only within Partition I. The 

results of this analysis would appear as follows: 

I 
Grade 
Choice 

1. 40% 
2. 10% 
3. 5% 
4. 20% 
s. 25% 

Household Composition 

Buy 
Grade 

Choice 

1. 60% 
2. 10% 
3. 5% 
4. 5% 
5. 20% 

II 
Grade 
Choice 

1. 10% 
2. 20% 
3. 5% 
4. 60% 
s. 5% 

Home Ownership 

Rent 
Grade 

Choice 

1. 15% 
2. 10% 
3. 10% 
4. 50% 
5. 15% 

III 
Grade 
Choice 

1. 30% 
2. 5% 
3. 40% 
4. 10% 
s. 15% 

These results show the significant relationship which best recapitulates the 

data in a hierarchical sense. That is, the data have been searched to find 

where the differences in the categories of the dependent variable lie in rela­

tion to the predictors. This technique offers a fast way to search the data 

from a survey and extract essential information. 
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11.6 INDIRECT MEASURES: SUMMATED INSTRUMENTALITIES 

In comparing alternative routes, it is often helpful to use indirect measures 

to assess attitudes towards different alternatives. These measures can be 

generated by a judicious combination of different types of questions. For 

example, suppose data are collected using the following question and response 

forms: 

When a road is build it usually causes changes to occur in the community 
through which it runs. Using the rating form below, tell us how you 
would feel if the following changes were to occur in (SPECIFY TOWN OR 
CITY) as a result of road construction. 

Extremely 
Unhappy 

7 
If residen-
tial prop-
erty values 
increased, 
I would feel 

If homes had 
to be moved, 
I would feel 

Very 
Happy 

6 

Somewhat 
Unhappy 

5 
Neutral 

4 

Somewhat 
Happy 

3 

Very 
Happy 

2 

Extremely 
Happy 

l 

These data, according to Gordon (1974), measure secondary outcomes resulting 

from the primary outcome; the primary outcome is highway construction. 

The perceived or subjective correlation between the primary and secondary 

outcome is called an instrumentality. This can be assessed by measuring the 

subjective likelihood, or probability, that the secondary outcomes will occur 

if a particular alternative route is constructed. A question such as the fol­

lowing will collect the type of data required to use as instrumentalities: 

Rate the likelihood that each of the changes listed above will occur if 
Alternative A is chosen for the new route. Use the rating form below to 
tell us what you think the chances are that each of the changes will 
occur if Alternative A is constructed. 
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Construction 
of Alterna­

tive A 

Construction 
of Alterna­

tive A 

Surely 
Will Not 

Probably 
Will Not 

May or 
May not 

Probably 
Will 

Surely 
Will 

Increase 
residential 
property 
values 

Cause homes 
to be moved 

Suppose the responses to these questions for an individual are as follows: 

Desirability Instrumentalities 
Secondary of Secondary Route Route 

Outcome Outcome [Item] A B 
1 5 4 2 
2 6 1 5 
3 3 2 3 

The attitude toward Route A across the outcomes is calculated as: 
Att (A)= (5)(4) + (6)(1) + (3)(2) 

= 32 
For B, it would be: 

Att (B) (5)(2) + (6)(5) + (3)(3) 
= 49 

If only this individual were used to compare routes, Route B would be more de­

sirable since it has a higher positive attitude rating, 49 to 32. 

It is obviously not defensible to use only one individual to assess the sum­

mated instrumentalities of different routes when the intent is to infer survey 

results to all residents from the sample. It is, therefore, necessary to ob­

tain a measure of the summated instrumentalities for all individuals in the 

sample. This can be accomplished by calculating the summated instrumentali­

ties for each individual and averaging them across all individuals in the sam­

ple. In symbolic terms, the summated instrumentality for individual i, with 

respect to Route A, is given as: 

SI1(A) = z Ij Dj, 

where lj is the instrumentality of the jth statement of outcome, and Dj is the 

desirability of the jth statement of outcome. 
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To obtain the average summated instrumentality for Route A across the sample, 

the Sli(A) for all individuals in the sample are added and the total is div­

ided by the sample size (n), or: 

SI(A) = ~ Sli (A)/n, 

i 

where SI(A) is the average summated instrumentality for the whole sample for 

Route A. 

Use of sum.mated instrumentalities is a systematic way of combining attitudes 

about outcomes of highway construction with the likelihood that they will oc­

cur. It is an indirect method of obtaining overall attitudes concerning al­

ternative routes, and it affords a procedure for comparing those routes based 

on the subjective perceptions of the individuals who will be affected. Be­

cause it is subjective and uses data similar to that in summated ratings, this 

method is subject to the same caveats about validity as discussed in Section 

11.2 on indices and scales. 

For summated instrumentalities to be considered a valid demonstration of res­

idents' attitudes in relation to a general impact area, e.g., accessibility, 

cohesion, etc., the researcher should verify that the statements of desirabil­

ity measure a single dimension of that area. This can be done either by know­

ing that the statements have been validated through previous use, or by doing 

so with the present survey data and discarding statements with poor measure­

ment qualities. This type of validation was carried out by Gordon (1974) in 

his Tennessee study and his psychometric methodology can be used for each new 

set of outcome statements. One can also consult'an article' on summated rat­

ings by Napior (1972) which discusses the assessment of dimensionality when 

this type of data is used. 
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1.0  INTRODUCTION 
 
Since 1916, the Federal Government has supported surface transportation through the Federal-
aid program, a cost reimbursement funding strategy.  Since 1957, revenues generated by the 
Federal gas tax and other Federal use taxes have been credited to the Highway Trust Fund 
(HTF).  These revenues are allocated to States based on formulas relating to highway usage and 
roadway characteristics.  Under this approach, the United States Department of Transportation 
(US DOT) reimburses State expenditures on transportation infrastructure at prescribed rates 
(historically, 80 or 90 percent), with the remainder of the project costs being covered by the 
States.  States rely heavily on Federal-aid funding to construct, rehabilitate and maintain their 
highway and road systems.  In 2002, roughly 29 percent of total State highway funding was 
received from Federal highway user taxes and fees (Figure 1).  
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Figure 1.  State Highway Funding Sources1 

 
The continued growth of the U.S. economy will depend in the coming years in part on the 
soundness and adequacy of the nation’s transportation system.  The increase in both travel and 
shipping demands are straining the capacity of the existing system.  The Federal-aid cost 
reimbursement program has enabled construction of an extensive national highway system; 
however, project sponsors and construction industry representatives argue that the many 
regulations tied to Federal-aid funding (e.g., Davis-Bacon, National Environmental Policy Act 
(NEPA), and Buy America) are limiting the productivity of Federal highway funding, and that 
the program’s limitations are becoming evident in the face of growing investment needs and the 
lack of available funding to meet those needs.   
 
These Federal regulations are designed to achieve various Federal social, economic, and 
environmental objectives, but these goals are met with a price.  To date, there are a number of 
studies that have been completed which estimate the compliance costs associated with Federal 
regulations in the labor, transportation, energy, and environmental sectors.  These estimates vary 
widely based on the methods used to compute the costs, the assumptions used to support the 
analysis and the intentions of the group producing the analysis.  These estimates are further 

                                                 
1 Federal Highway Administration.  2003.  Federal Highway Statistics, Table SF-21.  Washington, D.C. 
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complicated by the presence of State regulations that are similar to those imposed by the Federal 
Government.   
 
The lack of consensus concerning the success of these Federal regulations in terms of meeting 
policy objectives, the absence of reliable estimates of the benefits and costs that they impose on 
society, the range of benefit-cost estimates published to date, and the presence of State 
regulations that are increasingly resembling those imposed by the Federal Government 
necessitates a more thorough examination of the issues related to Federal-aid requirements.   
 
In order to gain a better understanding of these issues, the research team made initial contact 
with representatives of Federal, State and local transportation agencies and compiled an initial 
list of regulations that were thought to have significant cost implications for transportation 
construction projects.  A matrix was then prepared, which outlined roughly 30 regulations, 
aligning the various major Federal-aid requirements with corresponding policy objectives, 
general benefits and costs, and relevant issues concerning the computation of benefits and costs 
(Appendix A).    Though there are numerous requirements placed on Federal-aid highway 
projects, the following eight Federal-aid regulations were selected for this study through 
preliminary research and input from FHWA: 

 
 National Environmental Policy Act (NEPA) 
 Section 4(f) of the Department of Transportation Act  
 Section 404 of the Clean Water Act 
 Section 7 of the Endangered Species Act (ESA) 
 Davis-Bacon Act 
 Buy America  
 Uniform Relocation Assistance and Real Property Acquisition Policies Act of 1970 
 Section 106 of the National Historic Preservation Act 

 
Environmental elements included in this study (NEPA, Section 4(f), Section 404, and Section 7 
of the ESA) were combined with other environmental regulations and examined under the 
umbrella of “environmental regulations.” 
 
The research team conducted a literature review that examined and documented existing 
literature detailing the marginal benefits and costs of Federal highway regulations selected for 
examination in this study.  That marginal benefits and costs are the focus of this research effort is 
an important distinction as several States have adopted regulations and programs that are similar 
in terms of overall cost to current Federal-aid requirements.  Studies of State regulations assist in 
determining the marginal impact of Federal-aid requirements on project costs.  Thus, studies of 
both Federal and State regulations were identified and examined.  
 
The literature review focused on the following elements: 
 

 The magnitude of the compliance costs associated with Federal and State highway 
regulations and the elements that drive these costs. 

 The benefits associated with these regulations and their ability to achieve stated policy 
objectives. 
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 An assessment of the methods used to estimate the costs and benefits associated with 
Federal and State highway regulations. 

 The similarities and differences in the methods used to estimate these costs and benefits. 
 The assessment of the costs and benefits associated with complying with non-highway 

Federal regulations. 
 
To gain a better understanding of the benefits and costs associated with complying with Federal-
aid regulations, the research team also interviewed and collected information from Federal, State 
and local DOT representatives; private industry representatives; and other stakeholders.  In 
support of this study, interviews were conducted with representatives of the following 
organizations: 
 

 Federal Highway Administration, 
o Office of Program Administration   
o Office of Real Estate Services 
o Pennsylvania Division 
o Georgia Division 
o Minnesota Division 
o Central Federal Lands Highway Division 

 United States Office of Management and Budget, 
 Florida Department of Transportation, 
 Federal Transit Administration, 
 Maryland Department of Transportation, 
 Washington State Department of Transportation, 
 California Department of Transportation (Caltrans), 
 Advisory Council on Historic Preservation, 
 George Harms Construction Company, Inc., 
 United States Department of Labor, 
 Ohio Department of Transportation, 
 Arizona Department of Transportation, 
 Kentucky Transportation Cabinet, 
 Oregon Department of Transportation, 
 Utah Department of Transportation, 
 Wisconsin Department of Transportation, 
 Jesse Engineering Company, 
 Alaska Department of Transportation, 
 Center for Transportation and Environment, 
 Environmental Defense Fund, 
 Environmental Council of States,  
 Sierra Club, and 
 United States Environmental Protection Agency. 
 

These interviews in combination with previous research examined in the literature review were 
used to identify and outline the compliance costs typically associated with Federal and State 
highway regulations.  Interview guides are presented in Appendix B.  Note that the interview 
guides on the non-environmental regulations were very similar and, therefore, only the Davis-
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Bacon interview guide is supplied.  Furthermore, this study examines the factors that influence 
the extent to which these regulations achieve benefits from a policy perspective.  In certain cases, 
project and program-related data are highlighted in order to demonstrate the magnitude of the 
costs associated with these regulations.  Factors that are perceived to drive compliance costs are 
examined and the extent to which Federal regulations impose costs above and beyond those 
incurred when complying with State regulations are studied.   
 
This report is divided into six sections with the first being this introduction.  The second section 
examines environmental regulations.  The third section examines the Buy America provisions.  
The fourth section covers the Davis-Bacon Act.  The Uniform Act is examined in the fifth 
section of this report.  The sixth, and final, section of the report analyzes Section 106 of the 
National Historic Preservation Act.   
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2.0  ENVIRONMENTAL REGULATIONS 

2.1 Introduction 

Transportation projects that include Federal involvement (e.g., funding support or permitting) 
generally must follow environmental review procedures prescribed in the National 
Environmental Policy Act (NEPA). This law also provides an umbrella framework for guiding 
compliance with many other Federal environmental laws, such as the Clean Water Act, and the 
Endangered Species Act.  In its most recent annual report to Congress on progress in 
environmental streamlining, FHWA lists eight major Federal laws affecting the transportation 
project development process, and another 58 Federal laws and executive orders that are 
occasionally applied on a case-by-case basis.2  Federal-level environmental regulations are 
complemented by an array of State-level environmental regulations that may also influence the 
cost and benefits of completing Federal-aid transportation projects. The extent of State 
regulations and their overlap with Federal regulations varies from State to State and by 
environmental impact area.  In some instances, State regulations may be more stringent than 
Federal regulations; more often they mirror Federal requirements or are less stringent. 
 
Compliance with Federal environmental regulations is perceived by many practitioners and 
stakeholders in the transportation community to add significant costs to the transportation project 
development process for Federal-aid projects.  Federal environmental regulations are also 
acknowledged to generate important societal benefits.  Statistical analysis of national highway 
expenditure data confirms that Federal environmental regulations have significant positive 
influences on construction costs for Federal-aid projects when compared to similar projects 
financed exclusively with State funds.3     

2.2 Literature Review 

This review of the literature on the costs and benefits of environmental compliance activities for 
transportation projects gives priority to consideration of impacts caused by the National 
Environmental Policy Act, Section 4f of the Department of Transportation Act, Section 404 of 
the Clean Water Act, and Section 7 of the Endangered Species Act.  These four major 
regulations are consistently cited by transportation practitioners as having the greatest impact on 
transportation projects.4 

2.2.1 Literature Relating to the Benefits Associated with Environmental Regulations  

Transportation projects are frequently perceived to have primarily negative environmental 
impacts.  For example, Transport Canada’s guide to conducting cost benefit analysis, which is 
                                                 
2 Federal Highway Administration (FHWA). 2003. “Evaluating the Performance of Environmental Streamlining: 
Phase II.” Washington, D.C. 
3 Smith, V.K.; Von Haefen, R; and Zhu, Wei; 1999. “Do Environmental Regulations Increase Construction Costs for 
Federal-Aid Highways? A Statistical Experiment.” Journal of Transportation and Statistics. Washington, D.C. 
4 National Cooperative Highway Research Program (NCHRP). 2003. “Improving Project Costing and Incorporation 
of New Attributes – Highways and Transit.” NCHRP Report 20-24 (25). Washington, D.C.  
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used as a guide for assessing the benefits of Canadian transportation projects, assumes that 
environmental effects are negative.5  Federal environmental regulations, however, also can create 
opportunities for transportation projects to protect, remediate, or enhance environmental quality.  
A recent NCHRP study found that environmental benefits from transportation investments 
generally fit into six categories:6 
 
 Improved air quality and energy efficiency, 
 Reduced noise pollution, 
 Protection of wetlands and water supplies, 
 Reduced light pollution, 
 Reclamation of “brownfield” land and recycled materials, and 
 Historic and ecological preservation benefits. 
 
Quantification of these benefits in the literature is not common. Two approaches found in the 
literature that may have particular promise for assessing transportation benefits include: 
 

1) Inventories of selected environmental resources affected by transportation projects. 
Two examples of inventories that may be helpful in quantifying environmental benefits 
of transportation projects are data collected on wetlands and historic bridges. 

 
 Wetlands are regulated under Section 404 of the Clean Water Act.  FHWA 

monitors annual wetland loss and gain under the Federal-aid highway program 
nationwide. Monitoring began in Fiscal Year 1996.  Data collected over the last 
nine years indicate that nationwide, the Federal-aid highway program has 
achieved a 160 percent gain in wetland acreage (2.6:1 gain/loss ratio). In terms of 
acres, the Federal-aid highway program produced a total net gain of 23,283 acres 
of wetlands nationwide in Fiscal Year 1996 through Fiscal Year 2004 (FHWA, 
2004a). The quality of newly created wetlands relative to the wetlands they 
replace remains a subject of debate.7  

 
 Historic bridges may be subject to regulation under Section 106 of the National 

Historic Preservation Act.  Under language included in the Intermodal Surface 
Transportation Efficiency Act (ISTEA), the Highway Bridge Replacement and 
Rehabilitation Program ensures that State DOTs create and maintain inventories 
of their historic bridges. 

 
2) Studies of best practices and innovative policies driven by environmental 

compliance requirements. Numerous studies and reviews exist that provide assessments 
of best practices or innovative approaches by State DOTs to compliance with 
environmental requirements.  For example, FHWA’s Successes in Streamlining 

                                                 
5 Transport Canada. (1994). “Guide to Benefit-Cost Analysis in Transport Canada.” Ottawa, ON 
6 National Cooperative Highway Research Program (NCHRP). 2003. “Improving Project Costing and Incorporation 
of New Attributes – Highways and Transit.” NCHRP Report 20-24 (25). Washington, D.C. 
7 Federal Highway Administration (FHWA). 1995. “Results of Wetlands Mitigation Associated with Highway 
Projects, Conference presentation.” New Orleans, LA 
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electronic newsletter documents dozens of successful practices from State DOTs around 
the country. 

2.2.2 Challenges to Calculating the Costs of Environmental Regulations  

No quantification of environmental costs specific to delivery of Federal-aid transportation 
projects was found in the literature prior to the mid-1990s.  A 1994 study by the United States 
General Accounting Office (GAO) observes that the total amount of Highway Trust Fund (HTF) 
money that States spent on mitigating environmental impacts could not be calculated because of 
incomplete data.8  The introduction to a widely cited 1997 study on the environmental costs of 
transportation projects cites anecdotal judgments from selected State DOT practitioners that 
environmental costs are about eight to ten percent of total construction costs for a typical 
project.9  As the report notes, however, these estimates are not based on any specific records of 
environmental costs. Even the most recent literature makes clear that efforts to account for the 
environmental costs of delivering Federal-aid transportation projects face major hurdles: 
 

1) Categories of Environmental Costs Are Not Well Understood. Despite widespread 
concern about the impacts of Federal environmental regulation, the literature offers scant 
insight on the fabric of environmental costs.  The GAO finds that FHWA has not defined 
what constitutes an environmental cost.10  Environmental regulations affect public 
expenditures to support staff and equipment of State DOTs and public expenditures for 
private contractors involved in specific projects.11 Wetlands, historic sites, archeological 
sites, public involvement, and endangered species are ranked the most important 
environmental factors by State transportation officials.12 

 
A report prepared by staff at the Washington State Department of Transportation 
(WSDOT) offers a framework for categorizing the components of environmental costs 
that may have broader application among States.13  The report suggests that most 
environmental costs can be ascribed to “mitigation” planning and implementation.  
According to the report, mitigation includes the expense of preparing necessary 
environmental documents and permit applications, and carrying out mitigation, which 
may include special features, such as noise walls, or avoidance of environmental impacts, 
such as placement of bridge abutments in a floodplain.  In Washington State, according to 
the report, storm water facilities, wetlands restoration, noise walls, and stream protection 
are the four leading categories where greatest mitigation costs are incurred.  The WSDOT 
report describes six cost components for mitigation features: 

 
                                                 
8 U.S. General Accounting Office (USGAO). 1994. “Highway Planning: Agencies are Attempting to Expedite 
Environmental Reviews, But Barriers Remain” Report to the chairman, Subcommittee on Transportation, 
Committee on Appropriations, U.S. House of Representatives. GAO/RCED 94 211. Washington, D.C. 
9 Smith, V.K.; Von Haefen, R; and Zhu, Wei; 1997. “Environmental Compliance Costs: Where the Rubber Meets 
the Road. Center for Transportation and the Environment.” North Carolina State University. Raleigh, NC 
10 US GAO (1994) 
11 Smith (1997) 
12 Ibid. 
13 Washington State Department of Transportation (WSDOT). 2003. “WSDOT Project Mitigation Costs Case 
Studies.” Olympia, WA 
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 Construction cost (actual cost from bid document or engineer’s estimate); 
 Allocated share of State sales tax; 
 Right of way acquisition costs; 
 Allocated share of contractor’s mobilization, usually estimated to be 

approximately 10 percent of the overall construction amount; 
 Allocated share of WSDOT cost for construction engineering and administration 

usually estimated to be approximately 6 to 14 percent of construction contract 
amount; and 

 Allocated share of WSDOT planning and design; usually estimated to be 
approximately 5 to 15 percent of the overall project costs. 

 
The WSDOT report notes that environmental costs also may be incurred as a result of 
project delays due to environmental requirements, but these costs are not quantified as 
part of the report. 

 
2) No Data on Environmental Costs is Routinely Collected.  Evidence from the literature 

demonstrates conclusively that neither the U.S. Department of Transportation (USDOT) 
nor individual State departments of transportation (DOTs) routinely collect data on 
environmental costs associated with delivering Federal-aid transportation projects to 
construction completion. 

 
 Federal-Level Environmental Cost and Benefit Tracking.  Federal-level efforts to 

track environmental costs associated with transportation project development are 
evolving but remain limited.  Historically, Federal agencies have not identified the 
environmental costs of transportation project development.  Smith finds that “all past 
economic analyses of the costs of environmental regulations have completely 
overlooked their impacts on the construction and repair of highways”.14 The GAO 
finds that FHWA with limited exceptions does not routinely track how much States 
spend to mitigate environmental impacts.15 The National Cooperative Highway 
Research Program (NCHRP) finds that neither FHWA’s Fiscal Management 
Information System (FMIS) or the Federal Transit Administration (FTA)’s 
Transportation Electronic Award Management (TEAM) contain enough information 
to allow estimation of environmental costs.16 

 
FHWA is undertaking efforts to strengthen its environmental cost tracking 
capabilities. In 2001, the agency completed phase one of a comprehensive study of 
the impacts of the NEPA process on the total time and cost involved in delivering a 
Federal-aid highway or bridge project to construction completion.17  The phase one 
report provides a baseline against which to assess future environmental streamlining 
efforts, including detailed analysis of the time required to complete FHWA’s 
Environmental Impact Statement (EIS) documents.  The phase two report expands the 

                                                 
14 Smith (1997) 
15 GAO (1994) 
16 NCHRP (2003) 
17 Federal Highway Administration (FHWA). 2001. “Evaluating the Performance of Environmental Streamlining: 
Development of a NEPA Baseline for Measuring Continuous Performance.” Washington, D.C. 
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analysis of delays and identifies continuing trends.18  As the phase two report 
acknowledges, however, scrutiny of costs associated with NEPA compliance 
activities was not feasible because of limitations in the data.  

 
 State-Level Environmental Cost and Benefit Tracking. NCHRP report 20-24 (25) 

finds that no complete and consistent data on environmental costs are available at the 
State level.19  None of the 32 State DOT environmental officials that responded to the 
project survey associated with this report indicated they have engaged in any study or 
compilation of planning, design, and environmental (PD&E) costs related to 
environment and planning activities.  In a similar earlier survey of the designated 
environmental officials for each of the 50 State DOTs to determine their estimates of 
increases in costs due to environmental regulations, nineteen States responded and 
only six indicated they kept records of staff time and added costs of compliance.20  
The GAO found that none of 11 States it contacted in 1994 routinely tracked data on 
environmental costs.21  

 
Washington State DOT has attempted to examine environmental costs for selected 
projects on a case-by-case basis.22  NCHRP Report 20-24 (25) indicates that Florida 
DOT has developed a detailed classification system to assist project managers in 
developing staff-hour estimates of various tasks related to PD&E.23  In addition, 
according to this study, Florida has for about a decade included man-hour estimates 
for defining project-related environmental costs within its construction contracts. 

2.2.3 Literature Estimating Environmental Regulation Costs and Benefits  

Since neither Federal nor State-level agencies collect data on costs or benefits associated with 
environmental compliance, several studies have attempted to estimate environmental costs 
associated with delivering Federal-aid transportation projects to construction completion using 
various analytic techniques. Three key studies include: 
 

1) NCHRP Report 20-24 (25) Improving Project Costing and Incorporation of New 
Attributes – Highways and Transit (2003).  This study provides two approaches for 
generating what are characterized as “preliminary estimates” of environmental costs.  The 
first approach uses the judgments of a 21-person expert panel assembled by the research 
team to gauge typical environmental costs for hypothetical projects by impact area.  The 
second approach identifies 60 actual projects completed by individual DOTs and relies on 
judgments by staff associated with the projects to estimate mitigation costs as a 
percentage of overall construction costs. 

 

                                                 
18 FHWA (2003) 
19 NCHRP (2003) 
20 Smith (1997) 
21 GAO (1994) 
22 WSDOT (2003) 
23 NCHRP (2003) 
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The “expert panel” approach generated a matrix that depicts typical project-level costs in 
the areas of public involvement, cultural resources, wetlands, water resources, 
endangered species, community cohesion, land use, socio-economic factors, hazardous 
materials, noise, air quality, and construction impacts. Costs for each impact area are 
reported on a “per project” or “per lane-mile” basis as applicable.  The study 
methodology attempts to account for variation in the magnitude of environmental costs at 
the project-level by providing a breakout of cost estimates for urban and non-urban 
projects that are processed under NEPA as Categorical Exclusions or Environmental 
Assessments (with low or medium impacts), or EISs (with medium or high impacts). 
 
The “mitigation costs” approach generated a matrix that shows low, medium, and high 
mitigation costs for projects processed as CEs, EAs, or EISs.  Average mitigation costs 
for CE projects reviewed were $181,000 per project, or 1.1 percent of overall 
construction costs.  Average mitigation costs for EA projects reviewed were $827,650 per 
project, or 1.4 percent of overall construction costs. Average mitigation costs for EIS 
projects reviewed were $2.8 million per project, or 2.3 percent of overall construction 
costs.  Neither approach attempts to account for project costs associated with delay 
caused by environmental mitigation requirements, nor do they separate the influence of 
Federal and State environmental requirements on costs. 

 
2) WSDOT Project Mitigation Costs Case Studies (2003). This short study examines the 

mitigation costs associated with 14 recently constructed transportation projects in 
Washington State.  The projects include five new interchanges, seven highway 
widenings, and two preservation projects.  The projects vary in cost from $280,000 to 
$82 million and are located in different geographic regions of the State. The case studies 
describe the mitigation undertaken for each project, why it was undertaken, and its cost 
relative to overall project costs. The percentage of project costs spent on mitigation 
ranges from four percent to 34 percent; the average is 15 percent.  The report concludes 
that environmental costs tend to be higher for projects in Washington State that are 
located west of the Cascades. The study does not separate costs for compliance with State 
and Federal regulations. 

 
3) Center for Transportation and the Environment, Environmental Compliance Costs 

- Where the Rubber Meets the Road (1997).  Two data sets were reported in this study. 
First the study reports on the results of a survey of State DOTs to request their estimates 
of the increases in costs due to environmental regulations and their evaluations of the 
primary factors leading to these costs.  This component of the study determined that few 
States keep useful records about environmental costs.  Second, the study reports on a 
“natural experiment” that compares costs for Federal-aid highway projects and State-
funded projects. The study methodology assumes that measures of the presence of 
environmental resources regulated under Federal law (e.g., historic sites or wetlands) are 
a proxy for the likelihood of greater Federal regulation.  The study finds a positive 
correlation between measures of regulated environmental resources and Federal-aid 
project costs, but no effect on construction expenditure for State projects. This finding 
suggests that Federal environmental regulations do increase project costs.  
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2.3 Environmental Regulations Benefits 

2.3.1 Introduction 

Federal environmental regulations create measurable benefits when adverse impacts to the 
natural and human environment are avoided, minimized, or compensated. Examples of the types 
of benefits that accrue from Federal environmental regulations include, but are not limited to 
fewer air pollutant emissions or acres of wetlands preserved or restored. Measurement of the 
magnitude of benefits is often undertaken, such as State air quality agencies’ State 
Implementation Plan-related estimates of air pollutants reduced or State Department of 
Transportation (DOT)/Federal Highway Administration (FHWA) sponsored National 
Environmental Policy Act (NEPA) document estimates acres of wetlands preserved. Benefits, 
however, are rarely valued in economic terms that allow direct comparison with the cost of 
achieving them. 
 
The remainder of Section 2.3 reports on a set of five phone interviews with selected non-DOT 
stakeholders. The interviews address their perspectives on the range of benefits generated by 
Federal environmental laws that affect transportation projects, their knowledge about efforts to 
value these benefits in economic terms, and their opinions on how such information should be 
used. The interviews suggest that valuation of the environmental benefits of transportation 
projects in economic terms is in its infancy. 
 
For this report, staff in five non-State DOT stakeholder groups with a policy interest in 
transportation and the environment were interviewed by telephone, including the Environmental 
Council of States (www.ecos.org); the Environmental Protection Agency (www.epa.gov) Office 
of Transportation and Air Quality; the Environmental Defense Fund (www.ed.org), the Center 
for Transportation and the Environment (http://itre.ncsu.edu/cte/); and the Sierra Club 
(www.sierraclub.org). These stakeholders were identified by the project team in coordination 
with FHWA staff. 
 
A short interview guide was used for each interview. Questions in the guide covered 
stakeholders’ opinions about the benefits of environmental regulations, their knowledge of 
studies that quantify environmental benefits, their understanding of hurdles to better 
quantification of environmental benefits, and their suggestions for steps to improve knowledge 
on this topic. The interviews took place in July and September 2005. 

2.3.2 Summary of Major Findings 

Key findings derived from the interviews include: 
 

 Stakeholders identify a diverse range of benefits created by environmental regulations 
that affect transportation projects,  

 
 Stakeholders think measuring benefits in economic terms is extremely difficult and that 

decision-making should not focus strictly on comparison of costs versus benefits,  

http://www.ecos.org/
http://www.epa.gov/
http://www.ed.org/
http://itre.ncsu.edu/cte/
http://www.sierraclub.org/
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 Stakeholders think governmental agencies lack mandates to measure benefits in 

economic terms, but are ambiguous about the value of such mandates,  
 
 Stakeholders support greater consideration of benefits during decision-making, 

particularly via improved inter-agency coordination 
 
 Stakeholders view better public participation as a catalyst for optimizing benefits, and 
 
 Stakeholders think other sectors can provide lessons for transportation. 
 

Each of these findings is discussed in more detail in the following sections. 

2.3.3 Stakeholders identify a diverse range of benefits created by environmental 
regulation 

Non-DOT stakeholders generally agree that stronger environmental regulations introduced over 
the last several decades have created an array of benefits, some of which they perceive are more 
easily measurable than others. In particular, conversations with stakeholders focused on two 
types of benefits: 
 

 Protection of Natural and Human Environment. Stakeholders agree that fewer adverse 
impacts to the human and natural environment are the most visible and quantifiable 
benefit of Federal environmental laws, which generally require avoidance of, 
minimization of, or compensation for negative impacts. These benefits include but are 
not limited to better air and water quality; preservation of wetlands and streams; 
protection of biological resources; and preservation of historic, cultural, and park 
resources. Some stakeholders note that for individual projects these benefits are 
quantified in NEPA documents, while benefits in some categories may be quantified at a 
regional, State-wide, or national level in documents prepared by State and Federal 
agencies. Working Paper Two: Environmental Benefits of Transportation Investment, 
NCHRP Project 8-36, Task 22, January 2002 provides a detailed summary of these types 
of benefits. 

 Lower Transportation Project Costs. Some non-DOT stakeholders also suggested that 
environmental compliance may in some instances reduce the cost of transportation 
solutions, particularly if travel demand management is used in place of added supply. 
Lower transportation project costs are not easily measurable, according to stakeholders, 
since “the road not taken” is hard to detail. 

 
According to non-DOT stakeholders, the range of benefits associated with environmental 
regulation varies widely from project to project and may be most easily measured on a case-by-
case basis.  All non-DOT stakeholders expressed caution about appropriate use of data on 
environmental benefits during the transportation project decision-making process.  They support 
informed decision-making that is based on understanding of benefits, but they are critical of 
efforts to directly compare costs and benefits. 
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2.3.4 Measuring benefits in economic terms is extremely difficult and decision-making 
should not rely only on a comparison of costs versus benefits 

All non-DOT stakeholders interviewed perceive that laws to protect natural and cultural 
resources during the transportation project development process have great intrinsic value. They 
observe, however, that this value is hard, if not impossible, to measure in dollars because 
valuation of environmental benefits is often highly subjective. 
 

“It is difficult to tally up the benefits [of NEPA] and enumerate them.  No one 
tallies the savings of going through the [NEPA] checklist”  

 
Some non-DOT stakeholders are concerned about efforts to quantify environmental benefits in 
economic terms. They suggest that comparison of monetary costs versus monetized benefits is an 
inappropriate tool for making decisions about transportation projects.  
 
Stakeholders were unable to identify any specific efforts to quantify the economic value of 
human and/or natural resources-related regulations for transportation projects. Several 
stakeholders described selected efforts within the field of environmental economics that involve 
valuation of environmental quality and which they think could provide insight for this project: 
 

 Sustainability Indices. An organization called Redefining Progress (www.rprogress.org) 
has developed sustainability indicators and a technique called “Ecological Footprinting” 
that quantify the positive and negative impacts of economic activity on environmental 
resources. The Genuine Progress Indicator, for example, subtracts destructive costs to the 
environment and adds in social and economic benefits ignored by the Gross Domestic 
Product. The Ecological Footprint tracks the consumption and waste patterns of 
individuals, communities, businesses, and nations and observes the portion of Earth’s 
resources used in that consumption.  The current consumption of humanity is 25 percent 
beyond Earth’s ability to renew resources or remain sustainable.  In each case natural and 
social capital as well as fiscal capital is factored into the economic modeling. 

 Environmental Regulation and Economic Growth. A 1996 report, The Positive 
Relationship Between Jobs, Environment and the Economy (Louisiana State University) 
summarizes several studies that correlate economic vitality with a healthy environment, 
strong environmental regulations, and spending on environmental initiatives.  The report 
suggests that states with good environmental programs have better employment, 
productivity and economic growth than poor environmental states. 

2.3.5 Governmental Agencies Lack Mandates to Value Benefits of Environmental 
Regulations 

 
Non-DOT stakeholders agreed that the absence of data on the economic value of the benefits of 
environmental regulation is explainable, in part, because transportation agencies have no 
mandatory requirements to prepare such data. They acknowledge that such a mandate could 
involve added costs and would likely require additional coordination among multiple agencies. 

http://www.rprogress.org/
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Stakeholders were unclear about the need to calculate the value of environmental benefits, 
particularly given the complexity of trying to do so. 

2.3.6 Improved Public Participation is View by Stakeholders as a Catalyst for Optimizing 
Benefits 

Non-DOT stakeholders emphasize the value of good public participation in decision-making, 
which helps ensure any natural and human environmental resource-related benefits are 
optimized. As one stakeholder noted: 

 
 “There is a lot of value in engaging communities in transportation projects.  

The more the community can be involved early on, the better the 
transportation project.” 

 
According to another stakeholder, public participation helps to ensure: 
 

 Adequate opportunities for comment on significant decisions about cultural and 
natural resources; 

 A framework for considering alternatives to avoid/minimize adverse impacts; 
 Consideration of not only primary impacts, but secondary and cumulative 

impacts; 
 Interagency cooperation and consultation and effective consideration of how 

transportation supports or undermines other societal programs, e.g., natural 
resource preservation, public health protection and the protection of historic and 
cultural resources; and 

 Consideration of equity. 

2.3.7 Stakeholders support greater consideration of benefits during decision-making, 
particularly via improved inter-agency coordination 

 
Non-DOT stakeholders acknowledge and support coordination between transportation agencies 
and other agencies that have oversight for natural and human environmental resources 
throughout the environmental review process. They also recognize that extensive efforts to 
collect data on environmental impacts are a part of this process, but some non-DOT stakeholders 
think that transportation agencies may not always use the data appropriately in decision-making, 
thus hampering achievement of environmental benefits.  
 

“DOTs sometimes seem to follow the path of least resistance by conforming to the 
request of a permitting regulatory agency rather than working to develop a 
balanced solution.  Therefore, the benefits to society as a whole have been 
compromised.” 
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Stakeholders view better consideration of benefits as part of the solution to improved 
coordination. One stakeholder notes that coordinated development of transportation and 
environmental models and data sets would allow for better quantification of environmental 
benefits. Without sufficient funding and leadership on this topic, however, progress will not be 
made according to stakeholders. 

2.3.8 Other sectors can provide lessons for transportation 

Other sectors offer lessons learned on quantification of benefits associated with environmental 
regulation. The utility industry, for example, has quantified energy savings associated with 
conservation efforts.  This has helped the utility industry emphasize management of demand 
rather than focusing on increasing supply.  By contrast, transportation practitioners have focused 
on managing supply because the benefits of demand management are not as easily quantified. 
 
In the public health field, risk management is often used to support decision making, and may 
offer lessons learned for transportation decision-makers.  Risk assessment helps decision-makers 
understand the likelihood of certain events over time under different scenarios. 

2.3.9 Conclusions 

Non-DOT stakeholders share a general interest in better quantification of benefits associated 
with environmental requirements for transportation projects. They recognize, however, that 
major hurdles must still be overcome to achieve objective valuation of environmental benefits in 
economic terms. Non-DOT stakeholders see greatest promise in efforts to encourage more 
collaborative approaches to full quantification of environmental benefits and appropriate use of 
this information in evaluation and implementation of transportation projects. Such efforts may, 
or may not require economic valuation of environmental benefits. 

2.4 Environmental Regulations Costs 

2.4.1 Introduction 

Delivery of Federally-funded transportation infrastructure projects by State DOTs has the 
potential to impose adverse impacts on the environment. Compliance with Federal, State, and 
local environmental requirements, including those of the National Environmental Policy Act 
(NEPA) and many other laws, regulations, and policies helps State DOTs mitigate for many of 
the significant environmental impacts that can be caused by projects. Environmental mitigation 
activities may, however, affect overall Federal-aid highway project costs (as well as generating 
benefits). 
 
Information about environmental costs has a range of benefits for State DOTs and their partners. 
For example, it can be used to ensure projected project and program costs are more realistic, or it 
may help agencies assure greater fiscal responsibility for the actions they undertake. 
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Review of relevant research indicates that neither the Federal Highway Administration (FHWA) 
nor most State departments of transportation (DOTs) have the ability to measure the cost of 
mitigation activities associated with addressing the environmental impacts of transportation 
projects. Highlighted findings from the limited national-level literature on this topic include: 
 

 United States General Accounting Office (GAO) - A 1994 study by the GAO observes 
that the total amount of HTF money that States spent on mitigating environmental 
impacts could not be calculated because of incomplete data.24  

 Center for Transportation and the Environment (CTE), North Carolina State 
University – A 1997 study by CTE finds that “all past economic analyses of the costs of 
environmental regulations have completely overlooked their impacts on the construction 
and repair of highways.”25  

 National Research Council, National Cooperative Highway Research Program 
(NCHRP) - A 2003 NCHRP-sponsored study concluded that “a majority of States do not 
track environmental costs separately” from overall project costs. None of the 32 State 
DOT environmental officials that responded to the project survey associated with this 
report indicated they have engaged in any study or compilation of planning, design, and 
environmental costs related to environment and planning activities.26  

At the State level, Montana, Oregon, Washington, and Wisconsin appear to be among a small 
group of pioneers that are making greater efforts to report on quantification environmental costs 
associated with transportation project delivery: 
 

 Montana DOT Project Cost Case Study – Environmental Mitigation and Context 
Sensitive Design. (October 2004) Montana DOT (MDT) does not as standard practice 
track environmental costs; however, a 2004 study prepared by the MDT examined these 
costs for a set of 14 recently completed or almost completed projects. For the 14 projects 
studied, median mitigation and document preparation costs were 1.7 percent of total 
project costs. 

 Oregon DOT Environmental Cost Study for State Fiscal Year 2004. (December 
2004) Oregon DOT (ODOT) may well be unique among State DOTs in producing a 
detailed annual report on its program-wide environmental costs. ODOT’s report responds 
to a 1999 requirement passed by the Oregon State Legislature that the DOT must provide 
regular summaries of costs related to State and Federal mandates and environmental 
regulations. ODOT estimates that environmental costs were 4.8 percent of total agency 
costs for FY 2004, or $33.0 million. 

                                                 
24Government Accounting Office.  “Highway Planning: Agencies are attempting to Expedite Environmental 
Reviews, But Barriers Remain.” Report to the Chairman, Subcommittee on Transportation, Committee on 
Appropriations, U.S. House of Representatives. GAO/RCED 94 211. Washington, DC. 1994).  
25 Center for Transportation and the Environment, North Carolina State University “Environmental Compliance 
Costs: Where the Rubber Meets the Road.” Raleigh, NC. 1997) 
26 NCHRP 20-24 (25) “Improving Project Costing and Incorporation of New Attributes – Highways and Transit.” 
Washington, DC. 2003) 
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 Washington State DOT Project Mitigation Costs Case Studies. (May 2003) 
Washington State DOT (WSDOT) has published a set of WSDOT Project Mitigation 
Costs Case Studies that provides a detailed review of mitigation costs associated with 14 
completed projects around the State. The WSDOT report is conceived as a one-time 
“snapshot” of a few sample projects. The report has helped WSDOT respond to concerns 
among legislators and the public, particularly about excessive expenditures by WSDOT 
to meet environmental mandates. For the 14 projects studied, median mitigation cost was 
12 percent of total project costs. 

 Wisconsin Legislative Audit Bureau, An Evaluation of Major Highway Program. 
(November 2003) According to a comprehensive analysis prepared by the Wisconsin 
State Legislature in coordination with Wisconsin DOT (WisDOT), WisDOT’s FY2001 
environmental expenditures totaled $29.1 million. 

 
Comparisons between each State’s efforts are inappropriate because each State used a different 
methodology to calculate its costs. The experiences of Montana DOT, Washington DOT, 
Wisconsin DOT, and Oregon DOT in measuring environmental costs, however, provide some 
important caveats that hold true for this study: 1) collecting data is labor intensive — WSDOT 
reports that its efforts to collect data took the equivalent of one FTE working full time on the 
project for a year, and WisDOT reports a year-long process to gather data on one fiscal year’s 
costs; and 2) data are weak in some places — ODOT and Montana DOT report that the quality of 
their estimates is speculative at best, despite considerable efforts by staff to develop thorough 
measurement techniques. 
 
These caveats were reiterated during the American Association of State Highway and 
Transportation Officials’ (AASHTO) 2005 Standing Committee on Environment meeting when 
the research team for this project informally questioned several State DOT environmental 
managers about their agencies’ environmental cost measuring capabilities. Most suggested that 
environmental cost data is buried within information their agencies collect on overall project 
cost. Off-the-record opinions offered by State DOT staff suggest that many State DOTs perceive 
the complexity of separating environmental cost components from the overall cost of delivering 
transportation projects presently outweighs the benefits of having better environmental costs 
information. 

2.4.2 Interviews with State DOT Representatives 

This section reports on the results of the phone interviews conducted with staff at eight State 
DOTs including agencies in Arizona, Florida, Kentucky, Maryland, Oregon, Utah, Washington, 
and Wisconsin.  Prior to the interviews, contacts at each of these States verbally verified that 
comprehensive efforts to measure environmental costs are underway in their agency. The 
purpose of the interviews was to learn about each State’s efforts to measure environmental costs. 

Interview Process 

Candidate States for interview were suggested by the research team and approved by FHWA. 
Information used to select States included an informal polling of 23 States (see Table 1 below) 
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by the research team to identify whether they measure environmental costs; review of recent 
NCHRP report 20-24 (25), which describes the extent of efforts to track environmental costs at 
32 State DOTs; and discussions with knowledgeable AASHTO and FHWA staff.  

Table 1.  States Contacted about their Environmental Cost Measurement Efforts 

 

Arizona Kansas Maine New Hampshire Texas 
California Kentucky Minnesota New York Utah 
Florida North Carolina Mississippi Ohio Washington 
Illinois Maryland Missouri Oregon West Virginia 
  Montana Pennsylvania Wisconsin 

 
State DOT directors at each of the selected States were formally invited to participate in the 
interviews via a letter signed by Ms. Cindy Burbank, Associate Administrator for Planning, 
Environment, and Realty at FHWA. An interview guide developed by the contractor and 
approved by FHWA was used to ensure comprehensive coverage of key issues and 
comparability of interview results. This guide is included in Appendix B.  

Overview of Interview Results 

The interview results suggest that the ability of State DOTs to measure environmental mitigation 
costs falls into one of three groups: 
 

 States that routinely measure all environmental costs – In this group, States have 
methodologies in place specifically for measuring environmental costs. Of the States 
interviewed, only ODOT has a comprehensive methodology in place for collecting 
reliable environmental mitigation cost data on a regular basis. No other States in the 
country are thought to have similar methodologies in place. WSDOT has established a 
rigorous measurement methodology, but has used it only to measure costs associated with 
a handful of projects on a one-time basis. 

 States that can measure some environmental costs, if needed – In this group, States 
express confidence in their abilities to track environmental mitigation cost data as 
needed. Of the States interviewed, Maryland State Highway Administration (SHA) and 
Utah DOT (UDOT) do not routinely measure all environmental costs but are confident 
that their existing cost and project management systems are sufficient to support 
collection of detailed cost information on an as needed basis. Maryland SHA uses 
selected components of overall environmental costs to estimate future project costs. 
Arizona DOT (ADOT) is capable of tracking selected components of environmental 
costs. 

 States that are learning to measure environmental costs – In this group, States have 
experienced significant hurdles despite efforts to measure environmental costs. Of the 
States interviewed, Florida DOT (FDOT), Kentucky Transportation Cabinet (KTC), and 
WisDOT are not yet able to track environmental costs in detail. KTC and WisDOT are 
working on improvements to cost accounting and project management systems that will 
enable them to track environmental costs with greater accuracy in the future. FDOT has 
not pursued additional efforts to measure its environmental costs. 
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The spectrum of environmental cost measurement capabilities observed among the State DOTs 
interviewed suggests that measurement of environmental mitigation costs is an emerging issue 
that most States have yet to fully address. Nonetheless, the interview results provide useful 
insights on both good practices and lessons learned.  
 
An October 2006 FHWA Report to Congress, Costs Associated with the Environmental Process:  
Impacts of Federal Environmental Requirements on Federal-aid Highway Projects Costs, 
identified several reasons why efforts to identify and track environmental costs are so limited: 
 Insufficient labor and financial resources are available to develop, implement, and maintain 

appropriate financial management information systems. 
 There is inconsistency among existing State financial management information systems 

protocols for breaking down project costs and coding them.  The methods for collecting and 
categorizing costs differ greatly from State to State. 

 Separating environmental costs from non-environmental costs is quite difficult, especially in 
the avoidance costs category.  Multiple project or program needs often underlie particular 
expenditures of time or money.   

 There is no reliable means to identify the costs of “the path not taken” when design changes 
are made, or when other actions are taken, or not taken, for environmental reasons. 

 Unique geographic, demographic, and other conditions affect each highway project.  Even 
though the variables may fall into generally identifiable categories, such as habitat impacts, 
community impacts, or level of public controversy, it is difficult to extrapolate what can be 
considered “typical” in terms of time, costs, or impacts.   

For these reasons, the report concluded, “many States still question the benefits of tracking 
environmental costs.  However, FHWA and the States that are working to track environmental 
costs believe that there are benefits to doing so. Greater program accountability, better data to 
support policy-level decisions, and improved project cost estimating and project decisionmaking 
are among the perceived benefits.  While cost tracking efforts continue to expand, the challenges 
are significant and impede progress.” 

A Working Definition of Environmental Mitigation Costs 

This section introduces a working definition of environmental mitigation costs. The definition is 
based on information drawn from interview States that were pre-selected on the basis of their 
experience in measuring environmental costs. In the interviews, however, even these States 
uniformly emphasized that environmental mitigation costs are hard to define and measure. At 
each State, staff highly familiar with the environmental process for transportation projects 
struggled to delineate which costs should be attributed to environmental mitigation activities: 
 

“Some environmental mitigation practices are really just the “right thing to 
do,” and would happen regardless of laws and regulations.” – Maryland 
SHA 
 
“Environmental mitigation expertise and responsibilities are spread across 
our agency and across the entire project delivery process.” – UDOT 
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“The same activity sometimes serves both environmental and non-
environmental objectives.” – ODOT 

 
A clear definition of environmental mitigation costs provides the start point for understanding 
State DOTs’ mitigation cost information. The interviews revealed two distinct varieties of 
mitigation costs that form the foundation of the definition established in this section: 
 

 Mitigation costs may be incurred for actual “compensation” or enhancement of 
environmental impacts by restoring, replacing, substituting, or enhancing affected 
resources; and 

 Mitigation costs may be incurred for “avoidance” or minimization of environmental 
impacts by not taking an action, or parts of an action, or by limiting its magnitude. 

Costs related to environmental requirements also include costs associated with generating 
information for informed decision-making or addressing public concerns.  In some cases 
“mitigation” activities are undertaken not because of environmental requirements, but as the 
perceived cost of garnering community support and expediting project development.  Thus there 
is some ambiguity concerning exactly what costs should be classified as mitigation costs.    
 
State DOTs’ perspectives on compensation and avoidance mitigation costs are discussed in the 
remainder of this section. 

Compensation-Related Environmental Mitigation Costs 

Mitigation costs are incurred whenever activities are undertaken by a DOT to compensate for 
unavoidable environmental impacts and/or to improve the environment during project delivery. 
Compensation means that the DOT may repair the affected environment or replace it with 
substitute resources. Most of these activities are the result of compliance requirements associated 
with Federal and/or State and local environmental laws. 
 
Compensation activities are difficult to generalize since every project is different. As 
Washington and Montana DOTs found when they compared mitigation needs for individual 
projects, no rules of thumb exist for the amount or type of compensation required; some projects 
require extensive compensation activities while others require few or none. The primary range of 
compensation activities, according to the DOTs interviewed, might include some or all of the 
following: 
 

 Wetland and stream restoration – Adverse impacts to wetlands or streams may be 
unavoidable during construction of project elements such as roadway fills, approaches to 
bridges, or culvert installations. To preserve the valuable functions wetlands and streams 
perform in ecological systems, Section 404 of the Clean Water Act (CWA) may require 
DOT to consult with the U.S. Army Corps of Engineers and the U.S. Environmental 
Protection Agency, study affected natural resources, complete permits, and restore or 
replace any losses. If replacement wetlands are required, additional right-of-way (ROW) 
or an off-site location may be needed. Re-vegetation of riparian areas and repairs to 
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streambeds may also be required. In 1995, FHWA estimated average wetland mitigation 
costs at $16,000 per acre.  

 Stormwater treatment – Depending on factors such as soil quality, water table levels, 
and proximity to bodies of water, control of polluted stormwater runoff during and after 
project construction may be required under the National Pollution Discharge Elimination 
System of the CWA and the Coastal Zone Management Act. Common controls include 
silt fencing during construction and creation of permanent storm water detention ponds, 
sewers, and runoff swales. Ponds or other features may require acquisition of additional 
right-of-way (ROW). A WSDOT study completed in 2003 found that the average cost of 
stormwater treatment was $1.81 per square foot of impervious surface.  

 Biology – Construction of highway projects can cause impacts to important natural 
upland ecosystems and landscapes. Under the Endangered Species Act, mitigation 
activities may include investigative studies and consultation with resource agencies. If 
necessary, land acquisition and other measures to establish mitigation, such as re-
vegetation, site preparation, fencing, pest management, access control, fire control, and 
mitigation performance monitoring may be required. Special sensitive construction 
techniques may also be required to protect natural resources and communities. Since 
2000, FHWA has asked DOTs to report their threatened and endangered species 
mitigation-related costs annually. 

 Noise reduction – Construction noise and on-going traffic noise are a nuisance to 
humans and wildlife. FHWA has in place noise abatement standards and if certain criteria 
are met a project may require construction of linear concrete, block, brick, metal, or earth 
barriers to help reduce noise in adjacent areas. Noise walls can sometimes be 
accommodated within the existing ROW, or they may require additional ROW. WSDOT 
found that the average cost per square foot to build a noise wall is $32.31. An FHWA 
study based on data from 44 States suggests that the average noise wall cost per square 
foot is $19. ODOT estimates that noise accounts for about 19 percent of its total 
environmental compliance costs. UDOT requires that noise walls should not cost more 
than $20,000 to $25,000 per affected resident. During construction, job practices may 
include noise mitigation. 

 Documentation and other handling of historic and cultural resources – Construction 
of highway projects may have adverse impacts on historic and cultural resources. Under 
section 106 of the National Historic Preservation Act, activities may include consultation 
with resource agencies, identification of resources, assessment of impacts, and efforts to 
minimize or mitigate impacts, which most commonly includes documentation. 

Of the categories described above, the States interviewed uniformly indicated that wetlands and 
stormwater are responsible for the largest share of costs. In addition to the cost categories 
described above, DOTs suggested that a range of other categorizable mitigation activities may 
take place on a less regular basis, including hazardous materials clean up, land use protection, 
indirect and cumulative impact mitigation, and environmental justice mitigation. 
 
According to the States interviewed, compensation mitigation is usually easily distinguishable 
from other project activities because it involves discrete “environmental” activities that go 
beyond the core scope of a project. Replacement of wetlands, for example, is not undertaken for 



 

22 

any reason other than to preserve environmental quality. Contracting for these activities may be 
conducted separately from the overall project because they often require specialist expertise and 
equipment, and can be timed to occur separately. Compensatory and enhancement costs can 
generally be identified in an objective manner and are reasonably straightforward to compile. At 
Maryland SHA, for example, most mitigation costs except those for stormwater and erosion 
control-related activities are contracted separately from other project components. 

Avoidance-Related Environmental Mitigation Costs 

Mitigation costs are also incurred wherever a DOT undertakes mitigation activities to avoid 
and/or minimize significant environmental impacts. For a transportation project this might 
include special project location, design, and or construction elements that would not otherwise be 
required to meet the project’s transportation function. As with compensatory mitigation, most of 
these activities are the result of compliance requirements associated with Federal and/or State 
and local environmental laws. In contrast, however, avoidance activities are not necessarily 
considered “environmental” activities, but might involve changes in the way non-environmental 
activities are carried out. 

Typical Avoidance-related Activities 

As with compensation activities, avoidance-related activities are difficult to generalize since 
every project is different. The primary range of avoidance activities, according to the DOTs 
interviewed, might include some, or all of the following: 
 

 Preparation of environmental documentation – Preparation of documents required 
under NEPA and/or other laws that describe the purpose and need for proposed projects, 
potential alternatives, and any environmental consequences. Document preparation 
activities may include preliminary project design work, public involvement, 
environmental resource studies, and coordination with stakeholders. The cost of 
environmental documents is partially avoidance-related because they involve 
consideration of project alternatives; however, some agencies might also consider these 
costs to be compensation-related. 

 Project design and alignment changes – Sometimes a project design or alignment may 
be altered to avoid or minimize environmental impacts. A bridge design, for example, 
may feature longer spans to avoid placing piers in a water channel, but which are not 
required from a hydraulic design perspective, or a road alignment may be specially 
located to avoid a sensitive habitat or some historic resources. These project elements 
may require additional design time. Project scope may also decrease as a result of 
avoidance activities. State DOTs interviewed, however, had mixed opinions about the 
likelihood of decreased costs associated with a change in project scope. 
Section 4(f) of the Department of Transportation Act deserves special mention as a 
unique factor that often leads to project design and alignment changes and construction-
related avoidance costs. The Section 4(f) process requires that a special effort must be 
made to preserve public parks, wildlife and waterfowl refuges, and historic sites. Any 
project that affects Section 4(f) land must include a Section 4(f) evaluation. Use of 
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Section 4(f) lands is only granted if no feasible and prudent alternative can be found and 
all possible planning to minimize harm to the land or resources is taken. Section 4(f) 
impacts may require purchase of additional ROW and design/construction-related costs if 
measures to minimize harm are needed. Under SAFETEA-LU, the Secretary of 
Transportation can comply with Section 4(f) in a streamlined manner if the program or 
project will have a “de minimis” impact on the area – i.e., there are no adverse effects of 
the project and the relevant State Historic Preservation Officer or other official with 
jurisdiction over a property concurs.   

 
 Project construction changes. The construction cost of projects may increase as a result 

of design and alignment changes to avoid or minimize environmental impacts. In 
Washington State, several projects reviewed as part of the 2003 environmental costs 
study were found to require bridge crossings in place of box culverts as part of the 
conditions for permitting, e.g. SR 18 at an additional estimated project cost of $3.33 
million, and SR 202 at an additional cost of $1.05 million. Project construction practices 
may be also modified to avoid environmental impacts. At Maryland SHA and UDOT, for 
example, “environmental monitors” are required on-site during construction of large 
projects to ensure quality assurance / quality control (QA/QC) of environmental 
procedures. 

Activities to avoid or minimize environmental impacts can be hard to distinguish from overall 
project activities because they are not discrete efforts that are readily separable from the core 
scope of the project. The States interviewed raised numerous concerns about attempting to 
quantify avoidance and minimization costs: 

“The preferred project alignment from an environmental perspective may 
also be supported by the local community so we would do it this way 
regardless of environmental laws.” – Maryland SHA 

“If a project alignment is extended to avoid a wetland, is the added cost of a 
longer route or structure an environmental cost, or would the additional 
hurdle of building on unstable wetland soils have been equally expensive?” – 
WisDOT 

“These types of costs and savings lie in the realm of the “road not taken” and 
are extremely subjective to measure.” – ODOT 

In contrast to compensation-related costs, avoidance-related costs often require subjective 
judgments and are harder to compile. Only one of the States interviewed has made any previous 
attempt to quantify avoidance-related costs. Initial efforts to measure environmental costs may 
be best focused on compensation-related costs and the fraction of avoidance costs that is most 
easily quantifiable. 

2.4.3 When and How State DOTs Incur Environmental Related Costs 

The costs associated with complying with Federal-aid environmental regulations include both 
compensation and avoidance costs incurred by DOTs during all phases of the project delivery 
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process, including in-house staff costs, consultant costs, and contractor costs. This section 
discusses State DOTs’ perspectives on: (1) the phases of project delivery where environmental 
mitigation costs are incurred, and (2) how different types of environmental mitigation costs are 
incurred.  

Where Do State DOTs Incur Environmental Mitigation Costs? 

Compensatory- or avoidance-related environmental mitigation costs may be incurred by a DOT 
throughout the project delivery process, which includes four distinct and sequential phases. 
According to the DOTs interviewed, mitigation costs for any project are generally lowest during 
planning and maintenance, and highest during construction, with moderate costs incurred during 
design: 
 

 Planning (low mitigation costs), 
 Preliminary engineering/environmental review (moderate mitigation costs),  
 Final design/ROW/permitting (moderate mitigation costs),  
 Construction (high mitigation costs), and 
 Maintenance (low mitigation costs) 

 
Consideration of costs in each phase helps make measurement more manageable. For example, a 
State seeking the most efficient way to get a reliable sense of overall environmental costs may 
choose to spend the greatest effort on quantifying construction-related mitigation costs. 
 
Planning 
 
The extent of project-level planning varies widely among projects and among DOTs. Maryland 
SHA, for example, conducts all planning activities with an eye towards subsequent NEPA 
requirements. In general, planning efforts are most extensive for major projects with potential for 
significant environmental impacts; minor projects, such as roadway rehabilitation, may involve 
little or no planning activity. Broadly stated, the purpose of planning is to help identify project 
needs, community concerns, and potential solutions. Early consideration of environmental issues 
is increasingly common as part of project planning.  

A fraction of total project-related planning activity may be attributable to environmental 
mitigation, such as early identification of environmental resources during corridor studies, or 
public involvement. Mitigation costs at this phase are primarily associated with avoidance or 
minimization of environmental impacts and they are hard to separate from overall planning 
activity, which is likely to include public involvement and consideration of issues such as 
possible project alignments.  

 The scope of public involvement that a State chooses to use on a project often is driven 
by factors other than NEPA requirements, particularly the State’s own view of how 
important public support may be or how to best communicate with its citizens and 
institutions. Consequently, all costs and time requirements for public involvement cannot 
be attributed environmental requirements.  
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 Compensation Costs – No compensation costs for mitigation of impacts are likely to be 
incurred during planning.  

 Avoidance Costs – Avoidance costs may include State DOT staff time and other direct 
costs, and the cost of external consultants to prepare studies or conduct public 
involvement. The DOTs interviewed for this project had mixed opinions about ascribing 
any costs during planning specifically to environmental mitigation. Several suggested 
that almost all planning costs are part of a general “good government” ethic that is 
required to win support for projects regardless of environmental compliance 
requirements. 

Preliminary Engineering/Environmental Review 
 
Preparation of NEPA documentation, which can include coordination with other agencies, 
detailed review of project alternatives, public outreach, and studies of environmental resources, 
is a primary and potentially significant activity at this phase. Other Federal environmental laws, 
such as the Clean Water Act or the National Historic Preservation Act, may also require 
consultations, outreach, or mitigation studies during the preliminary engineering phase. 

Some preliminary design work is required to support NEPA activities. According to the DOTs 
interviewed, however, most project activities undertaken during this phase are directly 
attributable to environmental mitigation and would not be needed without Federal and State 
environmental requirements. For complex or high profile projects, environmental review and 
preliminary engineering can be time-consuming efforts that may take several years to complete. 
Wisconsin DOT estimates that the average cost of an EIS is $2 million. For small projects, 
however, compliance with environmental requirements is minimal and usually takes only a few 
days or weeks to complete. Maryland SHA notes that a project developed in a single EIS may 
subsequently be designed and constructed in several phases. 
 

 Compensation Costs – Compensation costs for mitigation of impacts incurred during 
preliminary engineering may include staff or consultant time to coordinate with resource 
agencies and work during preparation of a NEPA document to plan mitigation strategies. 

 Avoidance Costs - Avoidance costs may include State DOT staff time and other direct 
costs incurred during management of environmental review activities. External 
consultant costs associated with preparation of studies, NEPA documents, and public 
involvement are common. 

Final Design, ROW, and Permitting 
Once the NEPA process is complete and a horizontal and vertical alignment for the project is 
agreed upon, detailed engineering plans can be finalized. Most final design work is unrelated to 
environmental mitigation; however, design of environmental compensation or enhancement 
features, such as storm water control facilities, wetland mitigation, or noise walls may add to 
overall final design costs. UDOT estimates that less than 10 percent of its final design costs are 
related to environmental mitigation. 

If avoidance or minimization of environmental impacts requires a more complex design, 
additional costs may also be incurred because plans may take more time in design. Several of the 
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DOTs interviewed for this project including Maryland, Oregon, Kentucky, and Florida observe, 
however, that distinguishing between the most practicable design solution from an engineering 
perspective and the environmentally preferred solution is difficult. 

Where needed, right-of-way is acquired once final design plans provide sufficient detail to 
identify specific parcels. Most ROW costs are unrelated to environmental mitigation; however, 
sometimes additional land may be required, for example to accommodate wetland restoration or 
a storm water control facility. Washington State DOT reports that stormwater facilities and 
wetlands mitigation, particularly, can require additional ROW. Maryland SHA reports that 
additional ROW required for these facilities is usually a small proportion of total ROW needs on 
a large project, but may be significant on small storm water retrofit projects.  

Permits from natural resources agencies may also be required at this phase during project 
delivery and require time to prepare and approve. Permits may be required for wetland 
restoration, storm water runoff control, conservation of historic resources, or special construction 
management techniques. 
 

 Compensation Costs – Compensation costs during final design may include DOT staff 
time, consultant time for design of mitigation features, and costs associated with any 
additional ROW including staff or consultant time needed to follow the ROW acquisition 
process, actual land costs, and any costs associated with investigation and clean up of 
hazardous materials found on properties acquired for the project. 

 Avoidance Costs – Avoidance costs may include additional State DOT staff or 
consultant time and other direct costs associated with development of a more costly 
project design.  

Construction 

Once a final design is complete, a project may begin construction. DOTs use contractors to 
complete most projects, but they retain an overall project management and oversight role. 
Environmental mitigation costs are incurred at this phase if the design requires construction of 
environmental compensation or enhancement-related elements. Furthermore, if the project 
design is more complex as a result of efforts to avoid or minimize environmental impacts, 
construction costs may increase. In addition, parts of construction engineering related to 
environmental mitigation features (e.g. construction management, inspections) add costs. 

 Compensation Costs – Compensation costs during construction may include DOT staff 
time to manage contractors, and contractor costs for construction of mitigation features, 
or adherence to special construction procedures. 

 Avoidance Costs - Avoidance costs may include additional State DOT staff or contractor 
costs associated with construction of a more costly project design.  

Maintenance 

Environmental mitigation-related maintenance costs are generally perceived by the States 
interviewed to be much smaller than project development costs and difficult to estimate. Costs 
are most frequently incurred for activities such as National Pollutant Discharge Elimination 
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System (NPDES) permit requirements for storm water run-off at maintenance facilities, solid 
waste disposal, hazardous materials, and control of vegetation and weed pests. ODOT has found 
that most environmental costs incurred during maintenance are for Endangered Species Act, 
Clean Water Act, Resource Conservation and Recovery Act (RCRA) and Noxious Weed Act. 
Maryland SHA notes that culvert and drainage pipe repair fall under maintenance activities. 

How Do State DOTs Incur Environmental Mitigation Costs? 

State DOTs commonly track four components of project cost data that have relevance to 
measurement of environmental costs: 
 

 In-house staff time and other direct costs, 
 Consultant services costs, 
 Right-of-way acquisition costs, and 
 Construction contractor costs. 

 
In each instance, however, DOTs’ tracking systems for these cost components sometimes 
combine environmental and non-environmental elements. The degree to which the 
environmental element can be identified varies from State to State. Compensatory mitigation 
costs are frequently easier to extract than avoidance mitigation costs. At WisDOT, where costs 
were broken out in these categories for costs incurred by the DOT for FY01, construction 
contractors accounted for 66 percent of environmental costs, consultants accounted for 21 
percent of environmental costs, and in-house staff accounted for 4 percent of environmental 
costs. (In-lieu type fees and other miscellaneous costs accounted for the remainder of 
environmental costs at WisDOT.) 
 
In-House Staff Time and Other Direct Costs (ODCs) 
 
During project delivery, most DOTs conduct a proportion of environmental mitigation-related 
activities in-house using their own staff, and staff also oversees the work of consultants and 
contractors. All the DOTs interviewed for this project describe a trend towards outsourcing of 
environmental mitigation activities that suggests DOT staff costs may be decreasing as a 
proportion of overall costs. 
 
Costs are incurred whenever DOT staff spends time or incurs other direct costs (e.g., for travel or 
supplies) while working on project-related environmental mitigation activities. The extent of in-
house staff involvement in environmental mitigation-related activities varies from project to 
project and is not always significant; some projects may require little or no environmental 
mitigation component, while on other projects consultants may handle all or some environmental 
mitigation. 
 
Tracking Staff Time and Other Direct Costs. Actual in-house staff costs are a simple function 
of time spent on environmental activities multiplied by a combined hourly labor/overhead rate. 
Most DOTs have in place a potentially helpful resource for calculating in-house staff 
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environmental mitigation costs – well-established financial accounting systems are used to 
monitor how staff allocates time and other costs among projects. These systems use unique 
alpha-numeric identifiers, often called “object codes” or “activity codes” to distinguish costs 
associated with different categories of activities, such as traffic, project management, pavement, 
or bridge design. 
 
Information about two types of staff activity should be obtained to ensure a reasonably complete 
assessment of in-house DOT staff time costs: 
 

 Stand-Alone Environmental Activities. Some State DOTs’ systems have specific 
object codes for monitoring stand-alone environmental mitigation activities. As more 
codes are used, the accuracy of cost tracking capabilities improves; however, a tradeoff is 
exists between the value added of better cost data and the additional reporting burden 
imposed on staff.  

Arizona DOT’s financial accounting system has 40 environmental activity codes used by its 
staff, which are reproduced in Table 2. Oregon DOT’s TEAMS financial accounting system 
includes 11 specific environmental object codes that are used by environmental staff to report 
time.  

Other State DOTs are working on developing better specificity in their environmental activity 
codes. In April 2005, for example, KTC introduced a set of 22 environmental activity codes for 
use in time reporting by its Division of Environmental Analysis staff. Utah DOT is developing a 
set of about 25 environmental codes for inclusion in its brand new electronic Project 
Management (ePM) system, which will enhance project cost tracking.  
 
Many DOTs’ systems, however, lack a comprehensive array of environmental mitigation-related 
object codes. As a result, many DOTs struggle to extract reliable data about staff costs. 
Wisconsin DOT’s financial accounting system, for example, was initially created in the 1950s 
and despite modifications over time, it is not able to track staff time dedicated to environmental 
mitigation. 
 
Activities that Include Environmental Elements. Not all environmental mitigation activities 
can be tracked using stand-alone environmental object codes. For some activities, only a fraction 
of staff time may be directed to environmental mitigation, such as project management, roadway 
or bridge design, right-of-way acquisition, or construction engineering activities. In these 
instances, the DOT must estimate the fraction of activity for which is associated with 
environmental mitigation.  

At ODOT, methodologies have been developed for ascribing the fraction of selected non-
environmental object codes, such as geotechnical work, hydraulics, roadway design, or bridge 
design, that are attributable to environmental mitigation activities. Different fractions are applied 
for different project types, such as bridge replacements, modernization projects, or repaving 
projects. In most instances, however, combined activities are likely to be easily missed unless a 
manual review of data for individual projects is conducted 
 
 



 

29 

Table 2.  Arizona DOT Environmental Activity Codes 

General environmental activity Hazardous material prelim. assessments 
Prepare categorical exclusion Hazardous material initial site assessments 
Prepare draft environmental document Hazardous material site investigations 
Prepare final environmental document Hazardous material remediation 
Review consultant-prepared document Section 7 consultation 
Environmental project scoping activity General cultural resource activity 
Environmental agency coordination Cultural resource surveys 
Environmental field review Cultural resource testing 
Environmental project travel Cultural resource data recovery 
Preparation of public involvement Cultural resource agency coordination 
Conduct public involvement Section 106 consultation 
Prepare material source environmental documents Cultural resource permit/maintenance  
Review consultant/contractor material source docs Environmental mitigation post const. Review 
Prepare noise reports Public noise involvement 
Review consultant noise reports Environmental committees 
Prepare air quality reports Partnering 
Review consultant air quality reports Training 
National Pollutant Discharge Elimination System Project administration 
Process 404 permits Monitoring on-call consultants 
Process 401 permits  
 

.Practical Considerations. Interest, willingness, and ability to use financial information systems 
to track in-house staff time costs varies among the DOTs interviewed. 

 
Wisconsin DOT, for example, has historically used only a few environment-related activity 
codes, and despite great interest in quantifying environmental costs, WisDOT has struggled to 
gain approval for use of new codes that would improve estimates.  Florida DOT has not 
experienced pressure to provide better accounting for in-house staff environmental costs and 
their financial information system provides only a rudimentary breakdown of selected 
environmental mitigation activities. Arizona DOT uses environmental activity codes, but these 
are never analyzed for the purpose of estimating environmental costs.  Washington State DOT 
reports that mining information from its staff time tracking system is too time consuming to 
merit its use. Oregon DOT has been using its TEAMS system for this purpose since 2001, but 
reports that recent changes to reporting requirements may stymie its ability to provide such 
tracking capabilities in the future.  
 
A simpler approach for estimating in-house costs may be to assume a percentage of overall 
project costs that is attributable to in-house costs. This number can be based on a combination of 
professional judgment and review of sample case studies, and might vary by type of project. 
 
Consultant Services Costs 
 
State DOTs may rely on support from consultants to conduct some environmental mitigation 
activities during the pre-construction phases of project delivery. Consultants supplement in-
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house staff time or expertise and enable DOTs to implement a larger program of projects and 
tackle projects where specialist expertise is required. Arizona DOT, for example, estimates that 
about 80 percent of all environmental work is completed by its consultants rather than in-house. 
Wisconsin DOT estimates that they outsource about 60 percent of their pre-construction project 
work. WisDOT paid consultants $6.164 million in FY01 for environmental services, or 21 
percent of its total budget for environmental costs. 
 
Costs for consultant services are incurred whenever a consultant works on environmental 
mitigation-related activities. Consultants are frequently used by DOTs during the 
NEPA/preliminary engineering and final design/ROW phases of project delivery. Common 
environmental mitigation-related activities performed by consultants include: NEPA document 
preparation services, public involvement services, mitigation study preparation (e.g., for air 
quality, biology, historic resources, noise, water quality, and wetlands), preliminary design to 
support NEPA analysis, parts of project design related to environmental mitigation features (e.g. 
noise walls or storm water ponds), and parts of right-of-way acquisition related to environmental 
features (e.g. land for wetlands). 

Consultant costs in each of these areas include staff time, overhead, and other direct costs for 
items such as equipment, travel, and supplies.  Costs for consultants used during NEPA and 
preliminary engineering are almost exclusively associated with environmental mitigation, and 
they are often therefore easily identifiable. Costs for consultants involved in final design and 
right of way are usually only fractionally related to environmental mitigation and may be harder 
to identify. 
 
Practices for using consultants vary from agency to agency and project to project. At Arizona 
DOT, for example, the agency relies on an on-call roster of five environmental consultants for 
most environmental mitigation activities, particularly during NEPA and preliminary engineering. 
On midsize or large projects, however, many DOTs rely on consultant teams that include sub-
consultants with environmental expertise and in these instances costs attributable to sub-
contractors may be hard to identify. At Maryland SHA, for example, environmental work 
incurred during design is sometimes part of an overall design consultant contract. In such 
instances, SHA’s consultant design team includes specialist sub-contractors and their costs can 
only be identified via review of original contract documents. 
 
Tracking Consultant Costs. In some instances, individual DOT staff specialists keep their own 
records of consultant costs used for their area of expertise using simple spreadsheets. Wisconsin 
DOT’s historian, for example, tracks all consultant expenditures related to historic and cultural 
resources. Such records can be useful, but obviously provide only a partial record of overall 
consultant costs. Wisconsin DOT has had great difficulty in gathering complete information 
about consultant costs. 
 
Some DOTs’ financial reporting systems track all consultant costs by project and by object codes 
that give details about environmental activities. Alternatively, a review of individual consultant 
contracts and actual invoices can provide a similar level of detail. As with in-house staff time 
costs, consultants’ costs fall into two categories:  
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 Stand-alone Environmental Activities. Some consultant contract costs are for stand-
alone environmental mitigation activities where all consultant costs are environmental-
related. On-call consultant costs are often entirely in this category. For example, Arizona 
DOT’s on-call consultant costs are tracked and reported. Utah DOT reports that most of 
its Section 106-related work is conducted using stand-alone contracts that can easily be 
tracked. 

 Activities that Include Environmental Elements. Some consultant contract costs are 
for other activities (e.g., design), which include an environmental component. Oregon 
DOT uses a multiplier to estimate the share of overall consultant costs that include an 
environmental component. 

As with in-house costs, some DOTs may prefer to use professional judgment based on prior 
experience to apply a percentage share of pre-construction or overall project costs to consultant 
costs. WSDOT used this approach in its 2003 study. 
 
Right-of-Way Acquisition Costs 
 
In some instances, additional ROW may be required as part of compensatory mitigation or 
avoidance mitigation. For example, in Washington State, widening of Interstate 5 from four to 
six lanes for two miles required additional right-of-way for a 1.2 acre stormwater detention pond. 
ROW costs include actual land acquisition costs as well as in-house staff costs or consultant 
services costs. In general, a percentage of ROW costs may be attributed to environmental 
mitigation based on the ratio between total ROW required and additional ROW needed for 
mitigation purposes. 
 
Contractor Costs 
 
DOTs rely exclusively on private contractors to build projects designed in-house or by 
consultants. Major elements of contractors’ costs include earthwork, drainage, base courses, 
pavements, structures, and traffic control.  Common project features that may be constructed by 
contractors include wetland restoration, storm water control facilities to control runoff from new 
impervious surface, conservation of historic properties, and noise walls. In addition, permitting 
requirements may stipulate the use of special construction techniques. Environmental mitigation 
costs become a fraction of total costs if a contractor is required to build one or more 
environmental mitigation-related project features. Environmental mitigation costs vary from 
project to project, and the magnitude of environmental mitigation-related costs incurred by 
contractors depends on specifications that are agreed to during a project’s pre-construction 
phase. Some projects may require no environmental mitigation-related construction.  
 
Tracking Contractor Costs. Environmental mitigation-related construction costs must be 
disaggregated from total construction costs, unless the whole purpose of a project is 
environmental, e.g., a noise wall project, or a stormwater retrofit.) Some bid items are almost 
never environmental-related, e.g., asphalt, concrete, and striping, while some bid items are 
exclusively environmental, such as erosion control.  Still others are harder to separate out, e.g. 
facilities to remove stormwater from roadways (required for any project) and treat it (required for 
environmental purposes). 
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Sometimes a separate contractor may be used for environmental mitigation, in which case costs 
are easily separated. Where the same contractor is used for environmental and non-
environmental elements, DOTs are able to use detailed, standardized systems for estimating and 
tracking construction costs as a tool for disaggregating costs. Several data sources may be used 
to verify contractors’ environmental mitigation-related costs: 
 

 The engineer’s estimate. This document is used by the DOT for soliciting and awarding 
construction contracts. The engineer’s estimate provides a detailed breakdown of fair and 
reasonable project costs using unit prices for provision of specific bid items such as 
Portland cement concrete pavement, structural concrete, structural steel, asphalt concrete 
pavement, or embankments. The engineer’s unit prices are based on his or her knowledge 
about labor and materials costs, industry overhead costs, and profit margins, and other 
items. The integrity of States’ contracting processes depend on preparation of accurate 
engineers’ estimates, therefore this information is likely to be acceptable for use in 
estimating environmental mitigation costs. Washington State, for example, has used 
engineers’ estimates for estimating construction-related environmental costs. 

 The contractor’s bid document. In response to a bid advertisement issued by the DOT, 
contractors will submit a bid document that lists their price for all bid items specified by 
the DOT. The successful bidder’s price establishes the overall cost of the project and the 
cost of individual units. Sometimes the successful bidder’s price for the project may 
diverge from the engineer’s estimate. 

 The record of invoices paid, which shows what the DOT ultimately paid for actual units 
of bid items used. Discrepancies between the engineer’s estimate or contractor’s bid 
document may occur; for example, a contractor may find that more or less materials are 
required to complete the job than specified in their original bid. Change orders are used 
to make the design a better fit for the actual field conditions, sometimes a change order 
may result in an increase in project cost.  The invoices paid provide the greatest degree of 
accuracy in estimating costs. Tracking change orders can be complex. 

2.4.4 State-by-State Interview Reports 

Following is a summary of detailed interviews with staff at DOTs in eight States including 
Arizona, Florida, Kentucky, Maryland, Oregon, Utah, Washington, and Wisconsin. An interview 
guide was used to ensure information collected from States was as generally comparable as 
possible. The eight States, however, varied considerably in their degree of expertise with 
collection of environmental cost data. A few of the States interviewed have developed detailed 
methodologies for collecting cost data and were able to provide extensive information such as 
reports and other documentation of methodologies. Other States have only just begun to address 
this issue and were limited to talking primarily in generalities about desired approaches or 
initiatives underway. 
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Arizona DOT 

Background. Arizona DOT’s Environmental and Enhancement Group (EEG) has a limited but 
expanding capacity to track some environmental mitigation costs incurred by the agency during 
project delivery. The focus of ADOT’s efforts at present is on collection of cost data for 
biological resource documentation and mitigation. Cost tracking in other areas is sporadic. The 
general approach ADOT uses to track biology-related costs, however, appears applicable to other 
environmental resources for which ADOT has responsibility. ADOT’s resource-based tracking 
system has great potential as a project management and cost measurement tool. 
 
Motivation for Cost Measurement. Impacts to biological resources are often a concern for 
transportation projects in Arizona, where a rapidly growing population and an expanding 
transportation program necessitate considerable efforts to preserve the State’s unique 
ecosystems. ADOT staff explains the primary motivation for developing its cost tracking 
capabilities has been to enable accurate responses to regular questions from sources outside the 
agency, including legislators and Federal agencies, about expenditures for mitigation of impacts 
to threatened and endangered species. ADOT does not publicly publish cost data, but it is 
available on request. 
 
Tracking Systems. ADOT’s biological cost tracking effort is part of a broader electronic 
environmental information management system that is maintained by EEG staff and was 
developed by in-house ADOT information technology support staff. Running on a Microsoft 
Standard Query Language (SQL) platform, the database enables staff to efficiently track every 
element of the NEPA process on a project-by-project basis from their PCs. Information in the 
system is easily navigable and is updated on a regular basis. ADOT environmental staff uses the 
database for a range of functions such as tracking project staffing and workloads, monitoring 
important environmental study milestones, analyzing key concerns, and reporting the current 
status of individual projects for each specialty (e.g., air, water, hazardous materials, etc.). 
 
ADOT began its efforts to track biological costs on a comprehensive basis in 2003. Almost all 
ADOT’s biological mitigation costs are linked to use of consultants and contractors whose work 
includes biology documentation and any specific actions required as a result of studies. Almost 
all biology-related work (about 90 percent) is conducted by one of ADOT’s pre-approved, on 
call consultants. Biological costs are broken into the following fields, based on information 
collected from these consultants on a project-by-project basis: 
 

 Biological Documentation Cost: This includes pre-construction activities such as 
coordination with agencies, review of relevant literature, field studies, and preparation of 
reports. Cost information is collected from consultant task order documentation, which 
includes detailed standards for reporting hours and costs by activity type that enable costs 
to be broken out.  

 Bio-mitigation Cost, Pre-Construction: This includes mitigation efforts required before 
construction begins, such as species surveys, or exclusionary netting on bridges. Cost 
information is collected from consultant task order documentation. 
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 Bio-mitigation Cost, Construction: This includes mitigation conducted during 
construction. Cost information is collected from ADOT project managers who generally 
provide numbers based on bid item documentation. 

Using the database, ADOT staff can report biology-related mitigation costs program-wide, 
project by project, or even species by species. Not included in EEG’s database is in-house staff 
time, however, this information is tracked via bi-weekly employee timesheets that use 40 
environmental codes. EEG has not made an attempt to integrate staff time costs with the 
consultant and contractor cost tracking capabilities of the database. Staff perceives that staff 
costs are a small share of total biological costs borne by ADOT and that the effort required to 
track this information would exceed the value of having it. 
 
State Funded Projects and Mitigation Requirements. Arizona’s State environmental laws are 
not as broad ranging as Federal environmental laws. ADOT does conduct some projects with 
State funds only, but it uses the same environmental procedures regardless of funding sources. 
(An exception is the Section 4(f) process, which is not required if State funding is used.) Staff 
cite several reasons for following Federal-style procedures including the presence of Federal 
lands throughout Arizona, which necessitates Federal participation in decision-making, and the 
clarity that Federal regulations assure for working with affected stakeholders and resource 
agencies. 
 
Environmental Requirements and Project Scope. ADOT staff provided two examples of 
projects where scopes were scaled back to accommodate environmental concerns: 
 
 Organ Pipe National Monument – The project footprint of a scenic road improvement was 

reduced by reducing the number of rest areas from three to two, which reduced project costs. 
 Highway 82 (Bridge Replacement), Santa Cruz, Arizona – The original detour during 

bridge construction ran through a dry river bed, however, environmental concerns led to a 
solution that maintained traffic on the bridge during construction. This solution was also 
cheaper than building the detour would have been. 

Florida DOT 

Background. Environmental cost measurement is a lower priority at Florida DOT than it is at 
any of the other DOTs that participated in this study. Staff at FDOT describes a decentralized 
organization where practices for collecting information such as environmental costs vary from 
district to district. While FDOT staff provided helpful perspectives on the challenges and value 
of measuring environmental costs, few specifics about methodologies and approaches were 
forthcoming from this interview. 
 
Motivation for Cost Measurement. Florida DOT reports limited internal or external motivation 
for greater measurement of environmental costs. Primary drivers appear to be Federal reporting 
requirements and ease of access to data. 
 
Tracking Systems. Florida DOT has no comprehensive environmental cost measurement 
system. The Department tracks selected environmental costs on a regular basis: 
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 Biology. Since 2001, consultant costs associated with determination of endangered species 

impacts and any required mitigation have been reported annually to FHWA. Data is broken 
out by species using a format requested by FHWA. In-house staff costs are not tracked. Data 
for this report is collected from District staff by an e-mail survey 

 Wetlands. Since 1997, the Department has tracked annual in-lieu fee costs paid to the State’s 
wetlands agency for wetlands mitigation. For 85 to 90 percent of wetlands affected by 
transportation projects, FDOT pays a flat in-lieu fee of $90,000 per acre to the appropriate 
Water Management District in Florida. Districts coordinate closely with Water Management 
Districts who are responsible for conducting wetland restoration either on-site or at a bank 
and maintaining wetlands. FDOT views this approach favorably because it enables holistic 
wetland mitigation efforts that ensure best value is achieved for funds spent by considering 
long-term watershed implications. Cost data is easily collected for these payments. 
Remaining wetland impacts (primarily for saltwater wetlands) are mitigated by FDOT and its 
contractors, but no comprehensive cost tracking exists for these efforts. 

Florida DOT has not considered a broader effort to identify in-house staff costs, consultant costs, 
or construction contractor costs associated with environmental mitigation. Environmental and 
permitting staff use unique time codes, so their time could easily be identified, but tracking 
environmental-related time for design engineers or construction engineers would be difficult. 
Consultant costs are tracked, but environmental costs are not broken out. Florida DOT expressed 
great concern about the amount of time required to extract environmental cost data from 
contractor costs. They indicated it would probably be possible on a project-by-project basis using 
bid item lists or pay item data.  
 
Florida DOT was skeptical about the ability to accurately compare the cost of avoided 
alternatives to the selected alternative. Staff also questioned whether additional costs could be 
fairly attributed to environmental requirements, since many factors often influence the selection 
of a preferred alternative. 

Kentucky Transportation Cabinet 

Background. In the last several years, Kentucky Transportation Cabinet has undergone a 
significant transformation in its commitment to environmental stewardship. Efforts such as the 
agency’s innovative “Communicate All Promises” program to ensure all environmental 
commitments are kept, and its nationally recognized Context Sensitive Solutions initiative are 
making the agency much more sensitive to environmental considerations. As part of this 
philosophy, KTC also acknowledges it must also practice responsible management of 
environmental costs. The agency emphasizes strongly that while work is underway in this area, 
staff understanding of environmental costs has yet to reach maturity. Given the infancy of KTC’s 
efforts, this interview was most valuable in providing the perspectives of a practitioner at the 
outset of measuring environmental costs. 
 
Motivation for Cost Measurement. KTC would like to be able to improve its project cost 
estimates, understand how costs are changing over time, and demonstrate responsible cost 



 

36 

management practices. One use for cost information cited by KTC is “benchmark” costs for 
typical environmental activities that can be used in project development. 
 
Cost Tracking Systems. KTC does not have a comprehensive tracking system in place, but the 
agency recently undertook a labor-intensive review of all 2000 to 2005 environmental costs. The 
study was reportedly based on data from design contracts and contractor bids. The study focused 
on basic compensatory costs and did not include consideration of many avoidance costs. The 
agency is not ready to share the results of its study; however, staff indicated that although costs 
appear to be steady over time, archaeology costs in particular are a major issue. The study 
appears to have led to creation of 22 new activity codes for use by environmental staff and a 
comparable set of 22 codes for tracking consultant activity, which were implemented in late 
Spring 2005. Specific comments from KTC about environmental costs incurred during project 
development include: 
 

 Planning. Some environmental costs are incurred during planning, but these numbers 
were not included in KTC’s study.  A limited Environmental Overview may be prepared 
for some projects. It usually includes brief field reviews to “raise a flag over showstopper 
issues.”  

 Preliminary Engineering. This includes NEPA document preparation, which may be 
done in-house, but is often done by consultants. In-house staff time spent on NEPA 
documents or review of consultants’ work is not tracked, but consultant costs could be 
tracked. Sub-contractors on a design team often conduct environmental work, but work 
scopes include costs for environmental components.  

 Final Design. A few environmental costs may be incurred at this phase, but not many 
according to KTC staff.  

 ROW Acquisition. Additional ROW may be required for wetlands and stormwater 
treatment facilities. Costs include staff time for negotiations as well as land costs. 

 In-Lieu Fees. KTC pays an in-lieu fee to the Kentucky Department of Natural Resources 
for wetland and stream mitigation. 

 Construction. Some bid items are unique and clearly environmental such as noise walls, 
but others such as earth moving may include an environmental component. KTC has no 
methodology for determining environmental costs in this instance. 

KTC has recently introduced two new sets of 22 environmental staff activity codes and 22 
consultant activity codes (See Table 3) that are expected to improve the agency’s cost tracking 
capabilities. KTC believes that avoidance costs are not easily estimated. 
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Table 3.  KTC Staff and Consultant Activity Codes   

 
 

 

 

 

 

 

Maryland SHA 

Background. Maryland SHA has a decade-long track record of collecting selected 
environmental cost information for internal use. The agency has not, however, routinely used this 
information to prepare comprehensive estimates of environmental costs. 
 
Maryland SHA estimates that most of its environmental costs are incurred for mitigation related 
to reforestation (a State-level requirement), stormwater, wetlands, stream restoration, noise 
walls, and historic and cultural resources. Staff indicates that comprehensive project-level 
measurement of environmental costs could be achieved via careful review of existing systems, 
but would be extremely labor-intensive without major overhaul of the way cost information is 
collected. 
 
Motivation for Cost Measurement. SHA’s primary motivation for environmental cost 
measurement is internally driven. SHA uses environmental cost data from old projects to help 
develop estimates of environmental costs for new projects. Project managers, however, use past 
data only as a guide to projecting new project costs, since every project is different. This use of 
cost data occurs on an informal basis, with project managers self-selecting comparative projects 
and reviewing any data independently. Unlike Washington State DOT and Oregon DOT, 
Maryland SHA has not received strong external pressure to provide accounting for its 
environmental costs.  
 
Cost Tracking Systems. All SHA staff time and pre-construction consultant activities are 
tracked using SHA’s Financial Management Information System (FMIS). This system assigns a 
specific alphanumeric code to each project and consultants and in-house staff use project-specific 
charge codes for different activities. A single EIS document, however, may subsequently be 
designed and constructed in several phases each with an independent project code. As a result, 
FMIS data may not provide a straightforward way to track total environmental costs for a 
project. SHA does not use FMIS data for review of environmental costs. 
 
At SHA, most mitigation activities such as wetland restoration, noise walls, and stream 
restoration are almost always designed and constructed under separate contracts from overall 
design and construction, which ensures data are easily available. By contrast, stormwater and 
erosion control features are usually conducted as part of overall project design and construction 
and are therefore harder to track separately.  

Adv. stream mitigation dev. Env. project manager Permitting 
Adv. wetland mitigation dev. Facilities Permitting in-lieu fees 
Air quality General geological Permitting mitigation 
Aquatic ecology Historic Socioeconomic 
Aquatic mitigation Historic mitigation Socioeconomic mitigation 
Archaeology Noise Terrestrial ecology 
Archaeology mitigation Noise mitigation Terrestrial mitigation 
  UST/HZM 
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During construction, Maryland SHA employs environmental inspectors to monitor 
environmental components of construction.  
 
State Funded Projects and Mitigation Requirements. In Maryland, few if any environmental 
costs can be avoided by using only State funds on projects. Maryland’s State environmental 
regulations closely mirror Federal regulations. For example, the Maryland Environmental 
Protection Act is the same as NEPA. Maryland’s water quality, reforestation, and endangered 
species requirements are more stringent than Federal regulations. 
 
Environmental Requirements and Project Scope. Maryland SHA staff is skeptical that project 
costs are ever reduced as a result of environmental regulations, except in instances where a 
project is not pursued. SHA staff interviewed could identify no examples of scope reductions 
with cost savings. As an example, staff described a project where the footprint was narrower, but 
since the median was eliminated, crash barriers and other safety devices added to the project 
costs. 

Oregon DOT 

Background. Oregon DOT is the only State DOT interviewed that prepares a comprehensive 
annual estimate of its environmental costs; therefore, this interview was a particularly valuable 
source of detailed information. Despite developing detailed methodologies for estimating its 
environmental costs, ODOT staff recognizes that data included in its annual reports is only an 
estimate. Since 1999, Oregon DOT has been required by State statute (Oregon revised Statute 
184.666) to estimate the cost incurred in response to new mandates and legislation relating to 
environmental concerns: 

 
“The Department shall develop a summary that shows, to the extent it can be 
determined, how the department’s costs for maintenance, preservation, and 
modernization are affected by state and federal mandates, environmental 
regulations, or other factors that have a significant impact on cost.”  

 
ODOT estimates that 70 mandates, laws, regulations, and ordinances affect its environmental 
compliance costs. (47 Federal, 22 State, 1 local) For fiscal year 2004, the Department spent 
$33.0 million on environmental compliance activities, or 4.8 percent of ODOT’s budget for its 
Transportation Operations Division and Transportation Development Division combined. 
Biology, wetlands and water quality account for more than half ODOT’s environmental costs.  
 
Motivation for Cost Measurement. ODOT has responded to legislative pressure as an 
opportunity to account for the costs of all environmental regulations.  
 
Cost Tracking Systems. Oregon DOT has developed detailed methodologies for measuring 
costs. Some costs are derived from actual costs as reported in ODOT’s financial accounting 
systems, such as costs of personnel engaged wholly in environmental compliance. Other costs 
are estimated based on past experience, such as environmental costs for personnel engaged in a 
primary activity such as design where the response to environmental mandates is diffused within 



 

39 

the overall work effort is more difficult. Specific elements of ODOT’s cost tracking 
methodology include: 
 

 Planning Costs. Budget allocations for activities that address environmental mandates 
are identified and then a level of effort applicable to the mandate is estimated and finally 
calculated against the budget for the appropriate activity.  

 
 Preliminary Engineering/Environmental Costs. This is largely a summary of true costs 

since all environmental personnel are engaged full time in applying environmental 
mandates.  Since environmental staff is also specialized, there is a very good match 
between costs and each category, such as wetlands. 

 
 Right-of-Way Costs. The largest cost factor in right of way is the purchase of property 

for mitigation sites, usually for wetlands and noise walls.  These are true costs.  In 
addition there are some estimated costs that relate to personnel costs of compliance. 

 
 Design Costs. Differentiating design work between normal design and design for 

environmental mandates is very difficult. Managers were asked to estimate the 
percentage of time spent by their crews on environmental design issues.  This percentage 
was then applied against the aggregate personnel costs expended by each design unit. For 
some design functions, namely those dealing with water quality, erosion control, and 
hydraulic design, the costs were more directly discernable.   

 
 Construction. Environmental cost items are most readily discernable in the bid items 

rather than the progress payments.  The item is accounted for in the year that it is bid.  
This cost grouping experiences significant variability year to year. 

 
 Maintenance. There are some maintenance personnel assigned to environmental issues 

where true costs could be captured.  There are also some activities that are tracked on a 
true cost basis.  However, some costs are estimates and include labor, equipment, 
supplies, and services as well as contract work.  Maintenance activities are not performed 
at the same level, consistently, year after year.  This is primarily due to weather 
influences such as flooding, severe snow, etc.  The applicability of environmental 
requirements varies throughout the State resulting in environmental costs varying from 
maintenance district to maintenance district.     

 
ODOT does not report what it calls “indirect costs,” such as the cost of providing a small bridge 
rather than a culvert to enable fish passage, that vary with each individual situation. Nor does the 
Department calculate costs or savings due to avoidance of impacts to resources calculated.  
These types of costs and savings, according to ODOT staff, lie in the realm of the “road not 
taken” and are extremely subjective to measure and arguable as to outcome. 
 
State Funded Projects and Mitigation Requirements. In Oregon, as with several other States 
interviewed, few if any environmental costs can be avoided by using only State funds on 
projects. Oregon’s State environmental regulations closely mirror or even exceed Federal 
regulations.  
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Environmental Requirements and Project Scope. ODOT staff were unwilling to speculate 
about whether environmental requirements might reduce a project’s scope without a detailed 
review of projects.  They noted that in general, “the path not taken” is highly subjective and 
almost impossible to quantify in terms of either added costs or savings. 

Utah DOT 

Background. Utah DOT tracks some components of overall environmental costs, but the 
Department anticipates that it may be able to provide a more comprehensive estimate of 
environmental costs in the future as part of a broader effort to improve efficiency and 
accountability at UDOT via creation of an electronic project management system called “ePM.”  
 
Motivation for Cost Measurement. Utah DOT’s primary motivations for measuring 
environmental costs are to provide information to FHWA and to use for internal project cost 
estimating processes, particularly for wetlands and noise walls. The Department also seeks to 
ensure that its environmental practices are fiscally responsible. The State Legislature is likely to 
start requiring UDOT to report its archaeology costs. 
 
Cost Tracking Systems. At present, UDOT does not have a comprehensive environmental cost 
tracking system in place. The Department is developing an electronic project management (ePM) 
system using an Oracle database platform. The system is almost complete and it will enable 
much better tracking of environmental costs. The ePM will include about 25 environmental-
related activity codes that will allow better tracking of staff time and consultant costs. The ePM 
will also allow project managers to predict environmental costs based on standard defaults for 
different types of activities. The system will be improved as more information is gathered over 
time.  
 
At present, Utah DOT tracks several elements of overall environmental costs on a fairly informal 
basis, including: 
 

 Noise abatement construction costs per linear foot by height, based on past year’s 
projects and reported to FHWA; 

 Threatened and endangered species – reported to FHWA; 
 Wetlands monitoring costs – based on Statewide Transportation Improvement plan 

(STIP) data, typically about $100,000 per year Statewide; 
 Wetlands mitigation costs – $50,000 to $75,000 per acre usually; 
 In-lieu fees for wetlands mitigation – $100,000 per acre 

 
Specific comments from UDOT about environmental costs incurred during project development 
include: 
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 Planning. Staff time will be tracked by the new ePM system. Most costs incurred during 
planning are not environmentally related. Activities may include a general scan of 
sensitive resources in the proposed corridor and some public involvement. 

 
 Preliminary engineering and NEPA. UDOT staff is always involved at this phase, but 

consultants may be used to prepare an environmental document, particularly if an 
Environmental Assessment or EIS is required. 

 
 Final design. At this stage, a final project alignment is known and UDOT estimates that 

less than 10 percent of final design costs are related to environmental mitigation. 
 
 Right of way. According to UDOT, costs may include additional land for stormwater 

retention ponds or wetlands, and clean up of contamination. UDOT has no simple way to 
identify these costs other than to pull up each parcel and examine its use in the project. 
UDOT staff thinks that environmental mitigation-related ROW costs are a small 
proportion of total project costs. 

 
 Construction. Large UDOT projects include an Environmental Control Supervisor for 

the contractor and a UDOT environmental monitor. UDOT has not tracked its 
construction-related environmental costs, but staff thinks that bid item lists could be used 
to collect this information. Some bid items are exclusively environmentally related, but 
others would have to be subdivided, such as erosion control and earthwork. Likewise 
construction engineers’ time would have to be subdivided. 

 
State Funded Projects and Mitigation Requirements. In Utah, as with several other States 
interviewed, few if any environmental costs can be avoided by using only State funds on 
projects. Utah’s State environmental regulations are similar to Federal regulations and a lot of 
land in Utah is Federally controlled. One exception is use of State funds would avoid Section 
4(f) requirements, which UDOT staff estimate could save about $10,000 to $30,000 on a typical 
project where 4(f) issues occur. 
 
Environmental Requirements and Project Scope. UDOT staff acknowledges that 
environmental requirements might reduce a project’s scope. They cited an instance during 
Purpose and Need development where a smaller interchange was chosen with consequent money 
savings. 

Washington State DOT 

Background. Washington State is one of only two States interviewed in this study that has 
examined the environmental cost of its projects in detail. In May 2003, Washington State DOT 
(WSDOT) investigated the environmental mitigation costs associated with 14 projects that have 
recently been constructed or are planned for construction in the near future. The projects 
included five interchanges, seven widenings or lane additions, and two preservation projects. 
Based on the findings reported by Washington State, environmental mitigation costs for WSDOT 
projects are most commonly attributable to stormwater, wetlands/streams, or noise-related 
requirements.  
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For the projects studied, the percent of project costs spent on environmental mitigation ranged 
from 4 percent to 34 percent and the absolute value of mitigation costs ranged from $55,000 to 
$27.93 million. The median share of costs attributable to environmental mitigation was 12 
percent. According to WSDOT, there is no clear pattern for the scale of mitigation costs in 
relation to project size. The setting of projects in relation to neighborhoods, streams, and 
wetlands were more critical factors. 
 
Motivation for Cost Measurement. WSDOT’s 2003 report was intended to provide 
information to the State Legislature about WSDOT’s environmental costs. According to 
WSDOT staff, a considerable amount of “misinformation” was circulating about how much 
WSDOT spends on environmental mitigation. The study helped alleviate these concerns. 
WSDOT has since incorporated the results of the study into its cost-estimating procedures. 
WSDOT may periodically update the study with a fresh sample set of projects, but because this 
requires considerable effort, no comprehensive cost measurement effort is planned. 
 
Cost Tracking Systems. For each project, the cost components included in the WSDOT 
estimates include: 
 

 Environmental component of construction cost (taken either from contractor’s bid 
document or engineer’s estimate), 

 Share of total right of way acquisition cost (based on discussion with project team), 
 Allocated share of contractor’s mobilization (based on discussion with project team, 

usually assumed to be 10 percent of overall construction amount), 
 Allocated share of WSDOT’s cost for construction engineering and administration (based 

on discussion with project team), 
 Allocated share of WSDOT cost for planning, NEPA, and design (based on discussion 

with project team, usually assumed to be 5 to 15 percent of overall project costs). 
 
Data for each of these elements is tracked in WSDOT’s electronic Program Delivery System, 
which provides a comprehensive accounting system for the Department. 
 
WSDOT estimates that the project required approximately 150 person hours per project for 
compilation of information. For each project, the contractors bid item list had to be reviewed 
item by item by the project team since WSDOT’s bid item categories often blend environmental 
and non-environmental activities that must be correctly apportioned. As an example, 15 bid 
items address stormwater which must be removed from the road regardless of environmental 
concerns and costs to do this should not be counted as environmental costs. Once removed from 
the road, however, stormwater becomes primarily an environmental concern. Contractor’s bid 
item estimates were generally found to be within 1 or 2 percent of actual costs, so bid estimates 
were used. 
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Wisconsin DOT 

Background. Going back to the late 1990s, the Wisconsin State Legislature has repeatedly asked 
WisDOT to provide a complete accounting for its environmental costs, but the Department has 
struggled to respond fully. In 2002, WisDOT prepared a highly labor-intensive estimate of its 
complete FY01 environmental costs. Unsatisfied by this response, the State Legislature directed 
the State’s Legislative Audit Bureau to conduct an additional study in FY02 using WisDOT’s 
data. The LAB study reported that WisDOT’s FY01 environmental costs were $29.1 million for 
construction bid items, consultant contracts, and staffing related to safeguarding the 
environment. Stormwater and erosion control are WisDOT’s largest environmental cost 
categories. 
 
Motivation for Cost Measurement. WisDOT’s primary motivation for attempting to measure 
environmental costs is direct requests from its State Legislature; however, the Department also 
sees value in using the data internally to improve project management can cost estimating 
processes. 
 
Cost Tracking Systems. WisDOT’s ability to modify its outdated Financial Management 
System (FMS) has been a big hurdle to better cost management. The FMS was originally 
developed in the 1950s, according to WisDOT staff, and it includes only a handful of 
environmental-related activity codes. WisDOT has had great trouble extracting reliable cost 
information about staff time and consultants’ activities from the FMS. WisDOT’s initial FY01 
estimate of its environmental costs was literally based on review of thousands of hand printed 
pages of data from FMS and consultant contracts and is not reproducible on an annual basis. 
Likewise, Wisconsin has also had great difficulty in breaking out bid items that include 
environmental and non-environmental components. A task force that involves contractors is now 
attempting to reach general rules of thumbs for attempting this activity.  
 
One result of the 2003 LAB report is a requirement that WisDOT must develop a new project 
management system that is capable of tracking environmental costs project by project. WisDOT 
is now in the process of developing such a system and it is about to be started on a pilot basis. 
 
State Funded Projects and Mitigation Requirements. WisDOT does not use State funds to 
avoid Federal environmental regulations because, according to WisDOT staff, Wisconsin’s State 
environmental regulations are similar to Federal regulations and more stringent in places. 
 
Environmental Requirements and Project Scope. WisDOT staff doubts that project costs are 
reduced on a regular basis because of the fact that environmental requirements might reduce a 
project’s scope. They cited an instance on a highway geometrics project (eliminating bumps, 
curves, widening shoulders, etc.) where issues related to Native American cultural artifacts led to 
a reduced footprint with narrow shoulders. While the costs of this alternative were probably 
lower, the time taken to arrive at this solution was considerable. 
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3.0  BUY AMERICA 

3.1 Background 

It is widely known that the use of Federal-aid funding for highway transportation projects is 
associated with additional regulatory requirements.  Buy America is among these regulations and 
affects contracting agency procurements by giving preferential treatment to domestically 
produced steel and iron products.  The FHWA’s Buy America policy requires that all Federal-aid 
construction projects use steel and iron that was manufactured in the United States if these 
materials are permanently incorporated into the project.   
 
The primary intent of Buy America requirements was to protect the U.S. steel industry in order 
to support the domestic economy.  This protection of the steel industry may provide positive 
economic benefits through stimulated domestic economic activity and reduced risk of failing to 
meet resource needs during times of war, but in some cases could have negative consequences 
such as higher domestic steel prices, increased highway construction project costs, and market 
inefficiency.   
 
Whether or not Buy America provides a net benefit or a net cost to society is far from being 
resolved.  To date, there have been no studies identified that actually estimate the costs and/or 
the benefits of the Buy America requirements as they relate to Federal-aid highway projects.  
Furthermore, the economic impacts of protectionism in general are still not fully understood and 
are still an issue of great debate.  The purpose of this examination is to explore the potential 
benefits and costs of Buy America requirements on Federal-aid highway construction projects 
and to further identify the compliance factors perceived to create the greatest costs to project 
sponsors.   
 
All Federal-aid construction projects must require that all iron and steel materials permanently 
incorporated into the project be manufactured in the United States.  This domestic requirement 
applies to the manufacturing process; from the initial mixing and melting process all the way to 
the coating process.  Exceptions to Buy America requirements are permitted in the following 
circumstances: (1) the amount of foreign steel and iron materials is minimal, meaning it does not 
exceed 0.1 percent of the total contract value, or $2,500, whichever is greater; (2) the State 
permits alternate bids for foreign versus domestic steel and iron materials and the total bid for the 
contract using domestic steel and iron materials is higher than the total bid for the contract using 
foreign steel and iron materials by more than 25 percent of the total bid using foreign source 
materials; and (3) the State requested waiver to permit use of foreign steel and/or iron materials 
is approved by the FHWA.  Additionally, two nationwide waivers to Buy America have been 
approved by the FHWA, thus exempting specific ferryboat parts and exempting covered pig iron, 
scrap, raw alloy materials, and processed, pelletized or reduced iron ore.  
 
America has had a long history of protectionist economic policies.  Tariffs, import quotas, 
exchange controls, and subsidies represent the most common forms of protectionist policy.  Buy 
America requirements are a form of protectionism because they give preferential treatment to 
domestic industry in government projects and procurements.  The first instance of this type of 
protectionism was congressionally mandated in 1875 and was applied to purchasing by the U.S. 
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Department of War.  This was then superseded by the Buy American Act of 1933, which 
expanded the procurement requirements to all manufactured goods and raw materials and 
covered all Federal government agencies and departments.  This act was only applicable to 
purchases made by the Federal government, not to grants made by Federal agencies.27   
 
Protectionist requirements of this nature were first applied to the Federal-aid highway program 
by the Surface Transportation Assistance Act of 1978.  Buy America requirements, as they are 
now applied to Federal-aid highways, were created by Section 165 of the Surface Transportation 
Assistance Act (STAA) in 1982.28  In this Act, congress specified that all highway projects 
receiving Federal-aid had to use steel, cement, and other manufactured products that were 
produced in the United States.  Cement was removed as one of the product requirements of Buy 
America in 1984. 29 The final rule published by FHWA implementing this Act had waived the 
requirement for all manufactured products and only applied the Buy America rules to steel 
products.  This act was last modified by Sections 1041(a) and 1048 of the Intermodal Surface 
Transportation Efficiency Act (ISTEA) of 1991 which expanded the Buy America requirements 
to include iron products.  It should be noted that Buy America requirements for Federal-aid 
highway projects are different from the Buy American requirements that still apply to other 
sectors.  While Buy America only applies to steel and iron, Buy American requirements apply to 
the Federal procurement of roughly 100 programs. 

3.2 Literature Review 

Buy America requirements have been criticized as being burdensome and costly to Federal-aid 
highway projects and government procurements.30  There are, however, few studies relating to 
the specific costs and benefits of Buy America, as applied to Federal-aid highways.  To obtain a 
general sense of the costs and benefits of Buy America as it is implemented by FHWA, this 
review will explore related literature on the costs and benefits of protectionism in general and as 
it relates to the steel industry and Buy American as it is instituted by other Federal agencies.   

3.2.1 Literature Relating to the Benefit of Buy America 

There are no studies that attempt to quantify the benefits of the Buy America compliance on 
Federal-aid highway projects.  However, the potential benefits can be seen by addressing the 
broad arguments for protectionism (e.g., protection against unfair competition, national security 
interests and protection of domestic jobs).  
 

                                                 
27 McDaniel, James B and Jaye Pershing Johnson. September 2001. Guide to Federal Buy America Requirements. 
Report prepared for the Transit Cooperative Research Program of the Federal Transit Administration. No. 17 
28 Federal Highway Administration (FHWA). 2001. Contract  
Administration Core Curriculum: Participant's Manual and Reference Guide. Washington, D.C. 
29 Section 10 of Public Law 98-229 
30 Poole, Robert W. Jr. October 1996. Defederalizing Transportation Funding. Reason Public Policy Institute. 
http://www.rppi.org/ps216.html and Roth, Gabriel. April 2003. Federal-Free Highways. Cato Institute. Washington, 
D.C.  

http://www.rppi.org/ps216.html
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The original intent of Buy America as applied to the Federal-aid highway program was to help 
protect American industry from what was seen at the time as unfair competition as a result of 
protectionist policies such as government subsidies enacted by European countries and Japan.  
Congressional reports have noted that the harm to American business as a result of foreign 
policies “adds to the trade deficit, fuels inflation and leads to unemployment and reduced 
productivity.”31  The American Iron and Steel Institute (AISI), an advocacy group for the 
domestic steel industry, has taken the position that Buy America benefits the U.S. economy since 
money invested domestically spurs economic activity, citing U.S. DOT claims that every $1 
billion invested nationally in infrastructure improvements stimulates economic activity by $2.6 
billion and creates roughly 42,100 jobs.32  While protection of jobs, economic productivity and 
the stability of the economy are the assumed benefits that collectively formed the justification of 
the Buy America act, there have been no studies that provide evidence correlating Buy America 
to these benefits.  Further, whether or not protectionist policies in general protect or are 
detrimental to the national economy has been a subject of persistent and impassioned debate 
among academics, politicians, activists and other segments of society.  
 
A benefit claimed by advocates of protectionist policies in general is the reduced risk to national 
security through the continued development of certain industries (e.g., steel and iron 
manufacturers) within the U.S. economy.  Some key industries, it is argued, are necessary to 
maintain in case of a serious national security threat that cuts off trade for essential materials 
from other countries.  This reasoning is easily applied to the domestic steel industry since much 
of the machinery and equipment used in defense are largely made of iron and steel.  In 2001 the 
U.S. Department of Commerce investigated whether imports of iron and semi-finished steel 
could threaten or impair national security.33  It was determined that while iron ore and semi-
finished steel are necessary for national security and over dependence on foreign sources of these 
goods is a threat to national security, there is no evidence to suggest that imports of these 
products threaten the ability of domestic producers to meet the needs of national security.  These 
conclusions were based on information from public comments, public hearings, industry surveys, 
industry site visits, and consultation with government agencies.  It is important to note that: (1) 
these conclusions were based on current factors affecting defense and industry and because these 
factors can change, these conclusions are not timeless; and (2) if it was actually determined that 
steel and iron imports were a current threat to national security, the benefits associated with 
averting potential risk to national security through protectionist policies like Buy America would 
be extremely difficult to quantify due to the complexity of the issue and the numerous 
uncertainties in gauging national security risk.  

                                                 
31 Quoted in McDaniel, James B and Jaye Pershing Johnson. September 2001. Guide to Federal Buy  
America Requirements. Report prepared for the Transit Cooperative Research Program of the Federal Transit 
Administration. No. 17 
32 AISI (American Iron and Steel Institute) Policy Positions Environment:  
Infrastructure/ Buy America. No Date.  
33 U.S. Department of Commerce Bureau of Export Administration. October 2001. The Effect of Imports of Iron Ore 
and Semi-Finished Steel on the National Security. An Investigation Conducted Under Section 232 of the Trade 
Expansion Act of 1962, as amended. Washington, D.C. 
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3.2.2 Literature Related to the Costs Associated with Buy America  

This section of the report highlights the potential costs of the Buy America act.  In view of the 
fact that literature identifying the costs of the Federal-aid highway Buy America has not been 
fully investigated and we have found no studies that attempt to quantify these costs, literature 
relating to the costs of similar programs can be used to identify the types of costs associated with 
these provisions and the potential magnitude of these costs.  
 
In general, one of the main criticisms of protectionist policies such as Buy America has been that 
they lead to higher domestic prices.  Economic theory would hold that restriction of imports 
decreases competition, thus leading to reduced supply and higher prices.  To date, there has been 
no study correlating Buy America specific provisions with increased domestic steel prices.   
 
Even if no significant correlation exists between Buy America and higher domestic steel and iron 
prices, any price differential between domestic and foreign produced steel at the time of project 
construction will impact project costs.  Although no study exists that evaluates the impact of Buy 
America due to higher domestic steel and iron prices on highway projects, this topic could be 
explored by analyzing the historical differences between foreign and domestic product prices for 
these goods and relating them to highway projects that receive Federal-aid, after accounting for 
several factors including transport costs.   
 
Another criticism of protectionism is that these policies breed inefficiency within the protected 
industries.  Observations of the U.S. steel industry indicate that during the time that the steel 
industry has received protection, a greater share of profits were being divested, new technologies 
were slow to be adopted relative to foreign steel companies and the industry has had very high 
wages compared to the rest of the domestic manufacturing sector.34  The magnitude of the costs 
associated with these inefficiencies and how much Buy America protections have added to that 
inefficiency has not been analyzed.   
 
There are also costs associated with administering and enforcing Buy America requirements.  
These costs include: the time spent by industry to provide the documentation regarding the origin 
of materials, agency administration of the materials certification process and any project delays 
as a result of Buy America compliance.  These costs have not been explored with respect to 
Federal-aid highway projects.  However, in a report exploring Federal and State requirements 
imposing the greatest compliance burden on Federal Transit Administration (FTA) program 
administration, program officials cited Buy America as causing the most delays in FTA funded 
procurements and projects.35  However, even though the Buy America requirements are similar 

                                                 
34 Carbaugh, Robert and John Olienyk. February 2004. U.S. Steelmakers in Continuing Crisis.  Challenge vol. 47, 
no. 1. pp. 86–106 and Tornell, Aaron. 1997. Rational Atrophy: The US Steel Industry. National Bureau of Economic 
Research Working Paper Series, NBER Working Paper #6084. Cambridge MA 
 
 
35 Sheys, Kevin M., Robert L. Gunter and James B. McDaniel. December 1996.  Requirements that Impact the 
Acquisition of Capital-Intensive Long-Lead Items, Rights of Way, and Land for Transit. Legal Research Digest No. 
6 
 



 

48 

between the FHWA and FTA, the experiences between the agencies will not be identical because 
the scope and administration of the programs by these two agencies are dissimilar.   

3.3 Benefits of Buy America  

No studies have been identified that attempt to quantify the benefits of the Buy America 
compliance on Federal-aid highway projects.  However, the potential benefits can be seen by 
addressing the broad arguments for protectionism (e.g., protection against unfair competition, 
national security interests and protection of domestic jobs).  

3.3.1 Support for the Domestic Economy   

The assumed benefits of Buy America are protection of U.S. steel and iron manufacturing jobs, 
improved economic productivity and stability for the U.S. economy.  However, these benefits 
have not been critically analyzed or confirmed.  Furthermore, as previously mentioned, great 
debate exists over whether protectionist policies are actually beneficial to a domestic economy or 
in fact are a net detriment.  The net affects of protectionist policy in general, and the Buy 
America Act specifically, are difficult to decipher because they are wide-ranging and occur in a 
massive and dynamic economy.   
 
One perspective on the economic benefit of protections for the steel industry is that Buy America 
may benefit certain regional economies while harming others.  For instance, the steel industry 
has traditionally been located in the eastern and mid-western regions of the United States.  These 
regions may benefit from Buy America related steel purchases – steel purchased in the U.S. that 
would have otherwise been purchased by a foreign source – through sustain or increased jobs 
and increased economic activity.  However, States and regions requiring steel and iron for 
Federally funded transportation projects that do not have a major steel industry may be paying 
more for steel and have to absorb the administrative costs for Buy America compliance while not 
receiving any of the regional economic benefits.  From this point of view, Buy America is 
effectively a transfer payment, when domestic product prices are higher than foreign prices, from 
States that do not have major iron and steel industries to States that do have these industries.   

3.3.2 Strategic Protectionism for National Security  

It is often argued that the U.S. iron and steel industries are essential to national defense and, in 
the past, have played a key role for providing the U.S. with defense goods in times of war.  If this 
industry is threatened with competition from other countries, it may decline to the point where it 
would not be able to security needs in a timely manner in case of future conflict.   
 
Several questions arise when evaluating this argument as a rational for the Buy America 
requirements and finding ways for addressing each poses great methodological difficulties.  The 
first question is whether foreign competition threatens the ability the U.S. iron and steel industry 
to meet the needs of national security.  This question was addressed by the U.S. Department of 
Commerce study “The Effect of Imports of Iron Ore and Semi-Finished Steel on the National 
Security” discussed earlier, which concluded that imports of iron ore and semi-finished steel 
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products do not threaten the ability of domestic producers to meet the needs of national 
security.36   
 
However, if the conclusions of this study are incorrect and the ability of the U.S. iron and steel 
industry to provide goods in times of war is indeed threatened, the next question that needs to be 
answered would be whether or not Buy America, as a policy tool, is effective at providing the 
needed protection.  To date, there have been no efforts to critically evaluate the extent that Buy 
America, as applied to highway projects, has helped to sustain the steel and iron industry, if at 
all.  Even if research had confirmed that Buy America has helped to support the iron and steel 
industry, the evaluation of whether or not it is a beneficial policy tool would still require further 
analysis of the risk to national security averted and the benefits of that averted risk.  The benefits 
associated with this would be extremely difficult to quantify due to the complexity of the issue 
and the numerous uncertainties in gauging national security risk.  

3.4 Costs of Buy America  

The major costs items that could be imposed on Federally funded transportation construction 
projects by compliance with Buy America are higher iron and steel prices, higher overall project 
costs, reduced bidding competition and project delays.  These costs may be absorbed by State 
transportation programs and Federal-aid funds.  Contractors may potentially also bare these costs 
depending on how much they are able to pass on these costs to their customers.  Additionally, 
costs imposed by project delays and market inefficiency occur at a societal level as well.   
 
Aggregating Buy America project compliance costs on a national level would be a difficult task 
due to two factors.  First, the compliance costs will vary significantly depending on the nature 
and size of the construction project.  Projects most affected by Buy America compliance are 
bridge construction projects and ferry terminal construction projects.  This is primarily because 
of the size and immense quantity of the iron and steel products required for these projects.  On 
these projects, project designers occasionally have trouble finding the materials in sufficient 
enough quantity domestically to fulfill the needs of the project and, therefore, must commit extra 
effort towards applying for a Buy America waiver or finding other solutions.  The marginal costs 
that Buy America imposes on projects will also depend on State statutes.  Some States may adopt 
regulations that mirror Federal Buy America requirements.  In these States, the Federal Buy 
America requirement would not impose additional costs for some compliance activities since 
they are already required by the State.  Many States do not have equivalent Buy America statutes 
and therefore any Buy America compliance activity represents an additional cost. 
 
The following sections identify the major Buy America compliance cost items.  Wherever 
possible, case examples are given and a range of costs are presented for these cost elements.   

                                                 
36 U.S. Department of Commerce Bureau of Export Administration. October 2001. The Effect of Imports of Iron Ore 
and Semi-Finished Steel on the National Security. An Investigation Conducted Under Section 232 of the Trade 
Expansion Act of 1962, as amended. Washington, D.C. 
 



 

50 

3.4.1 Material Origin Inspection  

On the part of State transportation administrators, the minimum level of effort that must be 
expended in order to ensure that steel and iron used on Federal-aid transportation projects was 
manufactured in the U.S. is tracking product origin documentation.  This task can be performed 
in-house or contracted out.  In either case, the time needed to obtain and inspect documentation 
on the materials origin and to complete any additional paperwork that may be required represents 
an additional cost to a project.   
 
The scale of this cost is not easily identified because it will likely vary significantly depending 
on the size and type of project.  Further, because it is often performed in-house, the costs 
specifically linked to this activity are not often tracked.  One identified example of the costs of 
this activity is provided by Alaska DOT representatives.  On Federal-aid construction projects in 
Alaska, an outside consultant is hired to inspect the materials and certify the domestic origin on 
Federal-aid highway projects.  The total fee for these tasks was estimated to range from between 
$30,000 to $120,000, 10 to 15 percent of which was estimated to be attributed towards Buy 
America compliance.  This gives a range of $3,000 to $18,000 per project for material 
certification.   

3.4.2 Steel Prices 

A major concern of Buy America as applied to Federal-aid highway projects is the affect of iron 
and steel prices on overall project costs.  When there is a significant differential between foreign 
and domestic iron and steel prices, projects required to comply with Buy America may cost 
significantly more than they would have if foreign steel could be used instead.   
 
In 2004, the entire market for steel experienced sharp price increases squeezing steel consumers 
such as transportation projects.  The following graphs show the recent trends in prices for hot 
rolled coil (HRC) and rebar.  U.S. prices for these products were consistently higher than of 
equivalent products in Europe and Asia until 2003.  U.S. prices for rebar briefly outpaced 
European prices during the steel price boom of 2004 but remained significantly higher than Asia 
prices for that period.  U.S. HRC prices remained higher than Europe and Asia for that period.  
When US steel prices surpass world steel prices, transportation project managers do not have the 
option of importing cheaper steel.  
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Figure 2.  U.S., Europe and Asia Steel Prices for HRC and Rebar $US/ton37 

 
To keep project costs from escalating too high, an exception to the Buy America requirement is 
granted when the total bid for a contract using domestic steel and iron products is greater than an 
alternative bid using foreign materials by more than 25 percent of the total project bid.  
Therefore, it is possible that Buy America can cost a transportation project up to 25 percent more 
than one that does not have to comply with Buy America provisions.  
 
One recent case demonstrating the effects of domestic and foreign steel prices on project costs is 
the California San Francisco-Oakland Bay Bridge Seismic Retrofit Project.  California does not 
have a State law equivalent to Buy America.  However, in January of 2000, Governor Gray 
Davis ordered Federal funds to be used on the Bay Bridge project enacting the Buy America 
requirements.  In May 2004, California Department of Transportation (Caltrans) received a bid 
from a single contractor to build the self-anchored suspension (SAS) segment of the east span of 
the bridge.  The contractor submitted two bids; one came in at $1.8 billion proposing the use of 
domestic iron and steel products and another came in at $1.4 billion proposing the use of foreign 
iron and steel products.38  This $400 million difference was 28.6 percent of the total project cost 
using foreign steel, great enough to trigger the Buy America 25 percent foreign/domestic price 
differential exception. However, Caltrans eventually rejected this bid as being excessive as it was 
well over the engineer’s estimate and the bid expired in September 2004 without award.  In 
response to recommendation by the Toll Bridge Project Oversight Committee, a new bid package 
was released for the SAS portion of the bridge project which included a number of revisions 
meant to increase competition and minimize costs.39  Among those revisions was a provision de-

                                                 
37 International Steel Review U.S. Steel Prices Outperform MEPS World Index  
38 Pollak, Daniel. December 2004. Timeline of the San Francisco-Oakland Bay Bridge Seismic Retrofit: Milestones 
in Decision Making, Financing and Construction  California Research Bureau. Sacramento CA. 
http://www.library.ca.gov/crb/04/13/04-013.pdf 

39 Bay Bridge East Span Update:  Signature Tower Will Be Rebid; Work on Foundations to Resume July 27, 2005. 
Metropolitan Transportation Commission http://www.mtc.ca.gov/legislation/seismic_update.htm  

http://www.library.ca.gov/crb/04/13/04-013.pdf
http://www.mtc.ca.gov/legislation/seismic_update.htm
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Federalizing the contract by removing all Federal funding from the project. Caltrans revised the 
contract documents and re-advertised the project as a state-funded contract (without Buy 
America provisions) on August 1, 2005.   Caltrans received two bids in response to the re-
advertisement and awarded a $1.43 billion contract to the American Bridge Company.  
 
Another recent bridge project, the Washington State Tacoma Narrow Bridge, demonstrates the 
affect of the differential between domestic and foreign steel prices on project costs.  In 1998, the 
voters of Washington State approved a referendum to modify the Tacoma Narrows Bridge, 
funded partially by tolls, to increase traffic capacity.  Project planners decided to use foreign 
steel for this project for two stated reasons. The first reason was that, since the project was not 
receiving Federal funding, they did not have to comply with domestic steel and iron procurement 
restrictions mandated by Buy America.  The cost of materials was the second element of the 
decision to use foreign steel. During the preliminary design phase, a project cost analysis 
revealed that using foreign steel for the fabricated bridge deck sections of the bridge and foreign 
cable wire would save the project approximately $30 million. These cost savings resulted from 
the types of available foreign facilities for deck fabrication and lower foreign labor costs.40  
 
In addition to the direct affect of higher domestic steel prices – during periods when U.S. steel is 
more expensive than foreign alternatives – there is also a concern that the requirements of Buy 
America actually lead to higher U.S. prices.  The notion that Buy America provisions would lead 
to higher domestic steel prices emanates from general economic theory regarding protectionism.  
Buy America is a protectionist policy as it shields the steel and iron industry from foreign 
competition for purchases made on Federally funded transportation projects.  Economic theory 
would hold that the restriction of imports decreases competition leading to greater monopolistic 
power over prices.  In other words, the domestic steel and iron industry has the freedom and even 
incentive to increase product prices because Federally-funded transportation projects requiring 
iron and steel are captive consumers.  However, the question of whether Buy America has led to 
higher domestic steel prices is not settled. To date, there have been no studies correlating specific 
provisions of Buy America to changes in domestic steel prices.   

3.4.3 Project Delays 

Compliance with Buy America requirements can instigate project delays leading to higher 
project costs.  The Buy America waiver process is one potential source of schedule interruption.  
The delay may not cause significant costs or may not exist at all if it is identified that a Buy 
America waiver is needed early in the project during the design process.  However, if it is 
identified after the project has commenced, the waiver process could delay the project for one to 
two months.  Further, because Buy America requires that all iron and steel incorporated into 
Federally funding transportation projects be domestic, the lack of the availability of domestic 
iron and steel materials or the lack of the ability of domestic industry to supply these materials in 
a timely manner can cause delays.     
 

                                                 
40 Tacoma Narrows Bridge Steel Procurement October 2005. Washington State Department of Transportation  
http://www1.leg.wa.gov/documents/Joint/SCTF/10-26_DOT.pdf  

http://www1.leg.wa.gov/documents/Joint/SCTF/10-26_DOT.pdf
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Project delays can potentially be very costly contributing to overall project costs in the form of 
wages paid during down time, overhead and cost escalation.  Even the risk of project delays will 
affect project costs; contractors evaluate the risk of project delays and incorporate the cost of the 
risk into their project bids.  Further, project delays also have economic consequences on a 
societal level resulting from the impediment of traffic. It is critical that contracting agencies 
verify the availability of domestic steel and iron products during the design phase of the project.  
If this is done correctly, the need for waivers would be reduced considerably. 

3.4.4 Reduced Competition 

One potential result of Buy America compliance is the potential for reduced competition for 
certain types of structural steel on large projects.  In an analysis of the cost increases of the San 
Francisco-Oakland Bay Bridge Seismic Retrofit Project performed by The Results Group, it was 
concluded that the fact that contractors were made to submit a domestic bid as well as a foreign 
bid was a significant factor in why only one bid was submitted for the SAS portion of the bridge. 
41  This was because of the limited domestic market capacity to provide the steel required for this 
portion of the bridge.  No one domestic steel fabricator was able to provide steel that would 
comply with Caltrans unique specifications and satisfy the contract delivery requirements.  
Caltrans identified that the materials would only be able to be provided domestically by a 
consortium of companies who would need to build new facilities and hire on additional staff just 
for this project.   

3.4.5 Industry Inefficiency  

The magnitude of the costs associated with inefficiencies resulting from Buy America 
protections has not been previously analyzed.  Industry inefficiency caused by Buy America 
would be a societal-level cost.  One criticism of protectionist policies in general is that they 
breed inefficiency within the protected industries.  Observations of the U.S. steel industry 
indicate that during the time that the steel industry has received protection, a greater share of 
profits were being divested, new technologies were slow to be adopted relative to foreign steel 
companies and the industry has had very high wages compared to the rest of the domestic 
manufacturing sector.42   

                                                 
41 The Results Group. January 2005. Historical Review of San Francisco-Oakland Bay Bridge East Span Seismic 
Retrofit Cost Increases. http://www.dot.ca.gov/baybridge/Focused-Review-Final-Report-(Amended)-to-BTH-1-28-
05.pdf  
42 Carbaugh, Robert and John Olienyk. February 2004. U.S. Steelmakers in Continuing Crisis.  Challenge vol. 47, 
no. 1. pp. 86–106 and Tornell, Aaron. 1997. Rational Atrophy: The US Steel Industry. National Bureau of  
Economic Research Working Paper Series, NBER Working Paper #6084. Cambridge MA 

http://www.dot.ca.gov/baybridge/Focused-Review-Final-Report-(Amended)-to-BTH-1-28-05.pdf
http://www.dot.ca.gov/baybridge/Focused-Review-Final-Report-(Amended)-to-BTH-1-28-05.pdf
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3.5 Interview Report 

3.5.1 Compliance Process 

State DOTs and other Federal-aid recipients have responsibility for contract compliance on any 
Federal-aid construction project.  As it relates to Buy America requirements, this involves a 
review of the certifications and material documentation provided by the contractors and material 
suppliers for each step of the manufacturing process.  FHWA has limited engineering staff in 
each of its 52 Division Offices to provide oversight for all Federal-aid requirements (including 
Buy America); however, given FHWA’s staff resource limitations, compliance with Buy 
America requirements is limited to spot checks on certain projects and process reviews of 
recipient procedures.   
 
The FHWA’s Buy America regulation provides a process for waivers of Buy America 
requirements in 23 CFR 635.410 (c).   In addition, the FHWA’s July 3, 2003 memo delegated the 
approval authority for Buy America waivers to Division Administrators (with prior Headquarters 
concurrence for items greater than $50,000).  FHWA processes an average of seven Buy 
America waiver requests per year (See FHWA’s Buy America Waiver List).  This represents a 
relatively small fraction of the approximate 12,000 to 14,000 construction projects authorized 
annually by the FHWA. 
    
 
All of the interview respondents stated that the Buy America compliance process is not very 
complex as long as issues do not arise such as domestic steel and iron product scarcity or foreign 
products intentionally or unintentionally being incorporated into a project.  Bridge construction 
projects were cited as being the most affected by Buy America because of the considerable 
quantity and size of the iron and steel products usually required for these projects.  For States 
with a significant amount of ferry transportation, ferry terminals are also projects that require 
more effort towards compliance with Buy America.   
 
For State transportation agencies receiving Federal-aid for transportation projects, compliance 
with Buy America means that, at a minimum, proof of the domestic origin of steel and iron used 
on a project needs to be obtained and documented.  This task can either be conducted by in-
house transportation officials or outsourced to a consultant.  Some States may also hold the 
construction contractor responsible for collecting material origin certificates which the State will 
monitor.   
 
Another part of the compliance process for States designing a construction project may involve 
an investigation to find out whether the materials required are available in sufficient quantities 
domestically.  This way, projects can either be redesigned, when possible, to accommodate for 
domestically available materials or if that is not possible, the need to file a request with FHWA 
for a Buy America waiver is identified early in the process.   
 
Another piece in the compliance process comes from the fact that States may allow two bids to 
be submitted for a project per contractor: a bid using domestic steel and iron products and a bid 
using foreign steel and iron products.  Buy America requirements are waived if the total 

http://www.fhwa.dot.gov/programadmin/contracts/070303.cfm
http://www.fhwa.dot.gov/construction/cqit/buywaiver.cfm
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domestic bid exceeds the total foreign bid by more than 25 percent.  This compliance burden 
primarily falls on the contractor for putting together the additional bid but this additional work is 
likely reflected in the overall bid price.   
 
When product issues arise such as the lack of a domestic source for a particular material, the 
State DOT has the option of requesting a waiver from FHWA, which could grant an exception to 
the Buy America requirements.  The waiver documentation can either be prepared by the State or 
in cooperation between the State and a contractor.   
 
In some cases, the need for a waiver is identified in the design phase of the project.  If the need 
for a waiver is identified in the later stages of a project, the waiver process can entail greater 
costs to the project such as from project delays.  The time to complete the waiver request 
documentation takes approximately two weeks to a month according to the State DOTs 
interviewed.  After the request is submitted to the FHWA, it takes approximately 2 weeks to a 
month to process according to the FHWA.  Therefore, the total Buy America waiver process can 
take one to two months.  During the process of evaluating the waiver request, the FHWA must 
contact the appropriate steel or iron industry associations to verify that there are no domestic 
manufacturers of the material as claimed by the contractor.  If a domestic supplier contends that 
it has the ability to manufacture the material, the waiver review process can take a significant 
amount of time to review the differences of opinion regarding the acceptability and availability a 
certain product. 

3.5.2 Buy America Compliance Costs 

Preparing and tracking material origin documentation is one compliance cost of Buy America on 
Federally funded construction projects.  The costs that this activity imposes on project costs 
likely vary significantly depending on the size and nature of the construction project.  
Additionally, these costs would be difficult to identify on a per-project basis unless the hours of 
employee time expended on this particular task are tracked well for tasks performed in-house, or 
unless private contractors itemize this activity on their bills.  These costs were not tracked for 
any of the stakeholders interviewed. 
 
The Alaska DOT estimated the costs for this activity although they did not perform rigorous cost 
tracking.  Alaska DOT tracks the material origin certificates completed by an outside consultant 
and checks off a box stating that all iron and steel incorporated into a project were produced 
domestically by a project manager.  The consultant, in addition to checking the materials 
compliance with Buy America, inspects product quality.  Depending on the project, the total 
contractor fee for this inspection of the materials and material origin certificates can range from 
$30,000 to $120,000.  The portion of this cost due to efforts expended for Buy America 
compliance is not exactly known since it is not itemized on the bills.  However, it was thought 
that this might be 10 to 15 percent of the total inspection costs.    
 
There are also costs resulting from the research that has to be conducted to ensure that iron and 
steel products are available in sufficient enough quantities from domestic sources.  This activity 
can be done by the design contractor or conducted in-house if it is an in-house State designed 
project.  Caltrans stated that it can take two to four weeks of staff time for a design firm to put 
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together these data, however, it should be noted that project designers should be reviewing cost 
and material availability information for any design (with or without Buy America requirements) 
as the project design proceeds.   
 
Another cost of Buy America mentioned is that competition for the bidding of bridge projects is 
difficult to generate because of the scarcity of certain domestically produced steel projects.  The 
costs associated with the mandate to use U.S. steel even if foreign steel is less expensive can also 
be significant and will be discussed in the example of the California Bay Bridge project below.  
 
The major costs associated with Buy America compliance arise when domestic product scarcity 
or domestic product time delivery issues develop.  One issue that can arise is that a particular 
part or product required for the construction project cannot be obtained from a domestic source 
in a timely manner because of the capacity of domestic manufacturers.  This not only produces 
costs from project delays; contractors also consider time restraints and the risk associated with 
the timeliness of steel deliveries and increase their project bids accordingly.  The direct costs of 
higher bid prices are absorbed by the project sponsors.  Additionally, scarcity can also drive up 
the product price. 
 
Another Buy America compliance issue occurs when a required material is simply not available 
domestically.  In this case, either a Buy America waiver must be obtained so that the product 
could be bought from foreign sources or the project has to be redesigned to compensate for the 
lack of materials.  When one of the aforementioned issues arise, significant management and 
employee time is expended.  If the need for a Buy America waiver is identified during the design 
process, the costs are minimal compared to the costs resulting from project delays should the 
need be identified further into the project.  Alaska DOT estimated that a project design has to be 
modified once every five years due to Buy America compliance.  It was estimated that, on 
average, this redesign process takes two to four additional months of employee time redesigning 
the project and has, in some cases, doubled the costs for project design.   

3.5.3 Buy America Benefits 

Questionnaire responses regarding the benefits of Buy America from a contractor, project 
sponsor, and societal level were sparse.  Many respondents felt that they did not have enough 
information in order to make an assessment of the benefits of Buy America.  Buy America as 
applied by the FHWA was intended to protect the iron and steel industries in order to safeguard 
the level of iron and steel produced domestically for national strategic and defense reasons.  
Whether or not Buy America has been effective at this protection is contentious.  One 
perspective is that the domestic steel industry has been in decline and that protectionist policies 
such as Buy America do not appear to be helping much.  Another perspective is that Buy 
America has been very successful and has helped to curb the decline of the industry resulting 
from competitive pressures from oversees manufacturers. 
 
Another perspective on the benefits of Buy America is that it supports the economy by creating 
jobs and economic activity.  One respondent felt that on a State-by-State basis, some States 
benefit from Buy America while others do not.  In this regard, States that do not have major iron 
and steel industry are simply making a transfer payment to States that do.  
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4.0  DAVIS-BACON WAGE REQUIREMENTS  

4.1 Introduction 

The 1931 Davis-Bacon Act, also known as the prevailing wage law, requires the payment of 
locally established prevailing wages and fringe benefits to workers employed on Federal-aid 
highway construction contracts.43 The Davis-Bacon Act requires that workers, when employed 
on Federal construction contracts valued at more than $2,000 be paid, at a minimum, wages and 
fringe benefits that the Secretary of Labor determines to be prevailing for corresponding classes 
of workers employed on projects that are similar in character to the contract work in the 
geographic area where the construction takes place.44 At the Federal level, the Department of 
Labor’s Wage and Hour Division sets prevailing wages.  In some instances, these wages may be 
significantly higher than market wages.45 The Davis-Bacon Act precludes contractors from 
hiring low-cost labor contractors from outside local areas.  The policy objectives of the act are to 
improve wages for laborers working on Federal Government contracts and to increase the 
distribution of income and capital throughout the U.S.    
 
The benefits attributed to the Davis-Bacon Act identified in the studies reviewed for this report 
include:  encouraging the recruitment and training of skilled labor, promoting high construction 
quality, developing local economies, reducing local unemployment, and increasing local 
household’s income levels. The costs attributed to the Act include: costs associated with program 
administration for both the public and private sector; in certain States, costs associated with 
higher contract prices may result from published prevailing wages being higher than free-market 
wages.  Davis-Bacon imposes costs on contractors in the form of higher wages than they would 
pay on a non-government contract job. The costs of the Davis-Bacon Act, as measured in 
previous studies, are commonly measured in terms of the transfers to labor from taxpayers in the 
form of higher wages paid on government contracts. 
 
Many States have enacted their own version of the Davis-Bacon Act. Most States have 
prevailing wage laws which require private contractors bidding for State or local public works 
projects, or private projects that are financed in part by public funds, to pay a minimum package 
of wages and benefits to their workers. Although details of the laws differ from State to State, the 
effects of these laws on construction labor costs, and on construction labor markets more 
generally, have been the focus of continuous and very extensive policy debate.  
 

                                                 
43 As noted on the U.S. Department of Labor website: “In addition to the Davis-Bacon Act itself, Congress has added 
prevailing wage provisions to approximately 60 statutes which assist construction projects through grants, loans, 
loan guarantees, and insurance.  These related acts involve construction in such areas as transportation, housing, air 
and water pollution reduction, and health.  If a construction project is funded or assisted under more than one 
Federal statute, the Davis-Bacon prevailing wage provisions may apply to the project if any of the applicable 
statutes requires payment of Davis-Bacon wage rates” http://www.dol.gov/esa/programs/dbra/whatdbra.htm. 
44 General Accounting Office (GAO) 1999.  Davis-Bacon Act: Labor’s Actions Have Potential to Improve Wage 
Determinations. GAO/HEHS-99-97.  Washington, D.C. 
45 Johnson, Joseph. 2001. “A Review and Synthesis of the Cost of Workplace Regulations.” Regulatory Studies 
Program Mercatus Center George Mason University. Working Paper. 
 

http://www.dol.gov/esa/programs/dbra/whatdbra.htm
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Figure 3 highlights the breakdown of prevailing State wage laws at the end of 2004. In 2004, 
there were 9 States had never had a prevailing wage law (Georgia, Iowa, Mississippi, North 
Carolina, North Dakota, South Carolina, South Dakota, Vermont, and Virginia); nine States that 
had repealed their laws between 1979 and 1988 (Alabama, Arizona, Colorado, Florida, Idaho, 
Kansas, Louisiana, New Hampshire and Utah); and 32 States plus the District of Columbia that 
have active laws.  Roughly half of these States specifically or effectively use union rates as 
prevailing, and the rest take Davis-Bacon or some industry mean wage rate as prevailing.  
Additional prevailing wage laws exist in U.S. Territories and at the local level in a number of 
States.  
 

 
Note: Oklahoma’s law was invalidated by a 1995 court decision.  
 

Figure 3.  States Active, Repealed, or Without Prevailing Wage Laws 

4.2 Literature Examining the Benefits and Costs Associated with Davis-Bacon 
Regulations 

The benefits and costs of the 1931 Davis-Bacon Act have been the focus of several studies. The 
methods used to assess the impact of Davis-Bacon have varied widely from qualitative 
comparisons, simple statistical approaches and regression and econometric analysis to complex 
economy-wide multiplier effect models, such as the regional input-output models.  This report 
examines selected studies examining the Davis-Bacon Act that were published during the past 
two decades.  These studies were selected due to their technical soundness and clear and 
understandable methodology. 
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Kelsay et al. (2004) used an input-output model to study and estimate the economic impact of the 
prevailing wage statute – including Davis-Bacon Act – on the construction industry in the State 
of Missouri.46  The authors in Kelsay et al. study used the input-output model approach and 
RIMS II modeling system to quantify the interdependence among industries in a regional or State 
economy in order to reach a conclusion with respect to the impact that a change in incomes or 
expenditures in one industry might have upon the total regional economy.  The regional input-
output models provide a valuable tool for examining the impact of prevailing wage laws on a 
region’s economy. 
 
Kelsay et al. (2004) concluded that attempts to repeal the prevailing wage law in Missouri were 
based upon the claim that the repeal would lower total construction costs to the State and bolster 
State and local budgets.  On the contrary, the study found that the repeal of the prevailing wage 
statute in Missouri would not reap the State construction cost savings sufficient to 
counterbalance the negative economic impact such a repeal would have on the State economy.  
At the State-level, the study’s major conclusions are: 
 

 The mean cost per square foot for construction projects examined in several States did 
not yield a statistically significant difference between States with prevailing wage laws 
and those without. 

 
 The repeal of the prevailing wage law would cost Missouri residents between $294.4 

million and $356.0 million in annual lost income. 
 

 The repeal of the prevailing wage law would cost the State of Missouri between $17.7 
and $21.4 million in lost income tax revenue on an annual basis.   

 
 The total economic loss due to repeal of the prevailing wage law in Missouri in 2004 

would be a loss of income and revenue between $317.8 million and $384.2 million 
annually. 

 
Johnson  reviewed and synthesized studies on the cost of workplace regulations, including the 
Davis-Bacon Act.47  The estimates produced by Johnson are not limited to highway projects. 
Further, Johnson discussed the methodology used in determining regulatory compliance costs 
and raised the issue of what type of costs to consider.  He found that previous research into the 
impact of prevailing wages and the Davis-Bacon Act focused on direct costs only, which could 
be identified as engineering, labor and compliance costs.  Johnson concluded that while direct 
cost estimation had the virtue of being directly measurable, the economic costs, which can 
alternatively be called opportunity costs or efficiency costs, are the legitimate approximation of 
the “true” economic impact of the regulation on society.  While noting the difficulty in 
accurately measuring real societal economic costs, he suggested the use of direct costs measured 
in previous studies as a proxy or baseline for estimating full economic costs.  Johnson reasoned 
that approximately two-thirds of total payments represent transfer payments, which are cash 

                                                 
46 Kelsay, Michael P., Randall Wray, and Kelly D. Pinkham, 2004. The Adverse Economic Impact from Repeal of 
the Prevailing Wage Law in Missouri. Prepared for the Council for Promoting American Business.  University of 
Missouri at Kansas City.  Kansas City, Missouri. 
47 Johnson (2001) 
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flows paid by one group to the other.  Since the losses of one group are completely offset by the 
benefits accruing to another, transfer payments are not viewed by economists as imposing net 
costs to society as a whole.  The remaining one-third of total costs, or roughly 50 percent of the 
transfer payment, were determined to be the social costs of the regulation.  Note that this “rule of 
thumb” approximation was not based on a systematically designed procedure to estimate social 
costs.   
 
Johnson (2001) reported lower bound revenue transfers at approximately $1.17 billion, which 
implies a social cost of $567 million.   The upper bound of $2.85 billion implies a social cost of 
$950 million. 

Table 4.  Davis-Bacon Regulatory Social Costs   

 
Regulation  Costa 

(millions) 
 Low Best High 
Fair Labor Standards Act Social Cost NA  NA  NA  
Davis-Bacon Act Transfer Payments  $1,170 NA  $2,850 
Davis-Bacon Act Social Cost $567  $950  $950  
Service Contract Act Social Cost $243  $291  $291  
Walsh-Healey Act Social Cost $0  $0  $0  
Migrant and Seasonal Agricultural  and Workers 
Protection Act Social Cost 

$4.30  $4.30  $4.30  

Total $814  $1,245  $1,245  

Adopted from Johnson (2001) 
a 

All figures presented in 2000 dollars.  
 
Kessler and Katz (1999) examined the consequences of several States' repeal of prevailing wage 
laws in the 1970s and 1980s.48  The authors compared trends in construction labor markets in 
repeal States to trends in labor markets within States that did not change their laws.  Kessler and 
Katz basic specification compares time trends in blue-collar construction and non-construction 
labor markets across both States that had repealed prevailing wage laws and those that had not. 
The authors modeled wages and unionization rates as nonparametric functions of worker 
characteristics, State-fixed-effects, time-fixed-effects, and prevailing wage laws.  Thus, they 
controlled for fixed differences across States over time. The data sources on Kessler and Katz 
study included the census and Current Population Survey (CPS), which enabled them to control 
for changes in workforce composition.  The authors estimated the impact of prevailing wage law 
repeal as the difference between the change over time in the relative blue-collar construction / 
non-construction wage in repeal States and non-repeal States, to control for other, unobserved 

                                                 
48 Kessler, Daniel P. Lawrence Katz (1999) “Prevailing Wage Laws and Construction Labor Markets” National 
Bureau of Economic Research (NBER) Working Paper No. w7454. 
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time-varying factors that affect all blue-collar labor markets and may be correlated with the 
status of labor market regulation. 
 
Kessler and Katz (1999), by comparing trends in construction labor markets in "repeal" States to 
trends in labor markets in States that did not change their laws, found that the average wages of 
construction workers (in repeal States) decline slightly after repeal -- by about 2 to 4 percent. 
However, they also found that the small overall impact that repealing the law had on construction 
costs masked substantial differences in outcomes for different segments of the construction 
worker population.  For example, white and unionized workers largely bore the negative effects 
of the repeal on wages, while repealing the prevailing wage law actually raised the construction 
industry premium for black workers by approximately 4 percentage points, relative to other 
workers. 
   
Kessler and Katz found that the repeal of the prevailing wage law generates a 10 percent point 
decline in the long-run union wage premium earned by workers in the construction industries, an 
amount representing roughly half the total wage premium earned by unionized construction 
workers.  The resultant decline in the union wage premium of 10 percentage points accounts for 
nearly the entire decline in construction workers’ wages. 
 
Prus (1996) used multivariate analysis to study the impact of State prevailing wage laws on total 
construction costs.49  Prus’ findings indicate that, in contrast to earlier academic analyses as well 
as some casual statements, he found no measurable cost difference between similar structures as 
a result of prevailing wage requirements.  Therefore, reforming or repealing these laws did not 
appear to lead to the kinds of substantial savings promised by proponents of repeal.  At the same 
time, Prus found no significant measurable cost differences between public and private projects 
of a similar nature.   
 
Thiebolt (1996) used multiple regression analysis on a data sample of 27,778 observations to 
predict construction wage rates in various States.50  The author selected 17 variables for his 
study.  These variables included: 
 

 region of the country;  
 number of years after an arbitrary starting point of 1975 (the “secular trend”);  
 the Statewide unemployment rate for private, nonagricultural workers;  
 the nationwide rate of inflation as measured by the consumer price index; and  
 the status of the State’s prevailing wage law—whether the State has ever had one, had 

one but repealed it sometime between 1979 and 1988, had one during some or all of the 
entire period that covered public works contracts only in excess of $500,000, or had an 
active one.  

 

                                                 
49 Prus, Mark J. (1996) “The Effect of State Prevailing Wage Laws on Total Construction Costs.” Department of 
Economics. SUNY, Cortland, Cortland, NY 
50 Thieblot, A.J. 1996.  A New Evaluation of Impacts of Prevailing Wage Law Repeal, Journal of Labor Research 
17(2):297-322.  Washington, D.C. 
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Thieblot (1996) estimates the costs of Davis-Bacon at $1.62 billion per year in wage inflation 
with the number climbing to $1.85 billion per year when administrative costs were included. 
 
A study conducted by the National Alliance for Fair Contracting (NAFC) (1995) that examined 
productivity and costs for highway construction in the 50 States over a 13 year period from 
1980-1993 found an inverse empirical relationship between higher hourly wage rates paid to 
labor and the cost of a mile of highway construction—higher wage rates result in lower highway 
cost per mile.  Bob Gasperow, Director of the Construction Labor Research Council (CLRC) 
summarized NAFC data and, in support of Davis-Bacon Act, concluded the evidence suggested 
that the data show no basis to support the claim that lower wage rates results in reduced 
construction costs to States. 
 
Philips (1995) applied linear regression analysis and used U.S. Department of Labor (US DOL) 
employment and earnings data for construction workers broken down by States for 1975-91 to 
re-estimate the construction earnings loss resulting from State repeals of prevailing wage laws.51  
The analysis controls for long-term trends in wages, variations in unemployment, and variation 
in wages by region of the country, and then focuses on the effect of: (1) never having a 
prevailing wage law, (2) the repeal of a prevailing wage law, and (3) raising the cost threshold 
triggering the implementation of the State prevailing wage law to contracts in excess of 
$500,000. 
 
Philips et al. (1995) studied the impact of the repeal of nine State prevailing wage laws and 
concluded that at the Federal level, construction cost savings must be substantially higher to 
generate any budget benefit from a repeal of the Davis-Bacon Act due to the Federal income tax 
structure.  Phillips concluded that repealing the Davis-Bacon Act would reduce construction 
costs by 3 percent but that at a 20 percent marginal tax rates and at the 1991 level of Federal 
construction spending (in 1994 dollars), the Federal government would lose approximately $838 
million annually in lost income tax revenue as a result of repealing the Davis-Bacon Act.   
 
Allen (1983) in a study titled “Much ado about Davis-Bacon: a critical review and new 
evidence” used maximum likelihood regression analysis to measure the U.S. DOL behavior 
when determining the prevailing wages and the impact of DOL behavior on the public projects 
costs.52  Data sources for performing this study included Standard Metropolitan Area –SMAs 
issued 1979 and 1980 in the Federal register for residential, highway, heavy and building 
constructions among other sources to collect relevant wage data.  Allen concluded that the main 
policy implication of his study’s results is that the goal of efficiently constructing public projects 
does not seem to be as seriously compromised by the Davis-Bacon Act as indicated by previous 
studies (e.g., Goldfarb and Morall 1978 and 1981).   Allen (1983) found that the most reasonable 
estimate of the increase in public construction costs, resulting from inaccurate wage 
determination process to comply with Davis-Bacon and other prevailing wage laws, are between 
$41 million and $224 million per year.   
 

                                                 
51 Philips, Peter Garth Mangum Norm Waitzman, and Anne Yeagle. 1995. “Losing Ground: Lessons from the 
Repeal of Nine "Little Davis-Bacon Acts.” Working Paper Economics Department University of Utah. 
52 Allen, S.G. 1983. “Much Ado about Davis-Bacon: A Critical Review and New Evidence.” Journal of Law and 
Economics. Vol. 25, 707-736. 
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Goldfarb and Morall (1981) reviewed the evidence presented in the literature presented in the 
1970s on several aspects of the Davis-Bacon act, including the methodologies used to estimate 
the costs of compliance.53  Goldfarb and Morall identified four categories covered in previous 
studies of Davis-Bacon Act effects (cost, real quantity, spillover effects, and administrative 
effects).  The first category is the economic cost effect because the act may alter the mix of union 
versus non-union projects and so affect the overall labor cost-ignoring the fact that the act may 
affect the total volume of construction projects as well.  The second category is Davis-Bacon Act 
real quantity effects which is relative quantity of labor versus capital within the projects.  The 
third type of effects is the spillover effects. This is the spillover by altering market structure and 
effecting other private construction sectors. The fourth category is the administrative cost.  A 
significant question raised by the authors analyzing this category (administrative) is whether 
there are “lags in the Davis-Bacon wage determination process and if so, how do they influence 
the project’s cost?”  The authors conclude that although the cost studies in the 1970s have been 
faulty in several aspects – including the lags in the Davis-Bacon wage determination process – it 
is reasonably clear that Davis-Bacon is unattractive on ground of economic efficiency alone.  
Goldfarb conclude that the question remains whether the Davis-Bacon costs are offset, partially 
or wholly, by the possible equity benefits of the act.  Based on their review of previous research, 
Goldfarber and Morral (1981) estimated the annual costs of the Davis Bacon Act at $1.2 to $2.2 
billion annually. 
 
The Mackinac Center (1999) examined the Michigan economy during the 30 months that the 
State’s prevailing wage statute was suspended and compares it to the 30 months prior to the 
law’s repealed.54  The study concluded that the State’s prevailing wage law increased costs by at 
least $275 million annually, an amount equal to 5 percent of the State’s income tax revenue.  The 
study also concluded that prevailing wage laws reduced employment in construction and 
particularly disadvantaged minority employment.  

4.2.1 Methods used to Estimate Benefits and Costs in Previous Literature 

The studies examined in the previous section use a number of methods to assess the costs and 
benefits of Davis-Bacon Act compliance, including experts’ survey, statistical analysis, simple 
linear or multiple regression analysis, econometric analysis, and regional input-output modeling.  
Previous studies rarely examined the net present value of the costs and benefits of Davis-Bacon 
and the wage prevailing acts.  In other words, no single study took a neutral position and 
assessed both the discounted benefits and costs of the act throughout the last seven decades since 
1931 when Davis-Bacon enacted.  Thus, no true benefit-cost analysis has yet been conducted.   
 
Another major gap in previous studies is the lack of discussion concerning the market failure of 
labor supply in highway projects that is claimed to be the reason behind enacting Davis-Bacon 
Act.  Highway construction projects are complex, thus requiring specialty skilled labor in many 
of the projects – that might not be transferable from other segments of the construction industry.  
Very few studies considered the wages comparison between public (such as highway 
                                                 
53 Goldfarb, Robert S. and John F. Morrall III. 1981. The Davis-Bacon Act: An Appraisal of Recent Studies. 
Industrial and Labor Relations Review, Vol. 34 (January), pp. 191-206. 
54 Mackinac Center.  September, 1999.  Michigan’s Prevailing Wage Law and Its Effects on Government Spending 
and Construction Employment.  Midland, Michigan. 
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construction projects) and private sectors projects labor costs to better understand the labor 
market failure in highway construction industry.  
 
To date, there has been no study that examined and empirically proved that market failure exists 
in the highway construction labor market.  If market failure were determined to exist within the 
framework of Davis-Bacon, the costs and benefit of compliance evaluation would take into 
consideration the public good nature of the jobs in the highway projects.  Such a framework 
should consider project’s benefits and costs discounting from the society point of view, rather 
than from the perspective of a private company or a public agency alone. 
 
There are very few studies that have discussed alternative methods to increasing the Davis-
Bacon Act efficiency without the need to repeal the act.  However, the GAO (1979) suggested 
increasing the threshold or applying a flexible index of the volume of the construction project to 
account for inflation.  The original rationale for establishing a threshold was to exclude contracts 
considered too small to disrupt a community’s wage structure or living standards (see Appendix 
A for the current threshold by the States laws). The GAO (1979) report also discussed allowing 
more exemptions to the prevailing wage laws within the heavy construction industry. 

4.3 Benefits of the Davis Bacon Act 

4.3.1 Davis-Bacon Supports Local Economic Development 

The Davis Bacon Act was signed into law in 1931.  Enacted in an era of high unemployment, it 
was originally designed to promote economic development and to protect local labor from 
imported, lower paid work crews.  The State officials interviewed for this study indicated that in 
their view, Davis Bacon had achieved that goal by ensuring that skilled labor be paid wages that 
prevail in their communities and ensuring that predatory contracting practices not be used to 
undercut local contractors.  Though the benefits associated with local economic development are 
significant, these are not the only benefits that can be attributed to the Davis Bacon Act.  Other 
benefits include leveling the playing field for honest contractors, promoting more training and 
benefits for labor and enhancing productivity on Federal highway projects. 

4.3.2 Davis-Bacon Promotes a Level Playing Field for Contractors 

Labor unions, State representatives interviewed for this study and other organizations that 
support Davis-Bacon and State prevailing wage laws argue that honest contractors could find it 
difficult to compete in the absence of prevailing wages because predatory contractors from 
outside an area where Federal projects are undertaken could import labor into the region and 
underbid the local contractors.  Because labor costs represent the element over which contractors 
can exert the most short-term control, there is temptation to drive down costs through the use of 
unskilled, low-cost labor.  
 
In principle, low-cost labor would result in enhanced efficiency and lower project costs.  
However, labor advocates argue that low-cost labor equates to unskilled labor, thus resulting in 
cost overruns that in the long run result in higher project costs.  Other potential negative 
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consequences associated with unskilled labor include:  poor quality of workmanship, more 
injuries on the job site, higher maintenance costs post-construction, and early replacement costs.    

4.3.3 Davis-Bacon Results in Enhanced Employee Benefits 

Labor union representatives interviewed for this study indicated that prevailing wage laws have 
significant impacts on employee fringe benefits, in addition to the positive impact on wages.  
These representatives argued further that because there are over 40 million Americans without 
health insurance, the prevailing wage laws ensure that workers and their families are covered by 
health insurance.  Without such insurance, these families would potentially be a burden on State 
Medicaid and other assistance programs.  
 
These assertions were confirmed in a study conducted by Petersen (2000) that found that in 
States that repealed prevailing wage laws, wage rates and fringe benefits for construction 
workers declined.  While the decline in wage rates was small, the cut in benefits was dramatic.55 

4.3.4 Higher Wages Promote the Use of Skilled Labor with Positive Impacts on 
Productivity 

An analysis of FHWA data recently compiled by the Construction Labor Research Council 
found that the wages paid to highway construction workers did not correlate with high costs per 
mile of highway construction.  The argument supporting this seemingly counterintuitive result is 
that the use of high quality, highly skilled labor attracted with higher wage rates enhances 
productivity, thus offsetting any labor cost savings realized by offering low wages.56  The report 
points to cost data reported by FHWA from 1994 through 2002, highlighting the average hourly 
wage, labor, and total cost per mile (Table 5). 

Table 5.  The Impact of Prevailing Wages on Highway Construction Costs 

 
Measure Low Wage High Wage 

Average Hourly Wage $15.68 $26.34 
Hours per Mile 10,276 6,991 
Labor Costs per Mile $161,128 $184,138 
Total Costs per Mile $857,965 $826,509 

  
High wage States were those with average transportation construction labor rates in excess of 
$25 per hour, with rates in low wages State ranging from $12 to $25 per hour and rates in high 
wage States ranging from $25 to $30 per hour.  Table 5 shows that although the average hourly 
rates in the high cost States exceed the average wage in the low wage States by 68 percent, these 

                                                 
55 Petersen, J.  “Health Care and Pension Benefits for Construction Workers:  The Role of Prevailing Wage Laws.”  
Industrial Relations, Vol. 39, No. 2.  Oxford, UK.  April 2000. 
56 The Construction Labor Research Council.  “The Impact of Wages on Highway Construction Costs: Updated 
analysis.” Prepared for the Construction Industry Labor-Management Trust and the National Heavy and Highway 
Alliance.  2004.  Washington, D.C. 
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costs are counterbalanced by the higher number of hours required per mile to complete 
construction, with the total cost per mile in high wage States coming in at 3.7 percent below the 
costs per mile incurred in low tax States.   

4.4 Davis Bacon Costs 

Many studies and some of the interviewees for this study have noted the peculiarity of the Davis 
Bacon Act.  While many State DOTs purchase computers, IT services, janitorial services, 
automotive services and research services in a competitive environment without consideration 
for the wages set by those contractors, Federal and State governments have chosen to establish 
wage rates for highway construction contractors. 
 
A study published by the Commonwealth Foundation by Eleanor Craig of the University of 
Delaware noted: 
 

“Pennsylvania believes in competitive bidding when it comes to most of the 
products and services it purchases – but not to construction.”  

 
Craig compared average wages for four categories of workers on prevailing-wage and non-
prevailing-wage jobs and found a 141 percent to -9.3 percent difference in wage rates, with a 
median cost of prevailing wages of 30 percent.57 
 
The Davis Bacon Act has significant implications for sectors other than transportation.  A study 
conducted by Oregon State University examined the costs associated with Davis Bacon by 
conducting interviews with 215 contractors who had constructed non-residential buildings across 
the country.  The study examined wage, price, project characteristic and other data to isolate the 
costs associated with Davis-Bacon.  In doing so, the authors concluded that the impact of the 
Davis Bacon Act was to add 26 percent to 38 percent to project costs.58 
 
The General Accounting Office (GAO) also recently examined the budgetary implications of the 
Davis Bacon act.  Citing estimates provided by the Congressional Budget Office (CBO), the 
GAO reported that in FY 2005, the Federal Government could have saved roughly $1.2 billion as 
a direct result of repealing Davis Bacon.59 
 
Construction industry representatives interviewed for this study noted that although Davis Bacon 
and State prevailing wage laws drive up labor costs – inflating them by roughly 20 percent – the 
larger contracting operations are union shops and the impact of repealing Davis-Bacon would be 
negligible due to the presence of union wage rates.60  In fact, these representatives argued that 
repealing Davis Bacon could hurt their bottom line to the extent that they are undercut by non-
union shops. 
                                                 
57 Washington Research Council.  “Prevailing Wage Laws Mandate Excessive Costs.”  November, 1999.  Seattle, 
Washington. 
58 IBID. 
59 Government Accounting Office.  “Budgetary Implications of Selected GAO Work for Fiscal Year 2001.”  
GAO/OCG-00-8.  March 2000.  Washington, D.C. 
60 Hardell, T. and Nyland, E.  Personal Interview.  June, 2005. 
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4.4.1 The Incremental Cost of Davis Bacon is Significantly Impacted by the Presence of 
State Prevailing Wage Laws 

The impact of the costs associated with prevailing wage laws and Davis Bacon are significant; 
however, information obtained through interviews conducted with several State DOT 
representatives suggests that with the exception of the small number of State’s where prevailing 
wage laws have been repealed, the incremental impact of the Davis Bacon Act is negligible – 
generally less than 4 percent of total labor costs.  For instance, in the State of California, the 
State prevailing wage law requirements generally exceed those of the Federal act with more 
labor categories and higher wage rates.  This sentiment was echoed by representatives in Ohio 
and New Jersey.    
 
In a survey completed by States agency representatives and published by the American 
Association of State Highway and Transportation Officials (AASHTO), the impact of Davis 
Bacon in States with prevailing wage laws was considered minimal.61  In Illinois the impact of 
Davis Bacon was thought to be slight while Michigan estimated the cost at $1 per hour on 
Federal projects.  Davis Bacon was thought to have no impact in Pennsylvania and Nebraska.  
 
In the absence of State prevailing wage laws, the Federal act can drive up wages.  For example, 
the State of Arizona compared labor wage rates for a small number of labor categories on non-
Davis Bacon projects to those paid on Davis Bacon projects and estimated the incremental 
impact of the Federal law on wage rates at 39 percent (Table 6). 

Table 6.  Market Wage vs. Davis-Bacon Wage Comparison   

 

Project Date Classification

Non Davis-Bacon 

Rate

Davis-Bacon 

Rate $ Difference % Difference

Oct-94 Laborers $6.00 $12.78 $6.78 113%
Operators $10.50 $16.53 $6.03 57%

Jan-94 Operators $13.00 $16.00 $3.00 23%
Teamster $13.00 $10.49 -$2.51 -19%
Carpenter $11.50 $18.15 $6.65 58%
Operator  2 $14.00 $18.83 $4.83 35%
Teamster 2 $12.00 $13.69 $1.69 14%

May-94 Carpenter $11.56 $18.30 $6.74 58%
Cement Mason $12.14 $19.05 $6.91 57%

Aug-93 Laborer 4 $12.28 $15.66 $3.38 28%
laborer  5 $13.53 $15.66 $2.13 16%
Carpenter $18.31 $18.15 -$0.16 -1%

Oct-93 Laborer $13.77 $12.78 -$0.99 -7%
Operator $12.00 $16.00 $4.00 33%
Electrician $8.65 $19.19 $10.54 122%

Average 39%  

                                                 
61 American Association of State Highway and Transportation Officials.  “Results of AASHTO Survey on Costs 
Associated with Sec. 13 (c), Davis-Bacon Law, Clean Water Act, and Federal-Aid vs. State Only Projects.”  April, 
1995. 



 

68 

4.4.2 Davis Bacon Administration Complexity and Cost  

The administrators interviewed in connection with this study all rated the Davis Bacon Act at 
least and 8 out of 10 on a degree of complexity on a scale of one to ten, with ten being the most 
difficult.  Most noted that it is a system that can be manipulated by contractors (e.g., purposely 
mis-categorizing an employee in a lower wage position) and that the compliance requirements 
with respect to ensuring proper wages, auditing records and coordinating with contractors is 
expensive. 
 
In order to improve compliance, States include FHWA-1273: Required Contract Provisions with 
Federal-aid Construction Contracts with Federal contracts, post EEO posters on job sites, review 
wage schedules to ensure that employees are properly categorized and receiving appropriate 
wage rates, audit wage records and penalize contractors who are not in compliance.  In 
California, the State penalties exceed those of the Federal Government.  State penalties are $50 
per day for a straight time violation and $25 per day for overtime violations.  State administrators 
also take on a more collaborative role when responding to questions concerning the application 
of Davis Bacon to specific jobs.  In the State of Ohio, for example, a contractor may not know 
whether a job such as cable splicing falls under the act and, in turn, requires guidance.  To assist 
in making these determinations and assist in implementation of the regulations, the Ohio DOT 
has assembled a manual in a three-inch binder, which it uses to educate staff and conduct bi-
annual meeting with coordinators who work directly in the education of contractors and 
enforcement of the Davis Bacon Act. 
 
State representatives also noted during recent interviews that the staffing requirements associated 
with Davis Bacon compliance and enforcement are significant.  Caltrans staff interviewed for 
this study indicated that there are 32 employees dedicated to prevailing wages in the field and 
four dedicated to program operation at the central offices.62  In Ohio, there are 15 field 
coordinators in three districts enforcing Davis Bacon.  
 
 
 
 

                                                 
62 Alston, S., Sanborn, T., and Ferguson, G.  Interview  
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5.0  UNIFORM RELOCATION ASSISTANCE AND REAL PROPERTY ACQUISITION 

POLICIES ACT OF 1970 

5.1 Background 

Public transportation projects often require the acquisition of land.  All transportation projects 
that receive Federal funds are subject to the rules, policies and procedures established by the 
Uniform Relocation Assistance and Real Property Acquisition Policies Act of 1970, as Amended 
by the Uniform Relocation Act Amendments of 1987 (Public Law 91-646).   

This Act, commonly called the Uniform Act, was intended to ensure payment of just 
compensation for real property acquisition and provision of relocation services and payments to 
individuals and entities displaced by public project development.  In order to accomplish this, 
Federal, State, and local agencies comply with a certain and specific set of acquisition and 
relocation requirements set out in the Code of Federal Regulations (CFRs).  These requirements 
both impose costs to agencies and transportation projects and provide benefits to property 
owners, displaced entities and society at large.  The purpose of this examination is to explore the 
potential benefits and costs of Uniform Act requirements on Federally funded highway projects. 

5.2 Regulation Overview 

The Uniform Relocation Assistance and Real Property Acquisition Policies Act of 1970 was 
passed by Congress to ensure that persons who are displaced or whose property is acquired 
because of Federally funded public projects are fairly and equitably treated and receive 
assistance in moving from the property they occupy.  After this act was enacted in 1971, Federal 
agencies including the FHWA commenced rulemaking separately.  In 1987, after a GAO report 
suggested that treatment be uniform across agencies, Congress mandated in the Surface 
Transportation and Uniform Relocation Assistance Act of 1987 that the FHWA issue a unified 
rule which other agencies could follow.  Revised rules for this Act were most recently published 
in January of 2005.  
 
Federal real estate acquisition statutes and regulations applicable to the Federal-aid Highway 
program include:  
 
Code of Federal Regulations  

 23 Part 710  
 49 Part 24 (government-wide) 

United States Code  
 Title 23 – Highways  
 Title 42 – Chapter 61: Uniform Relocation Assistance and Real Property Acquisition 

Policies for Federal and Federally Assisted Programs (government-wide) 
 Title 49 - Transportation  
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The Uniform Act prescribes certain benefits and protections for persons displaced by Federally 
funded public projects.  Among the benefits, the Uniform Act provides relocation payments for 
persons displaced from their residences, businesses, farms, or non-profit organizations.  These 
payments include moving expenses and certain supplements for increased costs at a replacement 
location.  In addition, the Act provides protections for persons displaced from residences by 
requiring the availability of replacement housing, minimum standards for such housing, and 
requirements for notices and informational materials.  Additionally, the Uniform Act entitles 
displaced persons including businesses to certain "advisory services" to help them move 
successfully. 

In addition to guidelines regarding how real property is to be purchased and how individuals and 
businesses are to be fairly compensated, the Uniform Act as administered by the FHWA also 
requires States to report on their acquisition and relocation activities.  All U.S. States, as well as 
the District of Columbia and Puerto Rico, submit periodic reports (generally annually) to the 
FHWA Division Offices.  

5.3 Literature Review 

No prior analysis has been identified that quantifies the costs and benefits of the rules, policies 
and procedures established by the Uniform Act for Federal-aid highway projects or other 
Federal-aid projects.  This literature review will: (1) discuss the benefits of the Uniform Act as 
they have been presented in other literature; (2) supplement this discussion by conjecture of the 
potential costs of the Uniform Act; and (3) review available and relevant data sources with 
respect to the costs associated with the Uniform Act. 

5.3.1 Benefits of the Uniform Act 

The protections that the Uniform Act provides are derived from requirements set forth in the 
United States Constitution.  The Fifth Amendment states that private property can not be taken 
without just compensation and that “No person shall be deprived of life, liberty, or property 
without due process of the law….”  Further, the Fourteenth Amendment declares that private 
property cannot be taken by the State without due process.   
 
Benefits provided by the Uniform Act include: 1) fair and equitable treatment of land-owners 
and tenants displaced by direct Federal and Federal-aid projects, 2) establishment of standards 
for advising affected persons of their rights and benefits, and reimbursing displaced persons, and 
3) reduced negative impact on local economy. 

5.3.2 Costs of the Uniform Act 

State and local acquisition and relocation processes associated with non-Federal projects may 
vary from those that would be used on Federal projects.  To the extent that Federal processes 
require additional or more rigorous procedures, real estate procurements on Federally funded 
highway projects may impose greater costs compared to non-Federally funded projects in terms 
of administrative and management costs.   
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Another potential cost associated with the Uniform Act is the cost associated with assisting 
displaced tenants and businesses. State and local real estate and right of way laws vary.  In some 
cases, State and local laws may not mandate compensation for relocation expenses not related to 
acquisition (e.g. moving related expenses, relocation advisory services, and business 
reestablishment expenses, etc.).  For State and local governments that provide less compensation 
and services to displaced individuals, the costs of complying with the Uniform Act for Federally 
funded projects may be greater than State and local requirements on non-Federally funded 
projects.   
 
Under 23 CFR 710.203(b), the Federal-aid Highway Program generally treats as eligible for 
federal participation all usual costs that are provided for by State law. The FHWA is the only 
Uniform Act agency with this type of provision, which permits States to provide benefits beyond 
the levels specified in the Uniform Act and its implementing regulations. Many States have 
created such “enhanced” benefit levels, and any consideration of the costs of Federal-aid 
Highway Program acquisitions and relocations needs to differentiate between costs required 
under the Uniform Act and those that States elect to impose on their program. 
 
There have been no studies identified that have attempted to quantify these or overall project 
costs of the Uniform Act.  There is, however, literature resulting from ongoing efforts to 
streamline acquisition and relocation processes and minimize costs.  One example of such an 
initiative was an experimental tenant relocation incentive program that the Virginia Department 
of Transportation (VDOT) in cooperation with FHWA used on the relocation process of tenants 
of large apartment buildings in the path of a road alignment of the Woodrow Wilson Bridge.  
This initiative was known as the Early Move Incentive Program and gave a $4,000 incentive to 
those residents who moved within 30 days of receiving a replacement housing offer and a $2,000 
incentive for tenants moving between 31 and 60 days of receiving the offer.  VDOT estimated 
that $4.8 million was saved by using this program taking into account seven months of project 
schedule savings and the added costs related to the incentive program.  VDOT also stated that, in 
addition to these cost savings, there were reduced overhead costs resulting from the program that 
would have otherwise been spent to manage the condemned properties for the seven months of 
schedule delay.63 Such incentive programs, both for acquisition and relocation, are not precluded 
by the Uniform Act, and permitted in accordance with April 2006 guidance issued by the FHWA 
Office of Real Estate Services (http://www.fhwa.dot.gov/realestate/acqincentguid.htm).  

5.3.3 Data Sources relating to the Uniform Act and State Acquisition 

The Uniform Act, besides setting forth rules for property acquisition and relocation, also requires 
States to provide statistical information on acquisition and relocation activities.  All of the States 
as well as Puerto Rico and the District of Columbia submit reports which provide information for 
both Federally and non-Federally funded projects.  State and local spending is differentiated for 
Federal-aid and non-Federal-aid acquisitions. Relocation statistics include funds spent for 
displacements, moving payments, 180-day owner benefits and tenant benefits.  Business 

                                                 
63 Richard Moeller et al. August 2002 European Right-Of-Way and Utilities Best Practices. FHWA Office of 
International Programs. Washington DC 

http://www.fhwa.dot.gov/realestate/acqincentguid.htm
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relocation statistics are presented for the number of businesses, farms or nonprofit organizations 
displaced, actual expenses, reestablishment expenses and advisory services. These statistics are 
presented on the FHWA website.64 
 
These data, however, if used to analyze the differences between State, local and Federal 
acquisition and relocation costs may not provide accurate results.  Some of the data gathered is 
voluntary and not all States have consistently made contributions.  Further, this data may not just 
reflect variation in costs specifically relating to differing relocation and acquisition laws.  It also 
may reflect differing State and Local practices about cost accounting measures.65  
 
Individual States may have databases that track right-of-way expenses and could be used to 
differentiate costs of Uniform Act compliance with compliance of State right-of-way statutes.  
For this to be feasible, State statutes would have to be different in at least some respects from the 
Uniform Act and the State would have to have non-Federally funded projects in which property 
acquisitions and relocations are made.  Even if these conditions are met, databases may not track 
all costs associated with Uniform Act compliance.   

5.4 Benefits of the Uniform Act  

5.4.1 Rights and Protections  

There are benefits associated with the rights and protections intended to be ensured by the 
Uniform Act.  However, it may not be feasible or even appropriate to monetize these benefits 
because they are, to a large extent, ensuing from basic rights conferred to all citizens in the U.S. 
by the United States Constitution.  

5.4.2 Reduced Impact on Local Economies  

Without adequate relocation support, displacement of businesses can adversely affect local 
economies when these businesses are placed under additional hardship and increased risk of 
failure.  The Uniform Act provisions are intended to ensure that businesses do not suffer 
disproportionately and to help them recover from their displacement to the extent possible.  The 
success of Uniform Act compliance in minimizing the impact to businesses has been recently 
evaluated by the National Business Relocation Study.66  This report found that reestablishment 
payments were considered almost universally inadequate.  Further, businesses felt that they did 
not receive adequate relocation assistance and compensation for relocation expenses.  Common 
concerns among businesses over relocation costs were the loss of income during downtime, loss 
of visibility, loss of customer base and the exclusion of certain costs from reimbursement 
eligibility.  A review of Uniform Act provision relative to business relocation payments was 
completed and certain changes were made to the regulations in January 2005.  The FHWA is 
                                                 
64 Annual Right of Way Statistics. http://www.fhwa.dot.gov/realestate/stats/  
65 Janet Myers.  February 2005.  Personal Communication 
 
66 FHWA. April 2002. National Business Relocation Study. Report No. FHWA-EP-02-030. FHWA. Washington 
DC 

http://www.fhwa.dot.gov/realestate/stats/
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continuing to assess the impact to business relocations as a result of reimbursement levels 
imposed by the Uniform Act that could not be addressed through the 2005 Rulemaking.67 
 
The Uniform Act’s real impact to local economies and the potential benefits in terms of reduced 
impacts to local economies have not been previously analyzed or monetized.   These benefits 
would be the marginal impact of the Uniform Act over and above current State and local 
regulations.  For instance, these benefits would not accrue in States with identical relocation 
benefits.  An analysis of these incremental benefits would have to consider the economic impacts 
of relocation on Federally funded projects compared to non-Federally funded projects and 
properly attribute the economic impacts to the Uniform Act on Federally funded projects.  

5.5 Costs of the Uniform Act 

5.5.1 Real Estate Appraisal Process 

The Uniform Act specifies the conditions under which the appraisal process must proceed.  The 
Uniform Act requires that an agency appraise a property prior to negotiations to acquire it and 
make an offer based on the appraisal of the property.  The Uniform Act provides minimum 
standards and specific requirements for the qualifications of the appraiser and how the appraisal 
is conducted and documented.  Additionally, the appraisal must undergo an appraisal review 
process.  It is this process on which just compensation to property owners is built. The appraisal 
process would occur in most States regardless of whether or not the Uniform Act applies; 
however, specific activities may be unique to the Uniform Act in certain States.  For States that 
have statutes that do not mirror the Federal Uniform Act requirements and have to comply with 
additional requirements due to the Uniform Act, these additional requirements represent 
additional compliance costs of the Uniform Act. 
 
One example of the incremental cost of the Federal Uniform Act revolves around the appraisal 
review process.  In the Federal Uniform Act requirements, an initial appraisal must go through 
an additional appraisal review process in order to be approved and accepted. Florida does not 
have such a State requirement and right-of-way officials stated that they believed that the 
industry standards for appraisal have increased to the extent that the review process is redundant.  
Currently, both Florida State employees and consultants are used for the appraisal review.  
Florida officials estimated they would save approximately $3.1 million in project funds if the 
appraisal review process were to be eliminated.  This was a best estimate based on the additional 
staff time required for appraisal reviews.   

                                                 
67 See also GAO report Eminent Domain Information about Its Uses and Effect on Property Owners and 
Communities Is Limited (GAO-07-28 November 2006)  
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Streamlining of this process has occurred. For example, low-value acquisitions ($10,000 or less) 
can use an alternative valuation process. This $10,000 limit may be increased up to $25,000 in 
certain instances.  Also, certain types of transactions do not require an appraisal. Also, the 
FHWA has undertaken several pilot projects to experiment with revised appraisal and appraisal 
review requirements.  

The Uniform Act has several requirements regarding the acquisition of real property.  One 
requirement is that the agency acquiring the property must make a reasonable effort to contact 
the property owner to explain the negotiation process.  Another requirement of the acquisition 
process is that, once the amount of just compensation is determined, a written offer must be 
made to the property owner in a prompt manner.  The owner is then allowed a reasonable 
opportunity, by mandate, to consider the offer and to make any proposed modifications.  In some 
instances, owners will accept the offer or the acquisition is settled through negotiations.  The 
process becomes more encumbered when the two parties are not able to come to an agreement 
through the initial offer or negotiation process and have to turn to administrative settlements or 
mediation.  If these options have failed, the acquiring agency can seek legal counsel and begin 
condemnation proceedings as a last resort. 
 
The Uniform Act only imposes acquisition compliance costs to the extent that similar 
compliance requirements are not mandated by State statutes.  For States that have less extensive 
acquisition requirements, the Uniform Act acquisition compliance process may impose 
additional costs.  For those States that have adopted the Federally regulations completely, 
Uniform Act acquisition requirements entail no additional costs. 
 
In situations where condemnation proceedings are commenced, litigation and attorney fees can 
be very costly.  One case example of Federal regulations imposing additional acquisition costs 
occurred in Florida.  Florida has one of the highest rates of acquisition by condemnation in the 
U.S. – 46 percent in 2002 – and requires the acquiring agency to pay for all litigation costs for 
those affected by right-of-way.  Thus, Florida spends an incredible sum on litigation-related 
costs.  On average, Florida currently spends $50 to $60 million annually in court fees out of a 
total right-of-way program of $350 to $400 million annually.  The Uniform Act requires that an 
offer made for real property must represent the fair market value, or appraisal value.  Florida 
officials believe that the high costs of the litigation process might be curbed if they had more 
flexibility to make larger initial offers.    Florida officials estimate that 10 percent of the total 
litigation costs could be saved if they had additional flexibility in making the initial offer.  This 
example may only be relevant to Florida; however, it exhibits one way that differing Federal and 
State acquisition regulations can represent additional Uniform Act compliance burden.  Florida’s 
laws are not representative of the norm, especially because of its unusually pro-landowner 
provisions with respect to payment of attorneys’ fees. 

5.5.2 Relocation Assistance  

The final major compliance item mandated by the Uniform Act is relocation assistance for 
displaced persons.  Among the relocation benefits that might be received from dislocated 
individuals, families, businesses and other entities are relocation payments; relocation advisory 
services; replacement housing and standards for housing; and requirements for informational 
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materials and notices.  Relocation assistance payments and advisory services were claimed to be 
the most significant costs resulting from the Uniform Act.  In 2001, both residential relocation 
expenses and business relocation expenses and advisory services each totaled approximately $61 
million.  As noted above assessing the cost of Federal-aid Highway program acquisitions and 
relocations should differentiate between costs required under the Uniform Act and those that 
States elect to impose on their program since many States have created enhanced benefit levels 
beyond those specified in the Uniform Act. 

5.6 Interview Report 

5.6.1  Compliance Process 

The Uniform Act compliance process generally involves the following activities for agencies 
seeking to acquire real property: personal meetings with property owners and tenants; appraisal 
and appraisal review; acquisition negotiations, potential condemnation proceedings or alternative 
means of property acquisition; property payment; relocation planning; relocation advisory 
services; and relocation assistance payments.  Increasingly, State real estate offices are 
contracting out some of these activities.  Florida representatives estimated that 90 percent of 
appraisal activities were contracted out to consultants.   
 
When asked about the level of complexity of the Uniform Act compliance process, most 
interviewees rated the process complexity moderate to high.  However, a few of the State DOT 
representatives rated the acquisition and relocation processes separately stating that the 
acquisition process was moderately complex while the relocation process could be highly 
complex. 
 
FHWA oversight plays a significant role in the Uniform Act compliance process. FHWA 
headquarters disseminates policy and advisory services.  The Division offices ensure that States 
are in compliance and provide training to State and local agencies.  FHWA headquarters, by 
congressional mandate, is the lead agency for the Uniform Act and provides technical and 
assistance and guidance to 18 other Federal agencies.   
 
All of the State DOT representatives interviewed stated that if the Federal Uniform Act and its 
implementing regulations were to be rescinded, the States would keep their right-of-way laws.  
However, it was also stated that some changes to the right-of-way process may be considered for 
implementation.  Florida representatives stated that although the State right-of-way laws would 
mostly remain unchanged, it would be likely that the relocation benefits would decrease and the 
appraisal review process would be more flexible.  

5.6.2 Compliance Cost Items 

Many States have adopted similar or mirror laws to the Uniform Act.  Because of this fact, it is 
difficult to differentiate between the impact of Federal and State compliance costs.  The 
compliance process identified in terms of imposing the greatest costs is the relocation and 
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reestablishment of businesses.  This cost can vary significantly depending on whether the 
business is in an urban or rural setting.   
Many interviewees stated that residential owners were, for the most part, treated fairly under the 
Uniform Act but business relocatees were not properly compensated for the interruption of their 
business and the loss of established customers from changing locations.  

5.6.3 Compliance Benefit Items 

Among the benefits mentioned by those interviewed for this study is that it ensures rights, 
protections and equal treatment.  Another benefit is that the Uniform Act helped to streamline the 
compliance process and make the compliance process consistent across jurisdictions.  There is 
also an additional benefit of minimizing the impact on local communities and economies through 
planning and advisory services.  

Another benefit of the Uniform Act is that it relieves the political pressures that would otherwise 
affect projects.  Without the act, many argued that individuals with the right connections or those 
who are otherwise in positions of power would receive better treatment.  In this way, the 
Uniform Act depoliticizes the process. 
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6.0  SECTION 106 OF THE NATIONAL HISTORIC PRESERVATION ACT 

6.1 Introduction 

Section 106 of the National Historic Preservation Act requires that “the head of any Federal 
agency having direct or indirect jurisdiction over a proposed Federal or Federally assisted 
undertaking in any State and the head of any Federal department or independent agency having 
authority to license any undertaking shall, prior to the approval of the expenditure of any Federal 
funds on the undertaking or prior to the issuance of any license, as the case may be, take into 
account the effect of the undertaking on any district, site, building, structure, or object that is 
included in or eligible for inclusion in the National Register.”68  Further, it requires that the 
aforementioned Federal agency head provide the Advisory Council on Historic Preservation 
(ACHP) with a reasonable opportunity to review and comment on any relevant project.   
 
Section 106 requires each Federal agency to perform two actions prior to carrying out, approving 
financial assistance to, or issuing a permit for a project that may affect properties listed or 
eligible for listing in the National Register of Historic Places.  First, the agency must recognize 
and consider the project’s impact on historic properties.  Second, the agency must afford the 
ACHP an opportunity to comment on the project if it would have adverse effects on historic 
resources. 

6.1.1 Literature Relating to the Economic Impact of Historic Preservation 

Benefits due to the compliance with the historic preservation act are recognized and attributed to 
be a preservation of a public good.   Previous studies argued for the public nature of the historic 
properties because the market is expected to fail in recognizing and capturing the benefits of  
protecting such property.  Kling (2004) argued that estimating the benefits generated by 
complying with the historic monuments preservation regulations action was tied to the 
recognition of the value of a historic building or monument as the protection of a public good.  
When contacted by the project team, Kling added that “there has been a major impediment to the 
consistent application of efficiency criteria to decisions about public projects, particularly when 
the benefits extend beyond ‘use values’ and also include option prices69 and so-called bequest 
and existence values70.  Because of the importance of such non-use values in the case of the 
historical preservation, these areas have been the most frequent contexts for application of stated-
preference valuation (SPV) and related approaches.   

The costs associated with complying with Section 106 the National Historic Preservation Act 
include: 
 

                                                 
68 Source: FEMA  http://www.fema.gov/pdf/ehp/deskrefd.pdf 
69 Option Price is the amount that individuals are willing to pay for policies prior to the realization of contingencies.  
70 Existence Value is the individuals willing to pay for existence of good that they will never “consume” because 
they believe the good has intrinsic value apart from its use. They could be driven by the desire for others to enjoy its 
existence.  

http://www.fema.gov/pdf/ehp/deskrefd.pdf


 

78 

 The cost of agency coordination and environmental studies to determine the presence of 
historic resources & potential for adverse affect.   

 The cost of project delays (if any). 
 The added cost (if any) of project alternatives that avoid historic sites. 
 Mitigation costs (if any), including some or all of: ROW acquisition, planning and 

design, construction engineering and administration, construction costs. 
The economic impact of historic preservation has been the topic of many State studies over the 
past 15 years.  The results of these studies has generally been very positive suggesting that the 
economic benefits associated with tourism, income generated through preservation activities and 
rising housing prices have exceeded the costs of historic preservation.  Though these studies are 
not directly related to Section 106 restoration activities tied to transportation projects, they are 
certainly relevant when considering the tradeoffs between project costs and the economic 
benefits of restoration activities.    

The Center for Urban Policy Research at Rutgers University in cooperation with Texas 
Perspectives and the LBJ School of Public Affairs at the University of Texas prepared a report 
on the economic impact of historic preservation in Texas.  The study found that incentives for 
historic preservation results in reinvestment, which generates thousands of in-State jobs.  Private 
property owners invest more than $172 million annually to support historic building 
rehabilitation activities.  The investment in historic rehabilitation generated 4,200 jobs in 1997.  
Finally, the study also found that Texas heritage tourism generates roughly $1.43 billion 
annually.71  

The Center for Urban Policy Research at Rutgers (2001) also studied the economic impacts of 
historic preservation in Missouri concluding that historic preservation activity generated in 
excess of $1 billion in annual economic activity supporting 42,353 jobs.72  This estimate includes 
both the direct effects and indirect and induced effects of historic preservation activities.  

In Florida, the Center of Urban Policy Research at Rutgers and the Center for Government 
Responsibility at Florida (2002) examined the economic impacts of historic preservation in 
Florida.73  The study examined both the direct and indirect and induced economic impact of 
historic preservation.  Thus, the study included the impact of the multiplier effect as the impact 
of initial construction and the income generated through these activities rippled through the 
economy.  The authors used an input-output (I-O) model to examine the specific economic 
effects of historic preservation generating the following conclusions: 

 In 2000, $5.4 billion was spent on rehabilitation projects in Florida and 6.5 percent of the 
total amount ($350 million) was tied to historic projects. 

                                                 
71 The Center for Urban Policy Research at Rutgers University in cooperation with Texas Perspectives and the LBJ 
School of Public Affairs at the University of Texas.  “Economic Impacts of Historic Preservation in Texas.”  New 
Brunswick, New Jersey. 1999.  
72 Center of Urban Policy Research at Rutgers University.  “Economic Impacts of Historic Preservation in 
Missouri.” December 2001.  New Brunswick, New Jersey.  
73 The Center for Urban Policy Research at Rutgers University and Center for Governmental Responsibility at the 
University of Florida.  September 2002.  New Brunswick, New Jersey. 
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 The total economic impact of the money spent on historic rehabilitation resulted in 
15,258 new jobs, income of $465 million, $729 million in Gross Domestic Product 
(GDP) and $111 million in tax revenue. 

 In 2000, heritage tourism accounted for $3.7 billion in spending in Florida and generated 
140,789 jobs, $3.4 billion in income, $6.5 billion in GDP, and $1.4 billion in tax 
collections.   

Lennox and Revels (2000) studied the economic impact of historic preservation activities in 
South Carolina.  The authors found that historic preservation activities created 400 jobs annually, 
that historic preservation drives heritage tourism bringing in $325.6 million in annual direct 
spending in South Carolina and that historic preservation spurs the revitalization of downtown 
areas.74 

Clarion Associates in association with BBC Research and Consulting measured the economic 
benefit of historic preservation in Colorado.  This study found that since 1981, historic 
preservation activities had generated in excess of $2 billion in economic activity and almost 
29,000 jobs.  Heritage tourism was found to create more than $3 billion annually in direct and 
indirect economic impacts supporting 60,964 jobs.75 

Leithe and Tigue studied the economic impact of historic preservation in Georgia.  The authors 
found that from 1992 to 1996, historic rehabilitation generated 7,550 jobs, $201 million in 
earnings and $559 million in total economic activity.  The study also found that historic 
preservation correlated positively with growth in property values.  Finally, the study attributed 
roughly half of Georgia’s nearly $15 billion annual tourist industry to visitors drawn to historic 
attractions.76 

Leichenko, Coulson and Listokin studied the impact of designations of historic districts on 
housing prices in nine Texas cities and found that a historic designation of a neighborhood 
correlated with average property value increases of 5 to 20 percent.  Among the nine cities 
studies, the percentage change in value from a historic designation was greatest in Nacogdoches 
(+20.1 percent) and lowest in Dallas (+4.9 percent).77 

A study of the impact of historic districts on housing prices in South Carolina found that houses 
in historic districts sold for between 11 percent (Georgetown) and 36 percent (Anderson) more 
than comparable houses not located in historic districts.  Furthermore, the study found that in 
Columbia, housing prices in historic districts grew 26 percent faster than the entire housing 
market.78 

                                                 
74 Lennox, C. and Revels, J.  “Smiling Faces Historic Places: The Economic Benefits of Historic Preservation in 
South Carolina.”  Columbia, South Carolina.  January 2000. 
75 Clarion Associates in association with BBC Research and Consulting.  “The Economic Benefits of Historic 
Preservation in Colorado.  July 2005.  Denver, Colorado. 
76 Leithe, J. and Tigue, P.  “Profiting from the Past:  The Economic Impact of Historic Preservation in Georgia.”  
Government Finance Review.  April 2000.  Chicago, Illinois. 
77 Leichenko, R., Coulson, N, and Listokin, D.  “Historic Preservation and Residential Property Values:  An 
Analysis of Texas Cities.”  Urban Studies, Vol. 38, No. 11, 1973-1987.  2001. 
78 South Carolina Department of Archives and History.  “Historic Districts Are Good for Your Pocketbook:  The 
Impact of Local Historic Districts on House Prices in South Carolina.”  Columbia, South Carolina.  January 2000. 
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The studies outlined in this section generally rely on I-O modeling to measure the economic 
impacts of historic preservation activities on job, income and tax revenue growth.  To the extent 
that historic preservation activities enhance property values or result in heritage tourism, these 
benefits are unique to historic preservation.  To examine the full impact of historic preservation, 
a study would need to measure non-use or indirect benefits associated with the value citizens 
place on historic assets, measurable through an analysis of their willingness to pay in order to 
preserve them.  

6.1.2 Qualitative Impact of Higher Compliance with Section 106 of the National Historic 
Preservation Act 

It is difficult to evaluate the benefits and costs of compliance with section 106 Historic 
Preservation Act because historic preservation derives its significance from the values that living 
people attribute to it. These values are heritage tourism, intrinsic, cultural, subjective, and 
judgmental values rather than monetary values.  That is, individuals have a willingness to pay to 
capture the various direct use values (e.g., site visits, education) as well as non-use values (e.g., 
option to visit, desire to bequest asset on future generations, benevolence motive) they derive 
from historic sites.  The remainder of this section is devoted to examining research that 
investigates the qualitative impact of Section 106 of the National Historic Preservation Act and 
the value that individuals place on the presentation of historic sites. 
 
Slattery and Jacobitz (2004) found that the FHWA, often working through State DOTs was 
effectively accounting for the effects of road projects on historic properties.  In their report, the 
authors describe the recent work of two State agencies: the Nebraska Department of Roads 
(NDOR) and FDOT, which are collectively leading the way by adopting proactive approaches 
toward preserving and revitalizing sites of historic significance. The authors emphasize that these 
two agencies have used thoughtful planning, interagency cooperation, context-sensitive design 
solutions, and strong partnerships with the FHWA in their approaches to recent projects.  The 
authors describe the NDOR's comprehensive Statewide survey of historic properties along five 
of the State's earliest automobile routes and the FDOT's work in Ybor City (an historic section 
near Tampa that is divided by Interstate Route 4).  The authors conclude that Section 106 
regulations represent an opportunity to incorporate historic preservation into the planning of 
future transportation infrastructure.   
 
Kling (2004) applies the Contingent Valuation Method (CVM) to estimate the public good 
values of preservation and restoration of a local historic landmark in Fort Collins, Colorado. The 
survey device entailed a referendum-style dichotomous-choice question designed to evaluate the 
participation on the part of the city in the restoration of a historic hotel in Fort Collins’ 
downtown to its 1930s appearance.  The project was estimated to cost $10 million with financing 
coming from the State of Colorado Historic Fund and the City of Fort Collins.  The cost to city 
residents has amounted to approximately $670,000 or $17 per household. 
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Kling (2004) findings raised the question of who benefits from the historic preservation and 
found that the public interest is the driver behind such restoration.79 The authors of this study 
concluded that the level of public involvement appeared to be economically rational because the 
willingness to pay (WTP) survey results showed a consistency between the people’s desire 
(valued through the CVM exercise) and the funds contributed by the State and the city. 

 
On the benefits side of the compliance with Section 106, Barrett (1999) claimed that there is an 
indirect and as yet unrecognized benefit associated with Section 106 compliance.  The benefit in 
question is the information that project management gathers at the historic sites.  Barrett argued 
for this information to become publicly available:  
 

“ the public benefit provisions are a major step forward in sharing with the 
public the information gained through Section 106 compliance. Many times 
significant dollars are spent on researching, recording, or excavating a 
historic property and then the results are simply filed away and are not 
accessible to those with an interest in history or archeology, let alone regular 
citizens. Increasingly, agencies are recognizing that it is critical to build 
public support and to show results”. 

Barrett (1999) continued on within the same report to further examine the significant 
educational benefits associated with Section 106 compliance. 

6.2 Section 106 Benefits 

The benefits associated with Section 106 are extensive and well documented.  The literature 
review and interviews conducted in support of this study identified numerous benefits associated 
with historic preservation.  These benefits are tied to the economic activity resulting from 
historic preservation activities, to the tourism generated by the presence of historical places, to 
enhanced property values near historic monuments and neighborhoods and the non-use values 
tied to the education and maintaining the Nation’s cultural legacy.   
 
Section 106 is designed to identify historic resources, assess the adverse effects of transportation 
projects and provide for a process for addressing these adverse effects.  In doing so, mitigation 
measures are developed.  These measures may include data recovery in archeological sites, 
signage, restoration and rehabilitation of historic properties, documentation of historic properties, 
relocation of historic buildings and creation of educational videos.  When adverse effects cannot 
be appropriately mitigated, Section 106 may result in project design changes.  
 
Why protect our cultural heritage?  The answer to that question underlies the benefits of Section 
106 of the National Historic Preservation Act. 
 

                                                 
79 Kling, Robert W. Charles F. Revier and Karin Sable.  2004  “Estimating the Public Good 
Value of Preserving a Local Historic Landmark: The Role of Non-substitutability and Citizen 
Information.”  Urban Studies, Volume 41, No. 10,  pp 2025-2041 
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Heritage tourism involves visits by tourists to historical sites, museums, monuments, parks, 
districts and other historical sites.  Historic preservation enhances tourism opportunities and 
numerous studies site the economic benefits of heritage tourism.  In Georgia, for example, 
tourism generated $15 billion in spending in 1996 and of the tourists surveyed, nearly half 
indicated that they planned to visit a historically significant site during their stay.80  Historical 
national parks in Georgia entertained nearly four million visitors in 1996.   
 
Heritage travelers account for more than 11 percent of visitors to Texas, spending roughly $1.43 
billion annually.81  Studies conducted in Florida, Missouri, South Carolina, Maryland and New 
York all confirm that heritage tourism represents a major source of economic activity.    
 
Historic preservation projects have also been shown to enhance property values in numerous 
studies.  Historic preservation is viewed as an important tool for community development and is 
used to enhance livability by identifying, maintaining and enhancing historic resources.  In States 
across the U.S. (e.g., Maryland, Texas, Florida, Missouri, New Jersey, New York), studies show 
that the value of property located within historic districts or near historic resources is higher and 
has experienced historic growth rates that exceed those for property not located near historic 
properties.  For example, historic designations in Texas were reported to increase property values 
by approximately 20 percent.82 
 
Numerous studies highlight the impact of historic preservation activities on economic activity 
and job creation.  These studies find that preservation activities create jobs, rebuild communities, 
promote reinvestment in aged infrastructure, generate income and enhance tax collections.  Many 
of these studies were highlighted previously in this report. 
 
The principle benefit of Section 106 expressed by the experts interviewed for this study is also 
the most difficult to measure.  It involves the maintenance of our cultural legacy.  Section 106 
requires that DOTs assess the negative impacts of transportation construction on historic 
resources and investigate alternatives in order to protect national historic places.  Section 106 
also requires the documentation of history by requiring archeological and historical analysis of 
our nation’s historic resources.  This requirement maintains our connection to the past. 

6.3 Section 106 Costs 

 
Section 106 limits the destructive effects of Federal transportation projects on historic sites 
through the application of a system process designed to ensure that historic properties are 
identified and alternatives are considered in order to preserve the Nation’s cultural legacy.  The 
Section 106 process includes numerous steps: 
 

 Identify whether or not the project impacts historic resources, 

                                                 
80 Leithe and Tigue (2000). 
81 The Center for Urban Policy Research at Rutgers University in cooperation with Texas Perspectives and the LBJ 
School of Public Affairs at the University of Texas.  (1999). 
82 Leichenko, R., Coulson, N, and Listokin, D.  (2001). 
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 Identify the effected properties,  
 Determine impacts of the project on the properties, and  
 Report the properties and any adverse effects to the State Historic Preservation Officer 

and/or Tribal Historic Preservation Officer, as appropriate, and provide for ACHP 
comment if there are adverse effects from the project, 

 Determine how to address these impacts through mitigation and design solutions.  

The seemingly simple process outlined above can be time consuming and expensive depending 
on the historical significance of properties impacted by transportation projects.  Provided that 
historical properties are identified early in the project development process, mitigation costs are 
generally reasonably low compared to the costs associated with complying with other Federal 
regulations.  When the historical significance of properties effected by a transportation project is 
not identified early, however, agencies may be required to undergo expensive redesign and 
realignment procedures. 

Those interviewed for this study indicated that in nearly all cases, the costs associated with 
Section 106 compliance are less than two percent of total project costs.  When historically 
significant sites are involved and mitigation measures are identified early on in the project 
development process, compliance costs increase but would not be expected to exceed four 
percent of project costs.  The State of California tracks and manages environmental costs through 
the department’s Capital Outlay Support (COS) Standard Work Breakdown Structure (WBS).  
The WBS enables project managers to maintain control over work content and manage budgets.  
The WBS includes codes associated with performing environmental studies and developing draft 
environmental documents (WBS 165) and codes tied to conducting historic studies (WBS 
165.2020).  A Caltrans representative interviewed for this study indicated that an analysis of the 
WBS system demonstrated that environmental costs were roughly seven percent of project costs 
and that the costs associated with conducting historic studies in California represented less than 
one percent of project costs.83  These costs, however, are not necessarily absolutely attributable 
to Section 106 compliance.  For example, the California Environmental Quality Act (CEQA) 
contains some provisions that are similar to Federal standards.  Even in the event that Section 
106 was repealed, Caltrans would continue on with its preservation activities. 

6.3.1 Historic Preservation Requires Close Coordination With a Diverse Set of 
Stakeholders 

The experts interviewed for this study conclude that historic preservation costs are most 
significant when Section 106 is not included in the early phases of the project design and 
communication between the stakeholders is inadequate.  The coordination of historic studies is a 
complicated process due in large part to the nature of the interested parties, which includes a 
diverse set of interests.  Participants in the Section 106 process include: 
 

 Federal agencies, 
 ACHP, 

                                                 
83  
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 State Historic Preservation Officer (SHPO) and/or Tribal Historic Preservation Officer 
(THPO), 

 State agencies, 
 Local agencies, 
 Tribes and native Hawaiian organizations, 
 Preservation advocacy groups, and  
 General public. 

 
To coordinate Section 106 activities States employ archeologists, historians and planners, who 
are dedicated to historic preservation activities.  In California, there is roughly 100 staff located 
in 12 district offices across the State principally dedicated to Section 106 compliance.84  In 
Pennsylvania, there are roughly 14 archeologists and historic structure specialists dedicated to 
Section 106.85  The Minnesota DOT has established a cultural resources unit where six members 
are charged with implementing Section 106 activities.   

6.3.2 Section 106 Streamlining Activities 

Many of the individuals interviewed for this study highlighted streamlining efforts designed to 
reduce the complexity and cost associated with Section 106 compliance.  Among these activities, 
programmatic agreements (PAs) designed to make the process more systematic and improve 
coordination are perhaps the most significant.  In Minnesota, a PA between Minnesota DOT, the 
SHPO, FHWA, ACHP and the U.S. Army Corps of Engineers specifies that there is no need to 
wait for SHPO concurrence on most projects and information is filed electronically.  Due in large 
part to a similar PA, roughly 80 percent to 85 percent of all projects are screened by Caltrans and 
do not require extensive SHPO review.  In Vermont, PAs have been developed around bridge 
projects.  The Vermont DOT has entered into a PA with the ACHP, SHPO and the FHWA. 
 
Further streamlining activities include historic property surveys, GIS mapping of historic 
properties and bundling of Section 106 compliance with other environmental regulation 
compliance activities.   

                                                 
84 Buss (2005). 
85 Martin, Cheryl.  Personal Interview.  June 2005. 
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APPENDIX A: REGULATION MATRIX   
 

Environment 
Legislative 
Reference 

Regulatory 
Reference 

General Overview Purpose/Goals 
of Regulation 

Major Benefits Major Costs Other Issues 

National 
Environmental 
Policy Act 

23 CFR 771-772 
40 CFR 1500-
1508 
Executive Order 
11514 as 
amended by 
Executive Order 
11991 on NEPA 
responsibilities 

Umbrella legislation for considering 
environmental factors during project 
development.  Project sponsors must 
demonstrate informed consideration 
of impacts to reasonable project 
alternatives (including a no-build 
alternative). 

Consider 
environmental 
factors through 
systemic 
interdisciplinary 
approach before 
committing to a 
course of action. 
 
 

1. Generates and organizes 
information needed for 
informed decision-making. 
2. Promotes “open” and 
“transparent” decision-
making for publicly-funded 
actions. Clearly defined 
decision-making process 
during project planning & 
design. 
2.  Reduces the negative 
human and natural 
environmental impacts 
associated with Federal-aid 
construction projects. 
3.  Enhances direct (e.g., 
consumption of natural 
resources, recreational 
opportunities, presence of 
habitat, protection or 
enhancement of social and 
economic structures) and 
indirect (bequest, existence) 
benefits to humans. 

1. Cost of agency 
coordination & 
preparation of 
environmental 
documents (CE, EA, or 
EIS). 
2.  Elements of NEPA 
(e.g., the decision to 
not file an impact 
statement) open states 
and local agencies up 
to environmental 
litigation. 
3.  Marginal added 
cost to project 
associated with the 
selection of a higher 
cost but less 
environmentally 
damaging alternative.   
4.  Mitigation costs. 
5.  Costs associated 
with the time required 
to complete 
environmental studies 
and documentation, 
which in some cases 
exceeds the time 
required for other 
project functions. 

Many States have 
NEPA-like laws. 
If eliminated, NEPA 
decision-making would 
be replaced in part by 
other processes. 
Some NEPA 
document preparation 
costs are part of 
overall project design 
phase. 
NEPA impacts/costs 
vary widely on 
individual projects. 
Variety of data on 
number & timeframe of 
documents collected 
by FHWA. 



 

A-2 

 
Legislative Reference Regulatory 

Reference 
General Overview Purpose/Goals of 

Regulation 
Major Benefits Major Costs Other Issues 

Section 4(f) of The 
Department of 
Transportation Act 
 

23 CFR 771.135 The 1966 Act that requires 
specific analysis of 
potential effects on public 
park and recreation lands, 
wildlife and waterfowl 
refuges, and historic sites. 
Affected projects must 
demonstrate no prudent 
and feasible alternative to 
using that land; and 
include all possible 
planning to minimize harm. 

Preserve publicly 
owned parklands, 
waterfowl and wildlife 
refuges, and 
significant historic 
sites. 

1. Preservation of 
States' 4(f) properties 
e.g. parklands, etc. 

1. Cost of agency 
coordination & 
preparation of 4(f) 
evaluations - may 
involve studies similar 
to Section 106. 
2. Cost of delays (if 
any). 
3. Marginal added cost 
of alternative that 
avoids 4(f) impacts. 
4. Mitigation costs (if 
any), including some 
or all of: ROW 
acquisition, planning 
and design, 
construction 
engineering and 
admin, construction 
costs 
5. Cost of maintaining 
mitigation sites (if any). 

Section 4(f) 
impacts/costs vary 
widely on individual 
projects. 
States may have laws 
that protect parkland 
and historic sites. 
Variety of data on 
number & timeframe of 
documents collected 
by FHWA. 
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Legislative Reference Regulatory 

Reference 
General Overview Purpose/Goals of 

Regulation 
Major Benefits Major Costs Other Issues 

Section 404 of the 
Clean Water Act 

DOT Order 
5660.1A 
23 CFR 650 
Subpart B, 771 
33 CFR 209, 320-
323, 325, 328, 
329 40 CFR 121-
125, 129-131, 
133, 135-136, 
230-231 

Section 404 of the Clean 
Water Act (CWA) is 
overseen by the US Army 
Corps of Engineers 
(USACE), which issues 
permits, with additional 
oversight from the US 
Environmental Protection 
Agency (EPA). It operates 
according to the principle 
of no net loss of wetlands; 
requiring a sequence of 
avoid, minimize, enhance 
and compensate for 
impacts on wetlands. For 
major transportation 
projects, an individual 
Section 404 permit may be 
required. Individual permits 
require extensive scrutiny, 
the preparation of reports 
and the completion of an 
alternatives analysis. 

To prevent, reduce, 
and eliminate water 
pollution by regulating 
dredge and fill 
activities in navigable 
waters of the U.S. This 
includes avoiding 
direct or indirect 
support of new 
construction in 
wetlands wherever 
there is a practicable 
alternative. 

1. Protection and 
preservation of States' 
wetlands and 
waterways, including 
water quality and 
habitat. 
2.  Direct (e.g., 
recreational 
opportunities in 
wetland areas, 
hunting), and indirect 
(e.g., preservation of 
animal habitat, 
existence values) 
environmental values. 
3.  Health benefits. 
 

1. Cost of agency 
coordination and 
environmental 
studies/permit 
application. 
2. Cost of delays (if 
any). 
3. Marginal added cost 
of preferred project 
alternative. 
4. Mitigation costs (if 
any), including some 
or all of: ROW 
acquisition, planning 
and design, 
construction 
engineering and 
admin, construction 
costs. 
5. Cost of maintaining 
mitigation sites (if any). 

Section 404 
impacts/costs vary 
widely on individual 
projects. 
Many States have 
laws protecting 
wetlands. 
FHWA tracks annual 
acreage of wetlands 
mitigated. 
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Legislative Reference Regulatory 

Reference 
General Overview Purpose/Goals of 

Regulation 
Major Benefits Major Costs Other Issues 

Section 10: Rivers and 
Harbors Act 

23 CFR 650, 
Subparts D & H 
33 CFR 114-115 

Section 10 of the Rivers 
and Harbors Act covers 
construction, excavation, or 
deposition of materials in, 
over, or under such waters, 
or any work which would 
affect the course, location, 
condition, or capacity of 
those waters.  Activities 
requiring Section 10 
permits include structures 
(e.g., piers, wharfs, 
breakwaters, bulkheads, 
jetties, weirs, transmission 
lines) and work such as 
dredging or disposal of 
dredged material, or 
excavation, filling, or other 
modifications to the 
navigable waters of the 
United States. 

Protects wetlands and 
waterways and 
ensures no 
obstructions occur to 
navigable waters as a 
result of dredging, fill, 
or construction of 
structures. 

1.  Preservation of 
waterways. 
2.  Benefits to maritime 
operations associated 
with maintaining a 
clear channel. 
 

1. Cost of 
environmental 
studies/permitting. 
2. Cost of delays (if 
any). 
3. Marginal added cost 
of preferred project 
alternative. 
4. Mitigation costs (if 
any), including some 
or all of: ROW 
acquisition, planning 
and design, 
construction 
engineering and 
admin, construction 
costs. 
5. Cost of maintaining 
mitigation sites (if any). 

Section 10 impacts 
vary on individual 
projects. Usually 
bridge projects have 
biggest impacts. 
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Legislative Reference Regulatory 

Reference 
General Overview Purpose/Goals of 

Regulation 
Major Benefits Major Costs Other Issues 

Section 402: Clean 
Water Act 

DOT Order 
5660.1A 
23 CFR 650 
Subpart B, 771 
33 CFR 209, 320-
323, 325, 328, 
329 40 CFR 121-
125, 129-131, 
133, 135-136, 
230-231 

The National Pollutant 
Discharge Elimination 
System (NPDES) 
program—required by 
Section 402 of the CWA—
regulates discharges from 
point sources to waters of 
the United States.  Point 
source is defined by the 
CWA as “any discernible, 
confined and discrete 
conveyance, including but 
not limited to any pipe, 
ditch, channel, tunnel, 
conduit, well, discrete 
fissure, container, rolling 
stock, concentrated animal 
feeding operation, or 
vessel or floating craft, 
from which pollutants are 
or may be discharged.”  
This includes storm water 
discharges.  Such 
discharges are regulated 
through permits, which are 
a license for a facility to 
discharge a specific 
amount of a pollutant into a 
water body, under certain 
conditions.   

To prevent, reduce, 
and eliminate water 
pollution by regulating 
discharges from point 
sources, including 
construction sites, 
maintenance facilities, 
etc. to U.S. waterways. 

1. Better erosion 
control and protection 
of water quality. 
2.  Health benefits. 
3.  Other direct (e.g., 
improved fish runs) 
and indirect (e.g., 
sustained waterway 
habitat) environmental 
benefits. 

1. Cost of agency 
coordination and 
environmental 
studies/permits 
2. Implementation of 
Best Management 
Plans 
3. Mitigation costs (if 
any), including some 
or all of: ROW 
acquisition, planning 
and design, 
construction 
engineering and 
admin, construction 
costs. 
4.  Compliance costs 
for industry. 

NPDES requirements 
vary by project. 
Because highways are 
“receptors” of 
discharges from other 
sources (abutting 
properties, etc.), and 
States operate sites 
such as maintenance 
yards, this statute has 
consequences in the 
maintenance and 
operations areas as 
well. 

Coastal Zone 
Management Act + 
Amendments 

15 CFR 923, 926, 
930 
23 CFR 771 

Broad ranging legislation 
that creates a partnership 
among Federal, State, and 
local governments to 
address problems caused 
by competing coastal 
pressures.   

Protects coastal 
natural resources as 
well as broader 
ecological and 
geological functions of 
coastal areas. Manage 
non-point source 
pollution of activities 
located in coastal 
zones. 

1.  Improved coastal 
habitat. 
2.  Reduced damage 
to coastal 
environments. 
3.  Enhanced 
recreational 
opportunities due to 
improved sustainability 
of coastal areas. 
4.  Economic benefits 
associated with 
coastal tourism. 

1. Cost of agency 
coordination and 
environmental studies. 
2. Marginal added cost 
of preferred project 
alternative. 
3. Cost of delays (if 
any). 

States often have 
similar laws. 
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Legislative Reference Regulatory 

Reference 
General Overview Purpose/Goals of 

Regulation 
Major Benefits Major Costs Other Issues 

Section 7 of the 
Endangered Species 
Act 

7 CFR 355 
50 CFR 17, 23, 
81, 222, 225-227, 
402, 424, 450-453 

Under the ESA of 1973, 
Federally authorized or 
funded projects must not 
jeopardize the existence of 
threatened or endangered 
species. The consultation 
process established by 
Section 7 of the ESA 
requires all Federal 
agencies to coordinate with 
US Fish and Wildlife 
Service (FWS) to 
determine potential project-
level impacts on listed 
species and to develop 
project alternative 
measures to minimize 
impacts.  
 
 

Conserve species of 
fish, wildlife and plants 
facing extinction. 

Support for 
preservation of 
endangered species. 
Maintain healthy 
ecosystems and 
biodiversity 

1.  Cost of agency 
coordination and 
environmental studies 
(Biological 
Assessment & 
FWS/NMFS 
consultation, Biological 
Opinion, if necessary) 
2.  Cost of delays (if 
any) 
3.  Marginal cost of 
preferred project 
alternative 

Section 7 impacts vary 
widely on individual 
projects. 

Executive Order 12898: 
Environmental Justice 

59 CFR 7629, 62 
CFR 18377, 60 
CFR 33896 

A 1994 Presidential 
Executive Order directed 
every Federal agency to 
make environmental justice 
part of its mission by 
identifying and addressing 
the effects of all programs, 
policies, and activities on 
"minority populations and 
low-income populations." 

Avoid Federal actions 
which cause 
disproportionately high 
and adverse impacts 
on minority and low 
income populations 
with respect to human 
health and the 
environment. 

1. Reduction in 
disproportionate 
adverse impacts on 
minority and low 
income populations 
and communities at 
the project level. 
 

1. Cost of agency 
coordination and 
environmental studies. 
2. Marginal added cost 
of preferred project 
alternative. 
3. Cost of delays (if 
any). 

 

Noise Standards: 23 
U.S.C. 109(i) 
 

23 CFR 772 The FHWA noise 
regulations require that 
abatement measures be 
considered when highway 
traffic noise impacts are 
identified and that the 
abatement measures be 
implemented when they 
are determined to be 
reasonable and feasible. 

Promulgate noise 
standards for highway 
traffic. 

1. Address noise 
pollution. 
2. Health impacts. 

1. Cost of 
environmental studies. 
2. Cost of delays (if 
any). 
3. Marginal cost of 
preferred project 
alternative. 
4. Mitigation costs (if 
any) including some or 
all of: ROW 
acquisition, planning 
and design, construct 
engineering, admin, 
construction costs. 

Noise impacts vary 
widely on individual 
projects. 
FHWA tracks costs 
and mileage of noise 
barriers constructed. 
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Legislative Reference Regulatory 
Reference 

General Overview Purpose/Goals of 
Regulation 

Major Benefits Major Costs Other Issues 

Conformity Rule of 
Clean Air Act 

40 CFR 51 and 93 The transportation 
conformity process is 
intended to ensure that 
transportation plans, 
programs, and projects will 
not create new violations of 
the National Ambient Air 
Quality Standards 
(NAAQS); increase the 
frequency or severity of 
existing NAAQS violations; 
or delay the attainment of 
the NAAQS in designated 
nonattainment (or 
maintenance) areas. 

To restrict Federal 
funding and approvals 
for highway projects in 
States that fail to 
submit or implement 
an adequate State 
Implementation Plan 
(SIP). 

1. Control of mobile 
source emissions that 
contribute to air quality 
problems. 
2. Health impacts 

1. Cost of agency 
coordination & 
environmental studies. 

 

Labor 
1931 Davis Bacon Act, 
as amended by 1991 
Intermodal Surface 
Transportation 
Efficiency Act. 
Payment of 
Predetermined Minimum 
Wages. 
  

23 USC 113,  
40 USC 276  
(a) & (c) 

Requires the payment of 
locally established 
prevailing wages and fringe 
benefits to laborers and 
mechanics employed on 
Federal-aid highway 
construction contracts 
located on a Federal-aid 
highway. 

Davis Bacon precludes 
contractors from hiring 
low-cost labor 
contractors from 
outside local areas 
and increases the 
distribution of income 
and capital throughout 
the U.S. 

1. Encouraging the 
recruitment and 
training of skilled labor. 
2. Promotes high 
construction quality. 
3. Local economic 
development. 
4. Local employment.  
5. Increased local 
income levels. 

1. Costs associated 
with program 
administration for both 
the public and private 
sector.  
2. In certain states, 
costs associated with 
higher contract prices 
may result from 
published prevailing 
wages being higher 
than free-market 
wages. 

Many States have 
enacted their own 
version of the Davis 
Bacon Act. 
Higher contracting 
costs could be 
measured by 
comparing equivalent 
Federal-aid and non 
Federal-aid State 
highway programs.   

Copeland Act 
Statements and Payrolls 

40 USC 276 (a)  
& (c),  
18 USC 874 

Prohibits any contractor 
from encouraging or 
forcing an employee to 
give up any part of the 
compensation entitled 
under the employment 
contract. Requires the filing 
of weekly payroll 
statements. 

To protect employees 
from paying kickbacks 
and to ensure 
compliance with the 
Davis Bacon Act. 

1. Increased local 
income levels. 
2. Increased 
compliance with 
prevailing current 
wage laws. 
3.  Reduced incentives 
for corruption. 
 

1. Costs associated 
with program 
administration and 
compliance for both 
the public and private 
sector. 
2. Costs associated 
with higher than free-
market wages. 
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Legislative Reference Regulatory 

Reference 
General Overview Purpose/Goals of 

Regulation 
Major Benefits Major Costs Other Issues 

Federal-Aid Highway 
Act of 1968  
Federal-Aid Highway 
Act of 1970  
23 USC 140On the Job 
Training (OJT) 
 

23 CFR 230 (A)  
23 U.S.C. 140(a)  
23 U.S.C. 140(b)  
 

Allows apprentices to work 
at a lower than the 
journeyman established 
wage rate for a State 
Transportation Agency 
(STA) registered 
apprenticeship program or 
an approved training 
program of the US 
Department of Labor. 

The main objective of 
this legislation is to 
train and give upward 
mobility to women, 
minorities and those 
on welfare. 

1. Encouraging the 
recruitment and 
training of skilled labor. 
2. Increased 
opportunities for 
women and minorities.  
3. Economic 
rehabilitation for those 
on public assistance.  

1. Administrative costs 
for both the STA and 
the construction 
contractor associated 
with the registration 
and monitoring 
process for OJT 
programs.  

 

ISTEA of 1991 Convict 
Labor and Convict 
Produced Material 
23 USC 114(b)Use of 
Convict Labor 
 

23 U.S.C. 114(b)  
23 CFR 635.117  
 

Prohibits the use of convict 
labor or convict produced 
material on any Federal-aid 
construction site located on 
a Federal-aid highway.. 

To ensure fair 
competition in the 
bidding process for 
Federal-aid contracts. 

1. Ensures greater 
equity in the 
contracting process as 
defined by the law. 
2.  Increases local 
income and 
employment levels. 

1.  Reduces 
competition slightly for 
selected products and 
work types. 
2. Eliminates a 
potential source of low 
cost labor. 

 

Drug-Free Workplace 
Act of 1988 
Drug - Free Workplace 

49 CFR 29  
23 CFR 
630.307(c)(3) 
 

Requires grantees from 
direct recipients who 
receive assistance directly 
from a Federal agency to 
verify that they will 
maintain a drug free 
workplace and impose 
sanctions. This does not 
apply to Federal-aid 
contractors. 

To reduce drug related 
activities. 

1. Decreased 
incidence of drug 
related activities in 
Federal-aid recipients’ 
workplaces. 
2.  Improved 
productivity and 
enhanced operational 
safety. 

 1. Costs incurred by 
STAs for 
guaranteeing, 
maintaining and 
enforcing a drug-free 
workplace. 
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Civil Rights  
Legislative Reference Regulatory 

Reference 
General Overview Purpose/Goals of 

Regulation 
Major Benefits Major Costs Other Issues 

The Civil Rights Act of 
1964 
The Age Discrimination 
and Employment Act of 
1967  
The Age Discrimination 
Act of 1975 
The Americans with 
Disabilities Act of 1990 
Federal-Aid Highway 
Act of 1973. 
23 USC 
140Nondiscrimination  
 

23 U.S.C. 140  
23 U.S.C. 324  
23 CFR 200  
23 CFR 230A and 
D  
28 CFR 35  
29 CFR 1630  
41 CFR 60  
49 CFR 21  
49 CFR 23 

Requires State assurance 
that no person shall be 
excluded on the grounds of 
race, color, or national 
origin from participation or 
be subjected to 
discrimination under any 
program or activity which 
receives Federal-aid 
assistance from the 
Department of 
Transportation.  Federal-
aid policy requires all 
construction contractors to 
have an Equal 
Employment Opportunity 
policy.    

The main objectives 
are to ensure that 
Federal assistance will 
not be used to 
discriminate and to 
increase participation 
of minorities and 
women in the work 
force.   
 

1. Encourages fair 
competition in the 
labor force. 
2.  Enhances income 
and opportunity to 
minority and otherwise 
disadvantaged 
individuals. 
 
 

1. Costs associated 
with monitoring 
contractor compliance 
of nondiscrimination 
requirements.  
2.  Costs associated 
with implementing 
Federal 
nondiscrimination 
policies (e.g. periodic 
reviews, paper costs, 
EEO officer labor 
costs).   

 

STURAA of 1987 
ISTEA of 1991 
23 USC 140(d)Indian 
Preference 

23 U.S.C. 140 
23 CFR 635.117 
 

Permits States to use 
hiring preferences towards 
Native Americans on 
Federal-aid projects 
located on or near Native 
American Reservations. 

To extend employment 
opportunities for 
Native Americans on 
all eligible Federal-aid 
highway projects. 

1. Economic 
development and 
increased income 
levels for Native 
American 
communities. 
2.  Builds local Native 
American economies.  
 

1. Costs of contracts 
potentially awarded to 
less competitive (i.e. 
price or quality) firms. 
2.  Potential negative 
impacts on 
competition. 
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Legislative Reference Regulatory 

Reference 
General Overview Purpose/Goals of 

Regulation 
Major Benefits Major Costs Other Issues 

Civil Rights Act of 1964 
STAA of 1982 
STURAA of 1987  
ISTEA 1991 
Disadvantaged 
Business Enterprises  
 
 
 

49 CFR Part 26 
(DBE Regulations)  
49 CFR Part 21 
(Title VI 
Regulations)  
23 USC 140(c)  
23 CFR 200 & 230 
 

As a national goal, this 
requires no lower than 10% 
participation of 
disadvantaged business 
enterprises (DBE) in 
Federal-aid funded 
projects. 

The main objective of 
the DBE Program is to 
ensure that enterprises 
owned by minorities, 
women and otherwise 
disadvantaged 
businesses are 
provided an 
opportunity to 
participate in DOT 
funded contracts.  

1. Increased income 
and economic 
opportunities for 
minorities, women and 
otherwise 
disadvantaged 
individuals.  
 

1. Costs incurred by 
the FHWA with the 
approval process for 
State DBE programs.  
2. Costs incurred by 
the State in 
administering the DBE 
program (e.g. 
certifying and 
monitoring DBEs). 
3.  Costs incurred by 
businesses receiving 
DBE certification. 
4. Costs of contracts 
potentially awarded to 
less competitive (i.e. 
price and quality) 
firms. 

Many States have 
enacted their own 
version of this rule. 

Executive Order 11246 
Nonsegregated facilities 
 

23 CFR 633A 
 

All Federal-aid construction 
contractor facilities must be 
non-segregated. 

To ensure the 
elimination of past 
discriminatory 
practices of providing 
separate facilities or 
prohibiting minorities 
access to facilities. 

1.  Improves social 
equity. 
2.  Enhances minority 
employment 
opportunities. 
 

1. Costs incurred by 
contractors in attaining 
guarantee that 
subcontractor facilities 
are not segregated.  

 

Material Standards and Documentation 
STAA of 1982 and  
ISTEA of 1991 
Buy America  
 
 

23 CFR 635.410 A mandate for all Federally 
funded construction 
projects to purchase steel 
and iron domestically.   

To support the US 
economy and the 
domestic steel 
industry. 

1. Economic support 
for the domestic 
economy. 
2.  Increased domestic 
income, GDP and 
employment. 
3.  Advancement of 
the U.S. steel industry. 

1. Costs from possible 
above-market prices 
resulting from 
decreased competition 
and restrictions on the 
use of potential lower-
cost foreign suppliers.  
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Legislative Reference Regulatory 

Reference 
General Overview Purpose/Goals of 

Regulation 
Major Benefits Major Costs Other Issues 

No legislative reference 
Record of Materials, 
Supplies, and Labor 
 

23 CFR 635.126 
 

Federal-aid project 
contractors are required to 
submit Form FHWA-47, 
"Statement of Materials 
and Labor Used by 
Contractors on Highway 
Construction Involving 
Federal Funds." 

To support a database 
on usage of various 
construction materials.  

1.  More knowledge in 
the bidding process. 
2.  Availability of 
information. 
3.  Potentially reduced 
prices due to more 
knowledge of industry 
costs. 

1. Costs incurred by 
the FHWA from 
checking, coding and 
entering data. 
2. Costs incurred by 
the contractor from 
filing forms and 
complying with the 
regulation.  

 

STURAA of 1987 
Convict Produced 
Materials 

23 U.S.C. 
114(b)(2)  
23 CFR 635.417 
 

Convict produced materials 
not permissible on Federal-
aid projects unless: 1) 
convicts are on parole, 
supervised release or on 
probation from prison 2) 
materials were produced in 
a qualified prison facility. 

To ensure fair 
competition in the 
bidding process for 
Federal-aid contracts. 

1. Enhanced equity in 
the bidding process. 
2.  Enhanced local 
income and 
employment for non-
convict labor force. 

1.  Reduced access to 
low-cost labor. 

 

Competition 
No legislative reference 
Noncollusion Statement  

23 U.S.C. 112  
23 CFR 635.112(f) 
 

Requiring submission of a 
non-collusion statement by 
Federal-aid construction 
contracts.   

The goal is to deter 
collusion on Federal-
aid contracts. 

1. Decreased 
incentives to collude 
possibly resulting in 
lower bid prices. 
2.  Enhanced integrity 
in bidding process. 
3.  Increased 
competition. 

1. Costs associated 
with submission of 
non-collusion 
statement. 
2.  Costs incurred by 
investigating potential 
collusion activities. 

Actual collusion 
avoided would be 
extraordinarily difficult 
to identify and 
measure.   

No legislative reference. 
Public Agencies in 
Competition with the 
Private Sector. 
 

23 U.S.C. 112  
23 CFR 
635.112(e) 
 

Unless it is proven cost 
effective or an emergency 
exists, Public agencies are 
disallowed from entering 
into competition for 
Federal-aid construction 
projects with private 
enterprises. 

To ensure open and 
competitive bidding in 
Federal-aid 
construction contracts. 

1. Improved 
competition and fewer 
conflicts of interest. 
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Real Property  Management and Preservation 
Legislative Reference Regulatory 

Reference 
General Overview Purpose/Goals of 

Regulation 
Major Benefits Major Costs Other Issues 

The Uniform Relocation 
Assistance and Real 
Property Acquisition 
Policies Act of 1970 

49 CFR (A) 42 
U.S.C. 4601 

This law brought a 
minimum standard of 
performance to all 
Federally funded projects 
with regard to the 
acquisition of real property 
and the relocation of 
persons displaced by the 
acquisition of such 
property. 

The purpose of this act 
is to provide for 
uniform and equitable 
treatment of persons 
displaced from their 
homes, businesses, or 
farms by Federal and 
Federally assisted 
programs and to 
establish uniform and 
equitable land 
acquisition policies for 
Federal and Federally 
assisted programs. 

1. Fair treatment of 
land-owners and 
tenants displaced by 
direct Federal and 
Federal-aid projects.  
2. Establishment of 
standards for advising 
affected individuals of 
their rights and 
benefits, and 
compensating 
displaced individuals. 
3. Reduced negative 
impact on local 
economy. 

1. The costs 
associated with 
assisting displaced 
tenants and 
businesses. 
2.  The costs 
associated with fairly 
compensating 
displaced owners. 
3.  Litigation costs 
resulting from liability 
arising from 
landowners and 
tenants challenges. 
 
 
 

Protections in the 
Uniform Act derive 
from requirements of 
the U.S. Constitution. 
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Legislative Reference Regulatory 

Reference 
General Overview Purpose/Goals of 

Regulation 
Major Benefits Major Costs Other Issues 

Section 106 of the 
National Historic 
Preservation Act 

Executive Order 
11593 
23 CFR 771 
36 CFR 60 
36 CFR 63 
36 CFR 800 

Requires Federal agencies 
to take into account the 
effects of their 
undertakings on historic 
properties, and afford the 
Advisory Council on 
Historic Preservation a 
reasonable opportunity to 
comment. The process 
includes three key steps: 1) 
Are any historic properties 
affected by the 
undertaking? 2) Does 
undertaking have an 
"adverse impact" on 
properties? 3) Develop 
MOA to resolve adverse 
effects.   

Protect, rehabilitate, 
restore, and reuse 
districts, sites, 
buildings, structures, 
and objects significant 
in American 
architecture, 
archeology, and 
culture. 

1. Preservation of 
States' historic 
resources and lands. 
 

1. Cost of agency 
coordination & 
environmental studies 
to determine presence 
of historic resources & 
potential for adverse 
affect.  MOA to 
address any adverse 
affects. 
2. Cost of delays (if 
any). 
3. Marginal added cost 
of preferred project 
alternative. 
4. Mitigation costs (if 
any), including some 
or all of: ROW 
acquisition, planning 
and design, 
construction 
engineering and 
admin, construction 
costs. 
5. Cost of maintaining 
mitigation sites (if any). 

Section 106 
impacts/costs vary 
widely on individual 
projects. 
Finding of "adverse 
effect" in Section 106 
report increases costs. 
States may have 106-
like laws. 

Fraud Deterrence 
Federal-aid Road Act of 
1916  
18 USC 1020False 
Statements Concerning 
Highway Projects. 

18 U.S.C. 1020  
23 CFR 633  
23 CFR 635.119 
 

Prohibits the willful 
falsification, distortion, or 
misrepresentation with 
respect to any facts related 
to Federal-aid projects.  

To curb fraud, waste, 
and abuse on Federal-
aid highway projects. 

1. Deter fraud in 
Federal-aid highway 
projects.  
2.  Improve 
competition. 
3.  Reduce project 
costs by reducing 
fraudulent claims on 
public funds. 

1. Costs incurred by 
STAs from 
investigating 
allegations of fraud 
with respect to 
Federal-aid 
construction contracts. 
 

 



 

A-14 

 
Legislative Reference Regulatory 

Reference 
General Overview Purpose/Goals of 

Regulation 
Major Benefits Major Costs Other Issues 

No legislative reference. 
Certification Regarding 
Debarment, 
Suspension, Ineligibility, 
and Voluntary Exclusion 

49 CFR 29 
 

Each Federal-aid highway 
program contractor or 
subcontractor is required to 
certify current contractor 
eligibility status. 
Contractors are not eligible 
for Federal-aid projects if 
they are presently 
debarred, suspended, 
proposed for debarment, 
declared ineligible, or 
voluntarily excluded from 
covered transactions by 
any Federal department or 
agency. They are also 
ineligible if they have been 
convicted or had civil 
judgment rendered within 
the past three years for 
certain types of offenses.   

To curb fraud, waste, 
and abuse on Federal-
aid highway projects. 

1. Deter fraud in 
Federal-aid highway 
projects. 
2.  Enhance 
competition and lower 
costs by reducing 
fraudulent and false 
claims on public funds. 

1. Costs incurred by 
the General Services 
Administration (GSA) 
for compiling, 
maintaining, and 
distributing a list of 
suspended and 
debarred parties which 
are excluded from all 
Federal projects.  
2. Costs incurred by 
STA’s from verifying 
eligibility status of 
bidding contractors.  
3. Cost incurred by 
STAs and FHWA in 
administering 
suspension / 
debarment actions. 

 

No legislative reference. 
Certification Regarding 
the Use of Contract 
Funds for Lobbying. 
 

23 CFR 
635.112(g)  
49 CFR 20 
 

STA’s and other recipients 
of Federal-aid funds must 
submit a certification to the 
FHWA that it has and will 
not use funds to pay for 
lobbying activities prior to 
receiving funds in excess 
of $100,000.  

To prevent the use of 
Federal funds to 
influence Congress or 
a Federal agency in 
connection with the 
awarding of any 
Federal contract or 
grant. 

1. More efficiency in 
the allocation of 
Federal-aid highway 
funds.  
2.  Reduced project 
costs. 

1. Costs incurred by 
STA’s to submit 
paperwork verifying 
the non-use of 
Federal-aid funds for 
lobbying purposes.  

 

Miscellaneous 
Occupational Safety and 
Health Act of 1970 
Safety: Accident 
Prevention  

40 U.S.C. 333  
23 CFR 635.108  
29 CFR 1926 
 

Requires the contractor to 
comply with all applicable 
Federal, State, and local 
laws governing safety, 
health, and sanitation. 

To ensure that 
Federal, State and 
local health and safety 
standards are met in 
all Federal-aid 
construction projects.  

1. Aversion of costs 
resulting from poor 
safety standards and 
compliance. 
2.  Fewer costs 
associated with 
fatalities (e.g., lost 
income, quality of life), 
injuries and accidents 
(e.g., property 
damage, investigation 
costs). 
 

1. Costs incurred by 
DOL in periodic 
inspections of contract 
sites to ensure safety 
requirements are met.  
2. Costs incurred by 
STAs in fulfilling 
responsibilities to 
ensure State safety 
standards are met.  
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Legislative Reference Regulatory 
Reference 

General Overview Purpose/Goals of 
Regulation 

Major Benefits Major Costs Other Issues 

No legislative reference. 
Subletting or Assigning 
the Contract 

23 CFR 633  
23 CFR 635.116 

Requires that the prime 
contractor perform not less 
than 30 percent of contract 
work (less designated 
specialty work) with its own 
organization.   

To inhibit brokering of 
a Federal-aid highway 
contract by the prime 
broker / contractor. 

1. Deter abuse on 
Federal-aid highway 
projects. 
2.  Improves the direct 
management of the 
project by ensuring 
that the prime 
contractor will provide 
proper oversight. 
 

1. Costs incurred by 
STAs evaluating and 
approving all 
subcontracts or 
administering a 
certification process 
for subcontractors. 
2.  Increased costs 
whenever less 
expensive sub-
contractors could have 
otherwise been used 
to defray costs. 
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APPENDIX B: INTERVIEW GUIDES 
 

Project-Level Environmental Costs  

 
 
Introduction. To help structure this discussion, we are referring to the entire range of environmental 
expenditures for any transportation project as “mitigation” costs. Therefore, the terms “mitigation costs” 
and “environmental costs” are used interchangeably in this study. We have grouped mitigation costs into 
four broad categories: 1) avoidance costs, 2) minimization costs, 3) compensation costs, and 4) 
enhancement costs. We expect that costs in each category may occur during all or some phases of 
project delivery: 
 
 Avoidance and/or Minimization Costs. Incurred when the process of planning, locating, designing, 

and constructing new projects and includes efforts to identify, avoid or minimize adverse 
environmental impacts. For example: 

 
o Bridge design features long spans to eliminate piers in riverbed or wetland areas; 
o Road alignment is specially located to avoid sensitive habitat, or parklands; 
o Project features storm water facilities or noise walls to minimize operating impacts; or 
o Construction activities are timed to avoid or minimize environmental impacts to threatened or 

endangered species.  
 
 Compensatory and/or Enhancement Costs. Incurred where environmental impacts are impossible 

to avoid and compensatory “mitigation features” are required, such as wetlands restoration, historic 
resources conservation, or stream protection; or where projects add features that actually improve the 
environment. For example: 

 
o Construction of wetland/use of wetland bank; 
o Stream bed restoration; 
o Documentation of historic resource; or 
o Incorporation of environmental features in project design. 

 
Activities in any of these categories may involve costs of different kinds, such as DOT staff time (for 
planning, design, NEPA, ROW, and construction), construction costs, right-of-way acquisition costs, and 
contractor mobilization costs. The graphic overleaf illustrates this framework for thinking about project-
level environmental costs. 
 
Part One Topic: General Background on Environmental Cost Tracking 
 
1. Is your DOT attempting to measure any environmental mitigation costs? 
 
2. If yes, when did you start and what was the motivation for doing so? 
 
3. How does your agency use environmental cost data, and/or how will you use it in the future? 
 
4. What benefits are achieved by measuring some or all project-level environmental costs? 
 
 
 
Part Two Topic: Mitigation Costs at the Project Level 
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5. Following the graphic above, consider the avoidance, minimization, compensation, or 

enhancement activities that occur in each of the seven project delivery steps (from planning 
to maintenance/operations) identified, or as practiced in your state. 

6. What are the types of expenditures (e.g. staff costs, contractor costs, etc.) that are incurred 
for each of the four mitigation categories identified in your answer above? 

7. Explain which, if any, types of identified expenditures you measure. How, if at all, you are 
able to measure any of the mitigation-related costs you identified in Q5?. 

 
8. For areas identified in Q5 where you are not measuring environmental costs, what are the 

barriers to better measurement of mitigation costs and how might measurement techniques 
be improved? 

 
9. What, if any environmental activities/costs are avoided if a project does not use Federal 

funds, and why? Could you provide a general estimate of resultant savings? 
 
10. Are you aware of any instances where environmental activities helped reduce overall project 

costs, such as if the NEPA process led to selection of a project alternative that had a more 
modest design scope than other alternatives? If so, please describe such case(s) and, if 
possible, estimate resulting cost savings. 

 
Part Three Topic: Project Level Case Studies 
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11. As a separate part of the research, following the completion of these interviews FHWA would like to 

conduct case studies of typical projects. We are seeking a single project from your state (or projects) 
that you believe would be a good candidate for a detailed exploration of costs associated with 
mitigation, including process, avoidance, and delay costs. FHWA is seeking project(s) drawn from 
one of the following types:  

 
 New roadway on new alignment (2 to 4 lanes); 

 New capacity on existing roadway alignment, or major roadway reconstruction with no capacity 
increase but with substantial improvement/alteration of drainage or other design features 
including safety components; 

 3R/4R project (rehabilitation, resurfacing, minor reconstruction, relocation); 

 Bridge replacement in existing location; 

 Bridge replacement in new location; and 

 New interchange  

 
Additional criteria for selecting the project(s) include: 

 
 Projects should be “typical” or “middle of the pack” in terms of the DOT’s experiences with 

environmental compliance requirements. This means that the selected projects will not be at the 
highest or lowest end of the cost, time, or controversy spectrums.  

 Project should be completed and open for operation. 

 Project was constructed within 10 years of starting the NEPA process. 
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The Davis-Bacon Act 

 
 
Battelle is conducting research for the Federal Highway Administration (FHWA).  The research 
study is entitled, “Benefits and Costs of Complying with Federal-Aid Highway Regulations.”  
The research effort is designed to examine existing data, industry and project sponsor input and 
previous studies on the benefits and costs resulting from a small number of existing Federal 
highway regulations.  The specific regulation that we would like to discuss with you in this 
interview is the Davis-Bacon Act (also known as the prevailing wage laws).  This is not a survey 
but rather an interview aimed at gathering information concerning applied experience in 
complying with Davis-Bacon requirements.   
 

A- Compliance Process 
 
1. Please describe the key elements of the regulatory process that must be followed in order to 

comply with the Davis-Bacon Act. 
 
2. How do you scale the degree of complexity associated with the compliance process with 

Davis-Bacon, in a scale of zero to ten relative to other State and Federal regulations (zero 
being relatively not complex and 10 being very complex)?  What elements contribute to your 
rating? 

 
3. What types of resources are deployed in the compliance with Davis-Bacon?  Consider the 

following cost elements and discuss the burden placed on each. 
 

a. Project manager (s) time 
b. Employees other than the project manager involved in the Davis-Bacon 

compliance process 
c. Administrative, clerical and data entry time required to perform the compliance 

process 
d. Computer, software, bookkeeping material and other stationary material (posters, 

flyers and publications about prevailing wage laws) related to complying with 
Davis-Bacon 

e. Contract negotiation and execution 
f. Ongoing monitoring costs 
g. Efforts to conduct, search, and gather information and obtain data from the 

Department of Labor (DOL) related to prevailing wage requirements 
h. Other relevant Davis-Bacon Act process cost items besides the items listed above 
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4. Are you aware of any contradictory or duplicative requirements between Davis-Bacon and 
other local, State and Federal regulations?86  If so, what are these other regulations and what 
are the duplicative or contradictory elements?  What are the:  

a. relevant duplicative or contradictory regulations 
b. similarities and/or contradictions 
c. impacts of these similarities and contradictions 
d. which regulation(s) have a more significant impact on project costs 

5. What would be the expected change in the local and State regulations if the Federal Davis-
Bacon Act were to be repealed? 

6. Has your agency or company been involved in any ongoing efforts to streamline compliance 
or to generally minimize the costs associated with Davis-Bacon compliance?  Please describe 
such activities. 

7. Regulatory action is generally viewed as a means to correct a market failure.  A market 
failure is evident when there are factors (e.g., imperfect information, externalities) that 
prevent the market from achieving an efficient allocation of resources.  Does Davis-Bacon 
properly correct a failure in the market?  What is the market failure for which Davis-Bacon 
corrects?  What is the basis of your response? 

8. What would you recommend to improve efficiency in Davis-Bacon compliance, without 
considering the removal of the regulation? 

9. Are you aware of the fact that some states have repealed State prevailing wage laws?  Have 
you participated in projects in any of these states?  How has the repeal of prevailing wage 
laws affected labor productivity and project costs?  Has the repeal made an impact on the 
demographics of the labor force? 

10. Do you have any further comments related to the process of complying with Davis-Bacon 
regulations that are specific to Federal highway projects? 

B- Compliance Cost Items 
 
1. What other types of costs (different than the compliance costs listed in question group A) are 

associated with the Davis-Bacon Act, including all those direct and indirect seen from the 
contractor, project sponsor and societal perspective?  (Note to interviewer:  These cost items 
could include higher project costs due to paying higher wages or loss of competitiveness.)  
Please list the cost items from most to least significant.  

a. Cost items from the contractor’s perspective 

b. Cost items from the project sponsor’s perspective  

                                                 
86 For the purposes of this study, duplicative regulations are defined as those that achieve similar or identical 
regulatory goals through the application of two distinct and separate compliance processes. 
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a. Cost items from the society’s perspective 

2. What are the most important factors that contribute to the increase or decrease of the cost 
items you listed above? 

a. Factors affecting cost items from the contractor’s perspective 

b. Factors affecting the cost items from the project sponsor’s perspective 

c. Factors affecting cost items from society’s perspectives 

3. Based on your experience, estimate the marginal costs (over and above the impact of State 
prevailing wage laws) that Davis-Bacon imposes on projects as a percent of the total cost of 
the project.  In what State are these exchanges occurring?  What share of this cost is due to 
the process of compliance, and what share is due to prevailing wage requirements and other 
cost items? 

 
 0-2 percent 
 2-4 percent 
 6-8 percent 
 8-10 percent 
 Greater than 10 percent 

4. Are you aware of programs whereby Federal and State funds are traded between State and 
local project sponsors in order to minimize the compliance costs of Federal-aid highway 
regulations? What regulations are project sponsors hoping to avert through the funds trading?  
In which States are these exchange programs operated?  What is the magnitude of the funds 
exchanges?  What are the factors contributing to the exchange magnitude?  Is there a 
discount rate applied to Federal funds during the exchange?  What is that discount rate? 

5. Do you have any further comments concerning the direct and indirect cost of compliance 
with Davis-Bacon act requirements, as specifically related to Federal highway projects?  
 

C - Compliance Benefits Items 
 
1. What are the major benefits resulting from the Davis-Bacon Act from the contractor, project 

sponsor and societal perspectives? (Please identify the benefit items from the most to the 
least significant.) 

a. Benefit items from the contractor’s perspective 
b. Benefit items from the project sponsor’s perspective 
c. Benefit items from society’s perspectives 

2. What are the most important factors that contribute to the increase or decrease of the benefit 
items you listed above? 
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a. Factors affecting benefit items from the contractor’s perspective 

b. Factors affecting the benefit items from the project sponsor’s perspective 

c. Factors affecting benefit items from society’s perspectives 

3. One of the main objectives of Davis-Bacon involves local economic development associated 
with keeping jobs in the areas where a Federal project is constructed.  How successful is the 
regulation in achieving this goal, in your view? 

4. Do you think the societal benefits of Davis-Bacon exceed societal costs associated with the 
regulation?  What is the basis of your response? 

5. Are you aware of any studies or datasets that could be used to better understand the benefits 
associated with Davis-Bacon?  

6. If your State is one of the States that repealed prevailing wage regulations or do not have 
active prevailing wage regulations, what is your assessment of the impact of repealing (or not 
having prevailing wages regulations) on affected businesses? Do you think the repeal (or not 
having prevailing wages regulations) would have a positive or negative impact on highway 
construction projects?  Why do you believe that to be the case? 

7. Do you have any further comments concerning the direct and indirect benefits of compliance 
with Davis-Bacon requirements specifically related to Federal highway projects? 

 

D- Special Cases 

1. We are interested in specific case studies highlighting instances when the Davis-Bacon Act 
had a specific impact on Federal highway projects.  Do you have project-specific information 
or data that would allow us to construct a case study or examine Davis-Bacon affects at the 
project level?  Please discuss the reasons underlying the significant impact that Davis-Bacon 
had on the project in question.   

E- Data Sources 

1. Are you aware of any project data or unpublished datasets that could be used to estimate the 
cost impacts of Davis Bacon on projects? 

 
2. What other data sources are available that may aid the project team in quantifying the 

benefits and costs associated with Davis-Bacon compliance? 

3. Are you aware of studies measuring the direct and indirect impact of Davis-Bacon Act 
compliance?  If so, will you please indicate to us the institute, project or organization that 
conducted the study and provide any other reference or contact information?  
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4. Do you have any knowledge of highway project finance data that could be used to 
differentiate between projects required to comply with Davis-Bacon requirements and 
projects that are not required to comply? 

5. Are you aware of any highway construction worker wage data that could be used to 
differentiate between projects required to comply with Davis-Bacon versus projects that are 
not required to comply? 

6. Are you aware of any project-level or budget data that could be used to determine the 
marginal costs associated with Davis Bacon compliance?  If so, will you please provide the 
following for each set of data? 

a. The agency or the organization that collects and maintains the data 
b. The extent to which the data set is available 
c. Any information about the methodology used to collect the data 
d. Your assessment of the relative strengths and weaknesses associated with the data 

set. 



0 
U.S. Department 
of Transportation 

Federal Highway 
Administration 

ECONOMIC 
ANALYSIS 

CONTROL 
CENTERS 

INCIDENT 
MANAGEMENT 

FREEWAY 
MANAGEMENT 

HANDBOOK 

FREEWAY MANAGEMENT 
CONCEPTS 

Ill llll II lllll Ill Ill Ill II I II Ill 
PB98-105810 

SURVEILLANCE 

INFORMATION 
DISSEMINATION 

HOV 
CONCEPTS 

DECISION 
PROCESS 

LANE USE 
CONTROL 

RAMP 
CONTROL 

Report No. FHWA-SA-97-064 August 1997 

REPRODUCED BY; M'.§, 
U.S. Dapanme:nt Of Cammercn •----.-

National Teehnieed lnformalion St1rviee 
Springfield", Vir9inia 22161 





1. Report No. I 2 \\ \ I\\\\\ \\I 3. Recipient's Catalog No. 

FHW A-SA-97-064 PB98-105810 
4. Title and Subtitle 5. Report Date 

I\\\\\\\\\\\\\\\\\\ 

FREEWAY MANAGEMENT HANDBOOK August 1997 

6. Performing Organization Code 

472810 

Author(s) James D. Carvell, Jr., Kevin Balke, Jerry lTilman, Katherine Fitzpatrick, 8. Performing Organization Report No. 

Lewis Nowlin, Christopher Brehmer 472810-F 

9. Petforming Organization Name and Address 10. Work Unit No. (TRATS) 
Texas Transportation Institute 

11. Contract or Grant No. 
FHW AffxDOT-96/591- lF 

12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered 
Department of Transportation Draft: 

Federal Highway Administration September I, 1995-August 30, 1997 

14. Sponsoring Agency Code 

15. Supplementary Notes 

FHW A Contracting Officer's Technical Rcpresentative(COTR): Morris Oliver (HTA-30) 

Abstract: 
This handbook, 1997 Freeway Management Handbook, is an update of the 1983 Freeway Management Handbook and reflects the 
tremendous developments in computing and communications technology. It also reflects the importance of Integrated Transportation 
Management Systems and the development of the concept of Intelligent Transportation Systems (ITS). The handbook development began 
with a survey of current practice, including site visits and interviews, of ten Freeway Management Systems throughout the country. It was 
developed under the advice of a panel of freeway management practitioners' panel. 

The 1997 Freeway Management Handbook is organized in modular fashion with each module addressing a particular aspect or technology of 
the freeway management task. The modules are stand-alone treatments of particular areas of freeway management but are cross-referenced to 
reflect their interdependence. Each module is organized as follows: 
INTRODUCTION- Including Module Objective and Scope. 
DECISION PROCESS- Partners and Consensus Building, Establishing Goals and Objectives, Performance Criteria, Functional. 

Requirements, System Architectures, Identification and Screening of Technologies, and Implementation. 
TECHNIQUES AND TECHNOLOGIES - Applications specific to the module. 
LESSONS LEARNED - Experiences and observations from operating systems. 
REFERENCES - Comprehensive list of references used in module preparation. 

Specific modules are as follows: 
INTRODUCTION AND EXECUTIVE SUMMARY 6. HOV CONCEPTS 

1. FREEWAY MANAGEMENT CONCEPTS 7. INFORMATION DISSEMINATION 
2. DECISION PROCESS 8. INCIDENT MANAGEMENT 
3. SURVEILLANCE 9. COMMUNICATIONS 
4. LANE CONTROL 10. CONTROL CENTERS 
5. RAMP CONTROL 11. ECONOMIC ANALYSIS 

17. Key Words 18. Distribution Statement 

freeway management systems, freeway operations, ramp control, incident No restrictions. This document is available to the public 
management, surveillance, information dissemination, communications, through NTIS: 
HOV, lane use control, ITS National Technical Infonnation Service 

5285 Port Royal Road 
Springfield, Virginia 22161 

19. Security Classif.(of tlris report) I 20. Secwity Classif.(of this page) 21. No. of Pages I 22. Price 
Unclassified Unclassified 628 

Fonn DOT F 1700.7 (8-72) Reproducnon of completed page authonzed 





Acknowledgements 

ACKNOWLEDGMENTS 

The 1997 Freeway Operations Handbook was developed by Texas Transportation Institute 
with the guidance and assistance of numerous individuals and agencies. The authors would 
like to specifically acknowledge the following groups and individuals who made significant 
contributions to the development of the handbook. 

Federal Highway Administration 
Office of Technology Applications - development of Handbook requirements, draft reviews, 

and contract management, 
• Mr. Morris Oliver, COTR 

Office of Acquistion Management - contractual negotiations and administration. 
• Ms. Lorraine Johnson 

Practitioners' Panel 
This panel consisted of persons who have been actively engaged in the practice of freeway 
management for a number of years. They provided reviews of the State of the Practice 
Document, the detailed outline for development of the handbook, and a review of the final 
draft handbook. The panel consisted of the following individuals: 

• Mr. Pete Briglia, ITS Program Manager, Washington State Department of 
Transportation 

• Mr. Glen Carlson, Manager, Traffic Management Center, Minnesota Department of 
Transportation 

• Mr. Pat Irwin, Director of Transportation Operations, Texas Department of 
Transportation 

• Mr. Stephen Leung, Chief, Office of Traffic Investigations, State of California 
Department of Transportation 

• Mr. Joe McDermott, Chief, Bureau of Traffic, District 01, Illinois Department of 
Transportation 

• Mr. Tom Werner, Director, Traffic Engineering and Safety Division, State of New 
York Department of Transportation 

Texas Transportation Institute Internal Review Panel 
This panel of TTI researchers provided periodic review and guidance during the development 
of the handbook in their specific fields of expertise. The panel included the following 
individuals: 

• Mr. Charles Blumentritt, Research Scientist 
• Dr. Conrad Dudek, Research Engineer 
• Mr. William Mccasland, Research Engineer 
• Dr. Ed Seymour, Research Engineer 
• Dr. Katie Turnbull, Research Scientist 
• Dr. Thomas Urbanik II, Research Engineer 
• Ms. Carol H. Walters, Research Engineer 

Preceding page blank 
111 



Freeway Management Handbook 

Site Visit Facilitators 
As part of the development of the State of the Practice Report, the following freeway 
management systems were visited by the project team. These site visits were facilitated or 
hosted by the individuals named below. 

Baltimore, Maryland 
• Mr. Lee McMichael, SOC Team Manager, Maryland State Highway Administration 

Phoenix, Arizona 
• Mr. Jim Shea, P.E., Manager, Intermodal Transportation Division,, Arizona 

Department of Transportation 

Atlanta, Georgia 
• Mr. Bert Riddle, Assistant State Traffic Engineer, Georgia Department of 

Transportation 
• Mr. Joe Stapleton, Assistant State Traffic Engineer, Georgia Department of 

Transportation 

Boston, Massachusetts 
• Mr. Michael J. Costa, Director, ITS Programs, Massachusetts Highway Department 
• Mr. Sergiu. F. Luchian, Project Engineer, Central Artery/funnel, Massachusetts 

Highway Department 

Northern Virginia 
• Mr. Jimmy Chu, Transportation Center Manager, Virginia Department of 

Transporatation 
• Mr. Pete Todd, Incident Management Team Leader, Virginia Department of 

Transportation 

Detroit, Michigan 
• Mr. Ross Bremer, Operations Manager, Michigan Intelligent Transportation Systems 

Center 
• Mr. Ray Klucens, Operations Engineer, Michigan Intelligent Transportation Systems 

Center 

Seattle, Washington 
• Mr. Mark Leth, Transportation Management Center, Washington State Department 

of Transportation 
• Mr. Mark Bandy, Transportation Management Center, Washington State Department 

of Transportation 

San Francisco, Callfornia 
• Mr. Jim McCrank, Traffic Systems Chief, CALTRANS District 4 

iv 



Acknowledgements 

New Jersey Turnpike Authority 
• Mr. Robert W. Dale, P.E., Director of Operations, New Jersey Turnpike Authority 
• Mr. Leo Jackson, Manager, Traffic Operations Center, New Jersey Turnpike 

Authority 

San Antonio, Texas 
• Mr. Pat hwin, District Traffic Engineer, Texas Department of Transportation 
• Mr. Mark Olson, Federal Highway Administration 
• Mr. Pat McGowan, Traffic Management Engineer, Texas Department of 

Transportation 

Houston, Texas 
• Mr. Carlton Allen, Freeway Operations Supervisor, Texas Department of 

Transportation 
• Mr. Doug Wiersig, Executive Director, Traffic Management Center, City of Houston 

TRANSCOM 
• Mr. Tom Batz, Manager of Technology Development, TRANSCOM 
• Mr. K. R. Marshall, Manager of Traffic Engineering, Farradyne Systems, consultant to 

the TRANSMIT project 
• Mr. Bernie Wagenblast, Operations Manager, TRANSCOM 

1-95 Coalition 
• Mr. Dave Gehr, Chair, 1-95 Corridor Coalition Executive Board and Administrator, 

Virginia Department of Transportation 
• Mr. Stephen R. Kuciemba, Co-Chair, Smart Routes, Boston, Massachusetts 

Previous Handbook Developers 
Previous freeway management related handbooks facilitated and funded by the Federal 
Highway Administration provided an excellent baseline for the development of the 1997 
Freeway Management Handbook and the authors would like to acknowledge those 
handbooks and the performing organizations that developed them. 

• 1979 Traffic Control Systems Handbook - Pinnell, Anderson, and Wilshire and 
Assoc. 

• 1983 Freeway Management Handbook -Allen M. Voorhees, and Assoc. 
• 1985 Traffic Control Systems Handbook - Pinnell, Anderson, and Wilshire and 

Assoc. 
• 1991 Freeway Incident Management Handbook- Dunn Engineering and Assoc. 
• 1993 Communicati.ons Handbook for Traffic Control Systems- Dunn Engineering 

and Assoc. 
• 1996 Traffic Control Systems Handbook- Dunn Engineering and Assoc. 

V 





Table of Contents 

TABLE OF CONTENTS 

LIST OF FIGURES ......................................... . xxix 

LIST OF TABLES .......................................... . XXXll1 

EXECUTIVE SUMMARY ................................. xxxvii 

MODULE 1. FREEWAY MANAGEMENT CONCEPTS 

1.1 INTRODUCTION ........................................... 1-3 
CONGESTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-4 

Measuring Congestion ............................................. 1-5 
Causes of Congestion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-5 

Geometric Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-7 
Traffic Operations ............................................. 1-7 
Incidents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-7 
Maintenance and Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-7 
Weather . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-7 

l.2FREEWAYMANAGEMENT ............................... 1-9 
WHAT IS FREEWAY MANAGEMENT? ................................. 1-9 
WHAT IS A FREEWAY MANAGEMENT SYSTEM? ...................... 1-10 
OBJECTIVES OF A FREEWAY MANAGEMENT SYSTEM ................ 1-10 
HISTORY OF FREEWAY MANAGEMENT ............................. 1-11 

Functions of Freeway Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-11 
Surveillance and Incident Detection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-12 
Lane Use Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-13 
Ramp Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-13 
High-Occupancy Vehicle (HOV) Priority Treatments .................. 1-13 
Information Dissemination ...................................... 1-13 
Freeway Management System .................................... 1-13 
Incident Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-13 

Elements of a Freeway Management System ............................ 1-14 
Field Elements ............................................... 1-14 
Communications Elements ...................................... 1-14 
Control Center Elements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-14 

Toll Roads Versus Freeways ....................................... 1-15 
Relation to National ITS Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-15 

Freeway Management ......................................... 1-16 
Incident Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-16 
Integration with Other ITS Components ............................ 1-16 

vu Preceding page blank 



Freeway Management Handbook 

OBJECTIVE OF THE HANDBOOK ................................... 1-18 
SCOPE OF THE HANDBOOK ........................................ 1-18 
STRUCTURE OF THE HANDBOOK .................................. 1-19 

Module 1. Freeway Management Concepts . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-19 
Module 2. Decision Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-19 
Module 3. Surveillance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-20 
Module 4. Lane Use Control ...................................... 1-20 
Module 5. Ramp Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-20 
Module 6. HOV Treatments ...................................... 1-20 
Module 7. Information Dissemination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-20 
Module 8. Incident Management ................................... 1-20 
Module 9. Communications ....................................... 1-21 
Module 10. Control Center ........................................ 1-21 
Module 11. Economic Analysis ..................................... 1-21 

1.3 REFERENCES ............................................... 1-23 

MODULE 2. DECISION PROCESS 

2.1 INTRODUCTION ............................................ 2-3 
MODULE OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-4 
MODULE SCOPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-4 

2.2 DESIGN PROCESS .......................................... 2-4 
DEFINE PROBLEM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-6 
ESTABLISH INSTITUTIONAL FRAMEWORKS AND BUILD COALITIONS . . . 2-7 
ESTABLISH SYSTEM GOALS AND OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . 2-9 
ESTABLISH PERFORMANCE CRITERIA .............................. 2-10 
DEFINE FUNCTIONAL REQUIREMENTS ............................. 2-12 
DEFINE FUNCTIONAL RELATIONSHIPS, DATA REQUIREMENTS, AND 

INFORMATION FLOWS ......................................... 2-13 
IDENTIFY AND SCREEN TECHNOLOGIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-13 
DEVELOP IMPLEMENTATION PLAN ................................ 2-15 
DEPLOY PROJECTS ............................................... 2-16 
EVALUATION .................................................... 2-18 

2.3 TECHNIQUES AND TECHNOLOGIES .................. 2-20 
PERFORMANCE MEASURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-20 

Systemwide .................................................... 2-21 
Total Travel Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-21 
Total Travel ................................................. 2-22 
Vehicle Delay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-22 
Total Minute-Miles of Congestion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-22 

Isolated Locations ............................................... 2-23 

viii 



Table of Contents 

METHODS TO QUANTIFY OPERATIONAL PROBLEMS ON FREEWAYS ... 2-23 
Freeway Capacity Analysis and LOS ................................. 2-23 

Definition of Freeway Subareas for Capacity Analysis . . . . . . . . . . . . . . . . . 2-23 
Basic Freeway Segments ....................................... 2-24 

Definition ofldeal Freeway Capacity ........................... 2-24 
Factors Affecting Capacity ................................... 2-24 
Level of Service . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-25 

Weaving Areas ............................................... 2-26 
Definition of Weaving Area Capacity ........................... 2-26 
Types of Weaving Areas ..................................... 2-26 
Operational Characteristics of Weaving Areas ..................... 2-26 
Capacity and Level of Service for Weaving Areas .................. 2-28 

Ramp Junctions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-28 
Definition of Ramp Junction Capacity ........................... 2-28 
Operational Characteristics of Ramp Influence Areas ................ 2-31 
Level of Service of Freeway-Ramp Junctions ...................... 2-31 

Freeway Systems ............................................. 2-31 
Highway Capacity Software (HCS) .................................. 2-33 

BOTTLENECK/QUEUING ANALYSES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-34 
FREEWAY SIMULATION/ OPTIMIZATION MODELS . . . . . . . . . . . . . . . . . . . 2-37 

Macroscopic Freeway Simulation/Optimization Models ................... 2-38 
FREQ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-39 
CORFLO ................................................... 2-40 
QUEWZ-92 ................................................. 2-41 

Microscopic Freeway Simulation Models .............................. 2-41 
FRESIM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-42 
INTEGRATION .............................................. 2-43 

Strengths and Weaknesses of the Available Models . . . . . . . . . . . . . . . . . . . . . . 2-44 
HELD MEASUREMENTS ........................................... 2-44 

Travel Time and Delay Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-44 
Origin/Destination Volume Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-46 

2.4 LESSONS LEARNED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-46 
SYSTEM MAINTENANCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-46 

Types of Maintenance Requirements ................................. 2-47 
Functional .................................................. 2-47 
Hardware . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-48 
Software . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-48 

MARKETING SYSTEMS ............................................ 2-51 
Target Audiences ................................................ 2-51 

Operating Agency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-51 
Affected Agencies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-51 
Elected Officials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-52 
General Public ............................................... 2-52 

Marketing Strategies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-53 

ix 



Freeway Management Handbook 

2.5 REFERENCES .............................................. 2-55 

APPENDIX A: SUBCHAPTER G - ENGINEERING AND 
TRAFFIC OPERATIONS ................................... 2-57 

MODULE 3. SURVEILLANCE 

3.1 INTRODUCTION ............................................ 3-5 
MODULE OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-5 
MODULE SCOPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-6 

3.2 DESIGN PROCESS .......................................... 3-6 
PROBLEM IDENTIFICATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-6 

Identify and Locate Operational Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-6 
Determine Functions of Surveillance System . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-7 

Type of Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-8 
Traffic Measures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-8 
Real-Time and Historical Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-9 

Importance of Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-9 
Inventory Existing Surveillance Capabilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-10 

IDENTIFICATION OF PARTNERS .................................... 3-10 
Intra-agency .................................................... 3-10 
Interagency (Information Exchange) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-11 
Additional Resources ............................................. 3-12 

ESTABLISH GOALS AND OBJECTIVES .............................. 3-12 
EST AB LISH PERFORMANCE CRITERIA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-13 
DEFINE FUNCTIONAL REQUIREMENTS ............................. 3-13 
DEFINE FUNCTIONAL RELATIONSHIPS, DATA REQUIREMENTS, AND 

INFORMATION FLOWS ......................................... 3-14 
IDENTIFY AND SCREEN TECHNOLOGIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-15 

Identify Alternative Technologies .................................... 3-15 
Evaluate Alternative Technologies ................................... 3-16 
Select Appropriate Technology ..................................... 3-16 

PLAN DEVELOPMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-17 
Design Plans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-17 
Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-17 

IDENTIFY FUNDING SOURCES ..................................... 3-17 
IMPLEMENTATION ............................................... 3-19 
EVALUATION .................................................... 3-19 

Monitoring Traffic Operations ...................................... 3-20 
Detecting Incidents .............................................. 3-20 
Implementing Control Strategies .................................... 3-20 
Monitoring Environmental Conditions ................................ 3-21 

X 



Table of Contents 

3.3 TECHNIQUES AND TECHNOLOGIES ................... 3-21 
SYSTEM COMPONENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-21 

Detection Methods ............................................... 3-22 
Hardware ...................................................... 3-24 
Software ...................................................... 3-25 

Incident Detection Algorithms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-25 
Real-Time Expert System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-25 

Communications ................................................. 3-26 
SURVEILLANCE TECHNOLOGIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-27 
EMBEDDED DETECTORS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-27 

Inductive Loop Detector .......................................... 3-28 
Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-28 
Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-28 
Installation Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-32 

Magnetometer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-34 
Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-34 
Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-34 
Installation Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-34 

NON-INTRUSIVE DETECTORS ...................................... 3-35 
Microwave Radar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-37 

Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-37 
Continuous Wave .......................................... 3-37 
Frequency Modulated Continuous Wave (FMCW) ................. 3-37 
Pulsing Waveform ......................................... 3-37 
Wide Beam. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-38 
Narrow Beam ............................................. 3-38 
Long-Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-38 

Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-39 
Installation Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-39 

Infrared . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-40 
Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-40 

Active. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-40 
Passive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-40 

Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-40 
Active . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-40 
Passive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-42 

Installation Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-42 
Ultrasonic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-44 

Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-44 
Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-44 
Installation Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-45 

Acoustic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-45 
Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-45 
Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-45 
Installation Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-45 

Video Image Processing ........................................... 3-47 

xi 



Freeway Management Handbook 

Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-47 
Classes of VIP Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-47 
VIP Detector Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-48 
Advantages of VIP Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-49 
CCTV Applications ........................................ 3-50 

Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-50 
Installation Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-51 

COMPARISON OF EMBEDDED AND NON-INTRUSIVE DETECTORS ...... 3-51 
VEHICLE PROBES ................................................ 3-51 

Types of Vehicle Probes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-53 
Automatic Vehicle Identification (A VI) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-53 

Active . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-53 
Passive .................................................. 3-54 
Senri-Active . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-54 
Type I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-54 
Type II .................................................. 3-54 
Type III ................................................. 3-54 

Automatic Vehicle Location (A VL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-54 
Dead-Reckoning and Map-Matching . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-55 
Signpost . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-55 
Ground-Based Radio-Navigation .............................. 3-55 
LORAN-C ............................................... 3-56 
Global Positioning System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-56 
Differential GPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-56 

Cellular Telephones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-56 
MOBILE REPORTS ................................................ 3-57 

Cellular Telephones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-57 
Freeway Service Patrols ........................................... 3-58 
Call Boxes/Emergency Telephones ................................... 3-58 

CLOSED-CIRCUIT TELEVISION (CCTV) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-58 
Fixed Location . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-59 

Full Motion Video . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-60 
Compressed Video . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-60 

Portable ....................................................... 3-61 
SUMMARY OF TRAFFIC SURVEILLANCE APPLICATIONS .............. 3-61 
ENVIRONMENT AL DETECTORS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-62 

Freeways . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-62 
Tunnels ....................................................... 3-65 

3.4 LESSONS LEARNED ....................................... 3-65 
OPERA TIO NS AND MAINTENANCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-65 

Operations ..................................................... 3-65 
Maintenance .................................................... 3-66 
Operations and Maintenance Costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-66 

PRIVACY CONCERNS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-67 
SPACING AND PLACEMENT ISSUES ................................ 3-70 

xii 



Table of Contents 

Mainline Traffic Detectors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-70 
Spacing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-70 
Placement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-70 
Non-Intrusive Detectors ........................................ 3-71 

CCTV Cameras . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-71 
Site Selection Criteria ......................................... 3-71 
Preliminary Site Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-72 
Final Site Selection ........................................... 3-72 

3.5 EXAMPLES .. : .............................................. 3-73 
MIAMI AUTOMATIC VEIDCLE LOCATION (AVL) ...................... 3-73 
TRANSCOM ELECTRONIC TOLL AND TRAFFIC MANAGEMENT (ETTM) . 3-74 
HOUSTON AUTOMATIC VEIDCLE IDENTIFICATION (AVI) ............. 3-75 
CONNECTICUT MICROWAVE RADAR ............................... 3-75 

3.6 REFERENCES .............................................. 3-77 

MODULE 4. LANE USE CONTROL 

4.1 INTRODUCTION ............................................ 4-3 
BACKGROUND .................................................... 4-3 
TREATMENTS ..................................................... 4-3 
MODULE OBJECTIVES ............................................. 4-4 
MODULE SCOPE ................................................... 4-4 

4.2 DESIGN PROCESS .......................................... 4-4 
PROBLEM IDENTIFICATION ........................................ 4-4 
IDENTIFICATION OF PARTNERS AND CONSENSUS BUILDING ........... 4-5 

Potential Partners . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-5 
Consensus Building ............................................... 4-6 

EST AB LISH GOALS AND OBJECTIVES FOR LANE USE CONTROL ........ 4-6 
EST AB LISH PERFORMANCE CRITERIA ............................... 4-6 
DEFINE FUNCTIONAL REQUIREMENTS .............................. 4-7 
DEFINE FUNCTIONAL RELATIONSHIPS, DATA REQUIREMENTS, AND 

INFORMATION FLOWS .......................................... 4-7 
IDENTIFY AND SCREEN TECHNOLOGY .............................. 4-8 
PLAN DEVELOPMENT .............................................. 4-9 
FUNDING SOURCE IDENTIFICATION ................................. 4-9 
IMPLEMENTATION ................................................ 4-9 
EVALUATION .................................................... 4-10 

4.3 TECHNIQUES AND TECHNOLOGIES ................... 4-10 
STATIC SIGNING ................................................. 4-10 

Truck Restrictions ............................................... 4-10 
HOV Restrictions ................................................ 4-11 

xiii 



Freeway Management Handbook 

INFORMATION DISSEMINATION SYSTEMS .......................... 4-11 
USE OF NARROW LANES AND SHOULDERS .......................... 4-15 
MAINLINE METERING ............................................ 4-15 
FREEWAY-TO-FREEWAY RAMP METERING .......................... 4-16 
CHANNELIZING DEVICES FOR WORK ZONES . . . . . . . . . . . . . . . . . . . . . . . . 4-17 
TOLL FACILITIES/CONGESTION PRICING . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-17 
AUTOMATED IDGHWAY SYSTEMS ................................. 4-19 

Concept ....................................................... 4-20 
Vehicle Characteristics ........................................ 4-21 
Roadway Infrastructure ........................................ 4-21 
Command and Control ......................................... 4-21 
Entry and Exit Infrastructure ..................................... 4-21 

Goals ......................................................... 4-22 

4.4 LESSONS LEARNED ....................................... 4-22 
PLANNING ...................................................... 4-22 

Freeway-to-Freeway Ramp Metering ................................ '. 4-22 
Toll Facilities ................................................... 4-23 
Congestion Pricing ............................................... 4-23 
Channelizing Devices for Work Zones ................................ 4-24 

DESIGN/CONSTRUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-26 
LCS and DMS Placement .......................................... 4-26 

LCS Visibility ... ............................................. 4-26 
LCS Spacing and Mounting Locations ............................. 4-26 
DMS Placement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-26 

Use of Narrow Lane and Shoulders .................................. 4-27 

4.5 EXAMPLES ................................................. 4-27 
SAN ANTONIO (TRANSGUIDE) ..................................... 4-27 

Description of System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-27 
Effects of Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-28 

SR 91, ORANGE COUNTY, CALIFORNIA CONGESTION PRICING ........ 4-29 

4.6 REFERENCES AND SUGGESTED READINGS .......... 4-31 
REFERENCES .................................................... 4-31 
SUGGESTED READINGS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-34 

MODULE 5. RAMP CONTROL 

5.1 INTRODUCTION ............................................ 5-5 
DEFINITION OF RAMP CONTROL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-5 
APPLICATION OF RAMP CONTROL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-6 

Entrance Ramp Metering ........................................... 5-6 
Entrance Ramp Closure ................ , ........................... 5-6 
Exit Ramp Closure ................................................ 5-6 

xiv 



Table of Contents 

Systemwide Ramp Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-6 
RELATION TO OTHER FREEWAY MANAGEMENT FUNCTIONS .......... 5-6 

Surveillance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-7 
Vehicle Detection .............................................. 5-7 
Closed-Circuit Television . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-7 
Environmental Sensors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-7 

HOV Treatments ................................................. 5-7 
Information Dissemination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-7 
Communication .................................................. 5-7 
Control Center ................................................... 5-7 

BENEFITS OF RAMP CONTROL ...................................... 5-8 
Improved System Operation ......................................... 5-8 
Improved Safety . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-8 
Reduced Vehicle Operating Expense . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-8 
Means for Positive Freeway Traffic Control/Management . . . . . . . . . . . . . . . . . . . 5-8 
Reduction in Vehicle Emissions and Fossil Fuel Consumption ................ 5-9 
Coordination With Other Corridor Management Elements .................. 5-9 
Promotion of Multimodal Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-9 

MODULE OBJECTIVE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-9 
MODULE SCOPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-9 

5.2 DECISION PROCESS ....................................... 5-9 
PROBLEM IDENTIFICATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-10 

Level of Service / Capacity Deficiency / Bottlenecks . . . . . . . . . . . . . . . . . . . . . . 5-10 
Vehicle Crash Experience .......................................... 5-10 
Inventory of Infrastructure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-11 

Freeway System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-11 
Existing Freeway Management Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-11 
Existing Ramp Control Systems .................................. 5-12 
Other Relevant Field Systems .................................... 5-12 

Inventory of Traffic Characteristics .................................. 5-12 
Traffic Composition ........................................... 5-12 
Traffic Flow ....... , ......................................... 5-12 
Other Traffic Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-12 
Temporal Variations .......................................... 5-13 

Ramp Geometric Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-13 
Cross Streets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-14 
Service Roads .................................................. 5-14 
Summary of Problem Definition ..................................... 5-14 

IDENTIFICATION OF PARTNERS AND CONSENSUS BUILDING .......... 5-14 
Relation to Other Agencies ........................................ 5-14 

City/County Traffic Operations Agencies ........................... 5-14 
Enforcement Agencies .................................. , ...... 5-14 
Emergency Management Agencies ................................ 5-15 
Public Transportation Agencies .................................. 5-15 

Relationship to Elected Official / Political Environment . . . . . . . . . . . . . . . . . . . 5-15 

xv 



Freeway Management Handbook 

Importance of Enforcement/ Judicial System . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-15 
Relationship With Media .......................................... 5-15 

ESTABLISHING GOALS AND OBJECTIVES ........................... 5-16 
EST AB LISH PERFORMANCE CRITERIA / MEASURES OF 

EFFECTIVENESS .............................................. 5-16 
DEFINE FUNCTIONAL REQUIREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-17 
DEFINE FUNCTIONAL RELATIONSHIPS, DATA REQUIREMENTS, AND 

INFORMATION FLOWS ......................................... 5-17 

5.3 TECHNIQUES AND TECNOLOGIES ..................... 5-18 
ENTRANCE RAMP CONTROL ...................................... 5-18 

Ramp Closure .................................................. 5-18 
Application ................................................. 5-19 
Methods .................................................... 5-19 

Ran1p Metering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-20 
Metering Rates . .............................................. 5-20 

Congestion .. , ............................................ 5-20 
Safety. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-22 

Pretimed Metering ............................................... 5-22 
System Components ........................................... 5-23 
System Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-24 

Single-entry metering · ....................................... 5-24 
Platoon metering .......................................... 5-24 
Tandem Metering .......................................... 5-24 
Two-abreast Metering ...................................... 5-25 

Traffic-Responsive Metering ....................................... 5-26 
Fundamental Traffic Flow Relationships . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-26 
Basic Strategy ............................................... 5-26 
Demand-Capacity Control ...................................... 5-28 
Occupancy Control ........................................... 5-28 
System Components ........................................... 5-29 
System Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-30 

Gap-Acceptance Merge Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-31 
Basic Concepts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-32 
System Components ........................................... 5-32 
System Operation ............................................. 5--33 

System Ramp Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-35 
System Pretimed Metering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-35 
Example No. 1 ............................................... 5-36 
Example No. 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-38 
Example No. 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-38 

Practical Considerations ........................................... 5-40 
Example No. 4 ............................................... 5-41 

System Traffic-Responsive Metering ................................. 5-43 
System Operation ............................................. 5-43 
Metering Rates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-43 

XVI 



Table of Contents 

System vs. Independent Ramp Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-43 
Controller Interconnection ........................ , ........... , .... 5-43 
Incremental Benefits of Various Levels of Control . . . . . . . . . . . . . . . . . . . . . . . 5-44 

Variations in the Ratio of Mainline to Entrance Ramp Demand . . . . . . . . . . 5-44 
Variations in Overall Traffic Demand Pattern . . . . . . . . . . . . . . . . . . . . . . . 5-44 
Mainline Capacity Reductions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-44 

EXIT RAMP CONTROL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-45 
EMERGING TECHNOLOGIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-45 

5.4 LESSONS LEARNED ...................................... 5-46 
IMPLEMENTATION ............................................... 5-47 

Public Relations ............................................. : ... 5-47 
Media Relations ................................................. 5-47 
Implementation Strategies ......................................... 5-48 
Implementation Summary .......................................... 5-48 

OPERATIONS AND MAINTENANCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-49 
DIVERSION OF TRAFFIC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-50 
ENFORCEMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-51 
EQUITY ......................................................... 5-51 

5.5 EXAMPLES IN RAMP CONTROL ....................... 5-52 
IDSTORY OF RAMP CONTROL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-52 
ENTRANCE RAMP METERING CASE STUDIES . . . . . . . . . . . . . . . . . . . . . . . . 5-52 

Portland, Oregon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-52 
Minneapolis/St. Paul, Minnesota ..................................... 5-53 
Seattle, Washington .............................................. 5-54 
Denver, Colorado . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-55 
Detroit, Michigan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-56 
Austin, Texas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-56 
Long Island, New York . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-56 
San Diego, California . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-57 

SUMMARY OF ENTRANCE RAMP METERING BENEFITS ............... 5-57 

5.6 REFERENCES ............................................. 5-59 

MODULE 6. HOV TREATMENTS 

6.1 INTRODUCTION ............................................ 6-5 
TREATMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-6 
MODULE OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-6 
MODULE SCOPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-7 

6.2 DESIGN PROCESS .......................................... 6-7 
IDENTIFY PROBLEMS/NEEDS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-7 
IDENTIFICATION OF PARTNERS .................................... 6-8 

XVll 



Freeway Management Handbook 

CONSENSUS BUILDING ........................................... 6-10 
ESTABLISH GOALS AND OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-10 
ESTABLISH PERFORMANCE CRITERIA/ MOES ....................... 6-10 
DEFINE FUNCTIONAL REQUIREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-11 
IDENTIFY AND SCREEN TECHNOLOGY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-11 

System Planning ................................................. 6-13 
IMPLEMENTATION ............................................... 6-15 
EVALUATION .................................................... 6-16 

6.3 TECHNIQUES AND TECHNOLOGIES .................. 6-18 
HOV FACILITIES ................................................. 6-18 

Operational Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-18 
HOV Roadway Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-20 
Operating Efficiency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-20 
Considerations for 2+ Versus 3+ Occupancy Requirement ............. 6-20 
Hours of Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-22 

Design Elements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-22 
Design Speed ................................................ 6-22 
Cross Section Width . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-22 
Vertical Clearance ............................................ 6-23 
Signs and Markings .......................................... 6-23 

Signs ................................................... 6-23 
Markings ........................................ _ ........ 6-23 

Enforcement ................................................... 6-25 
Goals and Objectives .......................................... 6-25 
Methods .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-27 
Enforcement Area Design ...................................... 6-28 

ACCESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-29 
Ramp Connections ............................................... 6-29 

Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-29 
PRIORITY ACCESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-34 

Ramp Metering ................................................. 6-34 
Bypass Lanes ................................................... 6-34 

Signs ..................................................... 6-35 
Markings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-35 

PARK-AND-RIDE FACILITIES ...................................... 6-35 
Location of Facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-36 

Establishment of Site Selection Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-36 
Identification of Alternative Sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-38 
Evaluation of Alternatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-38 
Determining Size of Facility ....... .............................. 6-38 

Typical Designs ................................................. 6-39 
Internal Lot Layout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-39 

Functional Area Design. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-39 
Internal Circulation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-40 
Amenities ................................................ 6-40 

xviii 



Table of Contents 

Pavement and Drainage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-40 
Landscaping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-41 
Lighting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-41 
Security . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-41 
Environmental Considerations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-41 

Roadway Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-41 
General Access and Egress Considerations ....................... 6-42 
Access Points ............................................. 6-42 
Access Roadways .......................................... 6-42 
Traffic Control Devices and Traffic Signals ....................... 6-42 

Handicapped Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-42 
Parking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-42 

Capacity ................................................. 6-42 
Location ................................................. 6-42 
Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-43 
Signing and Marking ........................................ 6-43 

Bus Loading Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-43 
PARKING INCENTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-44 

Preferential Parking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-44 
Free/Low-Cost Parking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-44 
Differential Parking Rates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-44 
Benefits of Parking Incentives ...................................... 6-44 
Barriers to Implementing Parking Incentives .............. ; ............. 6-45 

EMERGING TECHNOLOGIES ....................................... 6-46 
Enforcement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-46 
Movable Barrier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-46 

6.4 LESSONS LEARNED ....................................... 6-48 
PLANNING .................................................... ·. . 6-48 

Public and Political Support and Consensus Building ..................... 6-50 
Public Involvement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-51 
System Approach to HOV Planning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-52 
Possible Pitfalls in Implementation ................................... 6-52 
Development Concerns for Park-and-Ride Facilities ...................... 6-53 

Program Planning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-53 
Design Requirements .......................................... 6-55 
Operation and Maintenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-55 
Program Marketing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-56 

DESIGN/CONSTRUCTION .......................................... 6-57 
Tradeoffs in Retrofitting Cross Sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-57 
Impacts of Ingress/Egress on Adjacent Freeway and Arterial System . . . . . . . . . 6-57 
Signing Guidelines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-59 
Pavement Marking Guidelines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-60 

OPERATIONS .................................................... 6-61 
Surveillance, Communication, and Control ............................. 6-61 
Incident Response . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-62 

XIX 



Freeway Management Handbook 

Enforcement Strategies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-62 
Other Users . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-63 

MAINTENANCE .................................................. 6-64 
CONCURRENT FLOW LANES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-65 

6.5 EXAMPLES OF HOV TREATMENTS ................... 6-66 
HOUSTON . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-66 
SEATTLE ........................................................ 6-71 

6.6 REFERENCES AND SUGGESTED READINGS ......... 6-75 
REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-75 
SUGGESTED READING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-77 

MODULE 7. INFORMATION DISSEMINATION 

7.1 INTRODUCTION ............................................ 7-3 
MODULE OBJECTIVES ............................................. 7-4 
MODULE SCOPE .................................................. 7-4 

7.2 DESIGN PROCESS .......................................... 7-4 
IDENTIFY NEEDS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-4 
IDENTIFY INFORMATION DISSEMINATION PARTNERS ................ 7-6 
BUILD CONSENSUS AMONG PARTNERS .............................. 7-6 

Identify Differences in Operating Philosophies Among Partners . . . . . . . . . . . . . . 7-6 
Establish Common Ground Between Partners . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-7 

ESTABLISH GOALS AND OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-7 
ESTABLISH PERFORMANCE CRITERIA AND MEASURES ............... 7-8 

Information Credibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-8 
Market Penetration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-8 
Traveler Response . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-9 

FUNCTIONAL REQUIREMENTS ..................................... 7-10 
DEFINE FUNCTIONAL RELATIONSHIPS, DATA REQUIREMENTS, AND 

INFORMATION FLOWS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-11 
IDENTIFY AND SCREEN TECHNOLOGIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-11 
DEVELOP IMPLEMENTATION PLAN ................................ 7-12 
IDENTIFY FUNDING SOURCES ..................................... 7-13 
IMPLEMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-14 
EVALUATE ...................................................... 7-14 

7.3 TECHNIQUES AND TECHNOLOGIES ................... 7-15 
ON-ROADWAY INFORMATION TECHNOLOGIES . . . . . . . . . . . . . . . . . . . . . . 7-15 

Types of DMS .................................................. 7-16 
Light-Reflecting DMSs ......................................... 7-17 

Fold-out. ................................................ 7-18 



Table of Contents 

Scroll ( or Tape). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-18 
Rotating Drum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-19 
Reflective Disk Matrix. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-19 

Light-Emitting DMSs .......................................... 7-19 
Neon or Blank-Out Signs ..................................... 7-19 
Lamp (Incandescent Bulb) Matrix Signs .......................... 7-19 
Fixed-Grid or Shuttered Matrix Fiber-optic Signs. . ................ 7-19 
Fixed-Grid or Matrix Light-Emitting Diode (LED) Signs ............. 7-20 

Hybrid DMSs ................................................ 7-20 
Reflective Disks with Fiberoptics/LEDs .......................... 7-20 
Static/OMS ............................................... 7-20 

Advantages and Disadvantages of the DMS Technologies ................. 7-20 
IN-VEIDCLE INFORMATION ....................................... 7-21 

Auditory In-Vehicle Information Technologies .......................... 7-21 
Highway Advisory Radio ....................................... 7-21 
Automated HAR (AHAR) ....................................... 7-24 
Cellular Telephone "Hotlines" .................................. 7-25 
Commercial Radio ............................................ 7-26 
Citizen-Band Radio ........................................... 7-26 

Visual In-vehicle Information Technologies ............................ 7-26 
Video Display Terminals ....................................... 7-26 
Head-Up Displays ............................................ 7-27 

OFF-ROADWAY INFORMATION .................................... 7-27 
Television ...................................................... 7-28 
Telephones ..................................................... 7-28 
Pagers ........................... -............................. 7-28 
Personal Data Assistants (PDAs) .................................... 7-29 
Computers (Internet) ............................................. 7-29 
Kiosks ........................................................ 7-29 

7.4 LESSONS LEARNED ....................................... 7-30 
NTCIP STANDARDS ............................................... 7-30 
INFORMATION MESSAGE DESIGN ........................ ; ......... 7-30 
ENVIRONMENTAL ISSUES CONCERNING DMSs ...................... 7-31 

Sun Position .................................................... 7-31 
Weathering ..................................................... 7-31 

"AT-REST" DISPLAY CONDITIONS .................................. 7-31 

7.5 EXAMPLE OF AN INFORMATION DISSEMINATION 
SYSTEM: TRANSCOM ..................................... 7-31 
ORGANIZATION .................................................. 7-31 
OPERATIONS .................................................... 7-32 
FUTURE ACTIVITIES .............................................. 7-33 

7.6 REFERENCES .............................................. 7-35 

xxi 



Freeway Management Handbook 

MODULE 8. INCIDENT MANAGEMENT 

8.1 INTRODUCTION ........................................... 8-3 
BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-3 
MODULE OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-4 
MODULE SCOPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-4 

8.2 DECISION PROCESS ...................................... 8-4 
IDENTIFY NEEDS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-5 
IDENTIFY INCIDENT MANAGEMENT PARTNERS . . . . . . . . . . . . . . . . . . . . . . 8-7 
BUILD CONSENSUS AMONG PARTNERS .............................. 8-8 
ESTABLISH INCIDENT MANAGEMENT GOALS AND OBJECTIVES . . . . . . . . 8-9 
ESTABLISH PERFORMANCE CRITERIA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-9 
DEFINE FUNCTIONAL REQUIREMENTS ............................. 8-10 
DEFINE FUNCTIONAL RELATIONSHIPS, DATA REQUIREMENTS, AND 

INFORMATION FLOWS ......................................... 8-10 
IDENTIFY AND SCREEN TECHNOLOGY ........................ , .... 8-11 

Incident Detection and Verification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-11 
Incident Response and Clearance .................................... 8-12 

DEVELOP PLANS .......................................... : . ..... 8-13 
IDENTIFY FUNDING SOURCES ..................................... 8-14 
IMPLEMENT ............................................. , ....... 8-15 
EV ALU ATE ...................................................... 8-15 

8.3 TECHNIQUES AND TECHNOLOGIES .................. 8-15 
INCIDENT DETECTION AND VERIFICATION . . . . . . . . . . . . . . . . . . . . . . . . . 8-15 

Non-Automated Detection Techniques ................................ 8-15 
Automated Surveillance Techniques .................................. 8-16 

Technologies ................................................ 8-16 
Detection Algorithms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-19 

INCIDENT RESPONSE AND CLEARANCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-21 
On-Site Response Techniques ...................................... 8-21 

Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-21 
Identification Arm Bands and Vests ............................ 8-22 
Incident Response and Hazardous Materials Manuals. . . . . . . . . . . . . . . 8-22 
Total Stations Surveying Equipment. . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-22 
Inflatable Air Bag Systems. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-25 
Equipment Storage Sites. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-25 
Tow Truck/Removal Crane Contracts ........................... 8-25 

Management Strategies/Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-26 
Emergency Response Vehicle Parking Coordination ................ 8-26 
On-Site Traffic Control. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-26 
Incident Response Teams. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-27 
Vehicle Removal Laws ...................................... 8-28 

xxii 



Table of Contents 

Techniques to Improve Emergency Vehicle Access and Traffic Flow ......... 8-28 
Equipment .................................................. 8-28 

Barrier Openings ........................................... 8-28 
Barrier Gates. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-29 
Emergency Ramps .......................................... 8-29 

Management Strategies/Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-29 
Police Escorts and Wrong-Way Entrance of Non-Emergency Response 

Vehicles ............................................... 8-29 
Shoulder Utilization ......................................... 8-30 
Contraflow Diversion ........................................ 8-30 

Accident Investigation Sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-31 
Equipment .................................................. 8-31 
Management Strategies/Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-31 

Freeway Service Patrols ........................................... 8-33 
Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-33 
Management Strategies/Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-33 

Electronic Traffic Management and Control Techniques ................... 8-34 
Equipment .................................................. 8-34 

Ramp Metering. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-34 
Information Dissemination Components .......................... 8-34 

Management Strategies/Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-34 
Alternative Route Diversion Techniques ............................... 8-34 

Equipment .................................................. 8-35 
Management Strategies/Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-37 

Work Zone and Special Event Traffic Management ...................... 8-37 
Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-37 
Management Strategies/Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-37 

8.4 LESSONS LEARNED ....................................... 8-37 
WATER ACCESS .................................................. 8-37 
SERVICE PATROL CHARGES FOR ASSISTANCE ....................... 8-39 
TRAINING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-39 

8.5 EXAMPLES OF FREEWAY SERVICE PATROLS ....... 8-39 
CHICAGO EMERGENCY TRAFFIC PATROL ........................... 8-39 
MINNEAPOLIS HIGHWAY HELPER PROGRAM ........................ 8-40 
LOS ANGELES FREEWAY SERVICE PATROL . . . . . . . . . . . . . . . . . . . . . . . . . 8-40 
HOUSTON MOTORIST ASSISTANCE PATROL ......................... 8-41 
SAMARITANIA, INC ............................................... 8-41 

8.6 REFERENCES ............................................. s-43 

xxiii 



Freeway Management Handbook 

MODULE 9. COMMUNICATIONS 

9.1 INTRODUCTION ............................................ 9-3 
MODULE OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-4 
MODULE SCOPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-4 

9.2 DECISION PROCESS ....................................... 9-4 

PROBLEM IDENTIFICATION ........................................ 9-5 
IDENTIFICATION OF PARTNERS AND CONSENSUS BUILDING .......... 9-8 
ESTABLISH SYSTEM GOALS AND OBJECTIVES ....................... 9-9 
ESTABLISH PERFORMANCE CRITERIA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-9 
FUNCTIONAL REQUIREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-10 
DEFINE FUNCTIONAL RELATIONSHIPS, DA TA REQUIREMENTS, 

AND INFORMATION FLOWS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-12 
Logical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-I 2 
Physical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-12 

Central. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-14 
Distributed . ................................................. 9-16 
Trunking ................................................... 9-16 
Backbone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-16 
Multimedia ................................................. 9-18 

IDENTIFY AND SCREEN TECHNOLOGIES ............................ 9-18 
IMPLEMENTATION ............................................... 9-23 

National ITS Standards ........................................... 9-23 
Installation ..................................................... 9-26 

9.3 TECHNIQUES AND TECHNOLOGIES ................... 9-26 
LAND-LINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-26 

Twisted-Wire Pairs .............................................. 9-27 
Coaxial Cable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-31 
Fiber Optic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-35 

WIRELESS ........... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-39 
Area Radio Network . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-39 
Microwave . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-42 
Spread Spectrum Radio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-43 
Cellular Radio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-45 
Packet Radio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-48 
Satellite Transmission ............................................. 9-50 

9.4 LESSONS LEARNED ....................................... 9-51 
DESIGN PRINCIPLES .............................................. 9-51 
OWNED VERSUS LEASED COMMUNICATIONS . . . . . . . . . . . . . . . . . . . . . . . 9-53 
NTCIP ........................................................... 9-56 
SHARED RESOURCE PROJECTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-59 

xxiv 



Table of Contents 

TRANSIENT PROTECTION ......................................... 9-63 
COMMUNICATIONS WITillN THE CONTROL CENTER ................. 9-64 

9.5 REFERENCES .............................................. 9-65 

MODULE 10. CONTROL CENTER 

10.1 INTRODUCTION .......................................... 10-3 
MODULE OBJECTIVE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-5 
MODULE SCOPE ............................... , . . . . . . . . . . . . . . . . . . 10-5 

10.2 DECISION PROCESS ..................................... 10-s 
PROBLEM IDENTIFICATION ....................................... 10-5 
IDENTIFICATION OF PARTNERS AND CONSENSUS BUILDING .......... 10-7 
ESTABLISH GOALS AND OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-7 
DEFINE FUNCTIONAL REQUIREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-8 
DEFINE FUNCTIONAL RELATIONSillPS, DATA REQUIREMENTS, 

AND INFORMATION FLOWS ................................... 10-11 
Function Allocation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-11 
Task Analysis .................................................. 10-13 
Data Flows ..................................................... 10-15 

IDENTIFY AND SCREEN TECHNOLOGIES ........................... 10-15 
Physical Environment ............................................ 10-15 
Workstations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-17 
Controls and Displays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-17 
User Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-18 

EVALUATION ................................................... 10-19 

10.3 TECHNIQUES AND TECHNOLOGIES ................ 10-20 
PHYSICAL DESIGN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-20 

Lighting ...................................................... 10-24 
Acoustics ..................................................... 10-25 
Heating and Cooling ............................................. 10-25 

INFORMATION DISPLAYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-26 
Static Wall Maps ............................................... 10-26 
Projection Television Systems ..................................... 10-26 
Video Walls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-26 
Design Guidelines and Recommendations ............................. 10-28 

OPERA TOR WORKSTATION DESIGN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-28 
COMMUNICATIONS SYSTEMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-29 

Local Area Networks ............................................ 10-30 
Components ................................................ 10-30 
Planning For an LAN ......................................... 10-31 

Voice Communications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-32 

XXV 



Freeway Management Handbook 

STAFFING ...................................................... 10-34 
Qualifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-36 
Training ...................................................... 10-36 
Staffing Sources - Agency versus Outsourcing ........................ 10-38 

SECURITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-38 
AUTOMATION .................................................. 10-39 
JOINT OPERATIONS ............................................. 10-40 

10.4 LESSONS LEARNED .................................... 10-42 
SYSTEM CAPABILITIES .......................................... 10-42 
OPERATIONS MANUAL .......................................... 10-42 
EFFECTIVE USE OF SYSTEM OPERA TORS . . . . . . . . . . . . . . . . . . . . . . . . . . 10-42 
SYSTEM MAINTENANCE ................................ ; . . . . . . . . 10-43 

10.5 REFERENCES ............................................ 10-45 

MODULE 11. ECONOMIC ANALYSIS 

11.1 INTRODUCTION ......................................... 11-3 
PURPOSE AND SCOPE ............................................. 11-3 
SYSTEM GOALS AND OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-4 
INTERRELATIONSHIP OF SYSTEM ELEMENTS ....................... 11-4 
STRUCTURE OF MODULE ......................................... 11-4 

11.2 ESTIMATING COSTS AND BENEFITS ................ 11-4 
SYSTEM COSTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-4 

Types of Costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-4 
Sources of Cost Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-5 

SYSTEM BENEFITS ............................................... 11-5 
Types of Benefits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-5 
Sources of Benefit Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-6 

IMPORTANCE OF LIFE CYCLE COST CONSIDERATIONS . . . . . . . . . . . . . . . 11-6 

11.3 SYSTEM EVALUATION ................................. 11-1 
DEFINITION OF SYSTEM ALTERNATIVES/COMPONENTS .............. 11-7 
ASSIGNING BENEFITS TO ALTERNATIVES .......................... 11-8 
ESTIMATING LIFE-CYCLE COSTS .................................. 11-9 
ANALYSIS TECHNIQUES .......................................... 11-9 

Net Present Worth ............................................... 11-9 
Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-9 
Example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-9 
Other Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-9 

Benefit-Cost and Incremental Benefit-Cost Analysis ..................... 11-11 
Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-11 

XXVI 



Table of Contents 

Example ................................................... 11-11 
Other Considerations ......................................... 11-12 

Utility-Cost Analysis ............................................ 11-13 
Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-13 
Example ................................................... 11-13 
Other Considerations ......................................... 11-14 

Value Engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-14 
Descr1pt1on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-14 
Example ................................................... 11-14 
Other Considerations ......................................... 11-16 

Sensitivity Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-17 
Descr1pt10n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-17 
Example ................................................... 11-17 
Other Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-18 

11. 4 REFERENCES ........................................... 11-19 
REFERENCES ................................................... 11-19 
SUGGESTED READING ........................................... 11-20 

GLOSSARY .................................................... G-1 

xxvii 





Figure 1-1. 
Figure 1-2. 

Figure 1-3. 
Figure 1-4. 
Figure 1-5. 

Figure 2-1. 
Figure 2-2. 
Figure 2-3. 

Figure 2-4. 

Figure 2-5. 
Figure 2-6. 

Figure 2-7. 
Figure 2-8. 
Figure 2-9. 
Figure 2-10. 
Figure 2-11. 
Figure 2-12. 
Figure 2-13. 
Figure 3-1. 
Figure 3-2. 

Figure 3-3. 
Figure 3-4. 
Figure 3-5. 
Figure 3-6. 
Figure 3-7. 
Figure 3-8. 
Figure 3-9. 
Figure 3-10. 
Figure 3-11. 
Figure 3-12. 
Figure 3-13. 
Figure 3-14. 
Figure 3-15. 
Figure 3-16. 
Figure 3-17. 
Figure 3-18. 
Figure 3-19. 
Figure 3-20. 

List of Figures 

LIST OF FIGURES 
I-35 Freeway in Austin, TX .................................... 1-3 
Congestion and the Fundamental Relationship Between Flow Rate and 
Density. . ................................................. 1-6 
Generalized Traffic Flow Relationships. . . . . . . . . . . . . . . . . . . . . . . . . . . 1-6 
Functions and Elements of a Freeway Management System ........... 1-12 
Freeway Management as Part of an Integrated Intelligent Transportation 
System .................................................. 1-17 
Elements of a Freeway Management System. . . . . . . . . . . . . . . . . . . . . . . 2-3 
Steps Performed in a Typical Systems Engineering Analysis ............ 2-5 
Systems Engineering Process Used to Develop National ITS 
Architecture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-6 
Example of System Goal and Objectives to Address an Identified 
Problem. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-11 
Elements of a Typical Implementation Plan. . . . . . . . . . . . . . . . . . . . . . . 2-17 
Conceptual Illustration of Before-and-After Evaluation with Control 
Conditions ................................................ 2-20 
Illustration of Freeway Components for Capacity Analysis. . . . . . . . . . . . 2-25 
Categories of Weaving Areas .................................. 2-29 
Influence Areas and Critical Flow Values for Freeway-Ramp Junctions .. 2-30 
Graphic Representation of Level of Service for Freeway Systems. . . . . . . 2-34 
Fundamentals of Shock Wave Analysis. . ........................ 2-35 
Shock Wave Phenomena at a Freeway Bottleneck During a Peak Period. 2-35 
Use of Queuing Analysis to Analyze Temporary Blockage. . ......... 2-38 
Closed-Circuit Television Camera . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-5 
Control Center Components Typically Included in a Surveillance 
System .................................................. 3-22 
External System Overview for Real-Time Expert System ............ 3-26 
Inductive Loop Detectors Used for Freeway Surveillance ............ 3-32 
Typical Loop Installation for Measuring Speed .................... 3-33 
Typical Layout for Magnetometer Installation . . . . . . . . . . . . . . . . . . . . . 3-35 
Typical Bridge Deck Installation for Magnetometer ................ 3-36 
Example of Non-Intrusive Detector ............................ 3-36 
Waveforms Used with Microwave Detectors ..................... 3-38 
Alternative Radar Beam Widths ............................... 3-39 
Detector in Side-Fire Position ................................. 3-41 
Detector in Overhead Position ................................ 3-41 
Active Infrared Detector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-42 
Passive Infrared Detector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-43 
Active Infrared Detector Measuring Vehicle Classification . . . . . . . . . . . 3-43 
Example of Ultrasonic Detector Installation . . . . . . . . . . . . . . . . . . . . . . 3-45 
Acoustic Detector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-46 
Time Delay Versus Time Curve ............................... 3-46 
Components of Video Image Processing System . . . . . . . . . . . . . . . . . . . 3-48 
Identification of Detection Lines in Field of View . . . . . . . . . . . . . . . . . . 3-51 

xxix Preceding page blank 



Freeway Management Handbook 

Figure 3-21. 
Figure 3-22. 
Figure 3-23. 
Figure 3-24. 
Figure 3-25. 
Figure 4-1. 
Figure 4-2. 

Figure 4-3. 
Figure 4-4. 
Figure 5-1. 
Figure 5-2. 
Figure 5-3. 
Figure 5-4. 
Figure 5-5. 
Figure 5-6. 
Figure 5-7. 
Figure 5-8. 
Figure 5-9. 

Figure 5-10. 

Figure 5-11. 

Figure 6-1. 
Figure 6-2. 
Figure 6-3. 
Figure 6-4. 
Figure 6-5. 
Figure 6-6. 
Figure 6-7. 

Figure 6-8. 
Figure 6-9. 

Figure 6-10. 
Figure 6-11. 
Figure 6-12. 
Figure 6-13. 
Figure 6-14. 
Figure 6-15. 
Figure 6-16. 
Figure 6-17. 
Figure 6-18. 
Figure 6-19. 
Figure 6-20. 
Figure 6-21. 

Freeway Service Patrol Vehicle and Equipment ................... 3-59 
Call Box ................................................. 3-60 
Fixed-Location Closed-Circuit Television Camera . . . . . . . . . . . . . . . . . 3-60 
Portable Closed-Circuit Television System . . . . . . . . . . . . . . . . . . . . . . . 3-62 
Roadside Environmental Monitoring System . . . . . . . . . . . . . . . . . . . . . . 3-64 
Proper Lane Use Control Can Facilitate Safe and Efficient Operations ... 4-3 
Example of Possible Functional Requirements of a Lane Use Control 
Objective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-7 
Typical Freeway Lane Control Signal ........................... 4-14 
Schematic of an A VI Toll Plaza . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-19 
Ramp Meter with HOV By-Pass in Minneapolis, MN. . . . . . . . . . . . . . . . 5-5 
Example of Pretimed Entrance Ramp Metering Rate Calculation. . . . . . . 5-21 
Pretimed Ramp Metering Layout. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-22 
Typical Field Displays for Ramp Meter Installations ................. 5-25 
Fundamental Flow Rate-Speed-Density Relationships ............... 5-27 
Typical Volume-Capacity Plot Related to Ramp Metering Rate ........ 5-30 
Traffic Responsive Ramp Metering Layout. ...................... 5-31 
Gap Acceptance I Traffic Responsive Ramp Metering Layout. ........ 5-34 
Integrated Entrance Ramp Control: Example No. 1 Calculation of 
Pretimed Metering Rates ..................................... 5-37 
Integrated Entrance Ramp Control: Example No. 2 Calculation of 
Pretimed Metering Rates ..................................... 5-39 
Integrated Entrance Ramp Control: Example No. 4 Calculation 
of Pretimed Metering Rates ................................... 5-42 
HOV Lane in San Diego, CA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5 
Multimodal System Planning Technique-Steps in the Process ........ 6-14 
Examples of Exclusive HOV Facility - Separate Right-of-Way ......... 6-18 
Examples of Exclusive HOV Facility - Freeway Right-of-Way ......... 6-19 
Examples of Concurrent Flow Lane. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-19 
Examples of Contraflow Lanes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-20 
Example of Delay on an HOV Facility Due to a Total Blockage 
Incident. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-21 
Sample Signing and Pavement Markings for HOV Facilities ........... 6-24 
Typical Contiguous Concurrent HOV Lane w/o Buffer Signing and 
Pavement Markings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-26 
Median Enforcement Area for Median 6.7 to 8.8 m (22 to 29 ft) Wide. . . 6-28 
Median Enforcement Area for Median Less than 6.7 m (22 ft) Wide .... 6-30 
Slip Ramp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-30 
Elevated Slip Ramp ......................................... 6-30 
Flyover Ramp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-31 
Grade Separated Interchange. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-31 
Terminal Flyover Connection to Freeway Mainline. . ............... 6-32 
Terminal Slip Ramp Connection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-32 
Terminal Flyover Connection to Surface Street System. . . . . . . . . . . . . . 6-33 
Intermediate Flyover to Frontage Road .......................... 6-33 
Two-Lane Entrance Ramp with HOV Bypass ..................... 6-35 
Park-and-Ride Lots with HOV Lane ............................ 6-36 

XXX 



Figure 6-22. 
Figure 6-23. 
Figure 6-24. 
Figure 6-25. 

Figure 6-26. 
Figure 6-27. 
Figure 6-28. 
Figure 6-29. 
Figure 6-30. 

Figure 6-31. 
Figure 6-32. 
Figure 6-33. 
Figure 6-34. 
Figure 6-35. 
Figure 7-1. 
Figure 7-2. 
Figure 7-3. 
Figure 8-1. 
Figure 8-2. 
Figure 8-3. 

Figure 8-4. 
Figure 8-5. 
Figure 8-6. 
Figure 8-7. 
Figure 8-8. 
Figure 8-9. 
Figure 8-10. 
Figure 8-11. 
Figure 9-1. 
Figure 9-2. 
Figure 9-3. 
Figure 9-4. 
Figure 9-5. 
Figure 9-6. 
Figure 9-7. 
Figure 9-8. 
Figure 9-9. 
Figure 9-10. 
Figure 9-11. 
Figure 9-12. 
Figure 9-13. 

Figure 10-1. 

List of Figures 

Example of Park-and-Ride Layout. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-40 
Movable Barrier ............................................ 6-47 
Movable Barrier Used in Dallas. . ............................. 6-47 
Typical Sections, Before and After East RL T Contraflow Lane 
Construction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-49 
Houston HOV System. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-67 
Typical Houston HOV Lane. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-68 
Houston Grade Separated HOV Lane Access Ramps. . . . . . . . . . . . . . . . 6-68 
Houston HOV Slip Ramp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-69 
Example of Variable Message Sign Showing New Occupancy 
Requirement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-69 
Examples of Bus Station and Park-and-Ride Lot. .................. 6-70 
Seattle Area HOV System. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-72 
I-5 Reversible-Flow HOV Lanes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-73 
I-5, Seattle Concurrent Flow HOV Lanes (Median Location). . . . . . . . . . 6-73 
1-405, Seattle Concurrent Flow HOV Lanes (Shoulder Location). . . . . . 6-73 
Dynamic Message Signing on New Jersey Turnpike ................. 7-3 
Examples of Light-Reflecting DMS Technologies .................. 7-17 
Examples of Light-Emitting DMS Technologies ................... 7-18 
Example of an Incident Response Site ............................ 8-3 
Examples of Incident Management Functions. . . . . . . . . . . . . . . . . . . . . . 8-11 
Relationship between Detection Rate, False Alarm Rate and 
Detection Time. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-20 
Air Bag Use to Overturn Tractor Trailer ......................... 8-26 
Typical Set-up for Traffic Flow Past a Freeway Incident. . . . . . . . . . . . . 8-27 
Example of a Typical Total Freeway Closure at an Incident. .......... 8-27 
Example of Crash Worthy Barrier Gate .......................... 8-29 
Example Set-Up for Shoulder Utilization at a Freeway Incident Site. . .. 8-30 
Example of a Contraflow Diversion Set-Up at a Freeway Incident. ..... 8-31 
Examples of Accident Investigation Site Locations. . . . . . . . . . . . . . . . . 8-32 
Alternative Route Plan ....................................... 8-36 
Fiber Optic Cable Installation in Fort Worth, TX ................... 9-3 
High Level Logical Architecture for a Communication System . . . . . . . . 9-13 
illustration of a Central Communications Architecture . . . . . . . . . . . . . . 9-16 
illustration of a Distributed Communications Architecture . . . . . . . . . . . 9-17 
illustration of a Trunked Communications Architecture . . . . . . . . . . . . . 9-17 
illustration of a Backbone Communications Architecture . . . . . . . . . . . . 9-18 
Traffic Control Communications Network Topologies .............. 9-19 
illustration of a Multimedia Communications Channel . . . . . . . . . . . . . . . 9-19 
illustrations of Generic Communication Links . . . . . . . . . . . . . . . . . . . . . 9-20 
Illustration of a Twisted-Wire Pair Cable ........................ 9-28 
Crosstalk Reduction by a Twisted-Wire Pair ...................... 9-29 
illustration of a Coaxial Cable Design ........................... 9-33 
Key Decisions and Supporting Information in Evaluating the Need for 
a Shared Resource Project . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-62 
The Control Center of the TranStar Freeway Management System in 
Houston, TX ............................................. 10-3 

xxxi 



Freeway Management Handbook 

Figure 10-2. A User-Centered Design Approach ............................. 10-6 
Figure 10-3. Example of Operational Flow Diagram for Managing an Incident . . . . . 10-14 
Figure 10-4. Data Flow Diagram of the Tran Star System in Houston, TX . . . . . . . . . 10-16 
Figure 10-5. Typical Operator Workstation in the Houston TranStar Freeway 

Management Control Center . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-18 
Figure 10-6. Floor Plan of the TransGuide Control Center in San Antonio, TX . . . . . 10-22 
Figure 10-7. Example of a Computer/Peripheral Area in a Control Center . . . . . . . . . 10-23 
Figure 10-8. Example of Media/ War Room in a Freeway Management Center . . . . 10-23 
Figure 10-9. Media Cabinet in Houston TranStar Center ..................... 10-24 
Figure 10-10. Example of Static Wall Map ................................. 10-27 
Figure 10-11. Example of a Projection Television Display . . . . . . . . . . . . . . . . . . . . . 10-27 
Figure 10-12. Examples of Popular LAN Topologies ......................... 10-32 
Figure 10-13. Typical Communications Devices Used by Operators in a 

Control Center ........................................... 10-34 
Figure 10-14. Continuum of Operator Roles in Relation to Automation ........... 10-41 
Figure 10-15. Recommended Topics to be Covered in Operations Manual ......... 10-43 
Figure 11-1. An Economic Analysis Has Many Components .................... 11-3 
Figure 11-2. Example of Utility Cost Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-15 

XXX11 



Table 1-1. 
Table 1-2. 

Table 2-1. 
Table 2-2. 

Table 2-3. 
Table 2-4. 
Table 2-5. 

Table 2-6. 
Table 2-7. 

Table 2-8. 
Table 2-9. 
Table 2-10. 

Table 3-1. 
Table 3-2. 
Table 3-3. 
Table 3-4. 

Table 3-5. 
Table 3-6. 
Table 3-7. 
Table 3-8. 
Table 3-9. 
Table 3-10. 
Table 3-11. 
Table 3-12. 
Table 3-13. 
Table 3-14. 
Table 4-1. 
Table 4-2. 
Table 4-3. 
Table 4-4. 
Table 4-5. 
Table 4-6. 
Table 5-1. 
Table 5-2. 
Table 6-1. 
Table 6-2. 
Table 6-3. 

List of Tables 

LIST OF TABLES 

Geometric Design Factors Causing Capacity Reduction. . . . . . . . . . . . . . . . 1-8 
Percentage of Freeway Section Capacity Available Under Incident 
Conditions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-9 
Criteria for Developing Measures of Effectiveness (MOEs) ............ 2-12 
Example of Functional Requirements of an Incident Management 
System. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-14 
Level of Service (LOS) Descriptions ............................. 2-27 
Level-of-Service Criteria for Weaving Sections ..................... 2-30 
Level of Service (LOS) Descriptions for Freeway-Ramp Junction 
Influence Areas ............................................. 2-32 
Queuing Performance Equations for Freeway Lane Blockage .......... 2-39 
Strengths and Weaknesses of Freeway Traffic Simulation/Optimization 
Models. . ................................................. 2-45 
Items to be Included in Hardware Documentation. . . . . . . . . . . . . . . . . . . 2-50 
Elements of Software Documentation ............................ 2-52 
Guidelines for Developing a Marketing Plan for Freeway 
Management Systems ........................................ 2-54 
Tasks Involved in Problem Identification . . . . . . . . . . . . . . . . . . . . . . . . . . 3-7 
Methods for Meeting Typical Surveillance Needs .................... 3-8 
Examples of Performance Measures for a Surveillance System ......... 3-14 
Examples of Functional Requirements Related to Monitoring 
System Performance ......................................... 3-15 
Typical Information in Design Plan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-18 
Guidelines for Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-18 
Typical Components for a Surveillance System ..................... 3-23 
Communication Media ....................................... 3-28 
Summary of Detectors ....................................... 3-29 
Summary of Traffic Detectors ................................. 3-30 
Results of Oakland County Evaluation of VIP System . . . . . . . . . . . . . . . 3-49 
Characteristics of Traffic Detectors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-52 
Traffic Surveillance Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-63 
Estimated Operating and Maintenance Costs for Surveillance Systems . . . 3-68 
Lane Restrictions Experiences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-12 
Summary of Impacts from Truck Restrictions . . . . . . . . . . . . . . . . . . . . . . 4-13 
Primary Advantages and Disadvantages of Shoulder Removal . . . . . . . . . 4-16 
Typical User-Fee Schedule .. , ................................. 4-20 
Advantages and Disadvantages of Toll Road Financing .............. 4-24 
Barriers to Congestion Pricing Implementation ..................... 4-25 
Local Actuated Metering Rates as Function of Occupancy. . .......... 5-29 
Allowable Entrance Ramp Volumes for Example 3 .................. 5-40 
Information Needs for Successful HOV Operations ................... 6-9 
Examples of Goals and Objectives for HOV Treatments. . . . . . . . . . . . . . 6-11 
Suggested Objectives and Measures of Effectiveness for HOV Facilities. . 6-12 

XXX1ll 



Freeway Management Handbook 

Table 6-4. 
Table 6-5. 

Table 6-6. 
Table 6-7. 
Table 6-8. 
Table 6-9. 
Table 6-10. 
Table 6-11. 
Table 7-1. 
Table 7-2. 
Table 7-3. 
Table 7-4. 

Table 7-5. 
Table 7-6. 
Table 7-7. 
Table 7-8. 
Table 8-1. 
Table 8-2. 
Table 8-3. 
Table 8-4. 
Table 8-5. 
Table 8-6. 
Table 8-7. 
Table 8-8. 
Table 8-9. 
Table 8-10. 
Table 8-11. 
Table 8-12. 

Table 9-1. 
Table 9-2. 
Table 9-3. 
Table 9-4. 
Table 9-5. 
Table 9-6. 
Table 9-7. 

Table 9-8. 

Table 9-9. 
Table 9-10. 

Table 9-11. 
Table 9-12. 
Table 9-13. 

Examples of Functional Requirements for HOV Treatments. . . . . . . . . . . 6-13 
Suggested Objectives, Data Collection Efforts, and Measures of 
Effectiveness for Evaluating HOV Facilities. . . . . . . . . . . . . . . . . . . . . . . 6-17 
Goals and Objectives of Enforcement Personnel. ................... 6-27 
Accessability Standards. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-43 
Example of Differential Parking Rates. . . . . . . . . . . . . . . . . . . . . . . . . . . 6-45 
Successful Characteristics of HOV Facility Implementation. . . . . . . . . . . . 6-54 
Potential Pitfalls to Successful HOV Facility Implementation. . . . . . . . . . 6-55 
Tradeoffs in Reducing Cross Section Elements . . . . . . . . . . . . . . . . . . . . . 6-58 
Information Need. Categories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-5 
Examples of Goals and Objectives for Information Dissemination . . . . . . . . 7-7 
Examples of Performance Measures for Information Dissemination . . . . . . 7-9 
Examples of Functional Requirements for Information Dissemination 
Objectives ................................................ 7-10 
Applications of DMSs ....................................... 7-16 
Advantages and Disadvantages of Light-Reflecting DMSs . . . . . . . . . . . . 7-21 
Advantages and Disadvantages of Light-Emitting DMSs ............. 7-22 
Advantages and Disadvantages of Hybrid VMSs ................... 7-23 
Summary of Reported Freeway Incident Rates . . . . . . . . . . . . . . . . . . . . . . 8-5 
Typical Capacity Reductions During Incident Conditions . . . . . . . . . . . . . . 8-6 
Typical Capacities During Work Zone Activities . . . . . . . . . . . . . . . . . . . . 8-7 
Examples of Goals and Objectives of Incident Management . . . . . . . . . . . . 8-9 
Examples of Incident Management Performance Criteria . . . . . . . . . . . . . 8-10 
Information in an Incident Response Plan ......................... 8-14 
Comparison of Non-Automated Incident Detection Technologies ...... 8-17 
List of Available Incident Detection Algorithms .................... 8-21 
Example of Resource Material Included in Response Manual . . . . . . . . . . 8-23 
Example of Material to be Included in a Hazardous Material Manual . . . . 8-24 
Advance Information Dissemination Planning for Incident Response .... 8-35 
Traffic Management Actions During Major Freeway Construction and 
Special Events ............................................. 8-38 
Resources and Constraints Considerations in Communication Systems . . . . 9-6 
Advantages and Disadvantages of Longer Polling Periods . . . . . . . . . . . . . 9-8 
Commonly Used Error Detection Techniques ...................... 9-11 
Characteristics of Transmission Modes . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-14 
Common Applications of Communications Architectures . . . . . . . . . . . . . 9-15 
Attributes of Generic Links in a Communications System . . . . . . . . . . . . . 9-21 
Relation of Communication Technology to Generic Communication Link 
for Data Transmission ....................................... 9-22 
Relation of Communication Technology to Generic Communication Link 
for Video Transmission . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-23 
Advantages and Disadvantages of Using Communications Standards .... 9-25 
Advantages and Disadvantages of Installation Methods for Land-Line 
Communication Media ....................................... 9-27 
Summary of Land-Line Technologies and Their Features . . . . . . . . . . . . . 9-28 
Advantages and Disadvantages of Twisted-Wire Pairs ............... 9-30 
Design and Installation Considerations Relating to Twisted-Wire Pairs ... 9-32 

xxxiv 



List of Tables 

Table 9-14. Advantages and Disadvantages of Coaxial Cable ................... 9-33 
Table 9-15. Advantages and Disadvantages of Fiber Optic Communications ........ 9-36 
Table 9-16. Wireless Communication Technologies and Their Associated Properties .. 9-40 
Table 9-17. Advantages and Disadvantages of Owned Radio Communications . . . . . . 9-41 
Table 9-18. Advantages and Disadvantages of Area Radio Networks . . . . . . . . . . . . . 9-42 
Table 9-19. Advantages and Disadvantages of Terrestrial Microwave Links ........ 9-43 
Table 9-20. Microwave Communication System Design and Installation 

Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-44 
Table 9-21. Advantages and Disadvantages of Spread Spectrum Radio ............ 9-45 
Table 9-22. Spread Spectrum Radio Design and Installation Considerations ........ 9-46 
Table 9-23. Advantages and Disadvantages of Cellular Radio ................... 9-48 
Table 9-24. Advantages and Disadvantages of Packet Radio Service . . . . . . . . . . . . . . 9-49 
Table 9-25. Advantages and Disadvantages of Satellite Communications .......... 9-50 
Table 9-26. Satellite Communication System Design and Installation Considerations .. 9-52 
Table 9-27. Comparison of User-Owned and Leased Wire-pair Cable ............. 9-54 
Table 9-28. Advantages and Disadvantages of CATV ......................... 9-55 
Table 9-29. Leased Communications Service Design and Installation Considerations .. 9-57 
Table 9-30. Layers of Open Systems Interconnection Reference Model . . . . . . . . . . . . 9-59 
Table 9-31. Specified Protocols for NTCIP Profile Classes ..................... 9-60 
Table 9-32. Issues Associated with Shared Resource Project Development ......... 9-61 
Table 10-1. List of Possible Generic Functions Performed in Freeway Management 

Control Center . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-9 
Table 10-2. Criteria of Assigning Functions to Humans and Machines ............ 10-12 
Table 10-3. Advantages and Disadvantages of Common LAN Topologies . . . . . . . . 10-33 
Table 10-4. Staffing Plan for Orange County Traffic Operations Center . . . . . . . . . . 10-35 
Table 11-1. Selected Freeway Management System Component Service Lives . . . . . . 11-8 
Table 11-2. Example of a Net Present Worth Evaluation ...................... 11-10 
Table 11-3. Example of a Benefit-Cost Analysis ............................ 11-12 
Table 11-4. Example of an Incremental Benefit-Cost Analysis .................. 11-13 
Table 11-5. Mean Detection and Lane Change Distances for Channelizing Devices .. 11-16 
Table 11-6. Example of Alternative Channelizing Device Values ................ 11-17 
Table 11-7. Example of Sensitivity Analysis of Benefit-Cost Ratios .............. 11-18 

XXXV 





Executive Summary 

EXECUTIVE SUMMARY 
Freeways were originally conceived and 
designed to provide continuous, free flow, 
high-speed movement of traffic on a limited­
access facility. In their original design, little 
thought was given to providing for the need 
of traffic management and control systems to 
maintain a high level of mobility on these 
facilities. However, as urban areas 
continued to grow, the freeway system 
became more congested. The previous 
approach of constructing more freeway lane­
miles to relieve congestion is today often 
politically and socially unacceptable and 
economically infeasible. It is incumbent on 
transportation agencies planning, 
constructing, operating, and maintaining 
freeway infrastructure to make the best 
possible use of available capacity. 

Freeway management systems are a primary 
means by which transportation agencies can 
manage traffic flow and make better use of 
the existing freeway system. Freeway 
management systems make use of control 
strategies and operational activities such as 
incident management and information 
dissemination to 1) keep congestion from 
occurring in the first place, and 2) lessen the 
duration and extent of congestion when it 
does occur. 

While the term freeway management system 
was probably not applied to the tasks, early 
freeway management systems consisted 
primarily of fixed signs on the roadway 
providing regulatory and directional 
information, and police officers handling 
traffic following incidents. As freeway 
systems have matured and traffic demands 
have grown in urban areas over the past half 
century, freeway management systems have 
evolved and developed to provide many and 
varied services. 

What Is Freeway Management? 

The 1983 Freeway Management Handbook 
defined freeway management as the " . . . 
control, guidance and warning of traffic in 
order to improve the flow of people and 
goods on these limited access facilities."<6> 

Today, the definition of freeway 
management should be expanded to 
encompass all activities undertaken to 
operate a freeway facility in a manner 
consistent with predetermined goals and 
objectives of that facility, including those 
related to impacts on and the influence of 
surrounding communities and jurisdictions. 
Certainly, the efficient movement of goods 
and people continues to be one of the major 
goals of freeway management. However, 
legislative mandates, public pressure 
regarding environmental concerns, adjacent 
landowner and homeowner rights, and other 
issues further influence the operation of the 
freeway system. 

In many cases, freeway management requires 
striking a balance between competing goals 
and objectives. For example, a goal to 
minimize recurrent congestion may not 
necessarily be compatible with a goal to 
maximize the movement of people and 
goods on a facility, especially if the goal to 
maximize people movement is accomplished 
through the use of high-occupancy vehicle 
lanes. High-occupancy vehicle lanes require 
a significant travel time advantage over 
regular-use lanes to be attractive to travelers 
using the freeway. In terms of this example, 
it may be appropriate to allow some level of 
congestion in the regular-use lanes in order 
to achieve the best overall operation of the 
freeway system. 

Preceding page blank 
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What Is a Freeway Management 
System? 

In general terms, a system is defined as a set 
of components or elements that could be 
seen as working together for the overall 
objective of the whole.<7

l These components 
or elements may include many different 
things, depending on the perspective of the 
person who defines the system. System 
components can be objects, concepts, 
processes, or even people. A system has a 
set of boundaries that define the interactions 
between system components and the 
environment. The environment consists of 
all those factors external to the system that 
influence the behavior of the system, and 
that cannot be controlled. Within the 
system, there are interlaces between the 
various components, which control how they 
interact with each other. Finally, the 
components themselves may be subsystems 
consisting of smaller elements or 
components. 

A freeway management system, then, 
consists of the infrastructure elements 
utilized to accomplish the goals and 
objectives of freeway management. These 
things (elements) include field hardware 
(cameras, dynamic message signs, electronic 
toll tag readers, etc.), communications 
equipment, a traffic management center 
(with associated hardware and software), the 
people who staff the center, and the policies 
and procedures established to deal with 
various transportation-related events that 
affect the freeway system. The freeway 
management system comprises several 
infrastructure subsystems (the motorist 
information system, the ramp metering 
system, etc.) that interlace with each other 
to accomplish specific objectives as the need 
arises. 

xxxviii 

It is important to recognize that each 
freeway management system is a unique 
consolidation of components and interlaces 
that reflect the location-specific freeway, 
geographic, and political characteristics and 
needs of the region. However, most systems 
can be described in terms of which of the 
possible functions of freeway traffic 
management they perlorm. The following 
section presents a brief overview of these 
functions. 

History of Freeway Management 

Pioneering efforts in "freeway surveillance 
and control," as systems were first generally 
known, took place in Detroit, Chicago, 
Houston, Los Angeles, Seattle, and Dallas. 
Highlights of some these early efforts are 
listed below:(9) 

• 1962 Detroit - Freeway lane control 
signs and variable speed signs. 

• 

• 

• 

• 

• 

1963 Chicago - Demand-capacity/ 
occupancy metering and surveillance by 
freeway loop detectors. 

1965 Houston - Demand-capacity/ gap­
acceptance metering and surveillance by 
closed-circuit television and freeway 
loops. 

1967 Los Angeles - Fixed time metering 
and ramp closure. 

1967 Seattle - Reversible roadway 
control and closed-circuit television 
surveillance. 

1971 Dallas Corridor control 
integrating ramp metering, frontage road 
and arterial intersection control with 
preferential treatment for buses at ramps 
and intersections. 



• 1972 Minneapolis - Bus bypass ramps 
at metered ramps. 

• 1990 - Introduction of Intelligent 
Vehicle/Highway System (IVHS) 
concept including freeway management 
and related systems. 

• 1992 Federal Highway 
Administration's introduction of 
concept of Intelligent Vehicle/Highway 
Systems (IVHS) 

• 1993 - Intelligent Transportation 
Systems (ITS) concept succeession of 
IVHS to broaden the scope to include 
other forms of surface transportation. 

• 1993-Initiation of National ITS 
Architecture Initiative to address 
common interfaces and protocols for 
ITS systems. 

As systems were upgraded and expanded, 
they began to be more properly termed 
"Freeway Management Systems." New and 
upgraded systems have incorporated many 
of the basic techniques developed on these 
earlier systems. The phenomenal 
developments in computer and 
communications technology have further 
enhanced capabilities for various freeway 
management tasks. 

Relationship of Freeway Management to 
National ITS Architecture 

The freeway management concepts of this 
handbook follow the National ITS 
Architecture. Quoting from the 1996 ITS 
Architecture Executive Summary: 

The National ITS Architecture 
provides a common structure for the 
design of intelligent transportation 
systems. 
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Agencies should seek to ensure that the 
design of a new or upgrade of an existing 
freeway management system design uses the 
National ITS Architecture and applicable 
National ITS standards. 

An outgrowth of the development of the 
National ITS Architecture has been the 
concept of intelligent transportation system 
infrastructure. The term "infrastructure" has 
been in common use for a number of years 
to describe the supporting roadways, 
bridges, water and sewer lines, and other 
public works structural items that allow 
movement of persons and goods. It is not 
the truck or car, it is the roadway and 
bridge. It is not the water, it is the pipes or 
conduits that carry the water. A logical 
extension of the infrastructure concept is its 
application to flow and delivery of 
information in Intelligent Transportation 
Systems. 

Many of the functions needed for ITS 
implementation are already being provided 
or supported by a broad variety of ITS 
infrastructure features, which can serve as 
the building blocks of a full ITS 
implementation. An ITS infrastructure refers 
to those portions of ITS-related hardware, 
software, etc. that today, and increasingly in 
the future will manage and support 
transportation-related activities. This is 
typically happening first in the metropolitan 
areas, but is expanding to include 
commercial vehicle and rural needs. 

An intregrated transportation management 
system should contain some or all of the 
following applicable ITS components in a 
given region: 

• Traffic Signal Control. 

• Freeway Management. 

• Transit Management. 
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• Incident Management. 

• Electronic Fare Payment. 

• Electronic Toll Collection. 

• Railroad Grade Crossings. 

• Emergency Services. 

• Regional Multimodal Traveler 
Information. 

Both the implementation of a given 
component and the integration of the 
components should use the National ITS 
Architecture and standards. 

OBJECTIVES OF A FREEWAY 
MANAGEMENT SYSTEM 

The goals and objectives of a freeway 
management system are specific to the social 
and political desires of the community; 
however, there are goals and objectives for 
freeway management systems that are 
universal across all systems. These include 
the following: 

• To reduce the impactc; and occurrence of 
recumng congestion on the freeway 
system. 

• To minimize the duration and effects of 
nonrecurring congestion on the freeway 
system. 

• To maximize the operational safety and 
efficiency of the traveling public while 
using the freeway system. 

• To provide facility users with 
information necessary to aid them in 
making effective use of the freeway 
facilities and to reduce their mental and 
physical stress. 
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• To provide a means of aiding users who 
encounter problems (crashes, 
breakdowns, confusion, etc.) while 
traveling on the freeway system. 

FUNCTIONS OF FREEWAY 
MANAGEMENT 

Freeway management systems combine 
personnel, operational strategies, and 
technologies to control and manage traffic 
on the freeway more effectively. The 
following functions can be performed by a 
freeway management system: 

• Surveillance and incident detection. 

• Lane use control. 

• Ramp control. 

• Priority treatment and control for high­
occupancy vehicles. 

• Information dissemination. 

• Incident management. 

A brief review of each of these functions is 
provided below. A more detailed discussion 
of the pertinent issues affecting planning, 
design, operations, and maintenance 1s 
provided in subsequent modules. 

SUiveillance and Incident Detection 

Traditionally, one of the primary functions of 
most freeway management systems is to 
detect traffic incidents that affect the smooth 
flow of traffic.<10l With surveillance, traffic 
conditions can be monitored and the location 
and causes of any operational problems that 
occur can be pinpointed. As traffic 
management systems have become 
increasingly multijurisdictional and 
multimodal, the surveillance function has 
expanded to include such considerations as 



transit and emergency fleet vehicle locations, 
weather and pavement conditions, and 
parking lot status. 

Lane Use Control 

The function of lane use control is to 
maximize the efficient use of existing 
pavement within the right-of-way. Mainline 
metering, temporary shoulder utilization, 
reversible lane operations, and large truck 
restrictions are all examples of lane use 
control. 

Ramp Control 

Managing the amount of traffic that can 
enter or exit the freeway is another function 
of freeway management systems. Both ramp 
metering and temporary ramp closures 
( during peak periods, for instance) are 
examples of the ramp control function. 
Controlling freeway access and egress 
reduces turbulence in freeway flow near the 
ramps and improves overall freeway 
operations. 

High-Occupancy Vehicle (HOV) Priority 
Treatments 

Another function of freeway management is 
to provide preferential treatment to buses, 
carpools, and vanpools on a freeway to 
generate a travel time advantage for the 
vehicle occupants and review the number of 
vehicles on the roadways. These treatments 
can include special lanes, priority access, and 
ramp controls for HOV vehicles, special 
surveillance of those lanes to detect and 
remove incidents quickly, and occupant 
restriction enforcement. 

Information Dissemination 

From a traveler's perspective, information 
dissemination is one of the most important 
functions of freeway management. Research 
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and experience have shown that travelers 
want and use real-time information about 
traffic conditions on the freeway and 
alternative routes; adverse weather and 
driving conditions; construction and 
maintenance activities; and special lane use 
and roadway control measures that are 
enacted. With current and accurate 
information, travelers are better able to make 
mode, departure time, and route choice 
decisions. A number of existing and 
emerging technologies are available to 
facilitate information transfer to travelers. 

The Freeway Management System 

A freeway management system may be the 
common interface for multiple transportation 
agencies in a given region. In the such 
cases, it is the focal point for receiving, 
processing, and transferring various types of 
traffic and transportation data, including 
digital, video, and voice. Regional 
multiagency coordination will logically take 
place in the freeway management center. 

Incident Management 

Of all the major freeway management 
functions, incident management probably 
o:ff ers the greatest potential operational and 
safety benefit to freeway motorists.<5

> 

Incident management requires the 
coordinated operation and preplanned use of 
human and technological resources to 
restore the freeway to full capacity quickly 
and efficiently after an incident occurs. 
Typically, incident management may include 
other freeway management functions such as 
the following: 

• Control center operation. 

• Surveillance. 

• Information dissemination. 
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• Freeway service patrols. 

• Ramp control. 

• Decision process control strategies. 

• Lane use control signals. 

Integration with Other ITS 
Components 

As illustrated below, freeway management is 
just one . component of an integrated 
transportation management system. 
Freeway management, along with traffic 
signal control, form the hub of an 
integrated transportation system. The traffic 
signal control and freeway management 
components exchange data with each other, 
allowing the traffic management strategies 
on the freeways, the freeway entrance 
ramps, and the surf ace street network to act 
as an integrated system. These data define 
the actions to be taken by the system when a 
particular signal timing plan is in effect on 
the road network, and when a particular sign 
plan is in effect on the highways. For 
example, ramp meter timings and traffic 
signal controls can be coordinated to ensure 
that queues do not back into intersections. 
When traffic is diverted off the freeway to 
bypass an incident, the traffic signals timings 
can be adjusted to handle the increased flow 
on the arterials. At the same time, dynamic 
message signs can be updated along the 
arterials to give directions on how to return 
to the freeway beyond the incident location. 

In addition, both the freeway management 
and traffic signal control components can 
provide critical information to other 
components of the transportation system. 
Both the freeway management and traffic 
signal control components are responsible 
for the surveillance, monitoring, device 
control, and management of the road 
network. These components provide 
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information on the status of the roadway 
system, including link travel times, traffic 
volumes, and speeds currently flowing on 
the road and highway network. These data 
can be passed to the other components in the 
overall transportation system, such as the 
incident management and transit 
management components, and information 
from these other systems can be channeled 
through the freeway management and traffic 
control components. Traffic data can also 
be output to a regional traveler information 
system for dissemination to the public for 
trip planning and other purposes. Because 
the freeway management and traffic signal 
control components are monitoring traffic 
conditions on the roadways, information 
about predicted delays and incidents can be 
passed to the transit management 
component, which in tum can use the 
information to establish transit priorities and 
operating strategies, which are implemented 
by the freeway management and traffic signal 
control components. 

Although it may be possible for some 
transportation management subsystems to 
operate in an isolated or independent 
manner, their operation and functions will 
affect and be affected by the other 
transportation subsystems. This will be 
particularly evident in an urban environment. 
For optimal efficiency, the various 
transportation subsystems must operate in a 
cohesive, integrated manner. Multiple 
agencies must maintain open communication 
and cooperation to achieve the goal of a 
truly integrated transportation system. 

FREEWAY MANAGEMENT 
HANDBOOK 

The objectives of this handbook are as 
follows: 
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Freeway Management as Part of an Integrated Intelligent Transportation System 

• Define the process of planning, 
designing, operating, and maintaining a 
freeway management system. 

• Provide an overview of the techniques 
and technologies available for 
accomplishing the functions of a freeway 
management system. 

• Identify critical issues associated with 
planning, designing, operating, and 
maintaining a freeway management 
system. 

• Provide guidance in developing a 
freeway management system that uses 
the National ITS Architecture and 
applicable standards. 
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• Identify points in the design development 
process where integration and interlace 
with other systems should take place. 

SCOPE OF THE HANDBOOK 

This handbook is intended to be a "How To" 
manual for planning, designing, operating, 
and maintaining a freeway management 
system. Tiris manual is directed at a mid­
level administrator or engineer for a State or 
local agency that is responsible for planning, 
designing, operating, or maintaining all or 
portions of a freeway management system. 
As a result, it primarily focuses on the issues 
associated with each element of a freeway 
management system. For many of the 
elements and functions, there are excellent 
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reference materials that provide detailed 
information about the technologies and 
techniques. For example, the 
Communications Handbook for Traffic 
Control Devices and the Freeway Incident 
Management Handbook provide many 
technical details on communications and 
incident management systems, respectively. 
In those cases where there are other manuals 
and reference materials to provide technical 
details, the details have not been reproduced 
in this manual. Instead, the reader has been 
provided with references to these materials 
as a source of more detailed information 
than that presented in this handbook. 

STRUCTURE OF THE HANDBOOK 

A modular approach has been used to 
prepare this manual. Each functional 
element of a freeway management system is 
covered in a separate module. Each module 
presents information specific to the planning, 
design, construction, operation, and 
maintenance of that particular functional 
element. This approach was used when 
preparing this handbook so that system 
designers and operators can turn to the 
modules of interest to them and find all the 
information pertinent to the planning, design, 
operation, and maintenance of those specific 
elements. 

In addition, a decision process module has 
been provided. The decision process module 
describes the systems engineering approach 
that can be used to plan and design a 
freeway management system. The systems 
engineering approach can be used regardless 
of whether a system is being designed from 
scratch, modifications are being made to an 
existing system, or upgrades are being 
planned to an outdated system. The decision 
process module also serves as a model of 
each of the remaining modules. 
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The same structure has been applied to each 
of the modules. Each module contains an 
overview section that provides some 
background into the nature of the functional 
element, and the objectives and scope of the 
information. The section following the 
overview section describes a system 
engineering process for planning, designing, 
and implementing the functional element 
within a freeway management system. 
Another section describes the techniques and 
technologies commonly used in each 
functional element. Each module also has a 
section devoted to covering any special 
issues that could not be adequately covered 
in the previous sections. Wherever possible, 
examples of state-of-the-art facilities are 
provided in each module. The module 
concludes with a section listing the 
references and suggested readings for the 
module. 

OVERVIEW OF FREEWAY 
MANUAL MODULES 

A summary of the type of material to be 
covered in each of the previously mentioned 
modules is provided below. 

Module 1. Freeway Management 
Concepts 

This module provides an introduction to the 
handbook including objectives, scope, and 
structure. Also included is an overview of 
freeway management concepts as a primer or 
preface to the 10 modules addressing 
technical and management issues. 

Module 2. Decision Process 

The second module is devoted to discussing 
the process for determining functions and 
technologies to be included in a freeway 
management system. It provides the steps to 
be taken for conducting a system engineering 
analysis for planning, designing, and 



implementing a freeway management system. 
This module focuses on the issues associated 
with integrating each of the functional 
elements to form a comprehensive freeway 
management system. 

Module 3. Surveillance 

This module contains information related to 
planning, designing, and implementing the 
surveillance subsystem of a freeway 
management system. Using the structure for 
the decision process discussed in Module 2, 
this module provides a process for 
determining the appropriate elements to be 
included in a surveillance subsystem. It 
provides an overview of the various 
technologies and techniques that are 
available for perf onning the surveillance 
functions in a freeway management system. 

Module 4. Lane Use Control 

This module focuses on the process for 
planning, designing, operating, and 
maintaining systems for controlling the use 
of the freeway main lanes. This module 
provides information related to the design 
and operations of freeway main lane meters, 
techniques for using the shoulder, and 
providing reversible lane control on the 
freeway. It also provides insight into the 
special issues related to operating and 
maintaining these control systems. 

Module 5. Ramp Control 

Tiris module presents information needed to 
plan, design, operate, and maintain freeway 
ramp control systems. It provides an 
overview of the theory and principles of 
ramp control, including ramp metering and 
ramp closures. It also presents information 
on the different types of ramp metering 
strategies. The module concludes with a 
section on the special issues associated with 
ramp control systems, including 
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maintenance, enforcement, and public 
perceptions and acceptance of various ramp 
control strategies. It is intended to 
complement information in Ramp Metering 
Status in North America (1995 Update). 

Module 6. HOV Treatments 

This module presents information needed to 
include high-occupancy vehicle (HOV) 
priority treatments in a freeway management 
system. It provides a summary of the 
planning, design, and operations issues 
associated with including an HOV treatment 
in a freeway management system. It also 
provides an overview of the decision process 
for determining which type of priority 
treatment is appropriate for a specific 
system. It also discusses some of the special 
design, operating, and maintenance issues 
associated with HOV treatments. 

Module 7: Information Dissemination 

This module describes the process for 
establishing a cohesive information 
dissemination subsystem in a freeway 
management system. It identifies the 
existing and emerging technologies available 
to facilitate information dissemination to 
travelers. It also illustrates how the 
information dissemination subsystem 
integrates with the other subsystems of a 
freeway management system. 

Module 8. Incident Management 

Module 8 presents information related to the 
planning, design, operations, and 
maintenance of an incident management 
subsystem in a freeway management system. 
It is intended to illustrate how to develop or 
enhance the incident management 
capabilities of a freeway management 
system. It also provides insight into the key 
factors and issues to be considered in 
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planning, designing, and implementing an 
incident management subsystem. It is 
intended to complement the material already 
presented in the Freeway Incident 
Management Handbook. 

Module 9. Communications 

Tiris module provides insight into the issues 
associated with planning, designing, 
operating, and maintaining a 
communications subsystem in a freeway 
management system. It focuses on the 
decision process for detennining the 
appropriate communication technologies for 
specific freeway management systems. It 
also provides a summary of existing and 
emerging communications technologies. It 
is intended to complement the material 
already presented in the Communications 
Handbook for Traffic Control Systems. 

Module 10. Control Center 

Tiris module provides information related to 
planning, design, operations, and 
maintenance of the control center. It 
focuses on both the physical design and 
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human factor elements associated with 
freeway management control centers. It also 
provides insight into how the functions of 
the freeway management system affect the 
design and operations of the control center. 
Special issues such as privatization of 
operator functions and multiagency 
control centers are also discussed in this 
module. It is intended to complement the 
material already presented in the Human 
Factors Handbook for Advanced Traffic 
Management Center Design (First Edition). 

Module 11. Economic Analysis 

This module presents information on some 
of the economic analyses that can be used in 
planning and evaluating alternative designs 
of freeway management systems. Included 
in this module is step-by-step instruction on 
how to conduct a life-cycle cost evaluation, 
a benefit-cost evaluation, and other pertinent 
economic analyses. This module also 
provides guidance to the reader on when it is 
appropriate to use the different types of 
economic analyses. 
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MODULE 1. FREEWAY MANAGEMENT 
CONCEPTS 

Figure 1-1. 1-35 Freeway in Austin, TX. 

1.1 INTRODUCTION 

Freeways were originally conceived and 
designed to provide continuous, free-flow, 
high-speed movement of traffic on limited­
access facilities. In their original design, 
little thought was given to providing for the 
needs of traffic management and control 
systems to maintain a high level of mobility 
on these facilities. However, as urban areas 
continued to grow, the freeway system 
became more congested. Today, the 
previous approach of constructing more 
freeway lane-miles to relieve congestion is 
often politically and socially unacceptable 
and economically infeasible. It is incumbent 
on transportation agencies planning, 
constructing, operating, and maintaining 
freeway infrastructure to make the best 
possible use of available capacity. 
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Freeway management systems are a primary 
means that transportation agencies can use 
to manage traffic flow and make better use 
of the existing freeway system. Freeway 
management systems make use of control 
strategies, and operational activities such as 
incident management and information 
dissemination to 1) keep congestion from 
occurring in the first place, and 2) lessen the 
duration and extent of congestion when it 
does occur. 

While the term freeway management system 
was probably not applied to the tasks, early 
freeway management systems consisted 
primarily of fixed signs on the roadway 
providing regulatory and directional 
information and police officers handling 
traffic during incidents. As freeway systems 
have matured and traffic demands have 
grown in urban areas over the past half 
century, freeway management systems have 
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evolved and developed to provide many and 
varied services. 

This handbook discusses the concepts and 
functional requirements for a freeway 
management system. It discusses some of 
the critical issues associated with planning, 
designing, operating, and maintaining each 
of the individual elements of a freeway 
management system. However, prior to 
comprehensive treatment of the various 
freeway management elements, it may be 
helpful to define management systems, the 
problems they address, and why they are 
important. 

CONGESTION 

Congestion on a freeway occurs when 
demand exceeds capacity. A section of 
freeway where traffic demand exceeds 
freeway capacity is called a bottleneck. 
Bottleneck ( or congested) conditions occur 
either when demand has increased to a level 
greater than capacity or when capacity has 
decreased below a level that can 
accommodate the demand.(]) 

Bottleneck conditions are commonplace on 
the freeway system in many urban areas. 
Generally, congestion can be classified as 
either recurring or nonrecurring. Recurring 
congestion is usually caused when the 
amount of traffic wanting to use the freeway 
exceeds the available traffic-carrying 
capabilities of the system. Generally, 
recurring congestion occurs at a predictable 
location during specific periods of the day. 
Nonrecurring congestion, on the other hand, 
is less predictable. It is generally caused by 
random or less predictable events, such as 
vehicle crashes and incidents, that 
temporarily reduce the capacity of the 
freeway, or by special situations (such as 
sporting events, construction and 
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maintenance activities, inclement weather, 
etc.) that temporarily increase the demand 
on the freeway. 

Understanding the type and primary causes 
of congestion in the freeway network is the 
first step in determining and evaluating 
options for addressing identified problems 
with a freeway management system. The 
strategies that might be implemented to 
address the recurring congestion problems 
are not necessarily the same as those that are 
effective in mitigating the impacts of 
nonrecurring congestion. From a driver's 
perspective, however, the impacts of 
congestion, regardless of whether it is 
recurring or nonrecurring, are the same: 

• Reduced travel speeds. 

• Erratic travel speeds characteristic of 
stop-and-go movement. 

• Increased and inconsistent travel times. 

• Increased potential for vehicle crashes. 

• User dissatisfaction and frustration. 

The inability to provide a reliable, albeit 
sometimes lower, level of service is perhaps 
a more severe problem than the inability to 
eliminate congestion altogether. If users 
know to expect a certain level of congestion 
during a travel period, they can plan their 
trip accordingly. If, on the other hand, 
drivers are unaware of the extent or nature 
of congestion, they cannot make 
accommodations to adjust their 
transportation mode, departure time, or 
route choices. From this standpoint, one 
objective of a freeway management system is 
to provide travelers a consistent level of 
operation on the freeway. 



Measuring Congestion 

A motorist usually thinks of congestion in 
terms of overcrowded freeways, freeway 
crashes, stop-and-go driving conditions, and 
the frustration and discomfort of restricted 
maneuverability. The transportation 
professional, on the other hand, often 
expresses congestion in terms of traffic 
variables such as flow rate, density ( or 
occupancy), and average space speed, 
together with the fundamental relationships 
surrounding them. For example, figure 1-2 
illustrates the fundamental relationship 
between flow rate and density. As traffic 
density increases from zero to some value, 
ki, traffic flow rate increases, and the 
resulting operation is defined as 
uncongested. As density increases from k1 

to k2, however, though flow rates tend to 
increase, traffic operations become unstable, 
and the probability of serious breakdown 
increases. Further increases in density above 
k2 result in a decrease in flow rate until, 
theoretically, it reaches zero at jam density, 
kj. The traffic flow regimes occurring at 
densities greater than k2, are classified as 
congested. 

The specific value of density used to define 
congestion depends on a number of factors 
including the geometrics of the freeway 
section, the composition of the traffic, and 
local driving habits. The 1994 Highway 
Capacity Manual defines the density of the 
freeway at congestion (i.e., Level of Service 
F) to be between 24.8 and 29.9 passenger 
cars per kilometer per lane (39.7 to 47.9 
pc/mi/ln), depending on the original freeway 
flow speed of the freeway.(2l McDermott 
has reported that lane occupancies (a 
surrogate measure for density) in the range 
of 0 to 20 percent, 20 to 30 percent, and 30 
to 100 percent indicate uncongested, 
unstable (impending congestion) and 
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congested operations, respectively.<3
) Figure 

1-3 shows generalized freeway traffic 
operations curves that relate lane occupancy 
to flow rate and average space speed.(2) As 
lane occupancy exceeds 20 percent, travel 
speeds on the freeway decrease because of 
the following: 

• There are fewer and shorter gaps 
between vehicles. 

• Drivers have greater difficulty m 
changing lanes. 

• There are generally more restrictive 
traffic flow conditions. 

Causes of Congestion 

Freeway congestion may be characterized as 
either recurring (generally caused by demand 
exceeding fixed capacity or fixed geometric 
restrictions) or nonrecurring (where fixed 
capacity is reduced due to non-normal 
events such as vehicle crashes, stalls, spilled 
loads, weather, or maintenance activities). 
FHW A estimates that nonrecurring 
congestion accounts for approximately 60 
percent of all congestion.c4

) 

Factors and situations that may cause a 
freeway segment to become congested 
include the following:C5l 

• Geometric design. 

• Traffic operations (including capacity 
deficiency). 

• Incidents. 

• Maintenance and construction. 

• Weather. 
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Geometric Design 

The capacity of a freeway usually does not 
remain constant along its entire length. 
Certain physical features result in capacity 
restrictions. Upstream and downstream 
from the location of these features, capacity 
usually proves slightly higher, resulting in 
bottleneck conditions. Table 1-1 lists some 
of the features that restrict capacity of the 
freeway and are a source of congestion. 

Traffic Operations 

Traffic operations can also be a source of 
congestion-anything from too much 
demand on the freeway to the presence of 
heavy vehicles in the traffic stream. Some 
of the traffic operations . factors that can 
cause congestion on a freeway include the 
following: 

• True demands in excess of available 
capacity. 

• Unrestrained ramp access where ramp 
traffic causes demand for the freeway to 
exceed the available capacity. 

• Exit ramp queues where demand exceeds 
the ability of the merge area or 
downstream intersection to process it, 
causing queues to backup onto the 
freeway. 

• Heavy weaving and merging movements 
between ramps and the freeway main 
lanes. 

Incidents 

Vehicle crashes and other traffic incidents 
are major sources of nonrecurring 
congestion. The factors that affect the 
amount of congestion resulting from an 
incident include the following:<5

) 
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• The duration of the incident. 

• The amount of capacity reduction caused 
by the incident. 

• The amount of travel demand on the 
freeway at the incident location. 

During an incident, the capacity of the 
freeway is reduced disproportionately to the 
physical reduction in width of the travel 
lanes. Table 1-2 shows the amount of 
capacity reduction imposed on freeways of 
different sizes by different incident types. 

Maintenance and Construction 

Maintenance and construction cause 
congestion with significant accompanying 
delays. Like incidents, construction and 
maintenance activities reduce the amount of 
capacity available to service demand. The 
impacts of construction and maintenance 
activities on traffic operations can be 
lessened by implementing the following 
measures:C4l 

• Schedule activities for times when 
demand is anticipated to be low (i.e., at 
night or on weekends). 

• Complete all activities in a given section 
and lane at one time. 

• Provide adequate on-site traffic control 
and advance information to travelers. 

• Report expected and current delays in 
activities. 

Weather 

The weather can also be a source of traffic 
congestion. Both rain and snow can 
significantly reduce the capacity of the 
freeway. For example, even trace amounts 
of rain can reduce the capacity of the 
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Table 1-1. Geometric Design Factors Causing Capacity Reduction. (4) 

I Design Factor I Result I 
Reduction in lanes • May cause congestion where number of lanes is reduced. 

• Even though lane drop occurs at exit ramp, through volume may 
exceed remaining capacity. 

• Weaving out of dropped lanes may create turbulence, cause 
speed to decrease, and decrease capacity. (May cause problem 
where multiple freeways merge without maintaining the same 
number of lanes.) 

Horizontal • Moderately sharp horizontal curve may reduce capacity. 
curvature • In heavy flow, vehicle may cross into next lane, causing 

hesitation and speed decreases in adjacent lanes. Even 
momentary speed decreases during periods of unstable flow can 
result in congestion. 

Vertical alignment • Grades reduce capacity, particularly with trucks present. 

• Although design standards impose limitations on acceptable 
grades, vertical alignment may cause small, but imperceptible, 
speed changes that affect following traffic and can result in 
congestion. 

• Upgrades in tunnels limit capacity . 

Other physical • Older freeways may have lanes narrower than 3.6 m (12 ft) 
features: standard, resulting in capacity reduction. 
• Lane widths • Lateral obstructions may reduce capacity if located closer than 

• Lateral 1.8 m (6 ft) to a traveled lane. Examples include: 
clearance - bridge abutments 

• Ramp design - retaining walls 

• Surface - illumination poles 
conditions - sign supports 

• Lack of full shoulder-width bridges reported to result in a point 
reduction in capacity. 

• Weaving movements are restricted at access points and exits, 

freeways in Houston, Texas by 14 to 19 
percent. In Minneapolis, trace amounts of 
snow have been reported to reduce capacity 

by 8 percent and for each 0.02 cm/hr (0.01 
in/hr) increase, capacity is reduced by an 
additional 0.6 percent.<4

) 
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Table 1-2. Percentage of Freeway Section Capacity Available Under Incident 
Conditions. <

4
) 

Number of 
Freeway Lanes in 

Each Direction 

2 

3 

4 

5 

6 

7 

8 

1.2 FREEWAY 
MANAGEMENT 

WHAT IS FREEWAY 
MANAGEMENT? 

Shoulder 
Disablement 

0.95 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

The 1983 Freeway Management Handbook 
defined freeway management as the " . . . 
control, guidance and warning of traffic in 
order to improve the flow of people and 
goods on these limited access facilities."<6

) 

Today, the definition of freeway 
management should be expanded to 
encompass all activities undertaken to 
operate a freeway facility in a manner 
consistent with predetermined goals and 
objectives of that facility including those 
related to the impacts on and the influence of 
surrounding communities and jurisdictions. 
Certainly, the efficient movement of goods 
and people continues to be one of the major 
goals of freeway management. However, 

Shoulder Lanes Blocked 
Accident 
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One Two Three 

0.81 0.35 0 NIA 

0.83 0.49 0.17 0 

0.85 0.58 0.25 0.13 

0.87 0.65 0.40 0.20 

0.89 0.71 0.50 0.25 

0.91 0.75 0.57 0.36 

0.93 0.78 0.63 0.41 

legislative mandates and public pressure 
regarding environmental concerns, adjacent 
landowner and homeowner rights, and other 
issues can further influence the operation of 
the freeway system. 

In many cases, freeway management requires 
striking a balance between competing goals 
and objectives. For example, a goal to 
minimize recurrent congestion may not 
necessarily be compatible with a goal to 
maximize the movement of people and 
goods on a facility, especially if the goal to 
maximize people movement is accomplished 
through the use of high-occupancy vehicle 
lanes. High-occupancy vehicle lanes must 
off er the user a significant travel time 
advantage over regular-use lanes to be 
attractive to travelers using the freeway. In 
terms of this example, it may be appropriate 
to allow some level of congestion in the 
regular-use lanes in order to achieve the best 
overall operation of the freeway system. 
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WHAT IS A FREEWAY 
MANAGEMENT SYSTEM? 

In general terms, a system is defined as a set 
of components or elements that could be 
seen as working together for the overall 
objective of the whole.(7) These components 
or elements can be many different things, 
depending on the perspective of the person 
who defines the system. System components 
can be objects, concepts, processes, or even 
people. A system has a set of boundaries 
that define the interactions between system 
components and the environment. The 
environment consists of all those factors 
external to the system that influence the 
behavior of the system, but which cannot be 
controlled. There are interfaces between the 
components of the system which control 
how they interact with each other. Finally, 
the components themselves can be 
subsystems consisting of smaller elements or 
components. 

A freeway management system, then, 
consists of the infrastructure elements 
utilized to accomplish the goals and 
objectives of freeway management. These 
things (components) include field hardware 
(cameras, variable message signs, electronic 
toll tag readers, etc.), communications 
equipment, a traffic management center 
(with associated hardware and software), the 
people who staff the center, and the policies 
and procedures established to deal with 
various transportation-related events that 
impact the freeway system. The freeway 
management system comprises several 
infrastructure subsystems (the motorist 
information system, the ramp metering 
system, etc.) that interface with each other 
to accomplish specific objectives as the need 
for them arises. 
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It is important to recognize that each 
freeway management system is a unique 
consolidation of components and interfaces 
that reflect the location-specific freeway, 
geographic, and political characteristics and 
needs of the region. However, most systems 
can be described in terms of which of the 
possible functions of freeway traffic 
management they perform. The following 
section presents a brief overview of these 
functions. 

OBJECTIVES OF A FREEWAY 
MANAGEMENT SYSTEM 

The goals and objectives of any one freeway 
management system are specific to the social 
and political desires of the community; 
however, there are goals and objectives for 
freeway management systems that are 
universal across all systems. These include 
the following:<8l 

• To reduce the impacts and occurrence of 
recurring congestions on the freeway 
system. 

• To minimize the duration and effects of 
nonrecurring congestion on the freeway 
system. 

• To maximize the operational safety and 
efficiency of the traveling public while 
using the freeway system. 

• To provide facility users with 
information necessary to aid them in 
making effective use of the freeway 
facilities and to reduce their mental and 
physical stress. 

• To provide a means of aiding users who 
have encountered problems ( crashes, 
breakdowns, confusion, etc.) while 
traveling on the freeway system. 



HISTORY OF FREEWAY 
MANAGEMENT 

Pioneering efforts in "freeway surveillance 
and control" as systems were generally 
known, took place in Detroit, Chicago, 
Houston, Los Angeles, Seattle, and Dallas. 
Highlights of some these early efforts are 
listed below:C9

) 

• 1960 Chicago - Freeway service patrols. 

• 1960 Detroit - CCTV on freeways. 

• 1962 Detroit - Freeway lane control 
signs and variable speed signs. 

• 1962 Chicago - Surveillance by freeway 
loop detectors. 

• 1963 Chicago - Demand-capacity / 
occupancy metering. 

• 1965 Houston - Demand-capacity / gap­
acceptance metering and surveillance by 
closed-circuit television and freeway 
loops. 

• 1967 Los Angeles - Fixed time metering 
and ramp closure. 

• 1967 Seattle - Reversible roadway 
control and closed circuit television 
surveillance. 

• 1971 Dallas Corridor control 
integrating ramp metering, frontage road 
and arterial intersection control with 
preferential treatment for buses at ramps 
and intersections. 

• 1972 Minneapolis - Bus bypass ramps 
at metered ramps. 

• 1990 - Intelligent Vehicle/Highway 
(IVHS) concept introduced including 
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freeway management and related 
systems. 

• 1992 Intelligent Transportation 
Systems (ITS) succeeds IVHS, 
broadening scope of concept. 

• 1993 - National ITS Architecture 
Initiative begun to address common 
interfaces and protocols for ITS systems. 

As systems were upgraded and expanded, 
they began to be more properly termed 
"Freeway Management Systems." New and 
upgraded systems have incorporated many 
of the basic techniques developed on those 
earlier systems. The phenomenal 
developments in computer and 
communications technology have further 
enhanced capabilities for various freeway 
management tasks. 

Functions of Freeway Management 

Freeway management systems combine 
personnel, operational strategies and 
technologies together to control and manage 
traffic on the freeway more effectively. 
Figure 1-4 highlights the basic functions of 
freeway management. The functions that 
can be performed by a freeway management 
system include the following: 

• Surveillance and incident detection. 

• Lane use control. 

• Ramp control. 

• Priority treatment and control for high­
occupancy vehicles. 

• Information dissemination. 

• Incident management. 
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Figure 1-4. Functions and Elements of a Freeway Management System. 

A brief review of each of these functions is 
provided below. A more detailed discussion 
of the pertinent issues affecting planning, 
design, operations, and maintenance 1s 
provided in subsequent modules. 

Surveillance and Incident Detection 

Traditionally, one of the primary functions of 
most freeway management systems is to 
provide traffic surveillance.°0l With 

1-12 

surveillance, traffic conditions can be 
monitored and the location and causes of any 
operational problems that occur can be 
pinpointed. As traffic management systems 
have become increasingly multijurisdictional 
and multimodal, the surveillance function has 
expanded to include such things as transit 
and emergency fleet vehicle locations, 
weather and pavement conditions, and 
parking lot status. 



Lane Use Control 

The function of lane use control is to 
maximize the efficient use of existing 
pavement within the right-of-way. Mainline 
metering, temporary shoulder utilization, 
reversible lane operations, and large truck 
restrictions are all examples of lane use 
control. 

Ramp Control 

Managing the amount of traffic that can 
enter or exit the freeway is another function 
of freeway management systems. Both ramp 
metering and temporary ramp closures 
(during peak periods, for instance) are 
examples of the ramp control function. 
Controlling freeway access and egress 
reduces turbulence in freeway flow near the 
ramps and improves overall freeway 
operations. 

High-Occupancy Vehicle (HOV) Priority 
Treatments 

Another function of freeway management is 
to provide preferential treatment to buses, 
carpools, and vanpools on a freeway to 
generate a travel time advantage for the 
vehicle occupants and review the number of 
vehicles on the roadways. These treatments 
can include special lanes, priority access 
ramp controls for HOV vehicles, special 
surveillance of lanes to detect and remove 
incidents quickly, and occupant restriction 
enforcement. 

Information Dissemination 

From a traveler's perspective, information 
dissemination is one of the most important 
functions of freeway management. Research 
and experience have shown that travelers 
want and use real-time information about 
traffic conditions on the freeway and 
alternative routes; adverse weather and 
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driving conditions; construction and 
maintenance activities; and special lane use 
and roadway control measures that are 
enacted. With current and accurate 
information, travelers are better able to make 
mode, departure time, and route choice 
decisions. A number of existing and 
emerging technologies are available to 
facilitate information transfer to travelers. 

Freeway Management System 

A freeway management system is generally 
the common interface for multiple 
transportation agencies in a given region. 
ITS infrastructure includes a "regional 
multimodal traveler information" element. 
This may be co-housed with the freeway 
management center. In that case, the 
freeway management center is the focal 
point for rece1vmg, processing, and 
transferring various types of traffic and 
transportation data, including digital, video, 
and voice. Regional multiagency 
coordination will logically take place in the 
freeway management center. 

Incident Management 

Of all the major freeway management 
functions, incident management probably 
offers the greatest potential operational and 
safety benefit to freeway motorists.<5l 

Incident management requires the 
coordinated operation and preplanned use of 
human and technological resources to 
restore the freeway to full capacity quickly 
and efficiently after an incident occurs. 
Typically, incident management includes 
other freeway management functions such as 
the following: 

• Control center operation. 

• Surveillance. 

• Information dissemination. 
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• Freeway service patrols. 

• Ramp control. 

• Decisions process control strategies. 

• Lane use control signals. 

Elements of a Freeway Management 
System 

Each of the functions of a freeway 
management system requires one or more 
elements in order to successfully carry out 
that function. A number of these elements 
are pieces of hardware that must be in place, 
whereas others are procedures and strategies 
that are enacted. Generally, these elements 
can be categorized as existing or occurring 
either in the field, as part of the 
communication linkage, or within the control 
center. 

Field Elements 

A number of different technologies can be 
utilized in the field to monitor traffic 
conditions, control traffic access and lane 
utilization, manage incidents, and 
communicate with motorists. Most of the 
major field elements are illustrated in figure 
1-4 (within each major freeway management 
function). Within certain elements, a variety 
of hardware technologies can be employed. 
For example, vehicle detection within the 
surveillance function can be accomplished 
through inductive loop detection, microwave 
or radar sensors, video imaging, automatic 
vehicle identification or location, or other 
technologies, depending on the type of data 
desired. Similar alternatives exist for 
information dissemination, lane use control, 
and incident management functions. 
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Communications Element 

Communications can be thought of as the 
backbone of freeway management.<1 1

l The 
communications element transfers 
information from the field elements back to 
the traffic control center. In some cases, 
instructions and other data are transferred 
out from the center to the field elements. 
Reliability and performance are critical issues 
related to communications system design. 

The communications element consists of a 
number of hardware components and 
supporting software. Again, a number of 
hardware technologies are available upon 
which to base communications. The two 
basic categories that exist are buried or aerial 
cable (fiberoptic, coaxial, twisted pair) or 
airwave transmission (microwave, radio 
[including narrow band or spread spectrum], 
cellular telephone, and citizen-band radio). 

Communications infrastructures (and 
continuing system operational and 
maintenance costs) are typically the most 
expensive part of a freeway management 
system. PMS functional design must include 
the communications system concurrently 
with field devices and central control 
elements to ensure compatibility and 
economies of system deployment. 

Control Center Elements 

The traffic control center is the hub or nerve 
center of a freeway management system. It 
is where information about the freeway 
system is collected, processed, and collated. 
It can also be the location where decisions 
about control strategies are made, 
coordinated with other agencies, and 
implemented. Information dissemination is 
also typically coordinated and implemented 
from the center. 



The major elements of the control center are 
the display and control interfaces that link 
the center to the various field elements 
through the communications element. The 
other major elements of a center are the 
human operators who monitor conditions 
and make the adjustments in control and 
management strategies needed to maximize 
the efficiency of the freeway system. 
Ultimately, the degree to which a traffic 
control center meets the objectives of the 
freeway management system depends on 
how well the human operators are able to 
interface with the system devices.<12

> 

Toll Roads Versus Freeways 

It is important to note that any of the 
elements of a freeway management system 
. can also be applied to the toll roads. Toll 
roads exhibit many of the same design 
features and operating characteristics as 
freeways. For example, access to both types 
of facilities is controlled. Both try to achieve 
high operating speeds. Both need to 
communicate trouble locations to users of 
the facilities. 

The primary operating difference between 
toll facilities and freeways is the presence of 
toll booths. Toll booths are necessary 
interruptions to the free flow of vehicles on 
the facility, and need to be considered in 
developing control strategies. 

Relation to National ITS Architecture 

It is beyond the scope of this handbook to 
describe the National ITS Architecture 
initiative. However, the reader is directed to 
the extensive documentation that has been 
developed under that FHW A sponsored 
project. Quoting from the 1996 ITS 
Architecture Executive Summary: 

The National ITS Architecture 
provides a common structure for the 
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design of intelligent transportation 
systems. It is not a system design 
nor is it a design concept. 

Agencies should seek to ensure that 
Freeway Management System design is 
compliant with the National ITS 
Architecture and applicable National Traffic 
Control/ITS Protocol. 

Growing out of the National ITS 
Architecture development is the .concept of 
Intelligent Transportation System 
infrastructure. The term "infrastructure" has 
been in common use for a number of years 
to describe the supporting roadways, 
bridges, water and sewer lines, and other 
public works structural items that allow 
movement of persons and goods. It is not 
the truck or car; it is the roadway and 
bridge. It is not the water; it is the pipes or 
conduits that carry the water. A logical 
extension of the infrastructure terminology is 
its application to flow and delivery of 
information in Intelligent Transportation 
Systems. 

Many of the functions needed for ITS 
implementation are already being provided 
or supported by a broad variety of ITS 
infrastructure features, which can serve as 
the building blocks of a full ITS 
implementation. ITS infrastructure refers to 
those portions of ITS-related hardware, 
software, etc. that today, and increasingly in 
the future will manage and support the 
transportation-related activities. This is 
typically happening first in the metropolitan 
areas, but is expanding to include 
commercial vehicle and rural needs.<13> 

An intregrated transportation management 
system contains two or more of the 
following nine components: 

• Traffic Signal Control. 
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• Freeway Management. 

• Transit Management. 

• Incident Management. 

• Electronic Fare Payment. 

• Electronic Toll Collection. 

• Railroad Grade Crossings. 

• Emergency Services. 

• Regional Multimodal Traveler 
Information. 

Although freeway management and incident 
management are the components included in 
this handbook, the other components are 
often noted as they relate to those two 
components. 

Freeway Management 

Real-time information describing flow 
conditions is essential to managing the 
freeway system. Such information is 
repackaged for dissemination to the traveler, 
and is also used to make control decisions 
such as in-ramp metering or lane use control. 
Deployment objectives for the freeway 
management element of an ITS 
infrastructure are as follows: 03) 

• Provide critical information to travelers 
through infrastructure-based 
dissemination methods such as variable 
message signs and highway advisory 
radio. 

• Monitor traffic and other environmental 
conditions on the freeway system. 

• Identify recurring and nonrecurring 
impediments so that short-term and 
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long-term actions can be taken to 
alleviate congestion. 

• Implement various control and 
management strategies (such as ramp 
metering and/or lane control, or traffic 
diversion). 

• Use probe vehicles for additional sensors 
for collecting real-time traffic 
information. 

Incident Management 

Rapid detection, response, clearing the 
roadway, and restoring capacity are the 
essential elements of incident management. 
Reduction of secondary accidents and delays 
to the traveler are the result of an efficient 
incident management program. Deployment 
objectives for the freeway management 
element of an intelligent transportation 
management system are as follows:< 13

l 

• Coordinate incident management across 
regional boundaries to ensure efficient 
and sufficient response. 

• Use traffic management capabilities to 
improve response times. 

• Use onboard moving map route 
guidance equipment to assist incident 
response vehicles (e.g., ambulances and 
tow trucks). 

• Reduce traveler delay due to incidents. 

Integration with Other ITS 
Infrastructure Components 

As shown in Figure 1-5, freeway 
management is just one component of an 
integrated transportation management 
system. Freeway management, along with 
traffic signal control, form the hub of an 
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Figure 1-5. Freeway Management as Part of an Integrated Intelligent 
Transportation System. (I

4
) 

integrated transportation system. As shown 
inside the larger box, the traffic signal 
control and freeway management 
components exchange data with each other, 
allowing the traffic management strategies 
on the freeways, the freeway entrance 
ramps, and the surface street network to act 
as an integrated system. These data define 
the actions to be taken by the system when a 
particular signal timing plan is in effect on 
the road network, and when a particular sign 
plan is in effect on the highways. For 
example, ramp meter timings and traffic 
signal controls can be coordinated to ensure 
that queues do not back into intersections. 
When traffic is diverted off the freeway to 
bypass an incident, the traffic signals timings 
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can be adjusted to handle the increased flow 
on the arterials. At the same time, dynamic 
message signs can be updated along the 
arterials to give directions on how to return 
to the freeway beyond the incident location. 

In addition, both the freeway management 
and traffic signal control components can 
provide critical information to other 
components of the transportation system. 
Both the freeway management and traffic 
signal control components are responsible 
for the surveillance, monitoring, device 
control, and management of the road 
network. These components provide 
information on the status of the roadway 
system, including link travel times, traffic 
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volumes, and speeds currently flowing on 
the road and highway network. These data 
can be passed to the other components in the 
overall transportation system, such as the 
incident management and transit 
management components, and information 
from these other systems can be channeled 
through the freeway management and traffic 
control components. Traffic data can also 
be output to a regional traveler information 
system for dissemination to the public for 
trip planning and other purposes. Because 
the freeway management and traffic signal 
control components are monitoring traffic 
conditions on the roadways, information 
about predicted delays and incidents can be 
passed to the transit management 
component, which in tum can use the 
information to establish transit priorities and 
operating strategies, which are implemented 
by the freeway management and traffic signal 
control components. 

Although it may be possible for some 
transportation management subsystems to 
operate in an isolated or independent 
manner, their operation and functions will 
affect and be affected by the other 
transportation subsystems. This will be 
particularly evident in an urban environment. 
For optimal efficiency, the various 
transportation subsystems must operate in a 
cohesive, integrated manner. Multiple 
agencies must maintain open communication 
and cooperation to achieve the goal of a 
truly integrated transportation system. 

For a description of the other infrastructure 
components and further information on the 
intelligent transportation infrastructure 
requirements for freeway management and 
incident management, the reader is referred 
to Building the ITI: Putting the National 
Architecture into Action and Operation 
TimeSaver-Building the Intelligent 
Transportation Infrastructure. <13

, 
14i 
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OBJECTIVE OF THE HANDBOOK 

The objectives of this handbook are as 
follows: 

• Defme the process of planning, 
designing, operating, and maintaining a 
freeway management system. 

• Provide an overview of the techniques 
and technologies available for 
accomplishing the functions of a freeway 
management system. 

• Identify critical issues associated with 
planning, designing, operating, and 
maintaining a freeway management 
system. 

• Provide guidance in developing a 
freeway management system that is 
compliant with the ITS National 
Architecture and applicable NTCIP and 
national standards. 

• Identify points in the design development 
process where integration and interface 
with other systems should take place. 

SCOPE OF THE HANDBOOK 

Tiris handbook is intended to be a "How To" 
manual for planning, designing, operating, 
and maintaining a freeway management 
system. Tiris manual is directed at a mid­
level administrator or engineer for a State or 
local agency that is responsible for planning, 
designing, operating, or maintaining all or 
portions of a freeway management system. 
As a result, it primarily focuses on the issues 
associated with each element of a freeway 
management system. For many of the 
elements and functions, there are excellent 
reference materials that provide detailed 
information about the technologies and 
techniques. For example, the 
Communications Handbook for Traffic 



Control Devices and the Freeway Incident 
Management Handbook provide many 
technical details on communications and 
incident management systems, 
respectively.<5

,
11

) In those cases where there 
are other manuals and reference materials to 
provide technical details, the details have not 
been reproduced in this manual. Instead, the 
reader has been provided with references to 
these materials as a source of more detailed 
information than that presented in this 
handbook is desired. 

STRUCTURE OF THE HANDBOOK 

A modular approach has been used to 
prepare this manual. Each functional 
element of a freeway management system is 
covered in a separate module. Each module 
presents information specific to the planning, 
design, construction, operation, and 
maintenance of that particular functional 
element. This approach was used when 
preparing this handbook so that system 
designers and operators can tum to the 
modules of interest and find all the 
information pertinent to the planning, design, 
operation, and maintenance of those specific 
elements. 

In addition, a decision process module has 
been provided. The decision process module 
describes the systems engineering approach 
that can be used to plan and design a 
freeway management system. The systems 
engineering approach can be used regardless 
of whether a system is being designed from 
scratch, modifications are being made to an 
existing system, or upgrades are being 
planned to an outdated system. The decision 
process module also serves as a model of 
each of the remaining modules. 

The same structure has been applied to each 
of the modules. Each module contains an 
overview section that provides some 
background into the nature of the functional 
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element<;, and the objectives and scope of the 
information presented in each module. 
Following the overview section, a section 
describes a system engineering process for 
planning, designing, and implementing the 
functional element within a freeway 
management system. Another section 
describes the techniques and technologies 
commonly used in each functional element. 
Each module also has a section devoted to 
covering any special issues that could not be 
adequately covered in the previous sections. 
Wherever possible, examples of state-of-the­
art facilities are provided in each module. 
The module concludes with a section 
showing the references and suggested 
readings for the module. 

A summary of the type of material to be 
covered in each of the proposed remaining 
modules is provided below. 

Module 1. Freeway Management 
Concepts 

This module provides an introduction to the 
handbook, including objectives, scope, and 
structure. Also included is an overview of 
freeway management concepts as a primer or 
preface to the 10 modules addressing 
technical issues and management issues. 

Module 2. Decision Process 

The second module is devoted to discussing 
the process for determining functions and 
technologies to be included in a freeway 
management system. It provides the steps to 
be taken for conducting a system engineering 
analysis for planning, designing, and 
implementing a freeway management system. 
Tiris module focuses on the issues associated 
with integrating each of the functional 
elements to form a comprehensive freeway 
management system. 
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Module 3. Surveillance 

1bis module contains information related to 
planning, designing, and implementing the 
surveillan~e subsystem of a freeway 
management system. Using the structure for 
the decision process discussed in Module 2, 
this module provides a process for 
determining the appropriate elements to be 
included in a surveillance subsystem. It 
provides an overview of the various 
technologies and techniques that are 
available for performing the surveillance 
functions in a freeway management system. 

Module 4. Lane Use Control 

This module focuses on the process for 
planning, designing, operating, and 
maintaining systems for controlling the use 
of the freeway main lanes. This module 
provides information related to the design 
and operations of freeway main lane meters, 
techniques for using the shoulder, and 
providing reversible lane control on the 
freeway. It also provides insight into the 
special issues related to operating and 
maintaining these control systems. 

Module 5. Ramp Control 

Tiris module presents information needed to 
plan, design, operate, and maintain freeway 
ramp control systems. It provides an 
overview of the theory and principles of 
ramp control, including ramp metering and 
ramp closures. It also presents information 
on the different types of ramp metering 
strategies. The module concludes with a 
section on the special issues associated with 
ramp control systems, including 
maintenance, enforcement, and public 
perceptions and acceptance of various ramp 
control strategies. 
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Module 6. HOV Treatments 

1bis module presents information needed to 
include high-occupancy vehicle (HOV) 
priority treatments in a freeway management 
system. It provides a summary of the 
planning, design, and operations issues 
associated with including an HOV treatment 
in a freeway management system. It also 
provides an overview of the decision process 
for determining which type of priority 
treatment is appropriate for a specific 
system. It also discusses some of the special 
design, operating, and maintenance issues 
associated with HOV treatments. 

Module 7. Information Dissemination 

This module describes the process for 
establishing a cohesive information 
dissemination subsystem in a freeway 
management system. It identifies the 
existing and emerging technologies available 
to facilitate information dissemination to 
travelers. It also illustrates how the 
information dissemination subsystem 
integrates with the other subsystems of a 
freeway management system. 

Module 8. Incident Management 

Module 8 presents information related to the 
planning, design, operations, and 
maintenance of an incident management 
subsystem in a freeway management system. 
It is intended to illustrate how to develop or 
enhance the incident management 
capabilities of a freeway management 
system. It also provides insight into the key 
factors and issues to be considered in 
planning, designing, and implementing an 
incident management subsystem. It is 
intended to complement the material already 
presented in the Freeway Incident 
Management Handbook. <5J 



Module 9. Communications 

This module provides insight into the issues 
associated with planning, designing, 
operating, and maintaining a 
communications subsystem in a freeway 
management system. It focuses on the 
decision process for determining the 
appropriate technologies and system 
architecture for specific freeway 
management systems. It also provides a 
summary of existmg and emerging 
communications technologies. It is intended 
to complement the material already 
presented in the Communications Handbook 
for Traffic Control SystemsY 1l 

Module 10. Control Center 

This module provides information related to 
planning, design, operations, and 
maintenance of the control center. It focuses 
on both the physical design and human 
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factor elements associated with freeway 
management control centers. It also 
provides insight into how the functions of 
the freeway management system affect the 
design and operations of the control center. 
Special issues such as privatization of 
operator functions and multi-agency control 
centers are also discussed in this module. 

Module 11. Economic Analysis 

This module presents information on some 
of the economic analyses that can be used in 
planning and evaluating alternative 
designs of freeway management systems. 
Included in this module is step-by-step 
instruction on how to conduct a life-cycle 
cost evaluation, a benefit-cost evaluation, 
and other pertinent economic analyses. 

This module also provides guidance to the 
reader on when it is appropriate to use the 
different types of economic analyses. 
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Figure 2-1. Elements of a Freeway Management System. 

2.1 INTRODUCTION 

Management of the freeway system has 
become increasingly popular as a tool for 
combating congestion problems in urban 
areas. A freeway management system is a 
collection of strategies, personnel, and 
technologies combined together to 
accomplish the following: 

To promote the efficient and effective 
movement of people and goods, to improve 
the safety of the traveling public, and to 
improve the environment by reducing both 
the duration and extent of recurring and 
nonrecurring congestion on the freeway 
system. 

A freeway management system includes one 
or more subsystems to accomplish the 
following tasks: 

• 

• 

• 

• 

• 

• 

Monitoring operations of the freeways 
and detecting sources of recurring and 
non-recurring congestion. 

Controlling use of existing lanes and 
shoulders to maximize the use of the 
existing pavement within the freeway 
right-of-way. 

Managing the amount of traffic that 
enters and exits the freeways via the 
ramps. 

Providing priority treatment of high­
occupancy vehicles within the freeway. 

Disseminating both pre-trip and en route 
information to travelers so that they can 
make informed mode, route, and 
departure time decisions. 

Restoring the freeway to full capacity as 
quickly as possible after an incident. 
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Regardless of the size of the freeway system 
or the level of sophistication and extent of 
the existing freeway management system, a 
systems engineering approach to planning 
and designing a freeway management system 
should be followed. A systems engineering 
approach is an iterative process whereby 
operational problems are identified, system 
concepts and objectives are established, 
potential solutions are developed and 
evaluated, new solutions are identified, and 
system objectives are redefined. The 
approach is applied throughout the entire life 
cycle of the system (planning, design, 
operations, and maintenance), with the level 
of detail being progressively refined. The 
same systems engineering process can be 
used in each of the following applications: 

• Planning and implementing a new system 
where no current freeway management 
system exists. 

• Modifying an existing system to add new 
freeway management functions. 

• Upgrading the technology in an existing 
freeway management system to current 
standards. 

MODULE OBJECTIVES 

The objectives of this module are as follows: 

• Describe the systems engineering 
approach to planning and designing a 
freeway management system. 

• Present techniques for quantifying 
operational problems and measuring 
performance of a freeway management 
system. 

• Highlight some of the special issues that 
need to be considered in planning, 
designing, operating, and maintaining a 
freeway management system. 
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MODULE SCOPE 

Tiris module describes a systems engineering 
process for planning and designiµg a 
freeway management system. It highlights 
some of the major issues and decisions that 
planners and designers must address when 
developing a freeway management system. 
It also illustrates how decisions made during 
the planning and design phase affect the 
operations and maintenance of the system 
and how operational and maintenance issues 
can be addressed during the planning and 
design phases. 

2.2 DESIGN PROCESS 

A systems engineering approach examines 
how various tasks, components, and 
operational strategies can be combined to 
form a working and coherent unit to address 
specific goals, objectives, and user needs.<!) 
With the systems engineering approach, the 
components of the system are viewed as an 
entity rather than as an assembly of 
individual parts. 

Figure 2-2 illustrates the steps involved in a 
typical systems engineering analysis. These 
same steps can be used to complete a 
systems engineering analysis, whatever the 
size of the system being designed and 
evaluated. The same process can be used to 
design an entire freeway management 
system, individual components of the system, 
or individual elements within each 
component: what varies is how much detail 
is used in the analysis and the data required 
to complete the analysis. 

Also note that the process is iterative. After 
defining the problem, those internal and 
external organizations and agencies that 
must be brought on board if the system is to 
be effective can be identified. In cooperation 
with these organizations and agencies, 
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Figure 2-2. Steps Performed in a Typical Systems Engineering Analysis. 

system goals and objectives can be identified 
and performance criteria established. 
Functional requirements can then be defined 
to meet the specified goals and objectives. 
Once the functional requirements have been 
identified, the system architecture can be 
defined, and technologies can be identified 
and screened. The process of defining 
functional requirements, defining system 
architecture, and identifying and screening 
technologies is reiterated at increased levels 
of detail until system plans and specifications 
can be prepared. Once the final design of 
the system is complete, the process of 
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deploying the system can be planned. Using 
this plan, individual projects can be identified 
that will lead to the full deployment of the 
system. Once individual projects have been 
installed, the performance of the system can 
then be evaluated. This evaluation may lead 
to new operational problems being 
identified, whereby the systems analysis 
process can be used to identify new 
improvements to the system. Each step in 
a typical systems engineering analysis is 
discussed in the sections below. 
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A similar process was used to develop the 
National Intelligent Transportation System 
(ITS) Architecture. That process is shown 
in figure 2-3.(2) It is beyond the scope of this 
handbook to provide a detailed treatment of 
the National ITS Architecture development. 
The Architecture was being developed 
during the same time this handbook was 
prepared and, as of this date, has not been 
finalized. The reader is refeired to numerous 
National ITS Architecture documents 
developed under a Department of 
Transportation contract with Loral Federal 
Systems and Rockwell International. In 
particular, the National ITS Architecture 
Implementation Strategy is of benefit 
because it summarizes many of the previous 
efforts and provides broad guidance in 
implementing not only freeway systems, but 
also other related systems.<2

) 

The National ITS Architecture approach 
began in 1993 with a concept of "user 
services" rather than specific hardware 
items or techniques to support the 
development of the architecture. The 
National Architecture work enhanced the 
user services concept by defining "market 
packages" that provide groupings of 
technologies and techniques to satisfy those 
user services. Reference is made to table 
2.2-2 (page 2-29) in the Implementation 
Strategy document for a relationship of 
market packages to various services. 
Succeeding discussions in this module will 
refer the reader to the appropriate sections 
of the Implementation Strategy where 
appropriate. <2l 

DEFINE PROBLEMS 

The first step in ~e systems engineering 
approach is to adequately and properly 
define and quantify the problems to be 
addressed by the freeway management 
system. Properly defining the problems to 
be addressed by a freeway management 
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system directly leads to the identification of 
the subsystems that can address those 
problems. 

Evaluation 

Establish 
Irutihttional 
l'ramewcdi:& 
Build Coalition 

Figure 2-3. Systems Engineering 
Process Used to Develop National ITS 

Architecture. <2) 

Several methods are available for quantifying 
the magnitude of the operational problems 
that can be potentially addressed by a 
freeway management system. Traditional 
analytical techniques that can be used to 
quantify operational problems in a freeway 
network include the following: 

• Capacity and level of service analysis. 

• Bottleneck analysis. 



• Queuing analysis. 

• Travel time and delay studies. 

• Computer simulation modeling. 

• Crash history analyses. 

• Origin/destination studies. 

The major tools available for conducting 
operational analyses of the freeways are 
discussed in Section 2.3 below. 

The importance of coordinating with other 
transportation-related agencies to identify 
problems to be addressed should not be 
overlooked. For example, long-range transit 
plans can provide an indication of when 
high-occupancy vehicle facilities may be 
needed in the freeway system. Input from 
commercial industries can also be valuable in 
identifying specific areas of concerns or 
needs. Finally, and perhaps most 
importantly, input from local elected officials 
can also provide insight into the public's 
perception of problems with the roadway 
system. 

Most of the techniques above help identify 
existing operational problems; however, in 
planning a freeway management system, it is 
important to consider the location and type 
of operational problems that might occur in 
the future. Potential sources of information 
that could be used to identify future 
operational problems include the following: 

• Regional transportation and land use 
planning studies. 

• Site impact analyses. 

• Air quality assessments. 

In addition to quantifying existing and future 
operational problems, another critical 
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element in defining the problems that exist is 
to obtain an accurate and complete inventory 
of the entire existing transportation system. 
This inventory should include both physical 
and organizational components. Examples 
of physical components that should be 
identified in the inventory include the 
following: 

• Roadway network. 

• Existing surveillance and control 
systems. 

• Existing information dissemination 
systems. 

In addition to the existing physical elements 
in a system, how the system is envisioned to 
operate can also influence the design of the 
system. Examples of the operational 
components that might influence the design 
of a traffic management system and, thus, 
must be identified in an inventory include the 
following: 

• Operating agencies. 

• Funding sources. 

• Political and agency jurisdictions. 

ESTABLISH INSTITUTIONAL 
FRAMEWORKS AND BUILD 
COALITIONS 

The most critical step in implementing a 
successful freeway management system is to 
build critical coalitions and institutional 
frameworks. Institutional frameworks and 
coalitions need to be established at the 
beginning of the planning and design 
process. These coalitions and institutional 
frameworks need to be established at three 
levels: between agencies (inter-agency), 
within agencies (intra-agency), and with 
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other stakeholders (including the private 
sector) affected by traffic operations. 

Traffic congestion is not restricted by 
jurisdictional boundaries. When one part of 
the transportation system (e.g., the freeway 
network) is not functioning properly, it 
affects the operations of other parts of the 
system (e.g., the surface streets, the high­
occupancy vehicles lanes, etc.). Therefore, 
there is a strong need to develop good 
working relationships and build coalitions 
among agencies responsible for managing 
traffic in an area. Examples of the types of 
agencies with which strong coalitions would 
help in implementing a freeway management 
system include the following: 

• Metropolitan planning organizations 
(MPOs). 

• Federal, State, and local traffic and 
transportation engineering agencies. 

• Federal, State, and local transit agencies. 

• State and local law enforcement 
agencies. 

• Emergency services (fire, ambulance). 

• Turnpike/ toll road authorities. 

• Port authorities. 

• State and local emergency management 
authorities. 

In addition, private sector needs should be 
considered in developing a freeway 
management system, and should be included 
in the consensus building process. Examples 
of these private sectors entities that agencies 
may want to include in the consensus 
building process include the following: 
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• Private transportation information 
providers and services. 

• Private transportation companies. 

• Commercial delivery services. 

• Interstate and intrastate commercial 
trucking companies. 

Cooperation and coalitions within an agency 
are also essential in establishing an effective 
freeway management system. Often, this 
type of cooperation is the hardest to obtain. 
Some sections within an agency may view a 
traffic management system as usurping some 
of their responsibilities and power. It is 
essential that all elements within an agency 
(e.g., planning, administrative, construction, 
design, operations, and maintenance) are 
committed to constructing, operating, and 
maintaining the system. 

Finally, there may be others in the 
community that may be important allies 
when implementing freeway management 
systems. Perhaps the most important of 
these is the general public. Without the 
support of the general public, it will be 
extremely difficult to implement a traffic 
management system. Extensive public 
relations and media campaigns may be 
required to show the public how a traffic 
management system will directly benefit 
them. Strong public support makes it easier 
to secure funding and political support. 
Without public support, it will be extremely 
difficult to generate elected officials' and 
agency interest and support for freeway 
management. 

Other stakeholders that may be useful in 
implementing traffic management systems 
include the following: 

• Major traffic generators. 



• Utility companies. 

• Elected officials. 

• Media. 

• Private transportation providers. 

Establishing institutional frameworks and 
coalitions can be difficult at times. The first 
step in building effective coalitions is to 
identify "champions" in those agencies 
responsible for transportation in a 
community (e.g., State highway agencies, 
MPOs, transit authorities, etc.). These 
individuals are likely to be top administrative 
officials in these organizations. Since traffic 
management systems often compete with 
other "traditional" agency activities and 
expenditures (e.g., pot-hole patching, 
construction, etc.), the support of top 
management is essential if agency resources 
are to be allocated to the operation and 
maintenance of the system. If congestion is 
widely recognized as a major issue in a 
community, upper management support may 
already exist within many organizations and 
propagate through the agencies in a "top­
down" fashion; however, if it is not, support 
must be generated from the bottom up. 

In addition to identifying "champions" for 
the system, it is also important to identify 
those individuals who will be critical to the 
success of the systems ( e.g., the public, 
elected officials, major employers, etc.). The 
support of one or more local elected officials 
can be highly effective in securing funding 
for the system. Often this support is 
automatic if traffic conditions have already 
deteriorated or if the potential for major 
traffic problems looms on the near horizon. 

Another effective way of building strong 
coalitions between and within agencies is to 
take advantage of institutional frameworks 
that already exist. Many locales have 
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institutional frameworks to address freeway 
management concerns. For example, many 
locations use Traffic Management Teams 
and Incident Management Teams to address 
problems on freeways. Often these teams 
are a coalition between State and local 
transportation agencies, and law 
enforcement personnel. These coalitions can 
be expanded to encompass additional 
functions of a traffic management system. 

Finally, in building effective coalitions, it is 
important to identify, within organizations, 
key individuals who have the appropriate 
level of knowledge and experience. These 
individuals must have the level of authority 
that is appropriate to the type and level of 
responsibilities that will be performed by the 
agency. In addition, it is also important to 
identify individuals who are likely to be 
present throughout the entire planning and 
design process for a traffic management 
system. A common thread among past 
successful transportation management 
systems is that key personnel committed to 
the system have remained with the agencies 
throughout the planning, implementation, 
and ongoing operation of the system. 

ESTABLISH SYSTEM GOALS AND 
OBJECTIVES 

Once coalitions have been formed, agencies 
should work together to define the goals and 
objectives of the system. The system goals 
and objectives should describe what it is the 
system is supposed to accomplish. The 
goals and objectives should be directly 
related to the specific problems to be 
addressed by the system. Typical system 
goals include the following: 

• Optimize the utilization of capacity on 
the freeway. 

• Maintain an acceptable level of service 
of the freeway. 
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• Provide a balance between demand and 
capacity in a freeway corridor. 

• Provide for the rapid detection, response 
to, and clearance of freeway incidents. 

• Reduce the nwnber of vehicle crashes on 
the system. 

• hnprove vehicle operating costs, fuel 
consumption, and air quality by reducing 
the amount of travel delay on the 
freeway system. 

Generally, system goals are used to define 
the long-range vision of the system. System 
goals also tend to be broad in scope. System 
objectives, on the other hand, define the 
level of performance that is expected to be 
obtained in the future. As such, system 
objectives are measurable. Often, more than 
one system objective is required to fulfill a 
system goal. Likewise, more than one 
system goal may be required to address an 
identified problem in a system. 

Figure 2-4 provides an example of a system 
goal and objectives developed to address the 
problems of incidents in a system. Note that 
while the defined problems and system goals 
are broad in nature, the objectives of the 
system are specific and measurable. Also 
note that more than one objective is required 
to fulfill the goal of the system. 

It is also important to note that system 
objectives are defined in terms of what 
services and functions a system is to provide 
-not in terms of technology. Notice in the 
example that no mention is made of the type 
of technology that will be employed to 
achieve a 2-minute detection time. Focusing 
on what the system is to achieve, instead of 
on how it is to achieve it, gives the designers 
flexibility in the way that they can combine 
components to build a system to achieve a 
desired outcome. 
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The National ITS Architecture 
Implementation Strategy provides a good 
overview of the connection between 
problems, solutions, and the National 
Architecture.<2

) The approach identifies 
traditional problems (e.g., traffic congestion) 
and a solution in terms of both a 
conventional approach (e.g., roadway 
construction) and an advanced systems 
approach (e.g., computer traffic control), 
and links them to ITS marketing packages. 
The reader is referred to that document for 
problems and solutions in the context of the 
National ITS Architecture. 

ESTABLISH PERFORMANCE 
CRITERIA 

After establishing the system goals, the next 
step in the systems engineering approach is 
to establish the criteria for judging the 
performance of the system or subsystem. 
The performance criteria are used to 
determine whether the objectives of the 
system are being achieved. The criteria 
include both qualitative and quantitative 
measures of performance for the system. 
They also form the basis for evaluating the 
design and operations of the system. The 
criteria used to measure the performance of 
the system should correspond directly to the 
objectives of the system. Examples of the 
type of criteria that are commonly used to 
evaluate the effectiveness of freeway 
management systems include the following:<3

l 

• Changes in congestion levels and travel 
patterns. 

• Changes in system operation costs, both 
to the user and to the system operator. 

• Changes in other measures that effect the 
overall community (e.g., reduction in 
crash frequencies, vehicle emissions, and 
increased transit usage). 
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Identified Problem 
• Incidents are the primary source of congestion on freeway 

System Goal 
• Reduce the impacts of incidents 

System Objectives 
• Detect all major inc;;idents within 2 minutes of occurrence 
• Reduce the time to clear an incident from the freeway by 5 minutes 

Figure 2-4. Example of System Goal and Objectives to Address an Identified Problem. 

• Improved accessibility as evidenced by 
decreased delays, increased economic 
activity, and reduced travel time for 
commuters benefiting from HOV 
improvements. 

• Changes in vehicular demands on 
congested facilities. 

In selecting criteria for evaluating the system 
performance, the measures of effectiveness 
must reflect the goals and desires of the 
community, and must be important and 
understandable to local elected officials, 
administrators, citizens, and other affected 
groups.(3) Table 2-1 lists some of the criteria 
that should be used in developing and 
selecting measures to evaluate the 
performance of a freeway management 
system. Common measures used to evaluate 
the effectiveness of freeway management 
systems include the following: 

• Reduction in total travel time. 

• Reduction in individual and overall 
delays. 

• Reduction in crash frequencies and rates. 
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• Reduction in the duration of periods of 
congestion. 

• Reduction in the number of congested 
freeway segments or length of 
congestion on a freeway section. 

• Improvements in throughput in a 
corridor. 

• Reduction in vehicular demands in a 
corridor. 

• Improvements in network speed. 

• Improvements in the consistency of 
travel times on individual trips. 

• Reduction in the number of single­
occupant vehicles in the freeway system. 

• Improvements in the response and 
clearance times of freeway incidents. 

• Improvements in air quality. 

The National ITS Architecture 
Implementation Strategy considers benefits 
in the context of market packages, where 
the benefits are likely to occur, and where 
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Table 2-1. Criteria for Developing Measures of Effectiveness (MO Es). <4> 

• 

• 

• 

Relevancy to Objectives 

Each MOE should have a clear and 
specific relationship to transportation 
objectives to assure the ability to explain 
changes in the condition of the 
transportation system 

Simple and Understandable 

Within the constraints of required 
precision and accuracy, each MOE should 
prove simple in application and 
interpretation 

Quantitative 

Specify MOEs in numerical terms 
whenever possible 

Measurable 

Each MOE should be suitable for 
application in pre-implementation 
simulation and evaluation (i.e., have well­
defined mathematical properties and be 
easily modeled) and in post­
implementation monitoring (i.e., require 
simple direct field measurement 
attainable within reasonable time, cost, 
and staffing budgets) 

the benefits may accrue.(2) The reader is 
referred to that document for a more 
detailed treatment of the approach as related 
to freeway systems, in particular tables 4.2.3, 
4.2.4, and 4.2.5 (pp 4-17 and 4-18.) 

DEFINE FUNCTIONAL 
REQUIREMENTS 

The next step in the systems engineering 
approach in designing a system is to define 
all of the features or activities (commonly 
called functions) of the system that are 
necessary to achieve the identified 
objectives. The system functions need to be 
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• 

• 

• 

• 

• 

Broadly Applicable 

Use MOEs applicable to many different 
types of strategies whenever possible 

Responsive 

Specify each MOE to reflect impacts on 
various groups, taking into account, as 
appropriate, geographic area and time 
period of application and influence 

Sensitive 

Each MOE should discriminate between 
relatively small changes in the nature or 
implementation of a control strategy 

Not Redundant 

Each MOE should avoid measuring an 
impact sufficiently measured by other 
MOEs 

Appropriately Detailed 

MOEs should be formulated at the proper 
level of detail for the analysis 

described, at least initially, independent of 
the technology or architecture to be 
employed in the system. In other words, this 
step focuses on describing what it is the 
system will be designed to do, not how the 
system will be doing it. 

The functional requirements needed to 
achieve a system objective can often be 
outlined in hierarchial order. For example, 
the functional requirements of an incident 
management program might be described as 
shown in table 2-2. Note that each of the 
functional requirements defines an action or 



activity that is to be performed by the system 
and that is independent of technology. 

DEFINE FUNCTIONAL 
RELATIONSHIPS, DATA 
REQUIREMENTS, AND 
INFORMATION FLOWS 

After defining what the system is supposed 
to accomplish, the next step in the systems 
approach is to define the functional 
relationships, data requirments, and 
information flows of the system. Tiris 
provides a framework within which the 
system carries out the functions required to 
support the desired objectives. It describes 
the system elements and their relationship to 
one another. 

The functional relationships, data 
requirements, and information flows of many 
freeway management systems in operation 
today have evolved as new functions were 
added to the system. However, there are 
real benefits to be achieved in planning how 
systems relate to one another in advance, 
even if the system will not be fully 
implemented immediately. Planning these 
relationships minimizes the number of 
redundant functions and efforts performed 
by the system. It also promotes the efficient 
use of equipment, staff, and resources. A 
well-planned system permits easy expansion 
and modernization of the system in the 
future. How the functions relate to one 
another also facilitates the sharing of 
information between jurisdictions, and leads 
to cost savings throughout the design, 
implementation, and operation of the system. 

The design or achitecture of a system 
consists of three elements: the functional 
requirements, the logical design, and the 
physical design. As discussed above, the 
functional requirements define what the 
system is supposed to do. The logical design 
identifies what information flows between 
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the functions. The physical design identifies 
where functions occur and who is 
responsible for performing each function. 
The physical design permits like functions to 
be grouped into subsystems. 

It is extremely important when defining the 
design of the system that it remain as open 
as possible. An "open" design is a system 
that has been designed with standard data 
interfaces so that equipment from multiple 
vendors can be used throughout the system. 
In addition, an open design helps to keep the 
system from becoming obsolete, because 
new functions and technologies can be easily 
added as they became available. 
Furthermore, an open design will make 
systems being developed today compatible 
with the National ITS Architecture as it 
emerges. 

IDENTIFY AND SCREEN 
TECHNOLOGIES 

Once the system functional relatioships, data 
requirements, and information flows have 
been defined, the next step in the systems 
engineering process is to identify alternative 
technologies whose performance and 
reliability meet the defined functional 
requirements. Methods for estimating the 
benefits derived by implementing a particular 
technology or system component include the 
following: 

• Capacity and level of service analyses. 

• Bottleneck and queuing analyses. 

• Computer simulation. 

• Field measurements. 

In addition, evaluation studies from other 
systems, promotional documents from 
vendors, and demonstrations from 
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Table 2-2. Example of Functional Requirements of an Incident Management System. 

• Detect incidents 
• Identify location of incident 
• Identify impacts of incident 
• Identify characteristics of incident 

• Formulate response actions 
• Identify necessary emergency vehicle response 
• Select incident information for dissemination to travelers 
• Identify traffic control strategies 

• Initiate and monitor response 
• Provide response procedures to agencies 

- Implement emergency vehicle response 
- Provide incident information to travelers 
- Implement traffic control strategies 

• Monitor response 
- Arrival emergency vehicles 
- Implementation of traffic control 
- Clearance of incidents 
- Clearance of congestion 

manufacturers are excellent sources of 
information on the state-of-the-art of specific 
technologies. Site visits to existing systems 
that use specific types of technologies can 
also be an excellent tool for evaluating 
various technologies. 

The interaction between alternative 
technologies and other elements within the 
system should be considered when 
evaluating different technologies. How the 
systems work together and what functions 
they perform can greatly influence how 
different technologies perform in a system. 
The impacts of different technologies on the 
physical configuration of the system and on 
the performance of other technologies and 
components in the system should also be 
considered. The expandability and flexibility 
of the technologies should also be 
considered. 

Cost is another factor that should be 
considered when identifying and screening 
different technologies. The designers should 
consider the life-cycle costs (see Module 11) 
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of each alternative technology. When 
examining the life-cycle costs of each 
technology, the engineer should consider the 
following costs: 

• The costs associated with procuring, 
installing, and constructing each 
alternative technology. 

• The costs associated with operating and 
maintaining each alternative technology 
within the overall system. 

• The costs associated with replacing each 
technology at the end of its life. 

• The costs associated with expanding the 
system, given that each alternative 
technology has been implemented. 

Operation and maintenance are also 
important factors that must be considered 
when evaluating different technologies for 
use in a management system. Often, each 
technology requires unique operating and 
maintenance activities. The resource 



requirements, in terms of the number and 
qualifications of the personnel, the 
equipment and facility needs, and the 
operating and maintenance costs, should be 
factored into the evaluation. In evaluating 
system alternatives, the following operations 
and maintenance requirements should be 
considered:<5> 

• An assessment of the existing operation 
and maintenance capabilities in terms of 
personnel, skills, and equipment. 

• A determination of the necessary skills 
and work load impact of each system 
alternative. 

• A comparison of the existing conditions 
with what is required for the successful 
operation and maintenance of the 
various alternatives. 

• An analysis of the operational and 
maintenance deficiencies that exist with 
each system alternative. 

• An assessment of the feasibility of 
providing additional operational and 
maintenance capabilities to address the 
identified deficiencies. 

The process of identifying and screening 
different technologies for inclusion in a 
system is often iterative. There are multiple 
ways that different technologies can be 
combined to achieve an objective. Because 
how different technologies interact with one 
another can affect system performance, each 
combination must be evaluated in an iterative 
fashion. 

DEVELOP IMPLEMENTATION 
PLAN 

After the technologies that will be used in 
the system have been selected, the next step 
in the process is to develop a plan for 
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implementing the system. The 
implementation plan documents the results 
of the previous steps and identifies how the 
system will be implemented in the field. At 
a minimum, an implementation plan should 
include the following elements: 

• A description of the transportation 
system problems and opportunities to be 
addressed by the system. 

• The institutional arrangements (i.e., who, 
what, when, where, why, and how) 
needed to make the system work. 

• The goals and objectives of the system 
(i.e., what the system will be expected to 
do). 

• The functional requirements and 
architecture of the entire system. 

• The technology options to be used in the 
system. 

The implementation plan should also assess 
the phasing, procurement, and funding 
options available for implementing the 
system. 

The purpose of an implementation plan is "to 
ensure that the system is designed, built, 
operated, and maintained so that it 
accomplishes its purpose in the most 
efficient manner possible, considering 
performance, cost, and schedule." An 
implementation plan is required when either 
a new traffic control system or an expansion 
of an existing system uses Federal funds. 
Because it completely describes how the 
system is going to be designed, operated, 
and maintained, it is highly recommended 
that an implementation plan be developed as 
well for those systems that do not use 
Federal funds. Figure 2-5 lists the elements 
of a typical implementation plan.<6

> 
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The National ITS Architecture 
Implementation Strategy provides guidance 
for major traffic management design options 
in the context of its market packages. c2) The 
reader is referred to Section 4.5 of that 
document in particular tables 4.5.2 and 4.5.3 
(pp. 4-59 to 4-63) for the National ITS 
Architecture approach to implementation. 

DEPLOY PROJECTS 

There are a number of approaches that are 
commonly used by agencies to deploy 
individual projects or systems. The more 
common types of procurement approaches 
include the following:<6

) 

• Sole-source. 

• Engineer/contractor. 

• Two-step approach. 

• System management. 

• Design-build. 

With a sole-source project, a contract is 
awarded to a named supplier without any 
competition for the project. This type of 
procurement approach typically involves a 
standard off-the-shelf product that can be 
made only by one manufacturer. Such an 
approach should be used only if it can be 
justified to be more cost-effective than a 
competitive low-bid process. 

With an engineer/contractor approach, a 
single contract is awarded to the lowest 
responsive bidder to a specific request by the 
highway agency. The contractor is then 
responsible for providing a complete and 
fully operational system. In designing and 
deploying the system, the contractor may 
elect to subcontract much of the work that is 
outside the area of expertise of the 
contractor. The highway agency should be 
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careful to specify the appropriate level of 
qualifications for the prime contractor to 
avoid getting a contractor who is unable to 
complete the job. 

A two-step procurement process helps to 
eliminate some of the problems associated 
with the standard engineer/contractor 
approach. With a two-step procurement 
approach, a formal technical prequalification 
process is added to the engineer/contractor 
approach. This helps ensure that the 
contract team has the appropriate skills and 
expertise for implementing the desired type 
of system. 

A systems management approach is 
commonly used by many highway agencies 
to implement freeway management systems. 
With this approach, a system manager is 
hired to perform the system design, software 
development, and system integration 
act1v1t1es. Separate contracts are then 
prepared and awarded for implementing the 
various subsystems as dictated by the design. 

A design-build type of procurement 
approach is another common way that 
highway agencies deploy freeway 
management projects. In a design-build 
approach, a single entity is responsible for all 
of the work associated with deploying a 
system. This includes the system design, the 
contracts for and the construction of the 
system components, and the integration of 
the system elements. Upon completion of 
the project, the designer-builder turns over 
the system to the agency for operations and 
maintenance. This process is often used to 
fast-track projects, since it can significantly 
reduce the process time. Agency 
supervision is required, however, to ensure 
that a satisfactory quality of product is 
provided by the contractor. 

The reader is referred to the Trafflc Control 
Systems Handbook and Part 655-Traffic 
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Figure 2-5. Elements of a Typical Implementation Plan. 
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Operations, Subchapter G-Engineering and 
Traffic Operations in the Federal-Aid Policy 
Guide (which has been regenerated in 
Appendix A at the end of this module) for 
more information on alternative procurement 
strategies.<3,fil 

Staffing plays a critical role in the timing of 
the implementation of the system. Sufficient 
lead time must be allocated to allow system 
operators to establish new positions (if 
needed); develop position descriptions and 
salary classifications; recruit, hire, and train 
needed personnel. The agency's system 
supervisor should be employed (i.e., 
designated/hired) no later than the start of 
the implementation phase of the project. 
Other operations and maintenance personnel 
need to be employed during system 
construction so that they may receive 
training providing by the contractor/system 
manager, review system documentation, and 
participate in system testing. If these 
persons are to assist with construction 
inspection, they need to be hired even 
earlier. <5> 

In addition, good preventative maintenance 
begins with and depends upon proper 
installation. Proper installation requires 
thorough inspection and testing of 
contractors' work. The system operators 
and maintainers should participate in the 
inspection process and during the acceptance 
testing. Such involvement is an excellent 
method of informal training and fosters the 
acceptance of the new system by these 
personnel. (5) 

It 1s essential that all specified 
documentation and training be obtained 
during the installation phase of the system. 
Submitted materials (e.g., manuals, training 
course outlines, etc.) should be closely 
examined to ensure that they are complete 
and clear to the agency's personnel. 
Furthermore, the documentation must be 
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kept up-to-date throughout the entire 
implementation phase to reflect any 
hardware or software modifications.<5l 

EVALUATION 

Evaluation is an ongoing process that occurs 
at all stages of system development and 
continues for the entire life of the system. 
Through the evaluation process, the system 
designers and operators are able to 
determine how well individual projects meet 
the previously established system objectives. 
The evaluation process also allows system 
managers to identify possible enhancements 
to the system. These enhancements can be 
to correct operational or design problems, 
expand the system either functionally or 
geographically, or incorporate additional 
systems into a regional architecture. 

The most common method of evaluating the 
effectiveness of a freeway management 
system is Before-and-After studies. With 
Before-and-After studies, the performance 
of the freeway management system is 
measured before the system (or subsystem) 
being evaluated is implemented. The same 
performance measures are then taken again 
after the system has been implemented. The 
effectiveness of the system is then 
determined by comparing the performance of 
the freeway before the system ( or 
subsystem) was implemented to the 
performance of the freeway after the system 
(or subsystem) was implemented. 

Potential limitations of the Before-and-After 
approach for evaluating system performance 
include the following:<7l 

• The effects of individual improvements 
are difficult to distinguish when more 
than one improvement is made at a time. 

• Usually there is a long time lag between 
the "before" condition and the "after" 



condition, which causes this approach to 
be susceptible to errors caused by time­
related factors (such as changes in travel 
patterns, population growths, economic 
fluctuations, etc.). 

• Usually, it takes some time for the 
drivers to adjust their travel behavior 
after the system has been implemented; 
therefore, depending upon when the 
"after" data are collected, true system 
performance may not be measured. 

• Some performance measures (like the 
number of crashes, or demand) can 
fluctuate considerably over time. There 
is a tendency for these performance 
measures to return to more typical 
values after an extraordinary value has 
been observed. This tendency is called 
regression to the mean. It is possible 
that either the "before" condition or the 
"after" condition could fall at one of 
these extreme values, thereby, hiding the 
true performance of the system. 

Before-and-After studies with a Control 
Condition is one way of mitigating the 
negative aspects of Before-and-After 
studies.(7) The concept of this evaluation 
methodology is illustrated in figure 2-6. 

With this approach, the before-and-after 
system performance measures are compared 
to the same performance measures taken 
from a segment of freeway with similar 
characteristics as the first freeway, but not 
affected by the operation of the system. 
While this approach reduces history, 
maturation, and regression to the mean 
problems, it may be difficult to find a 
segment of freeway not impacted by the 
performance of the freeway management 
system. 

In evaluating the effectiveness of the 
components of a freeway management 
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system with field measured data, it is 
important to remember the following 
considerations:C3 

> 

• The impacts of many alternative 
strategies are frequently small both in 
absolute and in percentage terms. 

• The impacts of specific strategies may be 
confined to isolated or small geographic 
areas. 

• It may not be possible to accurately 
estimate the specific impacts using 
commonly available data and estimation 
procedures. 

In some limited situations, it may be 
appropriate to use simulation models to 
estimate the effectiveness of different 
elements of a freeway management system. 
Oftentimes, systemwide benefits of different 
freeway management elements are difficult 
to measure directly. In these cases, 
simulation could be used as a tool to 
estimate the impacts of isolated control 
elements on the entire system. Furthermore, 
the results of a simulation study should only 
be considered as estimates of the 
performance of the system, since the 
performance measures are often directly 
influenced by the assumptions inherent in the 
simulation model. Whenever simulation is 
used as an evaluation tool, limited field data 
should be collected to support the results of 
the simulation model. As a general rule, 
simulation should never be used when the 
same perf ormancc indicators can be 
measured directly in the field. 

Another way to illustrate the benefits of a 
freeway management system is to use 
anecdotal information co11ected from 
travelers who have benefited from the 
system. For example, many locations keep 
records on the number of positive letters 
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they receive concerning their freeway service 
patrols. 

Also, one of the most critical parts of the 
evaluation process is to document the 
lessons learned during the development and 
operations of the system. These lessons 
provide critical information to others who 
may be considering implementing a similar 
type of system. The lessons learned should 
not focus solely on the problems that were 
encountered during the development or 
operations of the system, but also describe 
the positive elements of a particular system 
architecture or technology. 
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2.3 TECHNIQUES AND 
TECHNOLOGIES 

This section describes some of the measures 
of performance, techniques, and 
technologies used to identify and quantify 
operational problems on freeways. 

PERFORMANCE MEASURES 

Congestion occurs when the amount of 
traffic desiring to use a facility ( demand) 
exceeds the traffic-carrying capabilities of 
the facility (capacity). There are two types 



of congestion: recurring and nonrecurring. 
Recurring congestion occurs when normal, 
everyday demand exceeds the physical 
capacity of the freeway. Nonrecurring 
congestion is caused either by a temporary 
reduction in capacity ( e.g., a crash or stalled 
vehicle blocking a lane) or by a temporary 
excess of demand ( caused by a special event 
or other similar activity). 

In planning and designing a freeway 
management system, it is important to 
quantify the magnitude of the congestion 
problem and the amount of improvement 
that can be made by implementing elements 
of a freeway management system. The 
following section provides some of the more 
common measures of performance used to 
quantify congestion levels both from a 
systemwide perspective and at isolated 
locations such as bottlenecks and incident 
sites. 

Systemwide 

There are a number of measures that have 
traditionally been used to quantify the 
performance of the freeway system, both 
with and without a freeway management 
system in place. These measures include the 
following:(Bl 

• Total Travel Time. 

• Total Travel. 

• Vehicle Delay. 

• Total Minute-Miles of Congestion. 

Each of the traditional measures of system 
performance is discussed below. Most of 
these measures can be computed using data 
routinely collected by freeway surveillance 
systems. 
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Total Travel Time 

Total Travel Time is one measure used to 
quantify operational deficiency and measure 
the performance of the freeway system. 
Expressed in units of vehicle-hours, it is the 
product of the total number of vehicles using 
the roadway during a given time multiplied 
by the average travel time of the vehicles. 
The equation that can be used to compute 
the Total Travel Time is as follows: 

where, 

-- ~ XI TIT
1
. = N. tt . ..,, -

J J -

v'.i 

TTTj = Total Travel Time over 
freeway section j, in 
vehicle-hours. 

Ni= Number of vehicles 
traveling over freeway 
section j, during time 
period T. 

t ti = Average travel time of 
vehicles over freeway 
section j, in hours. 

Xi = Length of roadway section 
j, in kilometers. 

Vi = Average speed of vehicle 
over freeway section, in 
kilometers per hour. 

The Total Travel Time, TTT, in vehicle­
hours, for all sections of a freeway can be 
computed using the following equation: 

K 

TTT = ft1 TTTJ 

where, 
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TTT = Total Travel Time for all 
sections of the freeway, in 
vehicle-kilometers. 

TTTi = Total Travel Time for 
section j, in vehicle­
kilometers. 

K = Total number of freeway 
sections. 

Total Travel 

Total travel is another measure commonly 
used to quantify operational problems and 
measure the performance of the freeway 
system. Total travel is the product of the 
total number of vehicles using the freeway 
during a given time interval multiplied by the 
average trip length of the vehicles. It can be 
determined using the following equation: 

where, 

~=~~ 

TTi = Total Travel over freeway 
section j, m vehicle­
kilometers. 

Xi = Length of freeway section j 
during time period T, in 
kilometers. 

Ni = Number of vehicles traveling 
over section during time 
period T. 

Total Travel (TT) for all sections of freeway 
can be computed using the following 
equation: 
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where, 

TT = Total Travel for all sections 
of the freeway, in vehicle­
kilometers. 

TTi = Total travel for section j, in 
vehicle-kilometers. 

K = Total number of freeway 
sections. 

Vehicle Delay 

Vehicle delay is another common measure 
used to quantify the level of performance of 
the freeway system. For freeways, vehicle 
delay is defined as the increase in travel time 
on a route over the free-flow travel time. 
Vehicle delay can be computed by 
subtracting the total free-flow travel time 
from the total travel time. Total free-flow 
travel time is the product of the total number 
of vehicles using the roadway during a given 
time interval multiplied by the average free­
flow travel time. 

Total Minute-Mlles of Congestion 

Originally developed to measure the 
effectiveness of the Chicago Area Freeway 
Surveillance Project, the total minute-miles 
of congestion method was used to indicate 
the extent of freeway congestion in both 
time and space.<9l (Minute-Miles was the 
measure of performance at the time of the 
study. Minute-kilometer is also 
appropriate.) To compute the total minute­
miles of congestion, each mainline detector 
is assigned a section of freeway that covers 
half the distance between the adjacent 
mainline detectors on either side. The 
minute-miles of congestion at each detector 
is equal to the product of the minutes of 
congestion at the detector, multiplied by the 
distance, in miles, assigned to the detector. 
The sum of the minute-miles of congestion 



of all detectors then would represent the 
total minute-miles of congestion. 

Isolated Locations 

Congestion caused by incidents and 
bottlenecks tends to be located at isolated 
locations. Engineers evaluating these 
locations are primarily concerned with the 
following issues: 

• What is the cause of the congestion? 

• How quickly can the congestion clear? 

• What are the effects of the congestion on 
drivers through the congested area? 

• How large is the effected area? 

The types of measures that are commonly 
used to quantify the impacts of congestion at 
isolated locations include the following: 

• Time until normal flow. 

• Total vehicles delayed. 

• Average delay per vehicle. 

• Maximum time of queue. 

• Maximum queue length. 

• Fuel consumption. 

• Air pollution. 

Most of these measures can be computed by 
conducting a bottleneck/queuing analysis, 
which is discussed below. 
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METHODS TO QUANTIFY 
OPERATIONAL PROBLEMS ON 
FREEWAYS 

The types of analytical methods used to 
quantify the freeway operational problems 
include the following: 

• Capacity and Level of Service Analysis. 

• Bottleneck and Queuing Analysis. 

• Computer Simulation. 

• Field Measurements. 

How these methods are used to quantify 
operational problems on freeways 1s 
discussed in more detail below. 

Freeway Capacity Analysis and LOS 

One of the most basic types of analysis 
required for a section of freeway is a 
determination of the amount of traffic­
carrying capacity that the section can 
provide. Capacity is defined as the maximum 
number of vehicles that can reasonably be 
expected to use the facility in a given time 
period under prevailing roadway, traffic, and 
control conditions. <10

l Related to this 
definition is the concept of the operational 
quality or level of service (LOS) provided to 
users of a facility. 

Definition of Freeway Subareas for 
Capacity Analysis 

Freeways are composed of three types of 
component subsections. These are defined 
as follows: 

• Basic Freeway Segments -- These are 
freeway sections that are unaffected by 
either merging or diverging traffic 
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movements at nearby ramps or by 
weaving movements. 

• Weaving Segments -- These are freeway 
sections where two or more vehicle 
flows must cross each other's path. 
Weaving areas exist where merge areas 
are closely followed by diverge areas, 
and where a freeway on-ramp is 
followed closely by an off-ramp and an 
auxiliary lane is used to connect the two. 

• Ramp Junctions -- These are freeway 
sections where on- and off-ramps join 
the freeway. 

Figure 2-7 illustrates the various types of 
freeway components. Capacity analyses 
treat each one of these components with a 
separate computational procedure. After the 
components have been evaluated in isolation, 
the results are laid out together to assess 
how the freeway operates as a system. A 
system analysis perspective is particularly 
important in the evaluation of closely-spaced 
ramp effects upon the capacity and operating 
characteristics of the freeway. 

Basic Freeway Segments 

Definition of Ideal Freeway Capacity. 
According to the 1994 edition of the 
Highway Capacity Manual, the capacity of 
basic freeway segmentc; under ideal roadway, 
traffic, and environmental conditions is 
assumed to be 2,200 passenger cars per hour 
per lane (pcphpl) on four-lane freeway 
sections and 2,300 pcphpl on six-or-more 
lane freeway sections.°0

l These capacity 
values represent the maximum number of 
vehicles that can reasonably be expected to 
use the facility ( an average over all lanes) in 
a given time period under prevailing 
roadway, traffic, and control conditions. 
Flow rates in excess of these values can 
sometimes occur in individual lanes, 
particularly in inside or median lanes where 
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there is no influence of upstream or 
downstream ramps. 

Conditions that are "ideal" from a freeway 
capacity perspective include the following: 

• 3.6 m (12 ft) minimum lane widths. 

• 1.8 m (6 ft) minimum lateral clearance 
between the edge of the travel lane and 
the nearest roadside or median obstacle 
influencing traffic behavior. 

• All passenger cars in the vehicle stream 
(no trucks, buses, or recreational 
vehicles). 

• Motorists who are regular and familiar 
users of the freeway. 

Factors Affecting Capacity. Obviously, 
conditions more restrictive than those listed 
above reduce the traffic-carrying capacity of 
the freeway. For example, lane widths 
narrower than 3.6 m (12 ft) cause drivers to 
travel closer to one another laterally, and so 
they adjust by increasing the distance 
between themselves and the vehicle in front 
of them. Roadside obstructions closer than 
1.8 m (6 ft) to the roadway cause drivers to 
shy away from the edge of the roadway, and 
they again respond by increasing the gap 
between their vehicles and the vehicles they 
are following. Trucks, buses, and 
recreational vehicles are larger than 
passenger cars and have more sluggish 
operating characteristics, which create larger 
gaps between them and passenger vehicles. 
Finally, the characteristics of the driving 
population have been shown in several 
studies to affect the capacity of a freeway 
segment. Nonfamiliar users of a facility are 
generally more cautious and therefore leave 
more room between themselves and vehicles 
they are following. 
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') ;) 
/

. A ') ) / /~--------• / 
Outside the Influence of Ramp or Weaving Maneuvers 

WEAVING AREAS 

Merge Area Followed by Diverge 

~ -~ --- " On-Ramp Followed by Off-Ramp 
with Auxillary Lane 

RAMP [UNCTIONS 

ZonR,mp Isolated Off-R~ 

7'7' • ·"-;."-;.. 
Consecutive On-Ramps Consecutive Off-Ramps 

7' ~ 
On-Ramp Followed by Off-Ramp 

with No Auxillary Lane 

Figure 2-7. Illustration of Freeway Components for Capacity Analysis. cui 

Traffic operations and the capacity of basic 
freeway segments are also affected by 
horizontal and vertical alignment. 
Specifically, sharper horizontal curves and 
longer, steeper grades reduce the traffic­
carrying capacity of the freeway segment. 

Level of Service. As indicated previously, 
the concept of LOS was introduced into 
operational analysis as a means of 
quantifying the quality of operation 
attainable under a given roadway and traffic 
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configuration. Although the traffic-carrying 
capacity of a basic freeway segment is 
defined in terms of vehicular flow, density 
(number of vehicles per lane per kilometer 
(mile)) is the parameter used to define LOS 
for basic freeway segments. LOS is defined 
by the letters A through E, with LOS F used 
to define breakdown, stop-and-go 
conditions. Table 2-3 gives a qualitative 
description of each level of service, and the 
density value that has been associated with 
each level. 
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Weaving Areas 

Definition of Weaving Area Capacity. 
Weaving is defined as the crossing of two or 
more traffic streams traveling in the same 
general direction along a significant length of 
freeway. Weaving areas represent a region 
of intense lane-changing behavior and 
increased traffic flow turbulence as drivers 
attempt to access lanes to reach their desired 
exit points from the weaving area. Many 
different roadway and traffic factors can 
influence operations within these areas. 
Because of this complexity, the capacity of 
weaving areas as estimated by procedures in 
the Highway Capacity Manual is not defined 
in terms of maximum flow rates or vehicle 
densities, but in terms of estimated operating 
speeds.°0J Specifically, calculations are 
made to estimate the speeds expected of 
weaving and of non weaving vehicles. These 
are then compared to tabular values to 
determine the LOS being provided by that 
weaving section. 

Types of Weaving Areas. Because lane­
changing is the critical operational feature of 
weaving areas, weaving sections are 
categorized according to the minimum 
number of lane changes that must be made 
by weaving vehicles. 

Weaving areas are referred to as Type A, 
Type B, or Type C sections. Figure 2-8 
illustrates each type of weaving area. 

Type A weaving areas require that each 
weaving vehicle make one lane change in 
order to execute the desired movement. 
These areas may be ramp-weave areas 
created by adjacent entrance and exit ramps 
connected by an auxiliary lane, or major 
weaving areas characterized by three or 
more entry and exit roadways having 
multiple lanes. 
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Type B weaving areas may also be referred 
to as major weaving sections if they involve 
multilane entry and/or exit lanes. However, 
these areas differ from Type A areas in that 
one weaving movement can be accomplished 
without changing lanes, whereas the other 
weaving maneuver requires no more than 
one lane change. 

Type C weaving areas are similar to Type B 
areas in that one weaving movement can be 
made without changing lanes. The major 
difference between these two types of areas 
is that Type C areas require the other 
weaving maneuver to make two or more 
lane changes. This can be an effective 
design if the second weaving flow is fairly 
small. However, it can have very adverse 
effects on operations if the second flow is 
large, the number of lane changes being 
made is large, and the length of the weaving 
area is fairly short. 

Operational Characteristics of Weaving 
Areas. Traffic operations within weaving 
areas are affected by the following geometric 
features: 

• Weaving length. 

• Weaving area configuration. 

• Number oflanes (weaving width). 

Shorter weaving lengths create greater 
traffic flow turbulence as drivers are forced 
to make necessary lane changes over a 
limited distance. The configuration of a 
weaving area influences the number of lane 
changes that must be made and also the 
proportion of vehicles that must make a 
weaving maneuver. The number of lanes 
available within the weaving area defines the 
amount of space available to weaving 
vehicles to make the various types of lane 
changes. 
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Table 2-3. Level of Service (LOS) Descriptions. 01) 

Density 
Level of 

Status 
Threshold, Description Service pc/km/In 
(pc/mi/In) 

Individual motorists are unaffected by the 

A Free Flow 
6.25 presence of others in the traffic stream. 
(10) Freedom to select desired speeds and to 

maneuver within the traffic stream is high. 

Freedom to select desired speeds is relatively 

10 
unaffected, but there is a slight decline in the 

B Stable Flow 
(16) 

freedom to maneuver within the traffic stream. 
The presence of others in the traffic stream 
begins to affect individual behavior. 

The behavior of individual motorists is 
significantly affected by interactions with others 

C Stable Flow 
15 in the traffic stream. Selection of speed is 

(24) affected by other vehicles and maneuvering 
within the traffic stream requires vigilance by 
the motorist. 

Speed and freedom to maneuver are severely 
High-

20 
restricted, and the driver experiences a 

D Density 
(32) 

generally poor level of comfort and 
Stable Flow convenience. Small increases in traffic flow 

will generally cause operational problems. 

Unstable 
Operations are at or near capacity. Speeds are 

E Capacity 
23-30 lower, but relatively uniform among vehicles. 

(36.7-47.9)" Freedom to maneuver is extremely limited. 
Flow 

Operations are unstable. 

Forced or >23-30 
Amount of traffic approaching a point exceeds 

F Breakdown > (36.7-
the amount which can traverse the point. 

Flow 47.9)" 
Queues form and operations are characterized 
by unstable stop-and-go waves. 

a Capacity occurs at different densities depending on the design speed of the freeway 

If the weaving length, configuration, and 
width in combination with the traffic demand 
pattern permit the weaving and nonweaving 
vehicles to spread out evenly across the 
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available lanes in the weaving section, the 
operation of the weaving area is more 
effective and is classified as nnconstrained. 
Conversely, if the configuration and traffic 
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demand limit the ability of weaving vehicles 
to occupy their proportion of available lanes 
to maintain balanced operations, the 
operation is less effective and is classified as 
constrained. hnbalanced or constrained 
operations within weaving sections will 
result in weaving vehicles traveling at a 
lower average speed than nonweaving 
vehicles. Not only will the LOS being 
provided by the weaving section be lower 
because of this condition, but also the 
general safety of the section will be lower 
because of a mixing of lower and higher 
speed traffic flows. 

Capacity and Level of Service for 
Weaving Areas. In weaving sections, 
operations are estimated to be at capacity 
when estimated weaving and nonweaving 
speeds are between 48 and 56 km/h (30 and 
35 mph). Table 2-4 swnmarizes the weaving 
and nonweaving speed thresholds that have 
been defined for the other levels of service. 
Those average speeds are based on 
regression equations. 

The regression constants vary according to 
the weaving configuration of the section and 
whether or not the weaving section 
operation is unconstrained or constrained. 
Both the weaving and nonweaving speeds 
must satisfy the criteria specified in table 2-4 
for a given LOS. For example, the average 
weaving speed must exceed 80 km/h (50 
mph) and the average nonweaving speed 
must exceed 90 km/h (54 mph) in order for 
the weaving section to be considered as 
operating at LOS B. 

It is important to note that the above LOS 
criteria have been established in conjunction 
with the regression equations, and only 
provide a mathematical procedure for 
assessing the general operations at weaving 
areas. Considerable variation may exist 
between the estimates obtained via the 
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mathematical procedures and the actual 
operations observed at a given weaving area. 
Research continues to improve the estimates 
of weaving area operations. The formulas 
and thresholds presented in this chapter 
should be supplemented with sound 
engineering judgement and actual field data 
as necessary until a better understanding and 
mathematical formulation are available. 

Ramp Junctions 

Definition of Ramp Junction Capacity. 
The points at which vehicles enter a freeway 
mainlane from an on-ramp or the point at 
which mainlane traffic diverges to an off­
ramp are termed freeway-ramp junctions. A 
freeway-ramp junction is an area of 
competing traffic demand for space. 
Analyses of freeway-ramp junctions focus on 
the merging and diverging behaviors 
required in the outer two freeway lanes and 
the acceleration or deceleration lane in the 
vicinity of on- and off-ramps, respectively, as 
depicted in figure 2-9. Elements such as the 
length and type (e.g., taper, parallel) of 
acceleration and deceleration lanes, free-flow 
speed of the ramp in the immediate vicinity 
of the junction, and sight distances all 
influence traffic operations within these 
regions. 

For freeway-ramp junctions, two capacity 
values are important. The first refers to the 
requirement that the capacity of the freeway 
lanes (plus the off-ramp lane in the case of 
diverging freeway-ramp junctions) where 
vehicles exit the region of ramp influence 
must not exceed the capacity of those lanes 
as defined for basic freeway segments. This 
value is 2,200 pcphpl for four-lane facilities 
or 2,300 pcphpl for freeway facilities with 
six or more lanes. The second capacity 
value of interest is the freeway traffic flow 
entering the ramp influence area. This 
cannot exceed 4,400 pcph on four-lane 
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Type A weaving areas: (a) ramp­
weave/one-sided weave, and (b) 
major weave with crown line. 

Type B weaving areas: (a) major 
weave with lane balance at exit 
gore, (b) major weave with 
merging at entrance gore, and (c) 
major weave with merging at 
entrance gore and lane balance at 
exit gore. 

Type C weaving areas: (a) major 
weave without lane balance or 
merging, and (b) two-sided 
weave. 

Figure 2-8. Categories of Weaving Areas. <
131 
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Table 2-4. Level-of-Service Criteria for Weaving Sections. <
11

) 

Level Of Service Minimum Average Weaving Minimum Average 
Speed,Sw Nonweaving Speed, Snw 

km/h (mph) km/h (mph) 

A 90 (55) 100 (60) 
B 80 (50) 90 (54) 
C 70 (45) 77 (48) 
D 60 (40) 67 (42) 
E 50/60 (35/30) 50/60 (35/30) 
F <60/50 ( <35/30) <60/30( <35/30) 

--+---· ............................ - ............ .. 

------1 500 ft---------", 
DIVERGE INFLUENCE AREA 

On- and Off-Ramp Influence Areas 

·---1500 fl 

Critical Ramp Junction Values 

Figure 2-9. Influence Areas and Critical Flow Values for Freeway-Ramp Junctions. Oil 
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facilities or 4,600 pcph on six- or more lane 
facilities. 

Operational Characteristics of Ramp 
Influence Areas. In the merge area at an 
on-ramp, individual merging vehicles from 
the ramp attempting to enter the outer 
freeway lane (lane 1) create turbulence in the 
traffic stream in the vicinity of the ramp. 
Approaching freeway vehicles therefore tend 
to move towards the left to avoid this 
turbulence. As ramp volumes increase, more 
and more freeway vehicles will move to the 
left as long as there is available capacity to 
do so. However, the interaction between 
freeway and ramp vehicles in the influence 
area is quite dynamic. Although the intensity 
of the ramp demand flows most generally 
affects what percentage of approaching 
freeway vehicles move to the left, any 
congestion that develops on the freeway 
itself affects the ability of ramp vehicles to 
enter the freeway and can cause diversion of 
some of the ramp traffic to other routes or 
ramps in the vicinity, or excessive ramp 
queuing. 

In the diverge area of an off-ramp, the basic 
maneuver being performed is the separation 
of a single traffic stream into the through and 
exiting movements. Since exiting vehicles 
must occupy lane 1 in order to utilize the 
off-ramp, they begin moving towards that 
lane in the influence area. This in turn also 
causes through freeway vehicles to begin 
moving towards the left in order to avoid the 
turbulence of the diverge area. 

These operational characteristics serve as the 
basis of current freeway-ramp junction 
analytical procedures included in the 1994 
Highway Capacity Manual. (JO) Regression 
equations are presented in that manual to 
estimate the percentage of freeway traffic 
that remains in the two lanes closest to the 
ramp in the influence area. The choice of the 
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appropriate regression equation depends on 
the following factors: 

• The number of freeway lanes in the 
influence area. 

• The presence of nearby on- or off-ramps. 

Level of Service of Freeway-Ramp 
Junctions. Although the capacity analysis 
procedures for freeway-ramp junctions focus 
on the flow rates entering and exiting the 
influence area, traffic flow is not the primary 
measure used to evaluate the LOS that exists 
within a ramp influence area. Rather, as is 
done for basic freeway segments, vehicle 
density is the primary measure used to define 
levels of service. Table 2-5 provides the 
density thresholds corresponding to each 
level of service in ramp influence areas. 
Regression equations presented in the 
Highway Capacity Manual are used to 
estimate volumes, densities, and speeds in 
the ramp influence area. 

As shown in table 2-5, the density threshold 
values for each LOS are somewhat higher 
than for basic freeway segments. This is 
because drivers naturally expect some 
increased turbulence and closer proximity of 
other vehicles in a merge or diverge area, 
and because drivers are typically traveling at 
a slightly slower speed in any given lane in 
the influence area than they would on a 
similar section of open freeway. 

Freeway Systems 

The freeway is a complex facility made up of 
many component segments, each having a 
potential impact on operations in upstream 
and downstream segments. Capacity and 
LOS analyses discussed to this point have 
addressed each of the major types of freeway 
components. After the component analysis 
has been completed, the final step in such an 
analysis is to put the various components 
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Table 2-5. Level of Service (LOS) Descriptions for Freeway-Ramp Junction 
Influence Areas. cr i > 

Density 
Level of Status Threshold, Description 
Service pc/km/In 

(pc/mi/In) 

Merging and diverging maneuvers occur 

A 
Unrestricted 6.25 without disrupting freeway flow. No 
Operations (10) noticeable turbulence exists. Freeway speeds 

are nearly as high as in basic freeway sections. 

Merging and diverging maneuvers become 

Stable 12.5 
noticeable to motorists, but only minimal levels 

B 
Operations (20) 

of turbulence exist. Merging vehicles must 
adjust their speeds in order to move into 
available gaps in the freeway traffic stream. 

Stable 17.5 
Average speeds in the ramp influence area 

C 
Operations (28) 

begin to decline. Driving conditions are still 
relatively comfortable at this level. 

High-
Turbulence levels become intrusive. All 
vehicles in influence area slow to 

D 
Density 21.9 

accommodate those making merging and 
Stable (35) 

Operations 
diverging maneuvers. Freeway operations tend 
to remain stable. 

Operations are at or near capacity. Speeds are 

E 
Capacity > 21.9 lower. Freedom to maneuver is extremely 

Operations (> 35) limited and intrusive to all drivers. Operations 
are unstable. 

Breakdown 
Traffic attempting to use influence area 

F 
a 

exceeds the amount which can traverse the 
Operations 

area. 

a Density criteria is not valid or relevant under breakdown conditions 

together to get an overall systemwide picture 
of anticipated freeway operations. 

Generally speaking, capacity and LOS 
analyses can be oriented towards design 
( determining necessary number of lanes, 
locations of ramps, weaving area lengths, 
etc.) or operations. In this section, the basic 
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steps for an operational analysis of a freeway 
system are outlined. 

As the first step, the analysis of individual 
freeway components occurs as per the 
techniques described earlier. 



1. Basic freeway segments are evaluated 
using the procedures discussed in 
chapter 3 of the Highway Capacity 
Manual. <10

) 

2. Ramp junctions are evaluated using the 
procedures in chapter 4 of the Manual, 
considering each ramp as follows:<10J 

• As an isolated ramp. 

• In conjunction with the adjacent 
downstream ramp. 

• In conjunction with the adjacent 
upstream ramp. 

Ramps that are clearly operating as part 
of a weaving section would not be 
evaluated with these procedures. 

3. Weaving sections are evaluated using the 
procedures documented in chapter 5 of 
the Manual. (to) 

When a given component falls under more 
than one of these categories, the analysis 
category that results in the lowest LOS is 
used as the controlling factor defining 
operations within that component. 

Once the analysis results of the various 
freeway components have been computed, a 
graphical procedure can then be used to 
obtain an overall perspective of the 
operating conditions of the freeway system 
as a whole. The general freeway alignment 
is plotted along with an indication of the 
level of service that has been predicted for 
each particular freeway component or 
segment. Figure 2-10 illustrates this 
pictorial layout of level of service for a 
hypothetical freeway section. 
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As the illustration shows, the weaving area 
in section 4 of this hypothetical situation is a 
candidate bottleneck situation that will likely 
be the segment that controls the 
operation of the overall system. Whereas 
the weaving section is anticipated to operate 
near level of service E, the upstream 
segments could operate at levels of service 
B or C as long as the weaving section does 
not break down and create queues and 
congestion that propagates upstream into 
these segments. However, if. flows are 
slightly higher than anticipated, it is likely 
that the weaving segment would break down 
very quickly and lead to operational 
problems within those upstream segments as 
well. 

Highway Capacity Software (HCS) 

Capacity and LOS analyses for each type of 
freeway segment can be performed manually 
using the procedures, nomographs, tables, 
and worksheets that are provided in the 
Highway Capacity Manual. However, these 
computations can be quite repetitive and 
time-consuming for the analysis of many 
design or operational alternatives. 
Fortunately, these procedures have been 
automated, and can be performed quite 
easily on a personal computer using the 
Highway Capacity Software (HCS), 
developed under FHW A sponsorship and 
maintained by the McTRANS Center at the 
University of Florida. 

The HCS is a macroscopic, primarily 
empirical, deterministic simulation program 
used to quickly and easily evaluate traffic 
flow conditions at specific freeway features. 
The program contains separate modules for 
analyzing basic freeway segments, freeway­
ramp junctions, weaving areas, and freeway 
systems. Modules for analyzing signalized 
and unsignalized intersections are also 
included (these may be needed when 
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Figure 2-10. Graphic Representation of Level of Service for Freeway Systems. 01> 

evaluating ramp-arterial street tenninals at 
the ends of exit ramps). 

The HCS (and the HCM procedures in 
general) are most appropriate for quick 
analyses of individual freeway components 
or for specific locations. If a more accurate 
and detailed evaluation of freeway 
operations as a system is required or desired, 
it is necessary to revert to the more 
sophisticated traffic simulation and 
optimization models in order to fully 
examine traffic operating conditions. These 
simulation and optimization models are 
addressed below. 

BOTTLENECK/QUEUING ANALYSES 

The state of the freeway (as detennined by 
its flow-speed-density relationship) changes 
over space and time. When these changes of 
state occur, a boundary is established that 
denotes the time-space domain of one flow 
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state as distinguishable from another. These 
boundaries are referred to as shock waves. 
As shown in figure 2-11, when a change in 
state occurs on a high-volume freeway, the 
queue and its resulting congestion begin to 
back upstream from the scene of the 
bottleneck. The boundary that denotes this 
change in state is a shock wave. 

As shown in figure 2-12, there are four 
common types of shock waves. A frontal 
stationary shock wave always forms at a 
bottleneck location and occurs when demand 
exceeds capacity. It can be caused by either 
recurrent or nonrecurrent congestion 
situations. The term frontal implies that the 
shock wave is at the front ( or downstream 
edge) of the congested region. It is called 
stationary because the shock wave is fixed 
by the location and does not change its 
location over time. 
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A backward forming shock wave is also 
always present when congestion occurs. It 
is formed by the area where excess demands 
are being stored (i.e., the queue). It is 
termed backward because, over time, the 
shock wave moves backwards or upstream 
in the opposite direction of traffic. The term 
forming implies that, over time, the 
congestion gradually extends farther 
upstream. The slope of the wav.e represents 
how fast the shock wave is traveling 
upstream (e.g., a flatter slope implies that the 
shock wave is moving slowly upstream, 
while a steeper slope implies that the shock 
wave is moving rapidly upstream). A 
backward forming shock wave is the most 
commonly occurring type. 

A forward recovery wave is the next most 
commonly encountered type of shock wave. 
It occurs when there has been congestion but 
demand decrease is below the bottleneck 
capacity. It forms as the length of 
congestion reduces. It is a forward wave 
because it moves downstream in the same 
direction as the flow of traffic. The term 
recovery implies that free-flow conditions 
are gradually occurring as the wave moves 
forward. 

A rear stationary shock wave occurs when 
the arriving traffic demand is equal to flow in 
the congested region for some period (i.e., 
the queue is neither growing or dissipating). 
It is a rear wave because it occurs at the rear 
( or upstream edge) of the congested region 
with higher densities downstream and lower 
densities upstream. It is stationary because 
the shock wave does not change its location 
over time. 

Another type of shock wave encountered on 
freeways is the backward recovery shock 
wave. Tiris wave commonly occurs after the 
source of congestion (e.g., an incident) has 
been removed from the freeway. After the 
capacity has been restored, the discharge 
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rate through the congested area exceeds the 
flow rate in the congested region. This 
causes the shock wave to move upstream (or 
backwards) in the opposite direction from 
traffic. It is a recovery wave because over 
time, free-flow conditions are extending 
further and father upstream from the 
previous bottleneck location. 

A final type of shock wave that may be 
encountered is the forward forming shock 
wave. This type of shock wave moves in the 
same direction of traffic. It is a forming 
wave because, over time, congestion is 
gradually extending further and further 
downstream. This type of wave is not 
commonly observed with freeway 
operations. 

Queues form when demand on a freeway 
facility exceeds the capacity for an interval 
of time. To conduct a queuing analysis the 
following inputs are required: <14

) 

• The mean ( or average) arrival flow rate 
(vph). 

• The distribution of arriving vehicles. 

• The mean ( or average) service flow rate 
(vph). 

• The distribution of vehicles being 
serviced. 

• The queue discipline. 

"First In First Out (FIFO)" is the commonly 
used queuing discipline used in 
transportation engineering. With FIFO, 
vehicles are serviced in the order in which 
they arrive. Another queuing discipline that 
can be used is "first in last out (FILO)." 
This type of queuing discipline would be 
used to model how queues might dissipate 
from behind a slow-moving vehicle on a 
multilane freeway. 



Queuing analyses can be conducted at two 
levels of detail. With the first, queues are 
analyzed at a macroscopic level where 
arrival patterns and service patterns are 
considered to be continuous. The other level 
of detail is microscopic, and is conducted 
where arrival and service patterns are 
considered to be discrete. 

One situation where queuing analysis is 
commonly used in freeways is in analyzing 
the impacts of temporary blockages ( caused 
by incidents or work zone activities) on 
traffic flow. Figure 2-13 provides an 
illustration of this situation. Figure 2-13a 
provides all the input requirements needed to 
analyze this situation. The arrival rate (A) is 
specified in vehicles per hour and is constant 
for the analysis period. The normal service 
rate (without the blockage) is indicated in 
the diagram as µ, and since it exceeds the 
arrival rate, no queuing would normally 
exist. However, an incident occurs that 
reduces the service rate to µR, which is 
below the arrival rate, and this lower service 
rate is maintained for tR hours. As is the 
case in most freeway situations, a FIFO 
queue discipline is assumed. 

In figure 2-13b, a cumulative vehicles versus 
time diagram is constructed. The arrivals are 
shown as a straight line passing through the 
origin with a slope up and to the right 
equivalent to the arrival rate (A). For the 
first period, the service line follows the 
arrival line, until the blockage occurs. At 
that point, the service rate becomes 
equivalent to µR and maintains a flatter slope 
until the blockage is removed. When the 
service rate increases to µ, the service line 
asumes a steeper slope. This continues until 
the arrival line and service line intercept, at 
which time the service line once again 
overlays the arrival line. A triangle is formed 
with the cumulative arrival link forming the 
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top side of the triangle and the cumulative 
service line forming the other two sides of 
the triangle. The triangle represents the 
congestion that is caused by the bottleneck. 
Table 2-6 summarizes the equations used to 
analyze this queuing situation. 

FREEWAY SIMULATION/ 
OPTIMIZATION MODELS 

Capacity and LOS analysis is a very useful 
tool for gauging the expected operating 
conditions at certain freeway locations, and 
for determining the magnitude-of-scale 
changes that would result in those operations 
if a major freeway improvement were made. 
However, the characteristics of the freeway 
system and/or the traffic demands on the 
freeway create conditions that cannot be 
easily or accurately evaluated with the 
capacity analysis techniques. The changes to 
the freeway may be too subtle in nature to be 
addressed by the capacity and LOS analysis. 
In addition, the capacity analysis procedures 
only indicate where traffic operations are 
expected to break down or the LOS being 
provided by a particular roadway and traffic 
configuration. Information on total and 
individual vehicle delays, stops, fuel 
consumption, vehicle emissions, and other 
measures are not provided by capacity 
analysis techniques. Consequently, it is 
often necessary to turn to more complicated 
but powerful traffic simulation or 
optimization analyses. 

The following sections provide an overview 
of the major traffic simulation and 
optimization computer models available for 
freeway operations analysis. The models are 
discussed according to the analysis approach 
used to represent traffic flow in each. First, 
the macroscopic models are described. 
Then, models that provide a microscopic 
analysis of freeway operations are reviewed. 
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Macroscopic Freeway 
Simulation/Optimization Models 

One of the principal advantages of most 
freeway simulation/optimization models is 
their incorporation of the time element into 
the analysis. Typically, this is accomplished 
by dividing the duration of analysis into 
incremental units, or "slices," of time over 
which traffic demands and freeway 
characteristics are approximately constant. 
The time slices are then analyzed 
sequentially to allow the traffic impacts of 
previous slices to be considered in the 
evaluation of the current time slice. In a 
similar manner, the spatial relationships 
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between various components on the freeway 
are specified by defining homogenous 
segments of freeway in the program and 
linking those segments together to form the 
freeway section of interest. These segments 
have uniform characteristics in terms of 
traffic demand, number of lanes, basic 
geometry, etc. 

A number of simulation and optimization 
models have been developed over the years 
to assist in the analysis of macroscopic 
traffic flow behavior on freeways. 
Characteristics of the three such programs 
that are most widely used are discussed 
below: 
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Table 2-6. Queuing Performance Equations for Freeway Lane Blockage. <14
) 

I Performance Measure I 
Time duration in queue, 

tQ (hr) 

Number of vehicles queued, 

N Q (vehicles) 

Maximum queue length, 

QM (vehicles) 

Average queue length while queue present, 

QA (vehicles) 

Maximum individual delay, 

dM (minutes) 

Average individual delay while queue 
present, 

dA (minutes) 

Total delay 

TD (vehicle-hours) 

A = the mean arrival flow rate (vph) 
µR = Capacity flow rate during incident (vph) 

• FREQ. 

• CORFLO. 

• QUEWZ-92. 
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Equation 

tR(µ - µR) 

µ - A 

ltQ 

tiA - µR) 

tR(A - µR) 

2 

60tR(A - µR) 

"' 
30tR(A - µR ) 

"' 
tRtQ(A - µR) 

2 

µ=Capacity flow rate (vph) 
tR == duration of incident (hrs) 

FREQ 

I 

FREQ is a macroscopic, analytic, 
deterministic, simulation and optimization 
program designed to evaluate freeway 
operations in a single direction of travel. 
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The program has been tested and validated 
extensively, and is widely used to evaluate 
the impacts of temporary freeway lane 
blockages, various freeway lane and ramp 
configurations, and high-occupancy vehicle 
treatments (dedicated lanes, priority 
treatments at entrance ramps).°5,16) FREQ 
can also develop optimized timing plans for 
ramp metering, based on one of several 
optimization objectives (e.g., maximize 
vehicle throughput, vehicle-kilometers of 
travel, passenger throughput, or passenger­
kilometers of travel). However, the program 
is not capable of evaluating freeway-to­
freeway interchange operations. 

Input data requirements for FREQ include 
the following characteristics for each 
freeway segment within the study section: 

• Segment length. 

• Number of travel lanes. 

• Grade. 

• Capacity. 

• Design speed. 

• Ramp configuration. 

• Ramp capacity. 

Traffic demand data required by FREQ are 
as follows: 

• Mainline volume entering the upstream 
end of the first freeway segment in 
section. 

• Mainline volume exiting the downstream 
end of the last freeway segment in 
section. 

• All entrance and exit volumes within the 
section being analyzed. 
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The major types of output of the FREQ 
analysis are listed below: 

• Freeway travel time (vehicle- and 
passenger-hours). 

• Ramp and freeway delays (vehicle- and 
passenger-hours). 

• Total travel time (vehicle- and 
passenger-hours). 

• Total travel distance (vehicle- and 
passenger-kilometers (miles)). 

• Speed and density contour maps. 

• Average speeds. 

• Fuel consumption. 

• Vehicle emissions by pollutant type. 

• Optimized ramp metering rates. 

CORFLO 

CORFLO is an FHW A-sponsored package 
of macroscopic, analytical, deterministic 
simulation models that allows the analyst to 
evaluate traffic operations on a freeway, a 
freeway corridor, or an entire roadway 
network. CORFLO consists of a freeway 
simulation model, FREFLO, an arterial street 
analysis tool, NETFLO, and a user­
equilibrium traffic assignment program, 
TRAFFIC. These programs have a common 
coding format that allows a unified, 
interactive analysis of combined freeway­
arterial street operations. 

The freeway component, FREFLO, is 
capable of evaluating freeway-to-freeway 
interchanges, or even an entire freeway 
network. The program is capable of 
simulating ramp metering impacts on 
operations, but is not capable of optimizing 



the metering rates. Temporary lane 
blockages and HOV treatments can also be 
evaluated using the FREFLO program.05

•
17l 

Data input requirements for FREFLO are 
similar to those for FREQ. These 
requirements are listed below: 

• Segment length. 

• Number of travel lanes for regular use 
and HOV operations. 

• Capacity. 

• Free-flow speed. 

• Ramp configuration. 

• Volumes entering at the upstream 
segment and at on-ramps. 

• Traffic volume exiting percentages at 
off-ramps. 

• Percentage of volumes which are trucks 
or carpools. 

The measures-of-effectiveness attainable 
from FREFLO are as follows: 

• Travel distance measures (vehicle and 
person trips, vehicle- and person­
kilometers [miles] traveled). 

• Travel time measures (vehicle- and 
person-minutes). 

• Average speed measures (vehicle- and 
person-kilometers per hour [miles per 
hour]). 

• Space mean speeds by vehicle type and 
lane type. 

• Lane density by vehicle type and lane 
type. 
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QUEWZ-92 

QUEWZ-92 (Queue and User Cost 
Evaluation of Work Zones) is a simple 
macroscopic, analytical, deterministic 
simulation program designed to evaluate the 
traffic impacts and additional road user costs 
of freeway work zone lane closures. The 
program can also determine acceptable times 
of the day when lane closures can be allowed 
without causing freeway queues to become 
too extensive.<15

•
18

l 

QUEWZ-92 relies on simplistic assumptions 
about the freeway segment being analyzed, 
treating the approach as a basic freeway 
segment. The data requirements of the 
program are listed below: 

• Configuration of the work zone (how 
many lanes are open, how many lanes 
are normally available, how long is the 
work zone section). 

• The schedule of the lane closure 
activities. 

• Hourly freeway traffic volumes 
approaching the lane closure. 

The output obtained from QUEWZ-92 
consists of hourly and cumulative estimates 
of the measures listed below: 

• Average speed through the work zone. 

• Average queue length if one exists. 

• Traffic volumes diverted because of 
excessive queuing. 

• Additional road user costs. 

Microscopic Freeway Simulation Models 

In cases where macroscopic models do not 
provide the measures needed to properly 
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analyze a freeway situation, or the 
assumptions about traffic behavior inherent 
in the macroscopic models do not represent 
the condition being evaluated, it may be 
necessary to utilize a microscopic freeway 
simulation model for the analysis. Generally 
speaking, such models are extremely data 
intensive and time-consuming to set up, 
debug, and use in an analysis. However, 
they are very powerful tools for assessing 
the impacts of more subtle changes in 
freeway geometrics and for evaluating 
complicated freeway sections such as at 
weaving areas with unusual geometrics. 

There are two main microscopic freeway 
simulation models available at the present 
time. These include FRESIM, an FHWA­
sponsored model that is designed to fit 
within the TRAF system of computer models 
that FHW A has developed, and 
INTEGRATION, a proprietary model 
developed in Canada that links the freeway 
and arterial street systems together in a 
single modeling structure. A third model, 
INTRAS, was also developed under FHW A 
sponsorship and has been used in past 
microscopic analyses of freeway operations. 
However, the more recent FRESIM model is 
intended to replace INTRAS. Consequently, 
that model is not discussed in detail. 

FRESIM 

FRESIM 1s a microscopic, analytical, 
stochastic freeway simulation model. 
FRESIM is capable of simulating freeway 
mainlanes, ramps, freeway-to-freeway 
connectors, variations in grade, horizontal 
curvature and superelevation, lane additions 
and drops, temporary lane blockages, 
acceleration or deceleration lanes, and 
auxiliary lanes. The model can also simulate 
freeway surveillance via loop detectors, one 
of three incident detection algorithms based 
on the loop detector data, and ramp 
metering operationsY91 However, the model 
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is not capable of optimizing these metering 
rates. Furthermore, the user has the ability 
to control very detailed driver characteristics 
such as the parameters of the lane-changing 
algorithm or the aggressiveness of the 
driving population (which affects the 
acceleration and deceleration rates and gap 
lengths that will be acceptable to drivers). 

FRESIM requires extensive input data in 
order to fully analyze a given freeway 
section. Fortunately, default values are 
provided for many of the input requirements. 
However, the analyst should understand 
what these default values represent and be 
able to adjust them to local conditions if 
warranted. The following is a list of the data 
that can be entered into FRESIM on a 
segment-by-segment basis: 

• Segment length and type (mainlane or 
ramp). 

• Number of through and auxiliary lanes. 

• Length of auxiliary lanes. 

• Grades and superelevation. 

• Pavement condition (dry, wet, asphalt, 
concrete). 

• Free-flow speed. 

• Average queue discharge headway. 

• Lanes that are restricted to trucks. 

• Turning/exiting percentages. 

• Loop detector locations and 
characteristics. 

• Incident characteristics ( effect of lane 
blockage on capacity, effect of 
rubbernecking on capacity, duration of 
incidents). 



• Location of lane additions or drops. 

• Ramp metering settings and operating 
type (fixed, demand/capacity, speed 
control, gap acceptance). 

• Traffic volumes entering and exiting the 
section. 

• Car-following sensitivity factors. 

• Pavement friction coefficients. 

• Lane-changing characteristics (rates of 
compliance to warning signs, acceptable 
gap sizes, speed of lane change, 
acceptable acceleration rates). 

• Operating characteristics by vehicle type. 

Categories of output statistics computed by 
FRESIM for each segment and for the entire 
section include the following: 

• Vehicles discharged from each segment. 

• Vehicles 
maneuvers. 

making turning/exiting 

• Average delay (actual travel time minus 
free-flow travel time) per vehicle. 

• Average time spent moving. 

• Average speed. 

• Number of lane changes. 

• Total travel distance (vehicle-kilometers 
[vehicle-miles]). 

• Volume. 

• Density. 

• Speed. 
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• Vehicle emissions. 

INTEGRATION 

INTEGRATION is also a microscopic, 
analytical, stochastic traffic simulation 
model. The major difference between 
INTEGRATION and FRESIM is that the 
former includes dynamic routing capabilities 
that can change the intended trip path of 
vehicles as they progress through the 
network, depending on current estimates of 
travel time on the available paths. The 
program developers see this model as a way 
of evaluating the effect of advanced 
technologies (particularly advanced traffic 
management systems and advanced traveler 
information systems) upon traffic operations 
in urban areas. The program has been tested 
on networks in both the United States and 
Canada, with favorable results.(20-

21 > 

Because the program models both freeway 
and arterial street segments within the 
analysis area, data requirements are fairly 
large. However, specific geometric details 
such as grades, superelevation, and 
pavement conditions are not modeled 
explicitly. Specific data items needed are 
listed below: 

• Segment length. 

• Number of "effective" through lanes. 

• Saturation flow rate per lane. 

• Free-flow speed. 

• Traffic signal characteristics for ramp 
meters and signalized intersections. 

• Loop detector locations and 
characteristics. 

• Incident characteristics (effect of lane 
blockage on capacity, effect of 
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rubbernecking on capacity, duration of 
incidents). 

• Zonal traffic origin-destination tables for 
each time period (work is underway to 
build these synthetically from freeway 
and ramp volumes). 

The output of the INTEGRATION model 
includes the following categories of 
statistics: 

• Trip times for each origin-destination 
pair (total and per vehicle). 

• Total trips entering the network. 

• Speeds on each segment. 

• Volume-to-capacity ratio for each 
segment. 

• Trip times on each segment (total and 
per vehicle). 

• Number of stops. 

• Queue sizes. 

• Fuel consumption. 

• Vehicle emissions. 

Strengths and Weaknesses of the 
Available Models 

Table 2-7 summarizes the strengths and 
weaknesses of each of the freeway 
simulation/optimization models discussed in 
this chapter. Generally speaking, the 
microscopic models offer more detailed 
analyses, but at the cost of more extensive 
data requirements. The inability to model 
freeway-to-freeway connectors is the major 
limitation of FREQ, whereas the FREFLO 
portion of the CORFLO computer package 
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does not collect environmental statistics on 
the freeway segments that are evaluated. 

QUEWZ-92 is a special-use tool appropriate 
only for the evaluation of alternative work 
zone lane closure alternatives. FRESIM 
does not offer the ability to model HOV 
lanes, nor can the influence of reduced lane 
widths be modeled. Finally, despite the 
microscopic analysis approach utilized by 
INTEGRATION, the model is not designed 
to offer detailed operational analyses of 
freeway geometrics. Rather, the model 
focuses attention on how operational control 
and driver information influence freeway and 
arterial street traffic conditions. 

FIELD MEASUREMENTS 

One way to quantify the magnitude of 
operational problems on freeways is through 
field studies. The following two types of 
field studies can be used to provide useful 
insight in identifying problem locations on a 
freeway and to identify methods for 
improving operations on the freeway. 

Travel Time and Delay Studies 

Travel time and delay studies can be used 
quantitatively for the following purposes, 
which can help identify and equate 
operational problems and solutions in a 
freeway management system:<22

i 

• Detennining the efficiency of a route 
with respect to its ability to carry traffic, 
and relative to other routes, through the 
use of sufficiency ratings or congestion 
indices. 

• Providing input to capacity analysis of 
roadway segments. 

• Identifying problem locations as 
indicated by delay. 
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Table 2-7. Strengths and Weaknesses of Freeway Traffic Simulation/Optimization Models. <12
l 

Macroscopic Models Microscopic Models 

FREQ CORFLO QUEWZ-92 FRESIM INTEGRATION 

Widespread Can explicitly model Simple to use Detailed analysis of Explicitly models freeway-
validation freeway-arterial Tailored to work geometrics are possible arterial street interface 

Easy to use street interface zone lane Can configure parameters to Can dynamically route 
Strengths Can optimize ramp Can simulate closure analysis local driver and vehicle vehicles to simulate real-

metering rates freeway-to- Computes road characteristics time motorist information 
freeway user costs Can simulate freeway-to- Can simulate freeway-to-
connectors directly freeway connectors freeway connectors 

Analysis limited to FREFLO does not Does not evaluate Does not model HOV lanes Detailed vehicle interactions 
one direction of provide fuel restricted lane Does not evaluate impact of and lane-changing 
a single consumption or widths only reduced lane widths behavior not explicitly 

Weaknesses 
freeway vehicle emission Applications Extensive geometric data modeled 

Does not model statistics limited to work requirements ( curvature, Extensive data requirements 
freeway-to- zone analyses superelevation rates, (i.e., zonal origin-
freeway grade) destination data) 
connectors 

Source: Adapted from Reference 11. 
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• Providing input to transportation 
planning models, trip assignment models, 
and route diversion models. 

• Providing input to economic analyses of 
alternatives. 

• Generating travel time contour maps. 

• Providing input to studies that evaluate 
trends in efficiency and level of service 
over time. 

There are several techniques available that 
can be used to conduct travel time and delay 
studies, including the following: 

• Test-car runs. 

• License-plate observations. 

• Toll-road electronic payment/automatic 
vehicle identification cards. 

• Observation of vehicles from vantage 
points. 

The reader is referred to ITE's Manual of 
Traffic Engineering Studies for specific 
details on how to perform travel time and 
delay studies. <22> 

Origin/Destination Volume Studies 

In a number of situations, simply knowing 
the number of vehicles at various locations is 
not sufficient to assess travel demands and 
patterns on the freeway system. Knowing 
where vehicles are coming from and where 
they are going is essential in many freeway 
applications. For example, simply counting 
the number of vehicles entering and exiting 
a certain ramp on the freeway does not 
provide the type of information that allows 
alternative routes and diversion strategies to 
be adequately planned and analyzed. For 
these applications, it is important to know 
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how many vehicles entering the freeway at a 
specific ramp exit at another ramp 
downstream. This type of information can 
be collected using origin/destination studies. 
Situations where origin/ destination 
information would be useful include the 
following: 

• Freeway interchanges. 

• Weaving areas. 

• Traffic at major activity centers. 

• Regional planning studies. 

There are a number of techniques that can be 
used to collect origin/destination information 
from travelers, including the following: 

• Light-on studies. 

• License-plate studies. 

• Post-card studies. 

• Interview studies. 

The reader is referred to ITE's Manual of 
Traffic Engineering Studies for specific 
details on how to use these techniques to 
collect origin/destination information. c23J 

2.4 LESSONS LEARNED 

SYSTEM MAINTENANCE 

System maintenance should be considered at 
all levels of the planning, design, and 
implementation process of the freeway 
management system. Without proper 
maintenance, the effectiveness of the system 
is significantly reduced. Equipment failures 
can lead to vehicle crashes that not only 
affect the overall level of congestion on the 
freeway system, but also expose the agency 



to liability concerns if the malfunction is not 
corrected in a timely manner. Inadequate 
maintenance also affects the ability of the 
control system to perform at an optimal 
level. Furthermore, inadequate maintenance 
can also reduce the service life of system 
components, leading to higher overall life­
cycle costs in the system. 

To be effective, a maintenance program must 
have the following elements:<5

) 

• Adequate staff of well-trained personnel. 

• Up-to-date documentation on all system 
components. 

• Adequate budget for spare parts and 
expendables. 

• A long-term commitment on the part of 
the agency to utilize the system to its full 
potential including keeping the system 
"up-to-date" on a continual basis. 

Ways in which maintenance can be 
supported during the design of the system 
include the following:<5

) 

• Specify modular components so that 
components can be swapped in the field 
and repairs handled in the shop, where 
they will not interfere with field 
operations. 

• Specify environmentally-hardened 
components that meet recognized 
standards. 

• Use standardized equipment makes and 
models to reduce the number of spare 
parts and different maintenance 
techniques. 

• Specify self-diagnostic capabilities. 
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_Specify transient protection (e.g., power 
surges and lightning) and equipment 
grounding. 

Locate components to minimize 
vulnerability to damage (e.g., 
knockdowns of field equipment). 

Provide for safe and convenient access 
to the hardware for maintenance 
personnel (e.g., will traffic lanes need to 

· be closed when variable message signs 
are being repaired or relamped, etc.). 

Types of Maintenance Requirements 

The maintenance of hardware elements in a 
system traditionally falls under the 
maintenance heading. In fact, there are three 
major types of maintenance activities that are 
performed in a freeway management 
system:(3l 

• Functional. 

• Hardware. 

• Software. 

Functional 

Traffic conditions, travel patterns, land-use 
patterns, and the political environment in 
many communities are continuously 
changing. Therefore, the control strategies 
and functions performed by a freeway 
management system need to be continuously 
reviewed, revised, and updated to keep pace 
with the change in operating environments. 
The types of activities included in this 
maintenance category include the following: 

• Relocating or repositioning system 
detectors and surveillance equipment. 

• Reconfiguring subsystems. 
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• Expanding the system to cover a greater 
geographic area. 

• Expanding the system to provide 
additional functionality. 

• Changing detection and/or control 
technologies to keep pace with 
technological changes. 

• Updating or improving control 
strategies. 

• Updating, rev1smg, and improving 
incident response plans. 

Hardware 

Hardware maintenance can be divided into 
three categories, each of which must be 
planned for in designing the system and 
accounted for in the preparation of annual 
operating budgets:(3) 

• Remedial. 

• Preventative. 

• Modification. 

Remedial maintenance refers to the type of 
maintenance activities performed to correct 
or replace malfunctioning or failed 
equipment. Because this type of 
maintenance activity includes maintenance 
performed on an emergency basis, it usually 
commands the highest priority. 

Preventative maintenance refers to those 
activities that are performed to keep 
equipment failures from occurring. 
Examples of the types of activities 
performed in this category include the 
following: 

• Relamping and cleaning of variable 
message signs, ramp meters, etc. 
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• Inspection of poles, foundations, and 
wiring. 

• Re-tuning of detectors. 

Good preventative maintenance begins with 
and depends upon proper installation, and 
proper installation requires thorough 
inspection and testing throughout the design 
and installation process.<5J System operators 
and maintainers should participate in the 
inspection process and acceptance testing. 
Such involvement is an excellent source of 
informal training and fosters a sense of 
ownership of the new system, essential 
ingredients to developing an effective 
maintenance program. 

System modification or reconstruction is 
of ten included as a maintenance item 
because, in many cases, maintenance 
personnel are used to implement the 
changes. Generally, system modification or 
reconstruction becomes necessary when the 
following situations occur: 

• A manufacturing or design flaw is 
identified. 

• Changes are 
performance 
equipment. 

needed to improve the 
characteristics of the 

Good maintenance practices require that 
hardware functions and specifications be 
well documented. Table 2-8 lists some of 
the items that should be included in the 
documentation of the hardware to support 
hardware maintenance activities. 

Software 

The maintenance of software is often 
overlooked in freeway management systems. 
Most computer software undergoes ( or 
should undergo) complete and extensive 
testing and debugging before it is accepted 



by the operating agency; however, because 
of the multitude of different possible 
computational combinations and operational 
circumstances, it is impossible to discover 
every flaw or bug during the testing and 
acceptance period. Additionally, as 
operators gain experience with the system, 
they often discover additional procedures or 
features that could improve operations. 
Agencies need to have a mechanism for 
making corrections and modifications to 
software after the initial warranty period has 
expired. 

Operating agencies must be committed to 
providing adequate funding and staffing 
resources to effectively maintain software. 
Traditionally, two mechanisms exist for 
maintaining system software: 

• In-house. 

• Maintenance contract. 

If an agency elects to maintain the software 
system in-house, it must provide a sufficient 
number of qualified staff to perform these 
functions. If software maintenance is to be 
performed in-house, most agencies devote 
one or more full-time positions solely to 
developing and maintaining system software. 
Many agencies use engineering staff that also 
happen to have the requisite software skills 
to maintain their system software.<22

> 

Because highly qualified programmers and 
software engineers are in great demand, 
agencies may find it difficult to attract and 
retain qualified programmers. In these 
situations, an agency can contract its 
software maintenance. Under this type of 
agreement, the contractor can correct any 
latent bugs and make minor enhancements 
based on the experience of the operations 
personnel.(5> Oftentimes, software 
maintenance can be accomplished over a 
phone link and modern. 
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One way software maintenance can be 
facilitated at the design and implementation 
phase of the system is through the adoption 
of coding standards.<24

l Coding standards 
should be adopted prior to beginning work 
on the system. The purpose of the coding 
standards is to ensure that programmers use 
the same style and format when developing 
their software. The coding standards are to 
be used by every programmer working on 
the system. Coding standards are important 
because many routines written by one 
programmer may be used by other 
programmers in developing their routines. 
Furthermore, since all the programmers use 
the same style, the overall package has a 
consistent "look and feel" about it. Coding 
standards also lead to better documentation 
and enforce good programming practices. 
All of these aspects of coding standards can 
save considerable time in the initial 
programming of the system, plus making it 
easier for unfamiliar programmers to make 
modifications and enhancements after the 
original programmers are no longer working 
on the system. 

Another way software maintenance can be 
fostered in the initial design and 
implementation phase is through good 
docurnentation.(24

l Documentation is one of 
the most valuable and yet variable 
deliverables associated with any software 
development effort. It can be very difficult 
to obtain the necessary level of detail when 
project funds run short and the programmers 
are disinterested in the documentation effort. 
Documentation standards should be 
established as a guide for both in-house and 
contract programmers. Table 2-9 lists some 
of the elements that should be submitted as 
part of the software documentation. 
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Table 2-8. Items to be Included in Hardware Documentation. <
5

) 

• General description - General description of the component. 

• Theory of operation - Detailed description of the operation of the component. 

• Normal operating procedure - Description of the procedure for the routine operations 
of the component, including normal operating characteristics, voltage levels, and 
waveforms measured at test points. 

• Parts list - Listing and identification of various parts of the component. 

• Schematic drawings - Complete and accurate electronic schematics that specify 
component interconnections, component values, voltage levels, and component 
locations. 

• Drawings of cabinet layouts, wiring diagrams, and lightning protection. Wiring and 
cabling lists describing interconnection of all plugs, chassis, and other components. In 
addition, they must identify wire type, size, and color code. They should also identify 
connector type, pin numbers or terminal strip numbers, and test points. 

• Mechanical details - Equipment layouts, physical dimensions, access points, and test 
point locations. 

• Power supply cabling - A description of the power supply, the power distribution 
system, and the characteristics of the power supply. The power source and all 
protective devices in the power system must also be described. 

• Environmental controls - Power, heating, cooling, and humidifying. 

• Descriptions of all preventative maintenance activities for all system components (e.g., 
computer, communications units, controllers, etc.). This information must include both 
the procedures and the frequency with which these activities are to be performed. 

• Description of emergency maintenance trouble-shooting and diagnostic procedures. 
This documentation begins with a list of symptoms and proceeds through a series of 
analyses until the most common cause of the symptom is identified. 

• A recommended set of spares and test equipment to be purchased by the local agency or 
supplied under the contract. 

• Instructions on the use of computer diagnostic software furnished by the computer 
manufacturers for evaluation of the computer and peripheral equipment operation. 
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MARKETING SYSTEMS 

The importance of marketing freeway 
management systems should not be 
overlooked. Public acceptance and 
cooperation are essential to achieving the 
goals and objectives of a freeway 
management system. Without public 
acceptance and support, an agency will find 
it difficult, if not impossible, to maintain a 
secure and stable political support and 
funding base for operating and maintaining a 
freeway management system. Marketing the 
system - highlighting what it does and how 
it will directl:y benefit the traveling public -
is crucial to building public support and 
acceptance. 

Target Audiences 

Transportation agencies should develop a 
plan for marketing their freeway 
management system. The market plan 
should address how the system will be 
marketed to the following four target 
audiences:<26

) 

• The operating agency itself. 

• Other agencies that are affected by the 
system. 

• Important public and elected officials. 

• The general public and users of the 
system. 

Operating Agency 

A freeway management system will not be 
successful or effective without strong 
support from those individuals who will be 
funding, operating, and maintaining the 
system. Decision-makers within the agency 
need to be aware of the costs and benefits of 
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the system and where the freeway 
management system fits into the overall 
future of the organization as a whole.<25) 

Often, these decision-makers can be 
converted to being champions for the 
system. Marketing strategies need to be 
employed internally within an organization 
so that champions can be identified, and 
pride and ownership in the system can be 
developed. 

Affected Agencies 

The marketing plan should also include those 
agencies that are not directly responsible for 
but directly affected by a freeway 
management system. Examples of affected 
agencies that should be addressed in a 
marketing campaign include the following: 

• Law enforcement agencies. 

• Emergency service providers. 

• Local and regional transportation 
agencies. 

• Transit providers. 

These agencies are concerned primarily with 
how the system will affect their operations. 
Law enforcement agencies will want to 
know whether the system will require 
additional enforcement emphasis, reduce 
their enforcement burden, or have no effect 
on their service. Emergency service 
providers will want to know whether the 
system will enhance or hinder their response 
time and access to facilities. Local 
transportation agencies and transit providers 
will want to know whether the system will 
increase or decrease the demands on their 
systems.(25

) A marketing strategy should be 
developed that addresses these concerns. 
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Table 2-9. Elements of Software Documentation. <5J 

• Source listings of the programs. These listings must be well-annotated to describe 
input/output, variables, purpose of subroutines, other lower level subroutines called. 

• Flowcharts or HIPO's indicating the processing steps taken by every functional 
grouping of instructions. The flowcharts should be keyed to the software listings using 
instruction addresses and subroutine names. Each flowchart must be preceded by a 
functional description of the subroutine's purpose, storage requirements, and execution 
time. 

• Descriptive discussion of each routine and subroutine in the application program and the 
database update program. 

• Lists that define every variable used in the software. These definitions must include 
variable name, its purpose, structure, and a list of the routines in which it is used. 

• Maps showing the layouts of data and programs within the computers and storage 
facilities. 

• A summary of system timing, including average execution times of all routines and 
average execution times of each priority level. 

• All computer inputs and outputs, including addresses, command structures, data transfer 
rates, source/destination equipment, and printer and CRT formats. 

• Backup and disk-resident copies of the source programs, along with hard-copy listings. 

Elected Officials 

Elected officials are primarily interested in 
cost-effective systems that support the goals 
of their jurisdiction or district. They are 
interested in secondary effects of 
technologically advanced systems, such as 
the effects on the environment, privacy, and 
land use. They are also interested in the 
views of constituents, and whether the 
systems will be perceived as having a 
positive or negative impact on their 
constituency. To enable the system to be 
effectively marketed to elected officials, the 
information about the system should be 
concise and easy to understand. <25

) 
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General Public 

The ultimate success of any advanced 
transportation system depends on the 
perceptions of the users of the system. If the 
general public does not see benefits that 
outweigh any perceived costs or 
disadvantages, the system will not be 
successful, even if there are positive benefits 
being achieved by the system. It is critical 
that public agencies remember that the 
ultimate customers of the system are the 
people who will be traveling on the freeway. 
The marketing campaign should illustrate 
how these travelers will directly benefit from 
the system.<25) 



Marketing Strategies 

There are numerous methods available for 
marketing freeway management systems. 
Determining which is the most appropriate 
and effective method depends on the target. 
Strategies commonly employed to market 
freeway management systems included the 
following: 

• Logos. 

• Brochures. 

• Slide shows/videos. 

• Meetings with agency boards, citizen 
advisory committees, and operating 
staffs. 

• Meetings with community groups, 
professional organizations, high schools, 
college groups, employers, etc. 
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• Workshops and meetings with City 
Council members, public works 
departments, and transportation advisory 
committees. 

• Press releases and media events. 

• Displays and billboards. 

• Newsletters and fact sheets. 

• Internet home pages. 

• Tours and site visits. 

Table 2-10 lists some of the key items to be 
remembered and included in developing a 
marketing plan for freeway management 
systems. 
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Table 2-10. Guidelines for Developing a Marketing Plan for 
Freeway Management Systems. (Z7l 

• While it is critical and necessary to involve members of operating and affected agencies early in the 
marketing of the system, be careful about involving the public too early. Very early involvement of the 
public can lead to high and unrealistic expectations. 

• Identify the target audiences in the beginning stages of the program. Have a clear understanding of what it is 
the audience is supposed to get from the media campaign and how they are likely to respond to having 
knowledge of the system. 

• A good marketing plan supports the strategic plan for project implementation. The marketing plan should 
support the goals and expectations of the project and clearly convey them to the target audiences. 

• Do not overexaggerate the impact the system will have on the transportation system. Encouraging high 
expectations may lead to disappointment and the immediate loss of public trust. Moderate goals are most 
appropriate when implementing new technologies. Do not let the public believe that the system will solve 
all their transportation problems. 

• Keep communications as open and honest as possible throughout the program implementation. If something 
goes wrong, let the public know what happened in terms they can understand. Chances are the public will 
appreciate the explanation and understand the circumstances, and will be more likely to give you the benefit 
of the doubt if other problems arise. 

• If you do not have the qualified staff to develop a marketing plan, hire an outside firm that is familiar with 
transportation projects to assist you. Human behavior is an unpredictable phenomenon. It may be beneficial 
to consult with individuals who are experienced with dealing with the public in formulating your marketing 
plan. 

• When promoting the system, whether verbally, visually, or in written form, use terms that are understandable 
and tangible to the general public. Highlight the positive aspects of the system. For example, indicate that 
the ramp metering system is intended to maintain speed above 40 mph on the freeway. Take car to mak the 
wording direct so that it cannot be misinterpreted easily. 

• Have something to show. A tangible product is easier to relate to than a drawing or report. The public will 
be able to see how it works and the benefits that can be derived. They want to see it, not just hear about it. 

• Throughout the implementation of the system, survey user needs to determine whether the needs of the 
public are being met. If not, adjust the program accordingly. Monitoring of user acceptance and attitudes 
should continue after the system has been implemented to ensure that it is working as planned. 
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APPENDIX A: SUBCHAPTER G - ENGINEERING AND 
TRAFFIC OPERATIONS 

PART 655 - TRAFFIC OPERATIONS 

Subpart D - Traffic Surveillance and Control 
Sec. 655.401 Purpose. 

655.403 Traffic surveillance and control systems. 
655.405 Policy. 
655.407 Eligibility 
655.409 Traffic engineering analysis. 
655.411 Project administration. 

Subpart E - [Reserved] 

Authority: 23 U.S.C. lOl(a), 104, 105, 109(d), 114(a), 135, 217, 307, 315, and 402(a); 
23 CPR 1.32 and 1204.4; and 48 CPR l.48(b). 

Source: 49 FR 8436, Mar. 7, 1984, unless otherwise noted. 

Sec. 655.401 Purpose. 

The purpose of this regulation is to provide policies and procedures relating to Federal-aid 
requirements of traffic surveillance and control system projects. 

Sec. 655.403 Traffic surveillance and control systems. 

(a) A traffic surveillance and control system is an array of human, institutional, hardware 
and software components designed to monitor and control traffic, and to manage 
transportation on streets and highways and thereby improve transportation 
performance, safety, and fuel efficiency. 

(b) Systems may have various degrees of sophistication. Examples include, but are not 
limited to, the following systems: traffic signal control, freeway surveillance and 
control, and highway advisory radio, reversible lane control, tunnel and bridge 
control, adverse weather advisory, remote control of movable bridges, and priority 
lane control. 

(c) Systems start-up is the process necessary to assure the surveillance and control 
project operates effectively. The start-up process is accomplished in a limited time 
period immediately after the system is functioning and consists of activities to achieve 
optimal performance. These activities include evaluation of the hardware, software 
and system performance on traffic; completion and updating of basic data needed to 
operate the system; and any modifications or corrections needed to improve system 
performance. 
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Sec. 655.405 Policy. 

Implementation and efficient utilization of traffic surveillance and control systems are 
essential to optimize transportation systems efficiency, fuel conservation, safety, and 
environmental quality. 

Sec. 655.407 Eligibility. 

Traffic surveillance and control system projects are an integral part of Federal-aid highway 
construction and all phases of these projects are eligible for funding with appropriate Federal-aid 
highway funds. The degree of sophistication of any system must be in scale with needs and with 
the availability of personnel and budget resources to operate and maintain the system. 

Sec.655.409 Traffic engineering analysis. 

Traffic surveillance and control system projects shall be based on a traffic engineering 
analysis. The analysis should be on a scale commensurate with the project scope. The basic 
elements of the analysis are: 

(a) Preliminary analysis. The Preliminary Traffic Engineering Analysis should determine: 
The area to be controlled; transportation characteristics; objectives of the system; 
existing systems resources (including communications); existing personnel and budget 
resources for the maintenance and operations of the system. 

(b) Alternative systems analysis. Alternative systems should be analyzed as applicable. 
For the alternatives considered, the analysis should encompass incremental initial 
costs; required maintenance and operating budget and personnel resources; and 
expected benefits. Improved use of existing resources, as applicable, should be 
considered also. 

(c) Procurement and system start-up analysis. Procurement and system start-up methods 
should be considered in the analysis. Federal-aid laws, regulations, policies, and 
procedures provide considerable flexibility to accommodate the special needs of 
systems procurement. 

( d) Special features analysis. Unique or special features including special components and 
functions (such as emergency vehicle priority control, redundant hardware, closed 
circuit television, etc.) should be specifically evaluated in relation to the objectives of 
the system and incremental initial costs, operating costs, and resource requirements. 

(e) Analysis of laws and ordinances. Existing traffic laws, ordinances, and regulations 
relevant to the effective operation of the proposed system shall be reviewed to ensure 
compatibility. 
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(f) Operations plan. The fmal element in the traffic engineering analysis shall be an 
operations plan. It shall include needed legislation, systems design, procurement 
methods, construction management procedures including acceptance testing, system 
start-up plan, operation and maintenance plan. It shall include necessary institutional 
arrangements and the dedication of needed personnel and budget resources required 
for the proposed system. 

(Approved by the Office of Management and Budget under control number 2125-0512) 

Sec. 655.411 Project administration. 

1. 

(a) Prior to authorization of Federal-aid highway funds for construction, there. should be 
a commitment to the operations plan (see Sec.655.409 (f)). 

(b) The plans, specifications, and estimates submittal shall include a total system 
acceptance plan. 

(c) Project approval actions are delegated to the Division Administrator. Approval 
actions for traffic surveillance and control system projects costing over $1,000,000 
are subject to review by the Regional Administrator prior to approval of plans, 
specifications, and estimates. 

(d) System start-up is an integral part of a surveillance and control project. 

(1) Costs for system start-up, over and above those attributable to routine 
maintenance and operation, are eligible for Federal-aid funding. 

(2) Final project acceptance should not occur until after completion of the start-up phase. 

ELIGIBILITY OF POLICE ENFORCEMENT AND SURVEILLANCE ACTIVITIES 
IN TRAFFIC MANAGEMENT DURING MAJOR HIGHWAY RECONSTRUCTION 
(23 CFR 655.403) 

a. In December 1986, the Washington Headquarters office provided guidance on 
traffic management actions that may be eligible for Federal-aid (FA) funding 
during major highway reconstruction. See NS 23 CFR 655A, paragraph 1, for 
activities discussed involving police surveillance and enforcement necessary to 
mitigate congestion and/or improve the safety of motorists and workers within the 
highway corridor. General guidance for these particular activities are contained 
in 23 CFR 655A, Traffic Operations Improvement Programs (TOPICS), and 23 
CFR 655D, Traffic Surveillance and Control. 

b. Police surveillance and enforcement activities are often essential to safety and 
efficient traffic operations during major highway reconstruction. To avoid any 
possible misunderstanding, this supplement is intended to further define FHW A's 
policy regarding the eligibility of FA funding. The following criteria are provided. 
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(1) Police enforcement and surveillance activities that normally would be 
expected in and around highway problem areas requiring management of 
traffic are not eligible for Federal-aid funding. 

(2) On projects where normal police enforcement and surveillance practices 
within construction zones may not be adequate, the traffic management 
plan should address the appropriate extra police activities required. 

(3) The primary purpose of extra police enforcement and surveillance 
activities must be to control traffic in order to maintain safe travel and 
efficient operations throughout the highway corridor. 

( 4) The State and FHW A division office must agree that extra police activities 
would be an effective and appropriate means to maintain safe and efficient 
travel and adequately protect workers. The traffic management plan 
should set forth the justification and details of the proposed activities. 
The costs of extra police enforcement and surveillance activities 
documented in the approved traffic management plan are eligible for 
Federal-aid reimbursement. 

(5) Extra police activities should not be limited to passive monitoring and 
could also include appropriate positive guidance of traffic and enforce­
ment of regulations. 

2. IMPLEMENTATION PLAN GUIDANCE (23 CFR 655.409) 

a. An Operations Plan is the final element of a traffic engineering analysis according 
to 23 Code of Federal Regulations (CFR) 655.409(f). Since an operations plan 
covers such a wide range of activities both prior to and after construction such as 
system design, procurement, personnel, operations and maintenance, the name 
"Operations Plan" is being changed to "Implementation Plan" to more 
accurately reflect its contents. The name change is being made in the CFR and 
will be used throughout the remainder of this guidance. The following is issued 
to provide State and other agencies, which are utilizing Federal funds, guidance 
traffic control systems, ensure adequate planning by the sponsoring agency, and 
commit the sponsoring agency to use Federal funds efficiently. 

b. Implementation plans are required both for new traffic control systems, as well 
as expansions of existing systems, which use Federal funds and are encouraged 
for those systems which do not use Federal funds. Traffic control systems are 
defined as systems which contain elements to monitor, guide, control, and/or 
process forms of traffic along the surface streets and/or freeways. Implementation 
plans can be for individual projects (i.e. stand-alone), or as a part of a larger 
system. For expansion projects, if an implementation plan had not previously 
been prepared, one must be prepared and include the expansion as well. The 
plan should be completed prior to authorization of construction. This will ensure 
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that the system is designed, built, operated, and maintained so that it accomplishes 
its purpose in the most efficient manner possible, considering petformance, cost, 
and schedule. Too often in the past, plans were developed after the system was 
operational and did not include the design approach and other information which 
should have previously been addressed and documented. 

c. An implementation plan need not be a legal document; however, if it is to be 
effective, it must carry the weight of a memorandum of agreement 
(understanding) and should be signed by the head of the operating agency, State 
highway official, and Federal Highway Division Administrator, or their designates. 

d. Before the guidance is explained, a few words need to be mentioned in regards to 
conformity and the planning process. Transportation Improvement Programs 
(TIPs) and Statewide Improvement Plans (STIPs) are area wide programs, while 
implementation plans are project specific. Hence, projects for which 
implementation plans are being developed have already been approved in the 
related TIPs and STIPs and the related conformity and management systems 
issues have been addressed. In non-attainment areas, the traffic control system 
being proposed for implementation must be consistent with what was proposed 
in a conforming transportation plan. If the traffic control system deviates from 
that design concept and scope, it may trigger a new confonnity determination. 

e. The following sections correspond to the implementation plan requirements 
listed in 23 CFR 655.409 (f) and provide discussion for each. The level of detail 
of the implementation plan will depend on the type and size of the system. Since 
some of the items required in an implementation plan will have been covered in 
other contract documents and other elements of the traffic engineering analysis 
(23 CFR 655.409), these items may be summarized and referenced in the plan. 

(1) Legislation. This section includes the legal considerations, if any, for the 
project. Existing laws, regulations, and policies affecting the project need 
to be reviewed and assessed. In addition, State or local legislative 
changes such as authority for metering and HOV facilities, enforcement 
authority, and roadway clearance policies should be addressed if 
applicable to the project. Also, the operating procedures for the system 
may need to be defined to be sure that there are no potential legal 
problems. 

(2) System design. A system contains elements which may monitor, guide, 
control, and/or process forms of traffic along the surface streets and/or 
freeways. System design consists of taking the recommendations from 
the planning phase, converting those needs into hardware/software 
requirements, and formulating the equipment needs into contract 
documents. The system design may be based on off-the-shelf, 
customized, or experimental technologies. Actual systems vary greatly in 
practice. For example, a system may contain several like devices such as 
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an expansion of a traffic signal system, or it may consist of a traffic 
management center and its associated hardware/software. For the 
purpose of this guidance, system operation and maintenance must be the 
responsibility of a public agency. The conduct of the system operation 
and maintenance may be carried out either by (1) the public agency (2) 
contract, or (3) franchise operation. An implementation plan should 
include the following elements for the system design portion: 

(a) System Designer: Depending upon the complexity of the system 
and in-house expertise, consultant services are usually needed to 
design a system. The designer needs to be identified in order to 
resolve any conflicts. 

(b) System Design Life: The functional operating life of the system 
should be identified. The design life and the costs can be used to 
perform an economic analysis to identify the return on their 
investment. The system design life will be helpful for a Life-Cycle 
Cost Analysis (LCCA). 

(c) System Coverage: This should address the area that the system 
covers. The coverage related to the future expansibility of the 
system should also be addressed. Ideally, the expansibility should 
be commensurate with the system's design life. 

(d) System Design and Operations/Maintenance Philosophies: System 
operations philosophies have a significant impact on the system 
design. For example, system operations centers that are staffed 
only during rush hours do not require kitchen and/or shower 
facilities. However, operations centers that are staffed during the 
majority of the day, especially during special events and inclement 
weather, do require extra amenities. Ideally, system operations 
and maintenance functions, as well as facilities, should be close to 
each other to facilitate coordination. 

(e) System Architecture: A discussion of the overall system 
architecture (i.e. central, distributed, or hybrid) should be 
addressed. 

(f) Integration with Other Functions: Ideally, consideration should be 
given to integrating a traffic control system with other systems to 
provide for data base exchange and other strategies so that the 
entire metropolitan area is covered and coordinated. 

(g) System Components and Functions: Hardware components 
needed to perform system functions such as, surveillance, control, 
and coordination should be identified. 
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(h) Communication Subsystem Design Approach: Typically, the 
communication portion of the system, because of the necessary 
redundancy, represents a large portion of the system budget. 
Great care should be given to the subsystem design approach. An 
economic analysis of the design approach, should be a key 
consideration. 

(i) Traffic Operations Center Design Features: The design of a 
control center is largely dependent upon the agency's operating 
philosophies (time of operation, special event operation, tour 
accessibility; media facilities etc.) The size of the system will also 
affect the design (As an example, agencies utilizing large numbers 
of closed circuit television (CCTV) will need more space for wall 
monitors.) 

G) Project Phasing/Scheduling: A formalized tracking system should 
be used to manage the project. Many common methods utilize 
critical path analysis. Depending upon the approach used, these 
management tools don't necessarily have to be developed during 
the design phase but should be in place prior to any construction 
scheduling. 

(k) Design Review: The system design is reviewed and the problems 
and concerns are addressed and documented. (The system design 
should be checked for consistency with the statewide and 
metropolitan plans, if applicable.) 

(3) Procurement methods. An important element of the implementation plan 
is the method used for procuring and implementing the system (23 CPR 
172). Regardless of the method used, the implementation plan should 
include the following procurement related items: (l)Method, 
(2) Schedule, and (3)Funding. A brief description of common procurement 
methods follows: 

(a) Sole-Source - a single manufacturer's specifications are openly 
used, or they serve as the basis for contract negotiations between 
the owner and the supplier. The contract is then awarded without 
competition. Sole-source contracts can be used in Federal-aid 
projects, but only if there has been a finding that it is more cost­
effective than a competitive low-bid process. This method is most 
common for system expansions. 

(b) Engineer/Contractor (turn-key) - an engineer prepares a single set 
of contract documents (i.e., plans, specifications, and estimates 
(PS&E) for the proposed system), the contract documents go 
through the procurement channels, and the contract is awarded to 
the lowest responsive bidder. The winning contractor is 
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responsible for providing a complete and fully operational system, 
including furnishing and installing all hardware/software, system 
integration efforts, and training and documentation. This method 
is the traditional low-bid process. However, there may be some 
significant potential problems with this method as it relates to 
traffic control systems: No single contractor may process the 
necessary experience and qualifications to perform all of the work; 
administering multiple layers of subcontractors and suppliers is 
difficult; and the prime contractor may not have sufficient 
knowledge of some of the elements of a traffic control system to 
select appropriate or qualified subcontractors. 

(c) Two-Step Engineer/Contractor - in the first step, the plans and 
functional specifications, along with a Request for Proposals 
(RFP), are submitted to contractors. The submitted proposals are 
evaluated and the qualified proposals go to the second step. In 
the second step, a formal request for bid is issued. From this point 
on, the standard bid/award process of the engineer/contractor 
approach is used. 

(d) Systems Manager - instead of a single turn-key contract in which 
all of the work is outlined, several contracts for the various 
subsystems are prepared. The agency's normal procurement 
process is utilized to obtain the equipment, but the systems 
manager administers the contracts and is responsible for 
integrating the various subsystems into an operating system. 

(e) Design/Build- this concept involves awarding a single contract to 
provide for both the design and construction of a project. For 
certain circumstances, design/build has the potential for improving 
the contracting process by allowing contractors the maximum 
flexibility in the selection of innovative designs, materials, and 
construction techniques. Under current statutes and regulations, 
the design/build concept is a viable option for Federal-aid highway 
projects, as long as the following requirements are met: 

1 The contracts are awarded following competitive bidding 
procedures; 

2. If a warranty requirement is included, the period of 
coverage should only be sufficient in length (i.e., 1 - 5 
years) to allow defects in materials and workmanship to 
become evident. Ordinary wear and tear, damage caused 
by others, and routing service maintenance should remain 
the responsibility of the State; and 
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J Federal-aid projects which provide for evaluation of either 
the design/build or warranty concepts must be approved, 
under Special Experimental Project No. 14 (SEP 14), by 
FHWA Headquarters Office of Engineering (HNG-22), 
prior to project approval. 

( 4) Construction management procedures. Procedures which will be used for 
the particular system should be specified in the implementation plan. 
Construction management procedures provide the necessary framework 
for coordinating construction and installation activities to ensure the 
system is built in accordance with the contract documents. 
Implementation plan construction management procedures that can be 
addressed include, but are not limited to: 

(a) Division of Responsibilities (identifying who is involved and their 
associated responsibilities). 

(b) Scheduling and establishing mileposts ( developing a construction 
schedule to keep track of system installation). This will also 
ensure a mechanism for monitoring progress, cost, and quality 
assurance. 

(c) Conflict Mitigation (developing a procedure or mechanism for 
resolving contract disputes). 

(d) Coordination with other projects (defining project's relationship 
with other projects). 

(5) System start-up plan. Integration is the "glue" that binds components 
together to form the system. Components are physically tied based on 
interfaces defined by the system architecture and tests are performed to 
verify and validate whether or not system requirements are met. 
Verification of a component or subsystem determines if the components 
or subsystems are interfaced as per design and are working properly. 
Validation consists of ensuring (through acceptance tests) that all 
interfaced components or subsystems meet system requirements. 
Software coding and database development are also important elements 
of this phase. The start-up process is typically performed in a limited time 
period immediately after system integration. A start-up plan is necessary 
to document the validation process (software and system evaluation). An 
implementation plan should include, but is not limited to, the following: 

(a) Software acceptance tests (responsibilities of those involved, test 
procedures, equipment involved, test criteria, verification of 
specific software features, methods to correct errors, etc.); 
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(b) System acceptance tests (responsibilities of those involved, test 
procedures, equipment involved, test criteria, verification that 
system performs required functions, methods to correct errors, 
final acceptance, etc.); 

(c) Partial acceptance (provisions for accepting a partially completed 
system); 

(d) Documentation (detailed documentation pertaining to hardware 
and software should be discussed as well as references to 
operating manuals for the system); 

( e) Transition from old to new control (procedures for transitioning 
from a previously functioning system to a system with new 
features and functions); 

(f) Operational support and warranty period (provisions for initial or 
continuing operational support and a system warranty period). 
Federal regulations on guaranty and warranty clauses are defined 
in 23 CFR 635.413; 

(g) Training (provided to system operators and maintenance 
technicians prior to system acceptance); 

(h) Coordination with the media is very important and should be 
included in the system start-up plan. Public support is critical to 
the success and ongoing operations of the system. 

(6) Operations and maintenance plan. Traffic control systems require active 
management to be effective, including periodic reassessment of the control 
strategies used. In order to have a system that is operated and maintained 
properly, there must be a staff and budget commitment by the operating 
agency. The resources required to effectively operate and maintain a 
traffic control system may represent a significant continuing investment, 
particularly if the agency responsible for the system is relatively small or 
is implementing a traffic control system for the first time. The process of 
defining system operations and maintenance activities during the 
preparation of the implementation plan can expose these issues and allow 
time for their resolution prior to system implementation. The operations 
and maintenance plan may include a section for evaluation and applicable 
maintenance policies: 

(a) Evaluation. Federal-aid highway funds may be used for evaluation 
activities (23 CFR 655.403 (c) (Systems Start-Up); (23 
U.S.C.307 (c) (I) (e) (State Planning and Research); 23 U.S.C. 
133 (b)(6) (Surface Transportation Program); and 23 U.S.C. 103 
(i) (8) (National Highway System). A comprehensive evaluation 
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of a traffic control system detennines if the system meets the goals 
and objectives established for it. A formal evaluation is 
recommended at appropriate stages. The evaluation should be 
completed as soon after the implementation of the system as 
possible, after traffic patterns have stabilized. Regular system re­
evaluating should subsequently be planned every few years arid 
should be executed by the operations and maintenance personnel. 
Key evaluation issues to be described in the implementation plan 
include: 

1 The system evaluator (Preferably, this should be an 
independent third party, not the system installer.) The 
system evaluator should be selected prior to the 
implementation of the system in order to properly perform 
the evaluation. 

2 The method of evaluation (This should also include time 
period for evaluation.) 

3. The cost of evaluation. 

(b) Maintenance Plans. Development of maintenance plans cannot be 
performed by designers alone. Maintenance persons must be 
consulted. In addition, a system may require a higher and more 
responsive degree of maintenance than an agency may be 
accustomed to. Some agencies may choose to use contract 
maintenance as opposed to in-house staff. Whatever method of 
maintenance is selected, the following implementation plan issues 
will help the operating agency to determine the necessary 
maintenance resources (budget and staff) : 

1 Maintenance policies for preventative maintenance, system 
malfunctions (response times), etc. There should be a 
documentation of the policies, possibly as an attachment. 

2 Formal maintenance management programs (software and 
hardware agreements with the developers). There should 
be a documentation of the programs, possibly as an 
attachment. 

3. Initial inventory of spare parts and all necessary test 
equipment. 

~ Training in providing limited maintenance to software and 
equipment. 
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(7) Institutional arrangements. Nearly all projects involve numerous 
organizations and multiple levels of government, all of which approach the 
project from various perspectives. However, the institutional aspects of 
a system are likely to be even more complex because of the additional 
governmental entities and organizations (e.g., FHWA, regional 
organizations, State and local governments, traffic engineering 
departments, MPOs, fire, police, transit, private sector groups, media 
utility companies, etc.) which are typically involved. The complex mix of 
governmental and private sector interests has the potential for difficulties: 
overlapping responsibilities, lack of understanding, and conflicting 
priorities and policies. To avoid these problems, it is important that close 
coordination be established during the early stages of planning. This will 
permit the various agencies to develop a better understanding of the 
system alternatives and the recommended system's features and functions; 
to identify overlapping responsibilities and determine which agency will 
take the lead in various areas; and to work harmoniously so that each 
agency can better fulfill its role. Developing a good, early working 
relationship with each involved organization and then maintaining this 
cooperation throughout the system process will help ensure that the 
system effectively meets the needs and expectations of each agency. An 
implementation plan should include, but is not limited to, the following 
institutional arrangement issues: 

(a) A contact person/object liaison within each organization should be 
identified. 

(b) Delineation of organizational responsibilities and the lead 
organization for the various elements of the system. 

(c) Provisions for periodic project updates to be given to upper 
management to keep them informed. 

( d) Utility arrangements. 

(e) Written cooperative agreements for: personnel-sharing, cost­
sharing, metering, traffic diversion, etc. 

(f) Consideration should be given to the formation of an "Advisory 
Committee" which will meet to discuss and resolve system issues 
and to acquaint participants with the overall project goals, 
schedule, and work plan. All agencies involved in the project 
should be represented on this committee and should be involved 
throughout the entire project. 

(8) Personnel and budget resources. Staffing for operations and maintenance 
of systems is a function of system complexity, hours of operation, and 
activities supported by the system. Ideally, staffing responsibility for 
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operating and maintaining the system should be integrated into the 
operating agency's existing organizational structure. It is understood that 
institutional agreements may need to be developed for personnel/cost­
sharing purposes. The following personnel and budget items, as a 
minimum, should be addressed: 

(a) Staffing plan (listing of the job functions supported by the system 
and the number of persons who fulfill those functions). 

(b) If shifts are to be used, the number of persons and their functions 
per shift. 

(c) Contract operations staff agreement (if used). 

(d) Provisions for training new staff on the system. 

(e) Sources of budgetary resources, including Federal, and their 
committed contributions. 

(f) Estimates of annual expenses by category (operations, 
maintenance) 

(g) The last page should have a section for the signatures of the head 
of the operating agency, head of the State highway agency, and 
FHW A Division Administrator or their designates. This 
concurrence ensures that the necessary agencies are committed to 
the implementation plan. 
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MODULE 3. SURVEILLANCE 

Figure 3-1. Closed-Circuit Television Camera. 

3.1 INTRODUCTION 

In a traffic management system, the 
surveillance component is the process in 
which data is collected in the field. This data 
is used to supply information about 
conditions in the field to other system 
components. Surveillance provides the 
information needed to perform the following 
functions: 

• Measure traffic and environmental 
conditions. 

• Make control decisions. 

• Monitor system performance. 

Surveillance is intended to provide support 
for other elements in the system (e.g., 
incident detection, information 
dissemination, ramp metering, etc.), not to 
drive the decisions about what system 
elements should be included. In other 
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words, the goals and objectives of a 
surveillance system should be defined first, 
and then the system should be designed to 
meet these goals and objectives. A common 
mistake to be avoided is to first install a 
surveillance system, then ask the question 
"What can this system do for me?". It is 
essential to determine what system elements 
are to be supported before selecting and 
designing a surveillance system. 

MODULE OBJECTIVES 

The objectives of this module are as follows: 

• Provide insight into the issues associated 
with planning, designing, installing, 
operating, and maintaining a surveillance 
system. 

• Provide a summary and description of 
available and emerging surveillance 
technologies. 
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MODULE SCOPE 

The intent of this module is to help 
engineers/planners in the decision process 
involved in implementing an appropriate 
surveillance system. Included in this module 
are a description of the decision process, a 
summary of the components of a surveillance 
system, a discussion of available and 
emerging surveiJlance technologies, and 
examples of existing traffic management 
centers that are using various surveillance 
technologies. In addition, special issues such 
as privacy concerns and spacing 
requirements for sensors are addressed. 

3.2 DESIGN PROCESS 

This section describes the process for 
planning, designing, and installing a 
surveillance system. Issues associated with 
operations and maintenance are also 
addressed. The focus of this section is on 
the decision process involved in 
implementing a surveillance system using a 
systems engineering approach. Instead of 
focusing on technological solutions to 
perceived problems, the system engineering 
approach described in this section involves 
identifying user needs and system 
requirements first, and then designing a 
system to meet these needs and 
requirements. 

PROBLEM IDENTIFICATION 

The first step in the decision process is to 
identify the problems to be addressed by the 
system. Issues that should be addressed in 
the problem identification stage include the 
following: 

• Identifying and locating operational 
deficiencies. 
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• Determining functions to be performed 
by surveillance system. 

• Inventorying existing surveillance 
capabilities. 

Table 3-1 describes the objectives for 
conducting each of the above tasks. 

Identify and Locate Operational 
Problems 

This process involves identifying those 
freeways that would greatly benefit from the 
use of surveillance and traffic management. 
Areas benefiting the most would be those 
with significant amounts of congestion. 
There are two types of congestion: 

• Recurring. Typically predictable and 
occurs at locations where demand 
exceeds capacity or at geometric 
bottlenecks (e.g., lane drops, high­
volume entrance ramps, etc.). 

• Nonrecurring. Caused by a random 
event (e.g., incident, maintenance 
activity, special event, etc.) and has the 
effect of reducing the capacity on a 
specific section of freeway. 

Whether the congestion is recurring or non­
recurring, the effects on traffic operations 
include:<ll 

• Increased delay. 

• Slower and inconsistent travel speeds. 

• Increased accident potential. 

• Other undesirable characteristics. 
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Table 3-1. Tasks Involved in Problem Identification. 

I Task I Objective 

Identify Operational • Identify freeway sections to receive surveillance system 
Problems 

Determine Functions of • Evaluate freeway system to determine surveillance needs 
Surveillance System • Determine type of data needed 

• Determine importance of data 
• Develop criteria for selecting detection technology 

Inventory Existing • Determine if existing system needs to be replaced/expanded based 
Surveillance on cost and needs 
Capabilities • Estimate how long the existing system will be able to meet the 

needs 
• Identify advantages and disadvantages of existing system to aid in 

the process of selecting new equipment 

Other freeways that might be considered for 
surveillance include the following: 

• Freeways in areas in which significant 
increases in traffic demand are expected. 

• Freeways in areas with significant 
amounts of maintenance or construction 
activities. 

• Freeways in areas with high frequencies of 
traffic incidents. 

These areas can expect an increase in 
congestion, and surveillance in combination 
with traffic management may be used as an 
alternative to the very expensive solution of 
building additional lanes. 

Determine Functions of Surveillance 
System 

A surveillance system can serve several 
purposes, including the following: 
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• Detect incidents that have an impact on 
traffic operations. 

• Monitor incidence clearance. 

• Monitor traffic operations and support the 
implementation of control strategies (e.g., 
lane control, ramp metering, etc.). 

• Monitor environmental and pavement 
conditions ( e.g., flood, ice, winds, fog, 
etc.). 

Table 3-2 lists several scenarios in which 
surveillance is used and typical methods that 
meet the surveillance needs. 

The type of surveillance system needed 
depends not only on the purpose(s) that it 
will serve, but also the type and importance 
of data to be collected. The following 
sections discuss the types of data typically 
collected through surveillance systems and 
factors that should be considered when 
determining the importance of the data. 

I 
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Table 3-2. Methods for Meeting Typical Surveillance Needs. 

I Need 

Detect incidents and monitor incident removal 

Meter ramps 

Disseminate travel information to motorists 

Monitor traffic during special event 

Inform motorists and/or maintenance personnel 
of icy conditions on freeways 

Type of Data 

Traffic Measures. The measurements that 
have traditionally been used to monitor 
traffic operations on freeways include the 
following: 

• Volume. 

• Speed. 

• Occupancy. 

Volume is used to measure the quantity of 
traffic and is defined as the number of 
vehicles traveling a given section of freeway 
over a period of time. The capacity of a 
freeway represents the maximum volume of 
traffic that can pass a given roadway section 
under prevailing roadway and traffic 
conditions. <2) As volume increases and 
approaches capacity, congestion will occur. 
Volume is typically used to track historical 
trends and to predict the future occurrence 
of congestion on given freeway sections. 

Speed is an important measurement in 
determining the quality of traffic operations. 
Speed is frequently used to describe traffic 
operations because it is easy to measure in 
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I Method of Surveillance 

Mainline detectors, vehicle probes, mobile 
reports, closed-circuit TV 

Mainline detectors, ramp detectors 

Mainline detectors, vehicle probes, mobile 
reports, closed-circuit TV 

Closed-circuit TV 

Environmental sensors, weather stations, 
probe reports 

the field, and it is easy to explain and 
understand. Speed measurements are 
typically taken for individual vehicles and 
averaged to characterize the traffic stream as 
a whole. Measured speeds can be compared 
to optimum values to estimate the level of 
operations for a freeway or to detect 
incidents. For example, an alarm for an 
incident detection system might be set to go 
off if average speeds fall below a target 
value. Taking speed measurements at 
different points along a freeway can help in 
determining where congestion might exist.OJ 

Occupancy is defined as the percent of time 
a given section of roadway is occupied and 
can be used as a surrogate for density. 
Occupancy is measured using presence 
detectors, and is much easier to obtain than 
density. When occupancy is being 
measured, a single lane is usually considered, 
with occupancy ranging from O percent (no 
vehicles passing over a section of roadway) 
to 100 percent (vehicles stopped over a 
section of roadway). 

Although volume, speed, and occupancy 
have been the traditional types of data 
collected by a surveillance system, today's 
traffic management centers also rely on other 

I 



types of data for traffic management 
purposes. Examples of other data include 
the following: 

• Vehicle travel times. 

• Bus location. 

• Emergency vehicle location. 

• Queue length. 

• Pavement condition. 

Until recently, most of the data listed above 
was difficult to measure in the field; 
however, due to improvements in detector 
technologies, these measurements can now 
be obtained. 

Real-Time and Historical Data. Both real­
time and historical data may be used for 
traffic management purposes. Real-time 
data is needed for the following purposes in 
a freeway management system: 

• Monitoring current traffic operating and 
environmental conditions. 

• Detecting incidents. 

• Implementing control strategies. 

Historical data refers to past traffic 
conditions on a given section of freeway. 
Historical data can be used for several 
purposes, including the following: 

• To establish a record of past traffic 
conditions on a certain freeway section. 

• To compare real-time data to historical 
data to determine irregular traffic patterns; 
results of this comparison can be used to 
detect traffic congestion and incidents. 
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• To perform before/after analyses to 
determine the effects of implementing 
certain traffic management techniques. 

• To create simulation models for analyzing 
potential improvements. 

• To create planning models for establisrung 
priorities for deployment. 

Importance of Data 

In the decision process involved in selecting 
an appropriate surveillance system, the 
importance of the data to be collected must 
be identified to establish the data 
requirements. The following factors should 
be considered when determining the data 
requirements: 

• Speed. 

• Accuracy. 

• Cost. 

The speed of a surveillance system relates to 
the frequency in which information about 
field conditions is relayed to the traffic 
management center. Speed plays an 
important role for some applications. For 
example, in order to minimize the effects of 
an incident on freeway operations, it is 
important to minimize the detection time. In 
addition, the speed of data collection is 
important when the data is used to 
implement a control strategy to reduce or 
prevent the formation of congestion. 

Other factors must be considered when 
determining the speed of a surveillance 
system. The speed of the data collection 
determines the amount of data to be 
transmitted to the traffic control center. 
Therefore, operator overload should be 
taken into consideration. In addition, the 
amount and speed of data collection affects 
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the type of communication system required. 
As the amount of data to be transmitted 
increases, the communication requirements 
increase. 

Data accuracy requirements are also 
dependent upon the elements that the 
surveillance system is to support. For 
example, the accuracy of the data is 
important for incident detection systems to 
avoid false alanns. Accuracy, however, may 
not be as crucial when collecting traffic data 
for traveler information systems. Typically, 
the faster and more accurate a surveillance 
system is, the more it is going to cost; 
therefore, it is important to balance speed, 
accuracy, and cost when choosing a 
system.<3J 

Inventory Existing Surveillance 
Capabilities 

The existing surveillance resources should be 
identified and evaluated to determine if they 
are suitable for continued use. The 
evaluation should include items such as the 
following:(4l 

• Detectors. 

• Controllers. 

• Communication media. 

It is important to determine if these 
components can meet existing needs and if 
they can accommodate changes in system 
requirements. The existing surveillance 
system should be evaluated to determine if 
the required speed and accuracy of data 
collection arc attainable. Other factors that 
should be considered arc the reliability and 
required maintenance of the existing system. 
It may be more cost effective in the long run 
to replace a system that requires extensive 
maintenance with a more reliable, low 
maintenance system. 
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The capabilities of the existing 
communications system should be evaluated, 
because the various detection technologies 
available have different communications 
requirements. For example, transmitting 
full-motion video requires a wide 
communication bandwidth ( such as that 
provided by fiber optic cable); however, 
transmitting only data requires considerably 
less bandwidth than can be met by most 
communication media. 

Existing infrastructure on which non­
intrusive detectors and CCTV cameras may 
be mounted should be identified at this stage. 
In addition, existing conduit for the 
communication system should also be noted. 

IDENTIFICATION OF PARTNERS 

Another important step in implementing a 
successful surveillance system is to identify 
partners to be involved. Partners should be 
considered in the following three areas: 

• Intra-agency (within agency). 

• Interagency (between agencies). 

• Additional resources. 

Intra-agency 

During the planning and design stages, all 
interested groups and individuals that will be 
involved in the surveillance system should be 
identified and included in the decision 
making process. The project team should 
include representatives from the following 
areas:<4J 

• Management. 

• Planning. 

• Design. 



• Operations. 

• Maintenance. 

Including representatives from each of these 
areas will help ensure the success of the 
system. For example, it is important to 
include persons from management on the 
team to help gain support for the 
surveillance system. Since freeway 
management systems often compete for 
funding with other agency expenditures, the 
support from top management is essential if 
agency resources are to be allocated to the 
operation and maintenance of the system. 
By including representatives from operations 
and maintenance, the following issues may 
be addressed: 

• Support staff required for surveillance 
system. 

• Number and qualifications of existing 
support staff. 

• Training required to operate and maintain 
specific surveillance systems. 

Using this team approach, specific concerns 
and requirements from each area can be 
addressed from the beginning. The team 
should then prioritize the requirements to 
determine which are most important and 
which are desirable but not needed. 

Interagency (Information Exchange) 

During the operation of a traffic 
management system, it is important for 
public agencies to exchange certain 
information on a continual basis. 
Information to be exchanged includes 
scheduled maintenance activities and special 
events. This coordination between agencies 
will ensure that proper measures are taken to 
minimize the effects of the event on overall 
traffic operations. Data exchange should 
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take place between the following public 
transportation agencies: 

• State. 

• City. 

• County. 

• Transit. 

• MPO. 

Sharing information about the occurrence of 
incidents between agencies permits joint 
incident management by two or more 
agencies_(4l This allows more than one 
agency to be involved in responding to and 
clearing incidents. Data exchange may take 
place between public transportation agencies 
and the following enforcement and 
emergency agencies and companies: 

• Police. 

• Fire. 

• Medical. 

• Wrecker operators. 

Real-time traffic information may be relayed 
to the motorists through traveler information 
systems such as dynamic message signs, 
highway advisory radio, or in-vehicle 
information systems. In addition, motorists 
may be informed about traffic conditions by 
providing real-time traffic data to the 
following sources: 

• Media. 

• Cable television companies. 

• Public kiosks. 

• Other traffic advisory services. 
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Another private sector entity that benefits 
from real-time traffic data is commercial 
vehicle operators. For example, dispatchers 
can use information about current traffic 
conditions to re-route commercial vehicles in 
an effort to minimize delay for the 
commercial drivers. This not only benefits 
operators of the commercial vehicles, but it 
also benefits other vehicles in areas of heavy 
congestion by directing the commercial 
vehicles away from the congested areas. 

Additional Resources 

During the process of selecting the 
appropriate equipment to be used in the 
surveillance system, it is important to 
identify and evaluate all of the alternatives. 
Because of the constant change in available 
systems, the following groups should be 
considered as resources during the planning 
and design of a surveillance system:C4

l 

• Manufacturers. 

• Suppliers. 

• Users. 

• Researchers. 

• Consultants. 

• Other interested groups or individuals. 

Manufacturers continually develop and 
improve system capabilities and therefore 
can provide information on the state-of-the­
art in surveillance technology. Information 
on the equipment specifications, functional 
and design features, and costs may be 
obtained from the manufacturers and 
suppliers. Users of available systems 
develop unique approaches for some systems 
and can provide evaluations for certain 
technologies. Researchers and consultants 
test the available technologies to determine 
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strengths and weaknesses. In addition, 
researchers produce technological advances 
in surveillance systems. (4l 

ESTABLISH GOALS AND 
OBJECTIVES 

To establish the goals and objectives of a 
system, it is important to identify what the 
system is to accomplish. Goals are used to 
define the long-range desires for the system. 
Objectives define the level of performance 
that is to be expected in the future. At this 
stage, it is important to note that system 
objectives are defined in terms of what 
services and functions the system is to 
provide - not in terms of technology. The 
focus should be on what the system is to 
achieve instead of on how it is to achieve it. 

As discussed earlier, the surveillance system 
provides support for other elements of a 
traffic management system (such as incident 
management, information dissemination, 
ramp control, etc.). Therefore, the goals and 
objectives of the surveillance system must 
relate to the goals and objectives of the 
elements that it is supporting. For example, 
a goal of an incident management system is 
to reduce the impact of incidents on traffic 
operations. The objectives of the system 
might be to detect an incident in less than 
two minutes and reduce the incident 
clearance time by five minutes, The 
surveillance system can be evaluated by 
determining the system's ability to meet 
these established objectives. 

Since the goals and objectives of a 
surveillance system relate to those of the 
element that the surveillance system is 
supporting, the reader is referred to the 
specific modules within this report that 
address each element. Additional goals and 
objectives of a surveillance system might 
include those that relate to monitoring the 
performance of a certain system. For 



example, a goal might be to ensure that the 
proper message is being displayed on a 
dynamic message sign. Objectives would be 
to determine if the sign was operational and 
to identify the message being displayed. 
Other goals and objectives of a surveillance 
system might relate to the effects of 
implementing certain control strategies. 

ESTABLISH PERFORMANCE 
CRITERIA 

There is currently a wide range of traffic 
detectors from which to choose, and with 
advancements in technology, the number of 
alternatives is becoming even greater. It is 
important, therefore, to establish 
performance criteria to aid in the selection of 
an optimum system. Establishing 
performance criteria allows alternative 
systems to be compared against these criteria 
in a later task. 

The established performance criteria should 
be related to the ability of the system to meet 
the pre-established goals and objectives. 
Criteria that may be used to measure the 
performance of a surveillance system include 
the following: 

• Reliability of system. 

• Accuracy of data. 

• Timeliness of data. 

Each of the above criteria is important in 
measuring the performance of a system. For 
example, a system is not effective if it 
provides accurate data but produces it 30 
minutes after it is needed. 

The above criteria should be used to 
establish parameters by which to evaluate the 
system. The desired performance of the 
system together with a selected range of 
tolerance should be used to develop 
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quantifiable measures. The measures 
identified will be based on the elements of 
the traffic management system that the 
surveillance component will support. In 
addition, the established performance 
measures will be based on local concerns and 
policies. Table 3-3 provides some examples 
of performance measures that may be used 
to evaluate a surveillance system. 

DEFINE FUNCTIONAL 
REQUIREMENTS 

The next step in the decision process 
involves defining all of the functions of a 
system that are necessary to achieve the 
established objectives. At this stage, the 
focus should still be on what the system will 
be designed to do, not how the system will 
do it. Therefore, the functions should be 
defined independent of the available 
technology. 

Again, the surveillance system provides 
support to other elements in a traffic 
management system. Therefore, the 
functional requirements of a surveillance 
system are dependent upon the element that 
it will support. For a surveillance system, 
the functional requirements typically relate to 
the type, frequency, and quantity of data 
required. The data typically used for 
freeway surveillance have included measures 
such as volume, speed, and occupancy; 
however, surveillance should not be limited 
to these measures only. Additional measures 
might include travel time, queue length, 
headway, origin/destination, vehicle 
classification, etc. These measures have 
been difficult to obtain in the past but can 
now be measured because of improvements 
in technology. 

In the past, various surveillance concepts 
have been investigated in an attempt to meet 
different functional requirements, and have 
failed. Some of these concepts failed 
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Table 3-3. Examples of Performance Measures for a Surveillance System. 

Category Examples 

Reliability • Percent of time that system produces desirable results in various 
environmental conditions. 

• Amount of maintenance required. 

Accuracy • Percentage of false alarms generated from an automatic incident 
detection system. 

• Difference between a value measured by the detectors in the field 
(e.g., speed, volume, etc.) and the actual value. 

Timeliness • Average time between when an incident occurs and when it is 
detected. 

• Average time between when hazardous weather conditions occur 
(e.g., ice, fog, flooding, etc.) and when they are detected. 

because they were not appropriate; however, 
others have failed because of a lack of ability 
to provide the needed data. Therefore, 
designers/planners should look at the various 
alternatives for meeting the functional 
requirements of a traffic management system 
and not just at the traditional approach. 
Even though some concepts have failed in 
the past, they may become viable altemati ves 
due to improvements in technology. 

Since the functional requirements of a 
surveillance system relate to those of 
the element that the surveillance system is 
supporting (e.g., ramp metering, incident in 
the above section on establishing goals and 
objectives, additional requirements of a 
surveillance system might include those that 
are involved in monitoring the performance 
of a certain system. Table 3-4 shows 
examples of functional requirements as they 
relate to the goals and objectives of a 
surveillance system. 

In defining the functional requirements of a 
system, it is important to determine the 
needs of all partners involved. The project 
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team should prioritize needs in order to 
identify those that must be met and identify 
those needs that may be desirable but not 
required. For example, a system to detect 
the location of incidents might be required, 
but a system to monitor incident clearance 
might only be desirable. 

DEFINE FUNCTIONAL 
RELATIONSHIPS, DATA 
REQUIREMENTS, AND 
INFORMATION FLOWS 

After functional requirements of a 
surveillance system are defined, the 
relationships between functions, the data 
required by each function, and the 
information produced by each function must 
be defined. The National ITS Architecture 
Implementation Strategy defines the various 
ITS element~ in terms of market packages.<5J 

This concept recognizes that various ITS 
components must work together to achieve 
system goals. They are " tailored to fit­
separately or in combination-real world 
transportation problems."<5

) The market 
packages related to surveillance are: 
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Table 3-4. Examples of Functional Requirements Related to Monitoring 
System Performance. 

I Goal I Objective I Functional Reguirement 

Ensure that proper message is Determine if sign is View operation of variable 
being displayed on variable operational and identify message sign. 
message sign. message being displayed. 

Maximize benefits of a certain Determine the effects of the Monitor traffic operations 
control strategy (i.e., ramp control strategy on traffic where control strategy has 
metering, lane control, etc.). operations. 

• Network Surveillance Marketing 
Package. This market package includes 
the roadside sensors with appropriate 
control and communication 
infrastructure to interface with other 
market packages such as traffic 
management and traveler information. 

• Probe Surveillance Marketing 
Package. This market package is an 
alternative to traditional network 
surveillance elements and does not 
require the extensive distributed roadside 
infrastructure but does require wireless 
communication between probe vehicles 
and other market packages such as 
freeway control and surface street 
control. 

• Emissions and Environmental 
Hazards Marketing Package. This 
market package provides emissions and 
hazards information to the Traffic 
Information Dissemination market 
package. 

Development of the surveillance system 
should recognize the national architecture 
standards and be tailored to fit local issues 
and requirements. 
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been implemented. 

IDENTIFY AND SCREEN 
TECHNOLOGIES 

After the functional requirements and 
architecture of the system have been defined, 
the next step is to identify alternative 
technologies that can meet the defined 
requirements. The following steps are 
involved in identifying and choosing the 
appropriate technologies for the surveillance 
system: 

• Identify alternative technologies. 

• Evaluate alternative technologies. 

• Select the appropriate system. 

Identify Alternative Technologies 

There are a number of alternative 
technologies available for collecting traffic 
data. The characteristics, applications, and 
requirements for various existing traffic 
detection technologies are discussed in a 
later section of this module. This review can 
be used as a starting point for identifying 
alternative technologies; however, due to 
continuous technological advancements and 
system improvements, available systems and 
their capabilities are constantly changing. 
Therefore, the current state-of-the-art in 
surveillance technologies should be identified 

I 
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in this stage. To identify available 
technologies, it is important to continually 
interface with the following groups and 
individuals during the identification 
process:(4l 

• Manufacturers. 

• Suppliers. 

• Users. 

• Consultants. 

• Researchers. 

• Other interested individuals. 

By keeping in contact with these groups and 
individuals, the analyst can accomplish the 
following: 

• Keep up with current trends in 
technology. 

• Identify the advantages and 
disadvantages of available systems. 

• Obtain information on system 
specifications and costs. 

Evaluate Alternative Technologies 

The first step in evaluating alternative 
technologies is to identify the selection 
criteria (see previous section, Establish 
Performance Criteria). The next step 
involves the following measures: 

• Initial screening of all available 
technologies. 

• Detailed evaluation of the remaining 
alternatives. 

During the initial screening process, the 
following factors should be considered for 
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each type of surveillance technology 
included in the analysis: 

• Location of sensors (i.e., embedded or 
non-intrusive). 

• fustallation, operation, and maintenance 
requirements. 

• Reliability. 

• Expected life. 

• Life-cycle costs. 

• Type of communications medium 
available. 

• Requirements for future expansion. 

After the initial screening, the detailed 
evaluation typically includes the following 
steps:C4l 

• Estimating costs and benefits of each 
alternative. 

• Performing comparative analyses. 

• Selecting the system offering the greatest 
potential. 

The advantages and disadvantages of the 
system must be quantified or weighted and 
evaluated. There are many techniques 
available to perform an analysis of the costs 
and benefits for each alternative. Module 
11 contains descriptions of procedures for 
performing a benefit-cost analysis. 

Select Appropriate Technology 

Surveillance technologies that are viable 
alternatives should have benefits that 
outweigh the costs. The argument can be 
made that the best system will have the 
greatest benefit-cost ratio; however, this is 



not always the case. For example, a simple, 
low-cost system with fewer benefits may 
have the same benefit-cost ratio as a more 
sophisticated, affordable system with more 
benefits. Therefore, the analysis should 
include allowable expenditures for the 
system and the net benefits of each 
altemative.<4

l 

PLAN DEVELOPMENT 

After the technologies that will be used in 
the system have been selected, the next step 
is to develop a plan for implementation. The 
Implementation Plan documents the results 
of the previous steps and identifies how the 
system will be implemented in the field. The 
Implementation Plan should also assess the 
phasing, procurement, staffing, and funding 
options available for implementing the 
system. Module 2 contains a description of 
elements that should be included in the 
Implementation Plan. 

One of the tasks at this stage is to develop 
the design plans and specifications. This 
task involves transforming the needs and 
goals of the surveillance system into design 
documents and specifications suitable for 
competitive bids. The plans include 
drawings that show the physical layout of 
the system, and the specifications define the 
quality and type of workmanship and 
materials. <4> 

Design Plans 

The design plans provide information for the 
contractor and equipment supplier to 
prepare a project bid and for the 
construction manager to aid in controlling 
the construction. Table 3-5 shows typical 
information that should be provided on the 
design plans. <4> 
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Specifications 

Specifications contain detailed information 
on the minimum acceptable standards for the 
surveillance system's equipment along with 
procedures on how the equipment should be 
installed. Detailed specifications are 
important to ensure that the proper 
equipment is obtained. Sources for 
equipment and materials specifications 
include the following:<4J 

• Federal Highway Administration. 

• Institute of Transportation Engineers. 

• Other State transportation departments. 

These specifications may be used as they 
exist or modified to fit particular needs. 
Guidelines for specifications for the various 
components of a surveillance system are 
provided in table 3-6.<4

> 

IDENTIFY FUNDING SOURCES 

As described in Module 2, funding sources 
should be identified during the development 
of the hnplementation Plan. Funding for 
surveillance systems may come from both 
the Federal and State levels. On the Federal 
level, funding is available through the 
Intermodal Surface Transportation 
Efficiency Act (ISTEA) and continuing with 
the proposed National Economic Crossroads 
Transportation Efficiency Act (NEXTEA). 
Under the !STEA act, capital and operating 
expenses for traffic management programs 
are eligible for Federal aid. By including 
projects in the Transportation Improvement 
Program (a spending plan required by the 
Federal government), agencies can receive 
federal funds. Under Title 23 of the United 
States Code (as amended by the !STEA of 
1991) the following funding sources can be 
used to purchase and operate freeway 
management surveillance systems: 
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Table 3-5. Typical Information in Design Plan. (4) 

I Item I Description I 
Title Sheet Shows name, location, and scope of project. 

Summary of Shows material and equipment quantities. 
Quantities 

General Notes Frequently call special attention to critical requirements to ensure they 
are not overlooked; must avoid conflicts with specifications. 

Site Schematics Scale drawings of each site showing the roadway geometry, location 
of poles, conduit locations, and any other pertinent site information. 

Construction Design Shows locations of detectors to be installed and minimum 
Drawings requirements for construction dimensions. 

Traffic Control Plan Indicates handling of traffic during construction. 

' Details of Barricades Illustrates the construction phase of the project. 
and Signing 

Diagram of Shows details of location. 
Underground Utilities 

Standard Plans Possessed by each agency, generally provide numerous standard 
drawings of frequently encountered details already approved for use 
in situations applicable to the project. 

Table 3-6. Guidelines for Specifications. t4l 

I Specification I Guidelines I 
Detectors Include physical properties, electrical 

properties, environmental conditions under 
which the equipment must operate, controls, 
and methods of operation. 

Computer Software Provide functional specifications for control 
software, compilers, assemblers, utilities, and 
diagnostic programs. 

Video Terminals Specify sample operator screens and controls, 
screen size, refresh rate, and colors. 

CCTV Monitoring Specify monitors, cameras, and interface 
protocols. 
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• Surface Transportation Program (STP). 

• National Highway System (NHS). 

• Congestion Mitigation and Air Quality 
Program (CMAQ). 

STP funds are available on eligible projects 
with no time limit. NHS and CMAQ funds 
have definite time limits, and cannot be used 
for maintenance. <6l 

Although some Federal funds are available 
for operating costs, Title 23 funds are 
generally used for system deployment and 
start-up assistance. Typically, funding for 
both operations and maintenance costs are 
provided on the State and local levels 
through maintenance budgets. Funding 
operations and maintenance costs for 
surveillance systems through the 
maintenance budgets often causes problems 
because of competition from other 
traditional maintenance activities. 
Therefore, it is crucial to identify the funding 
needs and funding sources for operation and 
maintenance activities early in the decision 
process. 

Public/private partnership is an approach 
that many agencies are using to increase the 
source of funding for traffic management 
purposes. For example, many cellular 
telephone companies offer free or reduced 
rates to agencies for incident detection 
purposes. This approach allows other 
partners to get involved in a fair and 
equitable manner. 

IMPLEMENTATION 

The implementation process includes the 
activities involved in installing the 
components of the surveillance system to 
meet the established goal and objectives. 
Module 2 gives a description of issues to be 
addressed during the implementation 
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process. Additional issues that should be 
considered when implementing a surveillance 
system include the following: 

• Phasing of installation. 

• Training. 

During the installation of a surveillance 
system, some disruptions to traffic are to be 
expected. To minimize delay to traffic, 
construction should take place during off­
peak hours. In addition, the maximum 
number of lanes that can be simultaneously 
closed should be specified.<4

> When possible, 
phasing of installation for the surveillance 
system should be coordinated with other 
freeway construction to minimize the overall 
delay to traffic. 

Another area that must be addressed during 
the implementation of a system is the 
development of training programs for 
operators and maintenance personnel. 
Training should provide the technical skill 
necessary to effectively operate and maintain 
the system. The amount of training required 
depends upon the qualifications and 
knowledge of existing personnel and the 
requirements of the new system. For 
example, maintenance personnel that are 
familiar with an inductive loop detection 
system will require extensive training to 
maintain a video image processing system. 
Additional information concerning training 
requirements is contained in reference 9. 

EVALUATION 

After a surveillance system has been 
installed, the system should be evaluated for 
its effectiveness in meeting the objectives. 
The objectives of a surveillance system may 
include any of the following: 

• Monitoring traffic operations. 
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• Detecting incidents. 

• Supporting implementation of control 
strategies. 

• Monitoring environmental conditions. 

Monitoring Traffic Operations 

The goals of monitoring traffic operations 
include: 

• Providing measures of traffic operations 
(e.g., speed, flow, density, etc.). 

• Identifying locations of congestion. 

• Indicating the severity of congestion. 

Records should be kept to track system 
operations and note any problems. An 
overall evaluation of the equipment should 
include monitoring the following: 

• System reliability. 

• Ability to provide required data. 

• Timeliness of data. 

• Accuracy of data. 

• Ability to perform under various 
environmental conditions. 

• Operational and maintenance 
requirements and costs. 

• Any other problems with system. 

Detecting Incidents 

Automatic incident detection systems apply 
data collected from the field equipment to 
computer algorithms. The algorithms are 
designed to detect incidents by identifying 
discontinuities in traffic operations (e.g., 
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speed, occupancy, etc.) measured upstream 
and downstream from an incident. 

After an incident detection system has been 
implemented, it must be monitored and 
evaluated to calibrate the incident detection 
algorithm. The system is monitored by 
detecting incidents through alternative means 
such as the following: 

• CCTV. 

• Mobile reports (cellular call-ins, call 
boxes, service patrols, etc.). 

• Emergency channels. 

The algorithm is calibrated by adjusting the 
threshold values. The measure of 
effectiveness typically used for calibration is 
the false alarm rate. Threshold values are 
adjusted until an acceptable false alarm rate 
is achieved. The acceptance level is 
dependent upon available means of verifying 
the incident. For example, if an incident can 
be verified using CCTV, then a higher 
acceptance level might be tolerated. The 
threshold values may need to be recalibrated 
for major operational or geometric 
changes. <7) 

Implementing Control Strategies 

There are two types of control systems that 
may be used for freeways: 

• Lane use control (see Module 4) 

• Ramp control (see Module 5). 

The objectives of these systems are to meter 
the demand or prohibit a certain movement 
in order to keep freeway volume below 
capacity to ensure continuous movement on 
the freeway. Detectors provide traffic data 
to these control systems to aid in the 



decision making process about the extent to 
which control should be implemented. The 
detectors used in a control system should be 
evaluated based on the following criteria: 

• Reliability of detectors. 

• Ability to provide needed data. 

• Timeliness of data. 

• Accuracy of data. 

Monitoring Environmental Conditions 

Typical 
freeways 
following: 

• Ice. 

• Wind. 

• Fog. 

• Rain. 

• Dust. 

environmental conditions on 
that are monitored include the 

The goals of monitoring these conditions 
include the following: 

• Warn drivers of dangerous driving 
conditions. 

• Reduce number of incidents. 

• Reduce secondary incidents. 

• Help maintenance personnel monitor 
pavement conditions. 

• hnprove response time. 

• Reduce costs associated with monitoring 
and treating ice on pavements. 
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Additional conditions that reqmre 
monitoring in tunnel sections include 
noxious gases, such as carbon monoxide. 

The evaluation of environmental detection 
systems should include the following 
determinations: 

• Ability to meet established goals. 

• System reliability. 

• Ability to provide required data. 

• Timeliness of data. 

• Accuracy of data. 

• Operational and maintenance 
requirements and costs. 

• Any other problems associated with 
system. 

3.3 TECHNIQUES AND 
TECHNOLOGIES 

SYSTEM COMPONENTS 

The complexity and size of a surveillance 
system will vary with the size of the freeway 
system being monitored and with the specific 
functions that it will perform. For example, 
when the area being surveyed is relatively 
small, a section of the traffic engineering 
offices may be sufficient to house the control 
center. As the system expands and the 
responsibilities of the control center increase, 
a larger center with more sophisticated 
equipment may be required. Figure 3-2 
shows a simple example of the control 
center components included in a surveillance 
system. 
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Figure 3-2. Control Center Components Typically Included in a Surveillance 
System. 

The components of a surveillance system 
include the following: 

• Detection methods. 

• Hardware. 

• Software. 

• Communications. 

Table 3-7 provides a list of typical system 
components. 

Detection Methods 

There are many technologies available for 
collecting traffic and environmental data for 
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surveillance purposes. These technologies 
can be divided into the following groups: 

• Embedded detectors. 

• Non-intrusive detectors. 

• Vehicle probes. 

• Mobile reports. 

• Closed-circuit television cameras. 

• Environmental sensors. 

Available detection methods are listed in 
table 3-7. Descriptions of each of these 
technologies is provided in a later section, 
entitled Surveillance Technologies. 
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Table 3-7. Typical Components for a Surveillance System. 

Component Alternatives 

Detection Methods Inductive Loop 
Magnetometer 
Microwave Radar 
Infrared 
Ultrasonic 
Acoustic 
Video Image Processing 
Automatic Vehicle Identification 
Automatic Vehicle Location 
Cellular Telephone Probes 
Cellular Call-Ins 
Freeway Service Patrol Reports 
Call Boxes/Emergency Telephones 
Closed-Circuit Television 
Environmental Detectors 

Hardware Computers 
Disk Drives 
Printers 
Monitors 
Controllers 
Displays 
Video Tape Recorders 

Software Incident Detection Algorithm 
Real-Time Expert System 
Interface Software 

Communications Internal 
- Local Area Network 

External 
- Fiber Optic 
- Coaxial 
- Twisted Pair 
- Microwave 
- Radio 
- Cellular Telephone 
- Citizen Band Radio 
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Hardware 

Computers play significant roles in the 
operations of a surveillance system. The 
functions performed by the computers in the 
control center include the following:<7) 

• Reception of data transmission from the 
field devices. 

• Transmission of data from the control 
room to the field equipment. 

• Reception of operator commands from 
keyboards or control panels. 

• Control of graphical displays. 

• Data processing to perform such 
functions as detecting incidents, deriving 
traffic flow characteristics, and 
identifying equipment failures. 

• Storing data to create a historical 
database. 

Computer 1 in figure 3-2 is an online 
computer that receives and transmits 
information to and from the field devices. 
Computer 2 serves as a backup and performs 
offline functions such as program 
development and database updating. The 
computers are typically microprocessor 
versions of minicomputers. The disk 
shadowing feature transfers data from the 
online computer to backup a system.<4

> 

The operator workstation typically consists 
of a personal computer unit. Functions that 
take place at the workstation include 
monitoring traffic operations, incident 
detection, decision making, and 
implementation of control strategies. 

Closed-circuit television (CCTV) can be 
used for monitoring traffic conditions or 
detecting and confirming incidents. Controls 
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for operating the CCTV system are also 
located at the workstation. The operator 
may have software installed on the personal 
computer to control the cameras or may 
have a separate control panel. Camera 
controls usually include camera selection, 
pan, tilt, zoom, and focus. 

The printers interface with the local area 
network communication system through the 
use of print servers. Printers may be used 
to provide any of the following:<4

) 

• Hard copy reports of mode status and 
equipment failure logs. 

• Traffic data summaries. 

• Database status summaries. 

• Special reports requested by the 
operator. 

• Logs of system operations. 

The functions of graphical displays are to 
provide observations of system operations 
and camera field of views for CCTV. 
Graphics may be provided on monitors at the 
workstations or on a large screen graphics 
display. The large screen displays have 
generally replaced the wall map displays 
used in older centers. The display may 
consist of a projection video display, a large 
video screen, or an array of smaller video 
screens. This new system has proven to be 
much easier to modify when new systems 
come online than the wall map system.<4

l 

Another important component of a 
surveillance system is the video tape 
recorder. Traffic operations can be recorded 
for analyzing and comparing conditions over 
a given period of time or for demonstration 
purposes. Depending on the size of the 
system and the recording requirements, one 
or more recorders can be provided to 



interface with any camera in the system.(7
) 

Some traffic management centers choose not 
to record and archive incidents because of 
the potential drain on their staff (video tapes 
requested by claims adjusters, lawyers, 
private citizens, etc.) and the possiblity of 
having to appear in court. 

Software 

Software is an important component of a 
surveillance system. Without software, the 
data collected by the surveillance system has 
little value. 

Three general types of software used with 
surveillance systems include the following: 

• Software such as incident detection 
algorithms, etc. that apply the data 
supplied by the surveillance system 

• Software that supports the operations 
support software such as real-time 
know ledge-based systems. 

• Software for interfacing and 
communicating with the field devices. 

Incident Detection Algorithms 

One of the primary objectives of a 
surveillance system is to detect non­
recurring congestion, such as that caused by 
an incident. Incidents cause significant 
amounts of delay for freeway vehicles; 
however, because they are random, they are 
impossible to predict and difficult to detect. 
Incident detection algorithms attempt to 
automatically detect incidents based on field 
data received from detection equipment. 
Module 7 provides further discussion on 
incident detection algorithms. 

3-25 

Module 3. Surveillance 

Real-Time Expert Systems 

Real-time expert systems are currently being 
developed for application in traffic operation 
centers. These expert systems provide 
decision support for operations personnel so 
they can more efficiently carry out their 
functions.<8> The knowledge-based support 
is based on the knowledge of experts in the 
field of traffic management. Functions of an 
expert system include:<8

• 
9

) 

• Detecting, verifying, and estimating the 
severity of incidents. 

• Providing advice in areas such as 
dispatch of traffic and incident 
management teams. 

• Developing and coordinating messages 
on variable message signs and other 
methods of information dissemination. 

• Controlling traffic with lane control and 
ramp control systems. 

The University of California at Irvine is in 
the process of developing a prototype real­
time knowledge-based expert system called 
FRED (Freeway Real-Time Expert System 
Demonstration). The expert system uses 
advanced processing capabilities to integrate 
di verse types of traffic surveillance data for 
freeway monitoring and control purposes. 
After detecting an incident, the system uses 
additional information from several sources 
to formulate appropriate responses. The 
information includes the following:< 10

l 

• Traffic data from detectors (e.g., speed, 
volume, occupancy, etc.). 

• Information on traffic conditions from 
CCTV. 

• Field reports from police officers and 
other official personnel. 
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• Cellular and emergency telephone calls 
from motorists. 

Figure 3-3 illustrates the overall system 
layout of FRED.<10> In terms of incident 
detection and verification, this system is 
consistent with many traffic operation 
centers around the country. The system uses 
two methods to detect incidents: 

• An incident detection algorithm on a 
central computer receives 30-second 
occupancy counts from freeway loop 
detectors and notifies FRED if an 
incident is detected. 

• Outside reports from various agencies 
and motorists are received by a 
communications center that filters the 
reports and sends the high priority ones 
to FRED. 

The knowledge-based support in FRED 
comes from the real-time expert system 
shell, 02. This system has the ability to 
determine what data is required at any 
particular stage, and to send for it. Given 
the incoming data, decisions are made on the 
basis of a predetermined set of rules. Once 
an incident has been detected and verified, 
the system recommends actions to be taken, 
such as using ramp metering or closing a 
ramp.<JOJ 

Communications 

Communications between the major 
components in the control center are 
accomplished through a local area network 
(LAN). The benefits of a LAN architecture 
include the following:<4

> 
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Figure 3-3. External System Overview for Real-Time Expert System. <10> 
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• Facilitate the addition of components to 
the network. 

• Serve more devices in the operations 
center. 

• Interface with additional field devices 
and controllers. 

• Communicate with additional outside 
agencies and traffic data users. 

Communications between the control center 
and the field devices occur through an 
external communication system. There are 
two basic categories of communication 
media: 

• Physical cable (fiber optic, coaxial, 
twisted pair). 

• Airwave transrrnss1ons (microwave, 
radio, and cellular telephone). 

The type of communication medium required 
depends on the type of detection equipment 
being used. For example, transmission of 
video data requires a wide bandwidth that 
exceeds the capacity of many communication 
media. Transmission of voice and traffic 
data, however, requires a much narrower 
bandwidth which can be met by standard 
communication media. Table 3-8 lists some 
available communication media and their 
capabilities.c3l l\fodule 9 provides a detailed 
discussion of communication systems. 

SURVEILLANCE TECHNOLOGIES 

There are many technologies available for 
collecting traffic data. Although inductive 
loop detectors are currently used more than 
any other method, other technologies are 
beginning to replace loop detectors in many 
applications. This section provides 
descriptions of cun-ently available detectors. 
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Module 3. Surveillance 

The discussion is organized under the 
following headings: 

• Embedded Detectors. 

• Non-intrusive Detectors. 

• Vehicle Probes. 

• Mobile Reports. 

• Closed-circuit Television Cameras. 

• Environmental Sensors. 

Table 3-9 provides a summary of the 
detectors discussed in this section. The 
majority of detectors used for traffic data 
collection purposes are of either the 
embedded or non-intrusive type. Within 
these two groups, there are many alternative 
detectors, and each has advantages and 
disadvantages. 

Table 3-10 provides summaries of the 
characteristics for embedded and non­
intrusive detectors that are either currently 
available or in the developmental stage. 
The following discussions will address each 
of these detectors in more detail. The 
following areas are addressed for each traffic 
detector discussed: 

• Characteristics. 

• Applications. 

• Installation requirements. 

EMBEDDED DETECTORS 

An embedded detector system consists of 
sensors in or below the surface of the 
roadway. These detectors are currently the 
most widely used form of vehicle detection. 
The main detectors being used include the 
following: 
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Table 3-8. Commwiication Media. <3> 

Distance 
Medium Type Data Type Bandwidth Capabilities 

Fiber Optic Physical Video, digital, voice High Long 

Coaxial Physical Video, digital, voice Moderate Short 

Twisted Pair Physical Digital, voice Low Long 

Microwave Airwave Video, digital, voice High Line-of-Sight 

Radio 

Spread Spectrum 

Cellular Telephone 

Citizen Band Radio 

• Inductive loop detector. 

• Magnetometers. 

Inductive Loop Detector 

Characteristics 

Airwave 

Airwave 

Airwave 

Airwave 

The inductive loop detector (ILD) is by far 
the most common form of detector used for 
traffic management purposes. Figure 3-4 
illustrates the used of loop detectors for 
freeway surveillance purposes. The principal 
components of an inductive loop detector 
include the following:<1n 

• One or more turns of insulated wire 
buried in a narrow, shallow saw-cut in 
the roadway. 

• Lead-in cable that connects the loop to 
the detector via a roadside pull-out box. 

• Detector unit (or detector amplifier) that 
interprets changes in the electrical 
properties of the loop when a vehicle 
passes over it. 

Digital, voice Low Long 

Digital, voice Low Line-of-Sight 

Digital, voice Low Moderate 

Digital, voice Low Moderate 
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The loop system becomes active when the 
detector unit sends an electrical current 
through the cable, creating a magnetic field 
in the loop. When a vehicle passes over the 
loop, the ferrous material in the vehicle 
causes a decrease in the inductance of the 
circuit. This increases the frequency of 
oscillation that is sensed by the detector unit. 

Applications 

Loop detectors can measure many traffic 
parameters including the following: 

• Vehicle count. 

• Speed. 

• Occupancy. 

• Presence. 

• Vehicle classification. 

Loop detectors can operate in either a pulse 
or presence mode. In the pulse mode, a 
short signal (typically 0.125 s) is sent from 
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Table 3-9. Summary of Detectors. 

Detector Type Detector 

Embedded Inductive Loop 

Magnetometer 

Non-Intrusive Radar 

Infrared 

Ultrasonic 

Acoustic 

Video Imaging 

Vehicle Probes Automatic 
Vehicle 

Identification 

Automatic 
Vehicle Location 

Cellular 
Telephone Probes 

Mobile Reports Cellular Reporting 

Service Patrols 

Call Boxes 

Closed-Circuit Fixed Location 
Television Cameras 
(CCTV) 

Portable Cameras 

Environmental Freeways 
Sensors 

Tunnels 

the loop to the detector unit and can be used 
to provide volume counts. In the presence 
mode, the signal that is sent to the detector 
unit lasts as long as the vehicle is in the 
detection area. Presence detectors are used 
to provide volume counts and occupancy 

Data Collection Information Type 

Site Specific Data 

Site Specific Data 

Site Specific Data 

Site Specific Data 

Site Specific Data 

Site Specific Data 

Site Specific Video, Data 

Site Specific Data 

Variable Location Data 

Variable Location Data 

Variable Location Voice 

Variable Location Voice 

Site Specific Coded Message 

Variable Location Video 

Variable Location Video 

Site Specific Data 

Site Specific Data 

measurements. Presence detection is used 
for most detector applications, and is the 
preferred mode for most system 
management purposes. 
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Detector Type 

Embedded 

Non-Intrusive 

Detector 

Inductive Loop 

Magnetometer 

Microwave Radar 

Infrared 

Table 3-10. Summary of Traffic Detectors. 

Description Advanta2es 

Coil of cable embedded in the • Flexible design. 
pavement surface that creates a • Wide range of applications. 
magnetic field. Vehicle is detected • Provides basic traffic parameters 
when this magnetic field is (e.g., volume, speed, presence, 
disturbed. occupancy). 

Small cylinders containing sensor • Can be used in situations where 
coils that operate in a manner loops are not feasible ( e.g., bridge 
similar to inductive loops. decks). 
Developed as alternative to loop • Less susceptible than loops to 
detectors for special situations. stresses of traffic. 

Transmits electromagnetic energy • Generally insensitive to weather 
toward vehicles on roadway. conditions. 
Traffic parameters are calculated by • Provides day and night operation. 
measuring the return signal 
frequency from vehicles. 

Active infrared detectors transmit • Active detector emits narrow 
electromagnetic energy. Passive beam allowing for accurate 
infrared detectors do not transmit determination of vehicle position. 
energy but measure the amount of • Provides day and night operation. 
energy that is emitted by objects in • Provides most basic traffic 
the field of view. parameters. 

9 Passive detectors can be used for 
strategic loop replacement. 

Disadvanta2es 

• Installation requires pavement 
cuts . 

• Installation and maintenance 
requires lane closure. 

• Detectors subject to stresses 
of traffic. 

• Installation requires pavement 
cuts. 

• Installation and maintenance 
require lane closure . 

• Small detection zone . 
• Typically used onlyto provide 

count and occupancy. 

• Requires FCC license for 
operation and maintenance. 

• May lock on to the strongest 
signal ( e.g., large truck). 

• Operation affected by 
precipitation (e.g., rain, fog, 
etc.). 

• Difficulty in maintaining 
alignment on vibrating 
structures. 

I 
I 
i 
I 

s1 
(1) 
(1) 

~ 

ffi 
§ 
...... 

~ 
§: 
0 

~ 



u..l 
I 

u..l __. 

Detector Type 

Non-Intrusive 
(Continued) 

Detector 

Ultrasonic 

Acoustic 

Video Image 
Processing 

Table 3-10. Summary of Traffic Detectors (cont.). 

Description Advantae:es 

Transmits sound waves at . Provides most basic traffic 
frequencies between 20 and 200 parameters. 
kHz. Detects vehicle by measuring 
return waves. 

Uses microphones along with signal • Completely passive. 
processing technology to listen for • Generally insensitive to weather 
sounds associated with vehicles. conditions. 

• Provides day and night operation . 

Video image processors receive • Location or addition of detector 
information from video cameras and zones can easily be done. 
use algorithms to analyze the video • Provides basic traffic parameters. 
image input. • Provides wide-area detection. 

Disadvantages 

• Environmental conditions (e.g., 
temperature, humidity, air 
turbulence, etc.) can affect 
performance. 

• Snow covered vehicles are difficult 
to detect. 

• High level of special maintenance 
capability is required. 

• Relatively new technology for 
traffic surveillance . 

• Inclement weather, shadows, and 
poor lighting can affect 
performance . 

• May require significant processing 
power and a wide communication 
bandwidth. 
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Figure 3-4. Inductive Loop Detectors Used for Freeway Surveillance. C
12

l 

Loops can be used to detect vehicle speeds 
by placing two loops in pulse mode a short 
distance apart (see figure 3-5).<4

) The 
distance between the loops divided by the 
time required for a vehicle to travel between 
the loops provides the speed of the vehicle. 

Installation Requirements 

The ILD provides for a wide range of 
vehicle detection because of the flexibility of 
its design. Loop configurations are generally 
grouped into two areas: short loops and long 
loops. For vehicle detection, the short loop 
configuration is recommended. The most 
common loop size for traffic management 
purposes is 1.8 m by 1.8 m (6 ft by 6 ft). 
The maximum length of a short loop should 
be 3 .1 m (10 ft).(3) Detailed information 
concerning the design, installation, and 
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maintenance of ILDs is contained in the 
Traffic Detector Handbook. <11

) 

The most important process in implementing 
a loop detection system is the one related to 
the installation procedures. Installation 
procedures will have a significant effect on 
the long term operational effectiveness of the 
detector system. Improper installation 
techniques may result in detector failures and 
require extensive maintenance. Installing the 
wire loops in the pavement requires the 
following steps: 

• Cutting a slot in the pavement. 

• Cleaning and drying the slot. 

• Laying in the detector wire. 

• Sealing the saw cut. 
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Figure 3-5. Typical Loop Installation for Measuring Speed. <
4l 

• Connecting the wire loop to the lead-in 
cable. 

• Connecting the lead-in cable to the 
detector unit. 

The main concern with the use of ILDs is 
reliability. Because the detectors are 
embedded within the pavement, they are 
subject to the stress of traffic traveling on 
them and to pavement deterioration. In 
northern States, other problems are 
associated with freeze-thaw conditions.<1 3l 

The primary causes of loop failure include 
the following: 

• Pavement problems ( cracking and 
moving). 
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• Deterioration of wire insulation. 

• Poor sealants or inadequate sealant 
application. 

• Inadequate splices or electrical 
connections. 

• Damage caused by construction 
activities. 

• Improper detector unit tuning. 

• Detector unit failure. 

• Lightning/electrical surges. 

Most of these problems can be traced back 
to improper installation techniques. 
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Magnetometer 

Characteristics 

Magnetometers contain small probes that 
range in size from 5 cm (2 in) to 11 cm (4.25 
in) in diameter. The magnetometer was 
developed as an alternative for loop 
detectors in special situations, such as bridge 
structures. Figure 3-6 illustrates a typical 
installation for magnetometers. Similar to 
loop detectors, the components of a 
magnetometer detection system include the 
following:C11

) 

• One or more small probes (sensors) 
embedded in the pavement. 

• Probe cable. 

• Lead-in cable that connects the probe to 
the detector via a roadside pull-out box. 

• Detector unit. 

Magnetometers measure the density of 
vertical flux lines of the earth's magnetic 
field. When a vehicle passes over the probe, 
the ferrous material in the vehicle increases 
the density of the flux lines. Magnetometers 
sense this increase and interpret it as the 
presence of a vehicle. 

Applicati.ons 

Magnetometers can operate in either 
presence of pulse modes and are most 
effective in detennining occupancy and 
volume. Tiris type of system is usually used 
when the only information required is that a 
vehicle has arrived at a specific point_CllJ 
Speed can also be measured by placing two 
sets of probes a known distance apart. 
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Installation Requirements 

Similar to the installation of inductive loops, 
installing magnetometers requires cutting the 
pavement; however, because magnetometers 
are more compact in size, not as much 
cutting is required. Detailed information 
concerning the design, installation, and 
maintenance of magnetometers is contained 
in the Trafflc Detector Handbook.0° 

For a magnetometer to detect a vehicle, 
some part of the vehicle must pass over the 
probe. Therefore, optimum lateral placement 
of probes in the pavement is dependent upon 
the following factors: 

• Width of narrowest vehicle to be 
detected. 

• Width of lane. 

• Required detection quality. 

Since most vehicles are wider than 1.5 m (5 
ft), a single probe might not be adequate for 
lane widths greater than 3 m (10 ft). For 
lane widths of 3.7 m (12 ft), two probes per 
lane should be adequate for detecting all 
four-wheeled vehicles. 

Installing the magnetometers requires 
placing the detectors in the pavement. The 
installation procedures include the following 
steps: 

• Drill holes in pavement for probes. 

• Saw slots in pavement for detector 
wires. 

• Clean and dry saw cuts. 
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Figure 3-6. Typical Layout for Magnetometer Installation. C4> 

• Place each probe in the proper hole. 

• Secure probe with housing, sand, or 
sealant. 

• Connect detector wire to lead-in cable. 

• Connect lead-in cable to the detector 
unit. 

• Test system. 

• Seal drilled holes. 

Because the probes are buried several 
centimeters below the surface of the 
pavement, magnetometers are less 
susceptible than ILDs to deteriorating 
pavement conditions. Therefore, 
magnetometers are primarily used in 
northern States that suffer pavement 
deterioration due to freeze-thaw cycles. In 
addition, the magnetometer can usually be 
used on bridge decks where cutting the 
pavement for loop installation is not an 
option. 

When using magnetometers on bridge 
structures, the probes should be placed at 
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the maximum distance from steel supports 
(see figure 3-7). The presence of steel over 
or under the probes has little effect on 
performance; however, vertical structural 
steel members may influence the magnetic 
field surrounding the probe, and affect 
performance. 

The causes of magnetometer failures are 
usually either improper installation or 
maintenance procedures. The major factors 
that affect the operation of a magnetometer 
detector system include the following: 

• Proper burial depth of probe. 

• Stability of the probe in the pavement. 

• Moisture penetration into the probe 
cable. 

• Saw slot maintenance. 

NON-INTRUSIVE DETECTORS 

In response to an increasing demand for 
alternatives to loop detectors, a broad range 
of non-intrusive detectors have become 
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Figure 3-7. Typical Bridge Deck Installation for Magnetometer. <~l 

available. <
14J Non-intrusive detectors are 

mounted on a structure above the surface of 
the pavement. Figure 3-8 shows an example 
of a non-intrusive detector. Advantages that 
non-intrusive detectors have over embedded 
detectors include the following:C 15

,
16J 

• Modifications to pavement are not 
required for installation. 

• Detectors can be moved or replaced 
more easily. 

• Lane closure may not be required during 
installation and maintenance. 

• Detectors are not subject to stresses of 
traffic. 

• Detectors can be used during and after 
any reconstruction or maintenance 
activities. 
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Figure 3-8. Example of Non-Intrusive 
Detector. (l7) 



A disadvantage of non-intrusive detectors is 
that they may produce unreliable results 
during adverse weather conditions. 

Over the past few years, however, 
improvements in technology have improved 
the performance and reliability of certain 
non-intrusive detectors, and costs have 
become more and more competitive with 
loops. There are currently many non­
intrusive technologies that provide viable 
alternatives to loop detectors. These 
alternatives include the following: 

• Microwave radar. 

• Infrared. 

• Ultrasonic. 

• Acoustic. 

• Video image processing. 

Microwave Radar 

Characteristics 

Microwave radar detectors have been used 
in both law enforcement and traffic 
management for some time to monitor 
vehicle speed. For traffic management, radar 
sensors are mounted either above or beside 
the road and direct a beam of microwave 
energy onto a detection area. Most radar 
detectors transmit electromagnetic energy at 
the speed of light at the K-band (24 gHz) or 
the X-band (10 gHz)_(IS) 

The form of the electromagnetic wave 
transmitted by the detector determines the 
type of data that can be obtained by the unit. 
Three types of radar frequency include the 
following:<1 8

> 
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• Continuous wave. 

• Frequency modulated continuous wave 
(FMCW). 

• Pulsing waveform. 

Continuous Wave. With constant wave 
radars, electromagnetic energy is transmitted 
at a constant frequency. This type of radar 
is the most common form of radar detection. 
As shown in figure 3-9(a), vehicle. speeds are 
calculated by measuring the Doppler shift 
that occurs in the return signal frequency. 
The shift in the return signal is proportional 
to the speed of the vehicle. Because only 
moving vehicles cause a frequency shift in 
the return signal, these detectors cannot 
detect stationary vehicles, and thus cannot be 
used as presence detectors. 

Frequency Modulated Continuous Wave 
(FMCW). FMCW radar detectors can be 
used to measure the presence of vehicles as 
well as the speed. Figure 3-9(b) illustrates a 
typical waveform of these types of detectors. 
Presence detection occurs in the portion of 
the waveform where the frequency changes 
with time. The portion of the waveform that 
is constant is used to measure the speed of 
vehicles in the same manner as the 
continuous wave detectors. 

Pulsing Waveform. Pulsing waveform is a 
variation of the FMCW signal. As illustrated 
in figure 3-9(c), it is generated by using 
differences in frequency change rates, time 
duration of each waveform segment, and 
numbers and sequencing of the waveforms. 
Detectors that use this type of waveform can 
measure differences between the range to the 
road and the vehicle, making it possible to 
provide not only vehicle counts and presence 
detection, but also occupancy. Speeds can 
also be determined by measuring the elapsed 
travel time between two detectors. 
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Figure 3-9. Waveforms Used with Microwave Detectors. (lSJ 

Depending on the width of the radar beam, 
radar detectors may be used to monitor from 
one to several lanes. Three types of radar 
detectors exist: 03) 

• Wide beam. 

• Narrow beam. 

• Long-range. 

Wide Beam. Wide beam detectors monitor 
all lanes of traffic in one direction of the 
freeway (see figure 3-lO(a)). They provide 
information on the overall traffic speeds; 
however, every vehicle is not detected. 
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Narrow Beam. Narrow beam detectors 
monitor only a single lane of traffic in one 
direction (see figure 3-lO(b)). They are 
typically installed where freeway lanes have 
varied uses (e.g., through lanes and exit 
lanes, or through lanes and HOV lanes). 

Long-Range. Long-range detectors project 
the radar beam over greater distances, up to 
245 m (800 ft). This type of detector may 
be installed alongside a freeway with traffic 
traveling in one direction to measure speeds 
of freeway traffic traveling in the opposite 
direction (see figure 3-IO(c)). 

One advantage of radar detectors is that they 
can discriminate between approaching and 
receding traffic. <15l This capability would be 



Figure 3-10. Alternative Radar Beam 
Widths. <13> 

useful for monitoring operations on 
reversible or contraflow lanes. 

Applications 

The most common applications of 
microwave radar detectors are to measure 
vehicle speeds, and in some applications to 
provide volume counts. As mentioned 
above, advanced units that are available can 
be used as presence detectors. In addition, 
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some radar units can measure vehicle 
profiles to perform classification countsY8

) 

An area in which the use of microwave radar 
detectors is increasing is incident detection. 
Incident detection algorithms used with 
radar detectors typically detect incidents by 
using speed data. This differs from the 
majority of incident detection algorithms, 
which detect incidents based on occupancy 
data. A recent study suggests microwave 
radar incident detection systems are highly 
accurate and reliable.<'3

l 

One of the biggest advantages of microwave 
radar detectors is their ability to perform 
adequately in all weather conditions. 
Because the detectors are mounted above 
the pavement surface, they are not subject to 
the effects of ice, sand, and salt during the 
winter months, as are many embedded 
detectors. Microwave radar detectors can 
be useful under the following 
conditions:(13•19•

20
l 

• Rain. 

• Fog. 

• Snow. 

• High winds. 

• Day and night. 

Installation Requirements 

One advantage of using non-intrusive 
detectors is ease of installation. This is 
especially true if the detectors can be 
mounted on existing structures, such as the 
following: 

• Bridges. 

• Luminaire poles. 



Freeway Management Handbook 

• Sign structures. 

Radar detectors can be mounted in either the 
side-fire position ( see figure 3-11) or the 
overhead position (see figure 3-12). Setup 
of the detector is simple and involves simply 
aiming the unit at the traffic flow. Unlike 
other detection systems, most current radar 
units do not require setup, configuration, or 
calibration to provide accurate data.<13l 

Maintenance costs of radar detectors have 
also proven to be relatively low. One study 
conducted in a northern State showed only a 
2 percent failure rate for radar detectors over 
2 years. This compares with a 34 percent 
failure rate of loop detectors over a 5-year 
periodY3

> Costs are also kept lower, 
because maintenance of the detectors 
typically does not require lane closure on the 
freeway. 

Infrared 

Characteristics 

There are two types of infrared detectors: 

• Active. 

• Passive. 

Active. Active infrared detectors ( see figure 
3-13) operate by directing a narrow beam of 
energy toward a background, such as the 
surlace of a roadway, at a certain pulse rate. 
A portion of the beam is directed back to the 
sensor, and vehicles are detected by changes 
in the characteristics of the infrared beam. 
The infrared beam can be transmitted from 
one side of the road to the other, or from an 
overhead or roadside position to a device in 
the pavement surface. Disadvantages of 
active infrared sensors include the 
following:<3> 
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• Difficulties of maintaining alignment on 
vibrating structures. 

• Inconsistent beam patterns caused by 
changes in infrared energy levels due to · 
passing clouds, shadows, fog, and 
precipitation. 

• Lenses used in some devices may be 
sensitive to moisture, dust, or other 
contaminants. 

• Inconsistent reliability under high volume 
conditions. 

An advantage of active infrared detectors is 
the very narrow beam width that they emit. 
This allows for accurate determination of the 
spatial position of a vehicle on a road. In 
addition, the profile of a vehicle can be 
measured to within a few centimeters for 
some systems. <22> 

Passive. Passive infrared detectors (see 
figure 3-14) do not transmit energy 
themselves, but measure the amount of 
energy that is emitted by objects in the field 
of view. The amount of energy that is 
emitted by an object depends on its surface 
temperature, size, and structure, but not on 
its color or the surrounding lighting 
conditions. For years, these detectors have 
been used as motion detectors; however, 
detectors are currently available for 
detecting presence as well.04

> As with active 
infrared detectors, the ability of passive 
sensors to detect vehicles can be affected by 
environmental effects, such as fog and 
precipitation, that can scatter and emit 
energy of their own. (IS) 

Applications 

Active. Currently available active infrared 
detectors can provide speed, count, density, 
and vehicle classification. Accuracy is based 
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Figure 3-11. Detector in Side-Fire Position. czi) 

Figure 3-12. Detector in Overhead Position. C
19

l 
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Figure 3-13. Active Infrared Detector. <
11

) 

on the pulse rate, scan rate, and speed of 
vehicle. Faster pulse rates and scan rates 
improve the accuracy of the system up to a 
certain point. <22l 

The presence of a moving or stationary 
vehicle is determined by measuring the 
round-trip propagation time of an infrared 
pulse. This time will be shorter when a 
vehicle is present. Speeds are measured by 
using two fixed beams, one slightly ahead of 
the other. By comparing the times at which 
the front of a vehicle passed through each 
beam, the speeds can be determined. <22l 

One system that is coming onto the market 
can determine vehicle classification by 
measuring the profile of a vehicle. A two­
dimensional profile of a vehicle passing 
through the infrared beam is obtained by 
measuring the distance from the detector to 
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the vehicle ( see figure 3-15). If the beam is 
scanned across the roadway at a fast enough 
pulse rate, a very accurate profile of a 
vehicle can be obtained. The vehicle may 
then be classified by using an algorithm to 
compare the vehicle's profile against defined 

. ifi • (22) profiles for various vehicle class 1cations. 

Passive. Passive infrared detectors can 
provide volume counts as well as presence 
detection. Using a multichannel presence 
detector, passive infrared detectors can be 
made to mimic the pattern of an inductive 
presence loop, and can replace 
malfunctioning loop detectors.°4l 

Installation Requirements 

For speed measurement and presence 
detection, infrared detectors may be installed 
in either the side-fire or overhead position. 
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Figure 3-14. Passive Infrared Detector. <11> 

Scanning Infrared 
Beams 

--­.____~---

Figure 3-15. Active Infrared Detector Measuring Vehicle 
Classification. <23) 
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fu order to obtain vehicle classification, the 
detector must be mounted in the overhead 
position. Active infrared detectors are 
suitable for single lane detection, but can be 
used only at short ranges. Passive infrared 
detectors off er lane discrimination at long 
range, but have relatively slow response 
time. (14) 

Some currently available active infrared 
systems have incorporated microcontrollers 
that offer continuous built-in testing. For 
these systems, all adjustments to the system 
are automatically performed, and no initial 
calibration is required during installation. In 
addition, maintenance or design changes may 
be performed by uploading the system's 
program code, thereby, eliminating the need 
to remove the detector from the mount. (22

> 

Ultrasonic 

Characteristics 

Ultrasonic detectors use electronic sound 
wave signals and a receiving unit to detect 
vehicles traveling in a traffic stream. These 
detectors operate on the same principle as 
microwave radar detectors in that both 
transmit a beam into an area and receive the 
reflected beam to detect a vehicle. <

11
) Similar 

to radar detectors, ultrasonic detectors 
operate using the following waveforms:<22

> 

• Continuous. 

• Pulse. 

For a continuous waveform, a continuous 
signal is emitted, and vehicle presence is 
measured using the Doppler principle. This 
form can be used to detect volume, 
occupancy, and speed. For pulse waveform, 
the detector operates by pulse allowing the 
measurement of classification, as well as 
volume and presence. 
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The development of ultrasonic devices for 
vehicle detection began in the mid-1950s. 
Michigan, Illinois, New York, and California 
were among the early users of ultrasonic 
detectors in the 1960s. The use of these 
detectors was abandoned for the most part 
because of the problems experienced. 
Recently, however, there have been efforts 
to improve ultrasonic vehicle detectors. 
Results from these efforts continue to show 
promise_(ll) 

Disadvantages of current ultrasonic vehicle 
detection systems include the following:(3l 

• Environmental conditions (such as 
temperature, humidity, and air 
turbulence) can affect operations 
because the detectors use sound waves 
that propagate through the air. 

• Surf ace of a vehicle may affect the 
performance of the detector. For 
example, porous or textured surf aces 
( e.g. snow on a vehicle) produce weaker 
reflected sound waves. 

• Speed is not measured directly. 

• Systems require a high level of special 
maintenance capability. 

Applications 

Ultrasonic detectors can be used for both 
presence and pulse applications. Using 
signal processing techniques, the reflected 
waves may be converted into volume, speed, 
and occupancy measures. In addition, some 
detectors can be used for presence detection 
and vehicle classification. Vehicles are 
classified by comparing the sonic signature 
created by a vehicle with a set of pre­
programmed signatures of vehicles of 
various classes.(22i 



Installation Requirements 

Ultrasonic detectors can be mounted in 
either the side-fire or overhead position. 
Detectors can provide either single lane or 
multi-lane coverage. An example of an 
ultrasonic detector installation is shown in 
figure 3-16. 

Acoustic 

Characteristics 

Acoustic detectors are completely passive 
devices. Vehicles are detected by using 
microphones along with signal processing 
technology to listen for sounds associated 
with vehicles. The acoustic technology used 
by these detectors was originally developed 
for military defense purposes, such as 
tracking enemy submarines. The use of this 
acoustic technology for vehicle detection 
purposes has emerged within the last few 
years. The advantages of acoustic detectors 
are that they work well in all lighting 
conditions and in wide temperature and 
humidity extremes. <

22
) 

Applications 

Acoustic detectors can be used to measure 
volume, occupancy, and presence. Vehicle 
classification can also be determined by 
comparing the sonic signature of a vehicle to 
pre-programmed sonic signatures of vehicles 
for various classes. <

22
> 

Speed can be measured by using an array of 
microphones as shown in figure 3-17. The 
configuration shown in this figure consists 
of two microphones, one mounted above the 
other. The concept behind this configuration 
is that the time delay of sound arrival will be 
different for the upper and lower 
microphones. This difference in time delay 
will vary as a vehicle approaches the sensors. 
For example, when the vehicle is a certain 
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Figure 3-16. Example of Ultrasonic 
Detector Installation. C11

l 

distance from the sensors, the sound arrives 
at both microphones almost simultaneously. 
When the vehicle passes under the sensors, 
the sound reaches the lower microphone 
first. By plotting time delay versus time, the 
relationship can be used to estimate speed 
(see figure 3-18).<24l 

Installation Requirements 

Acoustic detectors can be mounted either on 
the side of the roadway or in an overhead 
position. The detectors can monitor one or 
many lanes. Multilane detectors cannot 
distinguish between lanes, and may 
experience interference among vehicles in 
different lanes. Single lane detection is 
accomplished using directional microphones; 
however, this increases the complexity and 
cost of the system. <24l 
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Figure 3-17. Acoustic Detector. 
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Figure 3-18. Time Delay Versus Time Curve. 
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Video Image Processing 

Characteristics 

An emerging technology that appears to be 
very promising for meeting future data 
collection and surveillance needs is known as 
video image processing (VIP). VIP systems 
detect vehicles by monitoring specific points 
in the video image of a traffic scene to 
detennine changes between successive 
frames.(25) The components of a VIP system 
are shown in figure 3-19. Most systems 
consist of the following major elements: 

• One or more video cameras. 

• Microprocessor-based system for 
processing the video image. 

• Software for interpreting the processed 
images as vehicle detections. 

The microprocessor-based system receives 
video inputs from the cameras. After 
receiving video input, the processor analyzes 
the variation of gray levels in a series of 
pixels from the video image. The processor 
must filter out gray level variations resulting 
from weather conditions, shadows, and day­
or night-time-related aspects. The resulting 
image consists of a blank background 
containing only identified objects such as 
vehicles, motorcycles, and/or bicycles. By 
analyzing successive video frames, the 
system is able to calculate vehicle-related 
information. <20J 

Classes of VIP Systems. VIP systems have 
evolved through the following three classes: 

• Tripline. 

• Closed Loop Tracking. 

• Data Association Tracking. 
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Tripline. These first generation systems are . 
the least demanding in terms of computer 
power and speed. Most of the VIP systems 
that are commercially available at this time 
are of this class. Tripline systems operate by 
allowing the user to define a limited number 
of detection zones in the field of view of the 
video camera. When a vehicle enters one of 
these detection zones, it is identified in a 
manner analogous to that of inductive loops. 
In fact, tripline systems are the functional 
equivalent of inductive loops. and are 
intended to replace inductive loops in areas 
where a large number of loops are employed. 
Limitations of tripline systems include the 
following: 

• Difficulty in detection due to the 
presence of shadows or light changing 
conditions. 

• Problems of occlusion ( vehicle hidden by 
another vehicle or object). 

Closed Loop Tracking. These systems are 
second generation VIP systems. They are an 
extension of the tripline approach in that 
detection is performed using the same type 
of detection zones. Closed loop tracking 
systems represent the first attempt to 
perform vehicle tracking. These systems 
have the same problems as tripline systems 
with shadows and occlusion. They provide 
more traffic flow information than tripline 
systems, but the complexity of both 
hardware and software subsystems is 
significantly greater than for tripline systems. 

Data Association Tracking. These systems, 
commonly used in satellite surveillance 
systems, are third generation VIP systems. 
A basic requirement for these systems is the 
capability to identify and track a . 
distinguishable object as it passes through 
the field of view of the camera. In this 
mode, the computer identifies vehicles by 
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Figure 3-19. Components of Video Image Processing System. <11l 

searching for connected areas of pixels that 
indicate motion when compared with the 
background information. A series of such 
vehicle detection is then associated to 
produce tracking data for each vehicle. 

Data association tracking systems require 
less processing power than closed loop 
tracking systems, because they do not have 
to operate at the frame rate of the camera. 
They also offer better performance with 
regard to shadows and occlusion. Shadows 
are addressed using image analysis. 
Observed differences in the geometry of the 
image reduce the effects of occlusion. A 
greater reliance on software sophistication 
may reduce the hardware costs for these 
systems. An additional advantage of these 
systems is that a series of video cameras can 
be used to cover a wide area, and a vehicle 
can be "handed off' and tracked from one 
sensor to another as it passes from one field 
of view to another. 
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VIP Detector Performance. Factors 
influencing detector performance include the 
following:<20

) 

• Type of image being processed (i.e., 
upstream or downstream image). 

• Mounting height of the video camera 
(affects occlusion of vehicles). 

• Number of lanes being processed. 

• Stability of video camera with respect to 
wind and vibration. 

• Inclement weather, shadows, and poor 
lighting. 

In most instances, the factors that affect VIP 
detection capability the most are shadows 
and reduced visibility due to inclement 
weather and poor lighting on detection 
capability. As discussed above, a VIP 
system detects vehicles by analyzing changes 
in pixels. Therefore, it may be difficult to 



differentiate between vehicles and changing 
light conditions in all situations.<16> 

During the implementation of a VIP system 
at signalized intersections in Oakland 
County, Michigan, the effects of shadows 
and lighting were minimized by improving 
the detection algorithms.<16> This 
improvement made it possible to distinguish 
the direction a vehicle enters a detector, 
thereby, eliminating false detections due to 
"wrong-way" entries. Typical causes of 
wrong-way entries include the following: 

• Shadows from vehicles in adjacent lanes. 

• Light reflections (day or night) from 
other objects. 

• Vehicles that enter the detection zone 
from the wrong direction. 

An evaluation of the system during various 
environmental conditions revealed both 
improvements in the detection accuracy and 
reductions in false detections.°6) Table 3-11 
presents the results from that evaluation. 

Module 3. Surveillance 

Advantages of VIP Systems. The purpose 
of the Oakland County project was to 
implement an Advanced Traffic Management 
System (A TMS), which included installing 
AutoScope VIP systems at 90 signalized 
intersections. After 1.5 years of operation, 
several benefits of VIP over inductive loop 
detectors were noted:<16

l 

• Life cycle cost of video detection is 
lower than when using conventional 
loops for a typical situation. 

• Visual inspection of detection 
performance allows for detector size and 
placement optimization. 

• Installation requires less set up time and 
fewer pieces of equipment. 

• Installation and maintenance can be done 
year-round, and require minimal traffic 
disruption. 

• Relocation or addition of detector 
regions can be done with software, 
resulting in no disruption to traffic. 

Table 3-11. Results from Oakland County Evaluation of VIP System. 

Environmental Conditions Detection Accuracy(%) False Detection Rate (%) 

High Winds, Shadows 98.1 3.0 

Overcast Skies, Snow, Wind 99.6 4.2 

Overcast Skies, Wet Road, Wind 96.1 2.0 

Day/Night Transition 97.1 7.4 

Night 98.1 6.1 

Partial Cloudiness, Light Wind 96.2 4.1 
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• Detection is unaffected by resutfacing or 
construction projects. 

Additional advantages of a VIP system 
include the following:C15

) 

• Camera pointing is easily done and 
verified by a portable video monitor or 
hand-held viewer. 

• Camera location is very flexible, 
allowing mounting on existing 
structures. 

• Installation of VIP system requires 
minimal training. 

• Detector layout can be done either in the 
field or in the office. 

CCTV Applications. Closed-circuit 
television (CCTV) cameras can be equipped 
with VIP capability to give operators the 
added capability to immediately verify 
incident warning messages. If an incident 
has occurred, operators may switch the VIP 
from the video imagery mode to a standard 
CCTV mode and monitor nearby incidents 
via pan/tilt/zoom controls. Once the camera 
viewing field has been modified, the VIP' s 
preset detection zones are lost and must be 
reset prior to switching back to the video 
imagery monitoring mode. In the past, 
resetting the detection zones has been a 
cumbersome task; however, several VIP 
manufacturers have stated that this problem 
is being solved. c26l 

Applications 

Currently available VIP systems can detect 
traffic at a number of locations within the 
camera's field of view. The detector 
locations are specified with interactive video 
graphics and can be easily changed at any 
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time. Using a video monitor, detection lines 
are placed in the field of view by means of a 
mouse or keyboard (see figure 3-20). 
Different detector sizes and locations can be 
selected. Vehicles are detected when they 
cross a detection line.<1 1

l 

The processing system of a tripline VIP 
system provides outputs comparable to those 
provided by loop detectors. These outputs 
include presence and passage as well as 
speed. From these measurements, other 
traffic parameters can be extracted, including 
volume and occupancy. Similar to loop 
detectors, speed trap detectors can extract 
vehicle speed and vehicle classifications as 
defined by length.<4l An advantage of VIP 
systems is that a single camera can replace 
many loops, offering true wide-area 
detection.<1 IJ 

For the more sophisticated systems in which 
vehicles are tracked, vehicle location 
and travel time through the detection zone 
may be obtained, as well as a higher level of 
accuracy in vehicle speed and vehicle length. 
Detector lines and speed traps are not 
needed with these systems. Instead, vehicles 
are tracked frame-by-frame through the 
entire field of view. The time and distance 
traveled between successive video frames is 
known, thereby providing an accurate 
measurement of .speed.<23

J 

VIP systems are also very effective in 
incident detection. For tripline systems, 
incident detection algorithms similar to those 
used for loop detectors may be used. A 
video tracking system can provide traffic 
information to automatic incident detection 
systems, and can often implement these 
algorithms directly with the same hardware 
platform. Since all vehicles are tracked with 
this system, parameters pertaining to each 
vehicle are known. <28

l 
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Figure 3-20. Identification of Detection Lines in Field of View. 

Installation Requirements 

The video detection system includes the 
following elements: 

• Roadside cameras. 

• Video processor. 

• Appropriate software. 

The cameras are mounted above the 
roadway, typically on existing poles, bridges, 
or other structures. Occlusion caused by 
other vehicles or objects can be minimized 
by selecting proper camera location and 
defining optimal detector sizing.<28

) 

Some existing VIP systems offer complete 
fail-safe operation. For example, each 
camera is monitored for video signal quality 
and picture usability. If a camera fails, the 
affected detection zones will be switched to 
a user-defined mode, such as "always on." 
The nature of the problem is also reported to 
operators in the traffic control center.<28

l 
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COMPARISON OF EMBEDDED AND 
NON-INTRUSIVE DETECTORS 

A summary of the advantages and 
disadvantages of each of the systems 
discussed was given toward the beginning of 
this section (see table 3-10). Table 3-12 lists 
the functional capabilities of the various 
systems, as well as estimated installation and 
detector costs. These estimates will vary by 
manufacturer and quantity purchased. 

VEHICLE PROBES 

With the recent advances in computer, 
communications, and vehicle locating 
technologies, the vehicle itself can become 
an important surveillance tool for monitoring 
traffic conditions in the roadway network. 
Vehicles, acting as moving sensors ( or 
probes), can provide information about 
traffic conditions on each link traversed. 
This information can be transmitted to a 
central computer system where it can then be 
merged with information from other sources 
to provide an accurate representation of 
actual travel conditions in the transportation 
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Table 3-12. Characteristics of Traffic Detectors. 

Applications Lane Communi-
Coverage cation 

Detector 
Count Presence Speed Occup- Classifi- per Bandwidth Life 

ancy cation Sensor 

Inductive Loop X X X X X Size of Low Moderate 
loop 

Magnetometer X X (1) X Single Low Long 
lane 

Microwave X (2) X (2) (2) Multiple Moderate Long 
Radar 

Infrared X X X X (2) Single Low- Long 
(active); Moderate 
Multiple 
(passive) 

Ultrasonic X X X X (2) Single Low Moderate 

Acoustic X X X X (2) Multiple Low- NIA 
Moderate 

Video Image X X X X X Multiple Moderate - Moderate 
Processing High 

(1) Speed can be calculated by spacing sensors a known distance apart. 

Reliability Technology 

Moderate Current 

High Current 

High Current 

High Developing 

High Developing 

NIA Developing 

Moderate Developing 

Cost 

Detector 
Install (each) 

Moderate Low 
($1,000) ($500-

$800) 

Moderate Low-
($1,000) Moderate 

($500 -
$1500) 

Low Low-
($500) Moderate 

($700 -
$3,000) 

Low Moderate 
($500) High 

($1,000-
$8,000) 

Low Low -
($500) Moderate 

($600 -
$1,500) 

Low Moderate 
($500) ($1,500) 

Low Very High 
($500) ($10,000-

$25,000) 

~ 
(1) 
(1) 

~ 

~ 
§ ...... 

~ 
§: 
0 

~ 



system. Advantages of vehicle probes are 
that the following measurements can 
typically be obtained: 

• Link speeds. 

• Link travel times. 

• Origin and destination of vehicle 
traveling through system. 

Types of Vehicle Probes 

Emerging technologies that utilize vehicles 
as probes include the following: 

• Automatic Vehicle Identification (AVI). 

• Automatic Vehicle Locating (A VL). 

• Cellular Telephone Probes. 

Automatic Vehicle Identification (A VI) 

A VI systems permit individual vehicles to be 
uniquely identified as they pass through a 
detection area. Although there are several 
different types of A VI systems, they all 
operate using the same general principles. A 
roadside communication unit broadcasts an 
interrogation signal from its antenna. When 
an A VI-equipped vehicle comes within range 
of the antenna, a transponder ( or tag) in the 
vehicle returns that vehicle's identification 
number to the roadside unit. The 
information is then transmitted to a central 
computer where it is processed. In most 
systems, the transponder and reader/antenna 
technology are independent of the computer 
system used to manage and process the 
vehicle identification information.<3> 

Currently, the most common application of 
A VI technology is for automatically 
collecting tolls on tollways. In this 
application, toll charges are electronically 
deducted from the driver's account when he 
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or she passes through a toll plaza. Because 
tolls are collected automatically, the vehicle 
can pass through the toll plaza without 
stopping. 

A VI technology may also be used as a means 
of automatically collecting travel time 
information along freeways. In Houston, 
Texas, A VI systems have been installed to 
monitor traffic operations on the main lanes 
and the high-occupancy vehicle (HOV) lanes 
on three major freeways. Vehicles equipped 
with transponders are used as probes to 
collect current travel time information. This 
information is used to alert freeway 
operators to potential incidents and 
congestion on both the main lanes and the 
HOV facilities. c29> 

The original A VI technology, which has 
been in use for several years, uses a radio 
frequency signal from the roadside to 
activate a transponder located in the vehicle. 
Transponders can be classified according to 
the type of source required to power the 
transponder and the degree to which the 
transponder can be programmed. 

Classes of transponders, based on type of 
power source, include the following:<30l 

• Active. 

• Passive. 

• Semi-Active. 

Active. With active transponders, power to 
the transponder is supplied from either an 
internal battery or a connection to the 
vehicle's power supply. The transponder is 
activated by an interrogation signal from the 
roadside communication unit. It responds to 
the signal by broadcasting its own signal 
(which contains the identification number for 
the vehicle) from an internal transmitter. 
This type of transponder generally has a 
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greater operating range and is more reliable 
than other types of transponders. The life 
expectancy of an active transponder is 
between 7 and 10 years. 

Passive. With passive systems, the 
transponder does not require any internal or 
external power supply. Instead, the 
interrogation signal from the antenna is 
modulated and reflected to the reader. 
Because the return signal is weaker, passive 
systems typically produce less lane-to-lane 
interference than active systems. The weak 
return signal, however, causes passive 
transponder systems to have shorter 
operating distances. Due to the simplicity of 
their circuitry, passive transponders have a 
life expectancy of approximately 40 years. 

Semi-Active. Semi-active transponders use 
an operating approach similar to that of 
passive transponders in that they are 
activated only after an interrogation signal is 
received from the reader. Unlike passive 
transponders, however, semi-active 
transponders use an internal power to boost 
the return signal to the reader. This 
increases the reading distance of the 
transponder. Like active transponders, a 
semi-active transponder has a life expectancy 
of approximately 7 to 10 years. 

Classes of transponders, based on the degree 
to which they can be programmed, include 
the following:<25) 

• Type I. 

• Type IL 

• Type III. 

Type I. Type I transponders are read-only 
tags that contain fixed data, such as a vehicle 
identification number. They can initially be 
programmed either at the manufacturing 
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facility or by the agency issuing the 
transponder; however, they cannot by 
reprogrammed without returning the 
transponder to the manufacturer. 

Type II. These transponders have 
read/write capability. In these transponders, 
some of the memory contains permanent 
information (such as vehicle identification 
number) and cannot be reprogrammed. 
However, additional memory can be 
provided and may be reprogrammed or 
written remotely from the reader. This type 
of transponder is typically used in toll 
systems to record time, date, location, and 
account balance for vehicles. 

Type Ill. These transponders are also 
known as "smart cards." They have 
extended memory and are capable of full 
two-way communication. With this system, 
vehicles can be warned of incidents, 
congestion, or adverse weather conditions, 
enabling drivers to take alternative routes. 
This type of system requires sophisticated 
technology for both the roadside and 
vehicle-based equipment.<4l 

Automatic Vehicle Location (A VL) 

A VL systems enable the approximate 
location of a vehicle to be determined and 
tracked as it traverses the transportation 
network. These systems have many uses for 
many different customers, including the 
following:<31 ) 

• Emergency Services - aid in dispatching 
emergency vehicles. 

• Transit Agencies - track vehicles and 
provide passengers with arrival time 
estimations through information displays. 

• Delivery Companies - plan the most 
efficient dispatch of fleet vehicles. 



• Private Citizens - allow instant dispatch 
of tow truck in the event of a vehicle 
breakdown or to recover a stolen 
vehicle. 

This technology can also be used to 
determine the severity of congestion or the 
occurrence of an incident, by obtaining 
probe reports from vehicles traveling in the 
network. Software in a control center can 
automatically monitor travel speeds and 
transit times of vehicles equipped with A VL 
technology. 

There are numerous techniques and 
technologies than can be used for locating 
the vehicle, including the following:<31

) 

• Dead-Reckoning and Map-Matching. 

• Signpost. 

• Ground-Based Radio Navigation. 

• Loran-C. 

• Global Positioning Systems (GPS). 

• Differential GPS. 

Dead-Reckoning and Map-Matching. 
Dead-reckoning systems monitor the 
vehicle's internal compass and odometer and 
calculate its position by measuring its 
distance and direction from a known central 
starting point. Dead-reckoning systems 
frequently get off track and can be corrected 
using a technique called map-matching. 
Map-matching systems store a map of the 
vehicle's coverage area in a database and 
assume that when a vehicle changes 
direction, it must have turned from one road 
on to another. When a vehicle does make a 
tum, map-matching systems alter the 
vehicle's record location to the nearest 
possible point at which the tum could have 
taken place. Because of the low degree of 
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positional accuracy of dead-reckoning and 
map-matching, most A VL systems use more 
advanced technology options. 

Signpost. When vehicles, such as transit 
buses, regularly travel a fixed route, many 
fleet operators have found that signpost­
based positioning systems offer an 
alternative to more advanced A VL 
technologies. Antennas are placed at 
locations throughout the vehicle's route and 
record the time when the vehicle passes 
nearby. A signpost-based AVL system can 
also be a valuable extension of systems 
intended for other purposes. Reader 
antennas that communicate with vehicle tags 
for electronic toll collection can also track 
the location of vehicles from one toll booth 
to another. The Harris County Toll 
Authority in Houston and the Illinois Toll 
Authority in Chicago are currently using 
such systems. 

Ground-Based Radio-Navigation. In 
"terrestrial" or "ground-based" radio­
navigation, the A VL vendor sets up several 
receiving ruitennas in a metropolitan area. 
Each appropriately equipped vehicle 
broadcasts a radio frequency (RF) signal to 
all nearby receiving antennas. By measuring 
the time it takes for the signal to travel to the 
antenna, the distance from the vehicle to the 
antennas can be determined. If the vehicle's 
signal was received by three or more 
antennas, the vehicle's position can be 
uniquely determined. A disadvantage of 
radio-navigation is that RF signals have 
difficulty transmitting through large 
obstructions, such as mountains, tunnels, 
parking garages, and metropolitan canyons 
formed by the large buildings that line many 
downtown city streets. 

Ground-based radio-navigation systems are 
among the most inexpensive AVL systems 
for the user. However, since constructing 
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the necessary infrastructure requires 
significant financial investment on the part of 
the AVL vendor, these systems are usually 
available only in dense metropolitan areas 
with large market potential. 

LORAN-C. LORAN-C is similar to 
ground-based radio navigation, except that it 
uses a communication system set up by the 
U.S. Government. Uncertainty about the 
government's future plans for this system 
have lead to a decrease in the number of 
commercial A VL systems using LORAN-C. 
In addition, LORAN-C communication 
signals often experience errors due to 
atmospheric conditions. 

Global Positioning System. Global 
positioning systems (GPS) use a network of 
24 satellites that are continuously orbiting 
the Earth to locate any object anywhere on 
the planet. The satellites are available free­
of-charge to anyone with a device capable 
of receiving the satellite signals. The U.S. 
Department of Defense (DOD) launched the 
satellites in order to track objects of interest 
on the ground. The position of the objects is 
determined measuring how long a radio 
signal takes to reach the object from multiple 
satellites. GPS is by far the most accurate 
global navigation system ever devised, with 
accuracies in the range of 5 to 30 meters. 
Similar to radio-navigation, GPS signals 
have difficulty transmitting through large 
objects. The signals also have trouble 
transmitting through opaque objects, such as 
leaves on trees. 

Differential GPS. Differential GPS is a 
technique used to improve the accuracy of 
standard GPS. With differential GPS, a 
receiver placed at a known location 
calculates the combined error in the satellite 
range data. By knowing the error, 
correction factors can be applied to all other 
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receivers in the same locale, virtually 
eliminating all errors in measurements. 

Cellular Telephones 

Using radio frequency receivers and 
triangulation techniques, it is possible to 
determine a vehicle's location by measuring 
signals resulting from cellular phone usage 
within the vehicle. In conjunction with map­
matching algorithms, vehicles ( cellular 
probes) can be tracked as they traverse area 
freeways. The ability to track vehicles via 
cellular telephones allows vehicle speeds, as 
well as travel times for various freeway 
segments to be measured. With so many 
cellular telephones currently in operation, 
this system has a potential to provide an 
inexpensive source of traffic surveillance.<31l 

A test project was conducted in the 
Washington, DC, area to test the feasibility 
of using cellular probes to obtain real-time 
travel informationY2

) The surveillance 
system was based on passive geolocations 
( only vehicles that have initiated a call will 
be used for the period during which the call 
is active). This method typically provides a 
sufficient probe population, since cellular 
phone usage is directly correlated with traffic 
congestion. 

The cellular surveillance system consists of 
two basic components: 

• Geolocation control system (GCS). 

• Traffic information center (TIC). 

At the GCS, a direction finding system 
(consisting of a series of towers) is used to 
provide latitudes and longitudes of cellular 
probes. This information is sent to the TIC, 
where information on traffic conditions is 
derived from a series of probes. Traffic 
information is then disseminated to the users 
(e.g., operators at control center). 



When an initiated call is detected by the 
GCS, the following information is collected 
and sent to the TIC: 

• Time. 

• Probe ID number (randomized to ensure 
privacy). 

• Latitude and longitude. 

• Information as to whether a key number 
(such as 911) was called. 

• Information on whether the probe was 
within the boundary of interest. 

• Confidence factor associated with the 
accuracy of the latitude and longitude. 

If the message is within bounds, the TIC 
uses the position to determine which traffic 
link the probe is traveling on. If a key 
number is used, the TIC requests additional 
information from vehicles within a certain 
distance of the call. Once it has been 
verified that the requested probes are on the 
traffic link in question, speeds are calculated. 
The TIC keeps historical information on 
speed profiles for various traffic links by 
time-of-day. Incoming speeds are compared 
with these historical files. If the difference 
between current speed and historical speed 
exceeds a set threshold value, a potential 
incident flag is set. Data from additional 
probes is then requested by the GCS. If the 
threshold value is exceeded a certain number 
of times, an incident is posted. 

MOBILE REPORTS 

Potential freeway surveillance techniques 
that should not be overlooked are those 
classified as mobile reports. Examples of 
mobile report methods include the following: 
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• Cellular telephones. 

• Freeway service patrols. 

• Call boxes. 

Mobile reports are most often used for 
incident detection. A survey of existing 
freeway management systems around the 
United States revealed that a significant 
portion of incidents are detected either 
through service patrols or cellular calls. <33

> 

Frequently, mobile reports help detect 
incidents faster than many methods of 
automatic incident detection.<34

) 

Cellular Telephones 

This method of quick detection is becoming 
more of a resource as the number of cellular 
telephones on the roadways continues to 
increase. Some traffic management systems 
have established free cellular call numbers 
for reporting incidents or requesting aid. 
These toll free numbers connect the caller 
directly to the traffic management center or 
to other agencies responsible for responding 
to incidents. Numbers that are easy to 
remember (such as 999 or CALLMAP) 
should be used to help these systems be 
effective. It is estimated that half of all 
incidents are reported via cellular telephones. 
Other advantages of this system include the 
following:<3l 

• Low start-up costs. 

• Two-way communication between caller 
and response agency. 

The effectiveness of this method of incident 
detection depends on the number of cellular 
telephones on the roadway and the 
willingness of drivers to report incidents. To 
increase effectiveness, a campaign to inform 
drivers about the cellular call-in system and 
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the benefits of reporting an incident is 
recommended.<3) 

Freeway Service Patrols 

Another effective method for monitoring 
traffic conditions and detecting incidents is 
freeway service patrols. A freeway service 
patrol consists of a team of trained drivers 
who cover a particular area of freeway, 
monitoring traffic operations. Many 
different vehicles are used for freeway 
service patrols around the United States, 
including light trucks, mini-vans, and tow 
trucks. An example of a patrol vehicle and 
equipment used by the Illinois State 
Department of Transportation is illustrated 
in figure 3-21. The most noticeable benefits 
of service patrols are those involving 
incident management.<35l Typical objectives 
of a service patrol include the following:c36

l 

• Helping stranded motorists. 

• Locating incidents, clearing them, and 
contacting the appropriate agency. 

• Providing assistance at major incidents. 

• Providing traffic reports to particular 
agencies. 

Freeway service patrols have the benefit of 
not only being able to detect an incident, but 
also to assist travelers and remove vehicles 
upon detecting them. By performing the 
entire incident management process on their 
own, service patrols greatly reduce the time 
to remove an incident which, in turn, 
minimizes negative effects on traffic 
operations. The operations of service 
patrols are covered more extensively in 
Module 8. 
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Call Boxes/Emergency Telephones 

Call boxes or emergency telephones may 
also be used to detect incidents or to locate 
motorists in need of help. These devices are 
located on the side of the freeway (see figure 
3-22) and are typically spaced from 0.40 km 
to 0.80 km (0.25 to 0.50 mi) apart.(3) 
Motorists can stop and use these devices to 
report a problem. 

Using emergency telephones, motorists can 
contact a dispatcher to report conditions and 
request help. With call boxes, motorists 
simply press certain buttons to request 
various services (such as police, fire, or 
ambulance). Because there are no voice 
transmissions with call boxes, they are 
relatively inexpensive to install as compared 
to telephones. However, emergency 
telephones result in fewer false alarms and 
greater likelihood that the appropriate 
services will be provided.<3J 

CLOSED-CIRCUIT TELEVISION 
(CCTV) 

Closed circuit television (CCTV) systems 
have been used for many years to provide 
visual surveillance of the freeway system.<1) 

Control centers typically use CCTV systems 
for the following purposes: 

• Detection and verification of incidents. 

• Monitoring traffic conditions. 

• Monitoring incident clearance. 

The discussion in this section will address 
two types of CCTV systems: 

• Fixed location. 

• Portable. 
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Figure 3-21. Illinois DOT's Advanced Technology Quick-Tow 
Incident Response Vehicle with Equipment. 

Fixed Location 

For fixed location CCTV systems, video 
cameras are permanently mounted either on 
existing structures along the freeway or on 
specially installed camera poles ( see 
figure 3-23). This type of system consists of 
various components, including the 
following:<3"1l 

• Video camera unit. 

• Mounting structure ( existing or 
installed). 

• Controller cabinet housing the control 
equipment. 
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• Communication system connecting 
camera to control center. 

• Video monitors and camera controls 
located in control center. 

CCTV systems allow control room 
personnel to visually monitor sections of 
roadway and to react directly to the actual 
conditions on the roadway. Since operators 
can lose interest if required to constantly 
view CCTV monitors, and may fail to notice 
incidents immediately after they occur, 
current systems are being designed to 
automatically position cameras at suspected 
incident locations (as signaled by incident 
detection algorithms) and to alert the 
operator. <26

) 
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Figure 3-22. Call Box. C
39> 
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Figure 3-23. Fixed-Location Closed­
Circuit Television Camera. <111J 

Video images from cameras may be 
transmitted to a control center using one of 
the following video transmission types: 

• Full motion video. 

• Compressed video. 

Full Motion Video 

Using full motion video, real-time video is 
transmitted to the control center. Real-time 
video is typically transmitted at a rate of 30 
frames per second. This transmission type 
results in no information loss; however, it 
requires a wide communication bandwidth, 
such as that provided by coaxial cable or 
fiber optic cable. m 

Compressed Video 

When it is not feasible to install the 
communication medium required for full 
motion video, compressed video offers an 
attractive alternative. An advantage of 
compressed video transmission is that video 
data can be transmitted over conventional 
telephone lines and cellular channels. <

3> 



With compressed video techniques, 
transmission rates of 8 to 10 frames per 
second are possible. Because some 
information is lost between pictures frames, 
the resulting image appears slightly "jerky". 
The image, however, is adequate for 
monitoring freeway operations.<27

l 

A compressed video system typically 
includes the following: 

• Compression and decompression 
computer (standard industrial PC) for 
each camera/monitor link. 

• Appropriate software. 

• Communications medium (typically a 
leased ISDN [Integrated Service Digital 
Network] line). 

Standard cameras, monitors, and control 
hardware can be used, and therefore, can be 
reused if the communications medium is 
upgraded to allow for full motion video 
transmission. <26l 

Portable 

Portable CCTV systems can serve several 
purposes including the following:C39l 

• Short term traffic monitoring in areas 
with non-recurring congestion (e.g., 
work zone, critical incident, etc.). 

• Traffic monitoring at special traffic 
generators (e.g., stadiums, parades, etc.). 

• Determination of optimum camera 
location for fixed location CCTV 
systems. 

Portable CCTV systems are typically 
mounted in a light truck or van or on a 
trailer (see figure 3-24). Components of a 
portable system include the following:c4

o) 
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• Camera mounted on a pan-and-tilt unit. 

• Telescopic boom. 

• Television monitor. 

• Video recorder. 

• Camera control unit for controlling pan, 
tilt, and zoom functions. 

• Generator for powering equipment. 

• Air compressor for operating telescopic 
boom. 

Video transmission can be accomplished 
using the same techniques available for fixed 
location CCTV systems. A system used in 
Dallas, Texas, consists of portable 
surveillance trailers with the ability to 
transmit video images over temporary 
telephone lines.<25J A system in Los Angeles, 
California uses a video van that is capable of 
transmitting full motion video back to the 
control center via wireless 
communication. <39l 

SUMMARY OF TRAFFIC 
SURVEILLANCE APPLICATIONS 

Table 3-13 summarizes the traffic 
surveillance technologies discussed and 
particular applications for which they are 
best suited. The recommendations shown in 
this table are not meant to imply that other 
detection methods cannot be used; rather, 
the table shows which technologies currently 
work best for specific applications. 
However, it should be taken into 
consideration that as technological 
improvements are made, the applications of 
certain technologies will be expanded. 



Freeway Management Handbook 

Figure 3-24. Portable Closed-Circuit Television System. (t7> 

The factors used to assign the technologies 
to certain applications were detector 
performance and reliability. Cost was not 
taken into consideration. As technology 
continues to improve, detectors that are 
currently not cost feasible will become more 
competitive. 

ENVIRONMENTAL DETECTORS 

Environmental detectors on freeways are 
used to detect adverse weather conditions 
such as ice. These systems alert motorists to 
dangerous conditions and in some situations 
inform maintenance personnel so that 
evasive actions may be taken. An early 
warning system for detecting icy conditions 
on certain freeway sections can reduce the 
following:(4l 
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• Response times. 

• Staffing levels. 

• Anti-icing material. 

Other areas where environmental detectors 
are used are in tunnels. In these areas, 
special sensors are needed to monitor the 
level of noxious fumes, such as carbon 
monoxide. The sensors are typically used to 
control the ventilation systems in tunnels. 

Freeways 

There are a number of commercially 
available systems for monitoring 
environmental conditions on freeways. 
These systems can be used to warn drivers 
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of potentially dangerous driving conditions. 
In addition, the information can be used by 
operators in traffic management centers to 
do the following:(40) 

• Control dynamic message signs. 

• Decide whether to close roads. 

• Integrate weather information into 
incident detection algorithms. 

There are several environmental sensors 
available today. Categories of environmental 
sensors include the following:<40

) 

• Road condition sensors - measure 
surface temperature, wetness or dryness, 
presence of snow, and surface moisture 
conductivity. 

• Visibility sensors - detect presence of 
fog, smog, heavy rain, snow, or 
sandstorms. 

• Thermal mapping - detects presence of 
ice. 

Figure 3-25 shows a roadside environmental 
monitoring system that is capable of 
measuring visibility and precipitation. 

Several manufacturers also produce 
complete weather stations. An example of 
such a system is the SCAN (Surface 
Condition Analyzer) developed in the United 
States. SCAN is able to monitor pavement 
and environmental conditions and provide 
the following information:<42

) 

• Pavement temperature. 

• Presence of water, ice, snow, or 
chemicals on pavement. 

• Precipitation. 
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Figure 3-25. Roadside Environmental 
Monitoring System. c41> 

• Air temperature, humidity, and dew 
point. 

• Wind speed and direction. 

The system consists of sensors the size of 
hockey pucks that are embedded in the 
pavement. Capacitors within the sensors 
measure electrical charges from water, snow, 
ice, or chemicals. Thermostats are used to 
measure surface temperatures. SCAN 
systems are currently used in 48 States and 
in 8 countries.<41

l 
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Monitoring systems in tunnels are used to 
limit the build-up of noxious fumes from 
vehicle exhausts. Output from the monitors 
is used to perform the following functions: 

• Control tunnel ventilation. 

• W am drivers of poor visibility. 

• Set safe speed limits within the tunnel. 

Most systems monitor the level of noxious 
gases and visibility by using infrared 
absorption techniques. A gas monitoring 
system typically consists of the following: 

• Infrared transmitter and receiver. 

• Electronic signal processing unit. 

Outputs from the monitors are sent to the 
system controlling tunnel ventilation. Tunnel 
ventilation becomes more cost effective 
when operated in conjunction with a 
monitoring system. Cost savings arise from 
reduced frequency of operation and 
maintenance of the ventilation system. C43

> 

There are cw-rently many systems available 
for monitoring air quality within a tunnel; 
however, it is important that a monitoring 
system be reliable, accurate, and able to 
operate with minimal maintenance.<44

l 

3.4 LESSONS LEARNED 

OPERATIONS AND MAINTENANCE 

Effective operations and maintenance of a 
traffic management system are required to 
ensure that the system meets certain 
objectives, such as the following: 

• Continuously accomplishes the goals and 
objectives for which it was designed. 
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• Responds to changing technologies and 
transportation system demands. 

The ability of agencies to effectively operate 
and maintain a freeway management system 
is vital to the success of the system.<5

l This 
section discusses issues associated with the 
operations and maintenance of surveillance 
systems. 

Operations 

Operations includes those tasks involved in 
the day-to-day function of a system. The 
primary responsibility of personnel in charge 
of operating a surveillance system is to 
monitor freeway conditions. Freeway 
monitoring may serve several purposes, 
including the following: 

• Monitoring traffic operations. 

• Detecting incidents. 

• Monitoring incidence clearance. 

• Monitoring environmental conditions. 

• Supporting the implementation of 
control strategies. 

Operators may monitor freeway conditions 
by using any of the following devices: 

• Displays or printouts showing conditions 
either graphically or in a tabular format. 

• Closed-circuit television systems. 

• Mobile reports. 

Additional tasks with which an operator may 
be involved include the following:<4

, 
6l 

• Controlling and managing equipment and 
ensuring continuity of operation. 
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• Monitoring system performance criteria. 

• Updating system databases. 

• Notifying maintenance personnel of 
system malfunctions. 

• Communicating with transportation and 
emergency response agencies. 

• Documenting daily operational functions 
and events such as incident occurrences, 
equipment failures and repairs, and 
changes in software and hardware 
components. 

Maintenance 

Proper design and installation techniques are 
important to ensure the success of a system. 
Maintenance, however, is also a critical task 
that must be considered if the system is 
going to operate as intended. Maintenance 
activities can be grouped into three 
categories:C4l 

• Remedial. 

• Preventive. 

• Modification. 

Remedial maintenance is necessitated by 
malfunctions and equipment failures, and 
usually demands emergency repair to restore 
operations. Preventive maintenance includes 
work done at scheduled intervals to 
minimize equipment failure. Modification 
involves replacing equipment and usually 
results from equipment design flaws or 
required upgrades to improve system 
performance. All three maintenance 
categories should be considered in 
determining budget requirements. 

For a maintenance program to be successful, 
the following factors should be considered:<4

l 
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• Address maintenance needs (e.g., 
maintenance requirements, maintenance 
costs, personnel requirements) during 
the planning process. 

• Ensure that required budget and staffing 
needs can be met. 

• Perform cost tradeoff analyses during the 
design phase to identify techniques for 
reducing maintenance requirements. 

• Consider that complex surveillance 
technologies require higher personnel 
skill levels to maintain. 

• Ensure that maintenance personnel 
receive adequate training. 

• Keep accurate records of maintenance 
activities to aid in predicting future 
maintenance needs and in analyzing 
costs. 

Operations and Maintenance Costs 

The success of a system begins with the type 
and quality of the equipment being utilized. 
Budgetary and funding problems that traffic 
agencies typically face may result in the 
selection of equipment mainly on the basis of 
initial start-up cost, rather than on lifetime 
cost. Consequently, less expensive 
equipment is purchased during the 
installation process. However, this is not 
always the most cost-effective solution. cuJ 
Therefore, operations and maintenance costs 
should be considered together with start-up 
costs during the equipment selection 
process. 

A Texas Department of Transportation 
(TxDOT) research project established 
guidelines for estimating operations and 
maintenance costs.c6

> The cost estimates 
were based on the following sources: 



• TxDOT metropolitan districts with 
substantial ITS deployment. 

• ITE report, Operation and Maintenance 
of Electronic Traffic Control Systems. 

• FHW A report, Cost Estimates and 
Assumptions for Core Infrastructure. 

• Texas municipalities and transit agencies. 

• Technical journals. 

• Equipment suppliers. 

Table 3-14 shows the operations and 
maintenance cost estimates for a surveillance 
system. This table lists the estimated unit 
operations cost, estimated unit maintenance 
cost, combined operations and maintenance 
cost, and the assumptions related to factors 
included in each of the costs. Using 
quantities measured in terms of the base 
units shown in the table, total operations and 
maintenance costs can be determined. Note 
that the estimated maintenance costs include 
maintenance personnel costs, while the 
estimated operations costs do not included 
personnel costs. 

Most of the operations and maintenance 
costs in table 3-14 are given as ranges in 
order to allow for adjustments for the 
following factors: 

• Age and quality of equipment. 

• Personnel skill levels. 

• System designs. 

In many situations, outside financing sources 
are more readily available for the 
development and construction of new 
systems than for operating and maintaining 
the systems once they are built. Operating 
and maintenance costs are typically funded 
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through State and local maintenance 
budgets. These funds are often insufficient 
because of competition with other 
maintenance functions. Therefore, it is 
important that continued funding for 
operations and maintenance be addressed in 
the planning stage. 

PRIVACY CONCERNS 

Most surveillance technologies have little 
impact on privacy, because there is no need 
for vehicle identification. Privacy, however, 
is a critical concern when using technologies 
that identify vehicles, such as A VI, A VL, 
and cellular telephone tracking. Privacy is 
also a concern with the use of closed-circuit 
television. 

A survey of drivers in the United States 
showed that in 1978, 67 percent of people 
were concerned about privacy. Results from 
1994 showed that the percentage had 
climbed to 84 percent, revealing that privacy 
is a major concern for drivers.(45i 

Although some people may not mind if their 
vehicles alone are identified, many fear that 
surveillance from different sources (e.g., 
credit card purchases, phone calls, travel 
habits, etc.) could be combined to build a 
detailed personal profile of their lifestyles. 
The ability to compile information about an 
individual's travel patterns, toll payments, 
and other activities creates the potential for 
a database that has not previously existed. 
Due to advances in computer technology, 
this kind of information is highly 
transportable, and opportunities exist for 
inappropriate access to and use of this 
personal information. (46

) 

It must be taken into account that privacy is 
one of the goals against which any system's 
effectiveness may be measured. For 
example, one of the first A VI tolling systems 
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Table 3-14. Estimated Operating and Maintenance Costs for Surveillance Systems. C&J 

Estimated Estimated Estimated 
Annual Annual Annual 

Description Base Unit Operations Maintenance Combined Cost Assumptions 
Cost/Unit Cost/Unit O&M 

Costs/Unit 

CCTV each $0 $500-$1300 $500-$1300 Costs include routine maintenance for CCTV 
cameras, as well as the camera controls, housing, 
and/or support pole. 

CCTV Cameras w/ Video each $0 $700 - $1800 $700 - $1800 Costs include routine maintenance for CCTV 
Image Processing Capability cameras, as well as camera controls, housing, 

and/or support pole, and VIP calibrations. 

lmbedded Detectors: 

Inductive Loop per station $0 $200-$300 $200- $300 Costs include contract maintenance/replacement of 
loops. Costs assume four lanes per station, with 
two loops per lane. Costs also assume loop failure 
rates of 4% to 6% per year. 

Non-Intrusive Detectors: 

Radar, Ultrasonic, per station $0 $200 - $300 $200- $300 Costs include routine maintenance of detectors. 
Acoustic, Infrared Costs assume four lanes per station, with one 

detector per lane. 

Video Image Processing per station $0 $500 $500 Costs include routine maintenance and calibration 
of detectors. Costs assume one video detector per 
station. 
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Table 3-14. Estimated Operating and Maintenance Costs for Surveillance Systems (cont.).<6
> 

Estimated Estimated Estimated 
Annual Annual Annual 

Description Base Unit Operations Maintenance Combined Cost Assumptions 
Cost/Unit Cost/Unit O&M 

Costs/Unit 

Transponders each $0 $10 - $15 $10 - $15 Costs include routine maintenance and 
replacement of transponders. 

Readers per station $0 $500 $500 Costs include routine maintenance. 

Leased Transceivers/ per vehicle $750- $1200 $0 $750- $1200 Operations costs include the lease cost of the 
Antennae transceivers and antennae, and the associated 

communications cellular air time charges; 
maintenance is provided by the 
transceiver/antennae provider. 

Owned Transceivers/ per vehicle $250-$500 $100-$200 $350- $700 Operations costs include communications cellular 
Antennae air time charges; maintenance costs include routine 

maintenance and replacement of transceivers and 
antennae. 
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to be implemented was in Hong Kong in 
1983. Each month, drivers using the 
electronic tolling system were sent 
statements that contained itemized accounts 
of where they had driven and when. The 
drivers didn't like the idea of a government 
agency tracking their daily highway travel; 
therefore, the system was removed two 
years after it was introduced, despite the fact 
that the technology worked. (46

l For reasons 
like these, it is very important to design any 
surveillance with privacy in mind. 

Fortunately, it is relatively easy to design 
most surveillance systems with privacy in 
mind_c45l For example, A VI systems can be 
designed to assign vehicles a random 
identification number for monitoring 
purposes, in which case the identification of 
the driver is never made. This same process 
can be used with AVL and cellular-based 
traffic surveillance systems.<32l 

In general, consumers may be willing to give 
up a certain degree of privacy if they feel 
that the benefits will outweigh the risks (as 
in the case of credit card use). It is therefore 
important that the public be informed about 
the benefits of using certain surveillance 
technologies. The key to overcoming 
privacy concerns is to inform the public 
about what information is being collected 
and how the data will be used.<47J 

SPACING AND PLACEMENT ISSUES 

Selecting the location of detectors is an 
important step in the implementation of a 
surveillance system. Spacing and placement 
affect both the cost and performance of the 
system. The detectors should be placed 
close enough together to provide adequate 
surveillance of the system, but as the spacing 
decreases, the cost of the system increases. 
In addition, it is desirable to place the 
detectors in a location that will result in 
minimum delay to traffic during installation 
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and maintenance procedures. The following 
discussion presents recommendations for the 
spacing and placement of mainline traffic 
detectors and CCTV cameras. 

Mainline Traffic Detectors 

Spacing 

For monitoring traffic conditions and 
incident detection, detectors should be 
placed along the freeway and on ramps to 
detect changes in traffic conditions. 
Guidelines for detector spacings are as 
follows:<3.4) 

• Typical mainline detector spacings range 
between 0.40 and 0.80 km (0.25 and 0.5 
mi). 

• Spacings over 0.8 km (0.5 mi) are 
inadequate for incident detection 
purposes. 

• Spacings below 0.4 km (0.25 mi) 
generally produce little or no increase in 
effectiveness. 

• Tunnels or covered roadway sections are 
exceptions, and may require spacings of 
less than 0.4 km (0.25 mi). 

• Minimally, at least one traffic detector 
station should be provided between 
interchanges or freeway ramps, with 
maximum spacings of 1.6 to 2.4 km (1.0 
to 1.5 mi). 

• Detectors are also typically placed 
before and after freeway bottlenecks 
(e.g., entrance ramps, lane closures, etc.) 
and metered entrance ramps. 

Placement 

As discussed earlier, most existing traffic 
detectors can be classified as either 



embedded or non-intrusive. An embedded 
detector system consists of sensors in or 
below the surface of the roadway. Non­
intrusive detectors are mounted on a 
structure above the surface of the pavement. 

The following issues associated with 
installing and maintaining embedded 
detectors: 

• Installation typically requires drilling into 
or cutting the pavement. 

• Embedded detectors usually have higher 
installation costs than non-intrusive 
detectors. 

• Installation may require lane closure, 
which results in delay to vehicles. 

• When feasible, embedded detectors 
should be installed during the 
construction or rehabilitation of a 
freeway to avoid delays to traffic. 

• Because modifications to the pavement 
structure are required for the installation, 
deterioration of the road surf ace is 
escalated; therefore, there are further 
ongoing maintenance costs associated 
with replacing damaged detectors or 
repairing degraded road surfaces. 

Non-Intrusive Detectors 

Issues associated with installing and 
maintaining non-intrusive detectors include 
the following: 

• Can typically be installed and maintained 
without disrupting traffic. 

• Installation costs are significantly 
reduced when an existing mounting 
structure can be used. 
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• Ongoing maintenance costs may be 
minimal. 

CCTV Cameras 

The primary objective of a CCTV system is 
to provide visual monitoring of freeway 
conditions and to verify incidents. The 
California Department of Transportation, 
District 7, has developed guidelines for 
CCTV camera site selection_<39

,
43

,
49l The 

following is a summary of these 
recommendations. 

Site Selection Criteria 

Most cameras with a standard 1 0-to-1 zoom 
have a viewing range of 0.8 km (0.5 mi) in 
all directions. Full freeway coverage would 
therefore require a maximum camera spacing 
of 1.6 km (1 mi). Full coverage of all 
freeways, however, is frequently cost 
prohibitive. Therefore, proper camera site 
selection becomes a critical factor. Factors 
that should be considered in the selection of 
a camera site include: 

• Surveillance of congested freeway 
sections to provide maximum visibility 
and coverage of weaving and merging 
areas near ramps and interchanges. 

• Ability to provide a clear view of areas 
with high accident frequencies (based on 
accident data). 

• Ability to provide suitable access for 
maintenance personnel based on the 
geometric layout of the area. 

• Minimal obstruction to view caused by 
landscaping, billboards, freeway signs, or 
topography. 

• Ability to verify messages of variable 
message signs. 
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• Ability to effectively address power, 
communication, and underground utility 
considerations. 

• Ability to provide suitable access to the 
proposed communication system. 

Candidate sites for CCTV systems may be 
prioritized on the basis of accident frequency 
(high, medium, and low). Threshold values 
to classify accident frequencies should be 
based on local conditions. Areas with high 
accident frequencies will require video 
surveillance to expedite incident detection 
and clearance. Areas with medium and low 
accident frequencies may also require video 
surveillance. Site selections for these 
locations will be based on local criteria, such 
as the importance of a particular freeway 
section. In addition, video surveillance may 
be used to monitor ramps and freeway 
sections near heavy traffic generators (e.g., 
stadiums) during special events. 

Preliminary Site Selection 

Preliminary site selection should be based on 
the criteria discussed above. These sites 
should be noted on a scaled base map, along 
with the following characteristics of the 
freeway: 

• Accident frequencies plotted over 0.4 
km (0.25 mi) intervals. 

• Strategic roadway infrastructure. 

• Locations of variable message signs. 

• Locations of underground high-risk 
utility lines. 

Cameras should be located in the vicinity of 
high-accident frequency areas and near 
variable message signs and other strategic 
areas. Areas with high-risk utility lines 
should be avoided if possible. For cameras 
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with standard 1 0-to-1 zoom and a viewing 
range of 0.8 km (0.5 mi), video surveillance 
can be provided for a 1.6 km (1 mi) freeway 
section (assuming no blockage due to 
horizontal or vertical curves). 

The next step in the preliminary site selection 
process is to perform a field check. The 
objectives of the field check are to verify the 
following: 

• Veiling range at "ground eye lev~l." 

• Geometric layout. 

• Maintenance access. 

• Power and utility concerns. 

While in the field, each preliminary site 
selected should be marked so that the site is 
easily identifiable for the final site selection 
process. 

Final Site Selection 

The purpose of the final task is to perform a 
video survey to verify camera viewing 
ranges and select correct mounting heights. 
For high-speed freeway sections, a mobile 
CCTV camera system is recommended. 

Following are considerations for selecting 
mounting heights: 

• Mounting heights on poles generally 
vary from 6.0 to 13.7 m (20 to 45 ft). 

• Heights below 6.0 m (20 ft) may be 
susceptible to vandalism. 

• Pole heights above 13.7 m (45 ft) may 
result in maintenance problems and 
safety hazards. 



• Lower heights (between 6.0 and 9.1 m 
[20 and 30 ft]) are preferred when it is 
necessary to look beneath overpasses. 

• Cameras at heights below 10.7 m (35 ft) 
can be accessed by a small bucket truck. 

• Cameras at heights between 10.7 and 
13.7 m (35 and 45 ft) would require a 
larger hoist truck. 

When possible, cameras should be mounted 
directly on existing structures. This will 
result in a significant reduction in the initial 
installation costs. 

3.5 EXAMPLES 

MIAMI AUTOMATIC VEHICLE 
LOCATION (AVL) <32l 

The City of Miami, Florida, needed an 
accurate, inexpensive method of collecting 
average travel speed data in order to 
calculate roadway level of service as 
required by the 1985 Florida Growth 
Management Act. In 1988, the City of 
Miami staff determined that automatic 
vehicle location (AVL) technology could be 
used to measure speeds on specific 
corridors. (AVL is a means of continuously 
monitoring the location of vehicles in a road 
network. Vehicles are equipped with a 
transponder device that transmits a radio­
frequency (RF) signal to a central location at 
regular intervals.) In 1993, the City of 
Miami contracted with the Center for Urban 
Transportation Research (CUTR) to set up 
a field operational test of A VL to measure 
vehicle operating speeds on 17 
transportation corridors in the city. CUTR 
recruited AirTouch Teletrac to serve as the 
vendor for the A VL system. AirTouch 
Teletrac agreed to provide 25 transponders, 
one workstation, one copy of its 
FleetDirector™ software, and training on 
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how to use the software to the City of Miami .. 
for 112 days at a nominal cost. 
The City of Miami was responsible for 
recruiting 25 volunteer drivers willing to 
have their vehicles equipped with 
transponders. Many of the drivers recruited 
commuted from the periphery of the city to 
downtown, and this provided coverage for 5 
of the 17 corridors in the peak direction 
during the peak period. Installation of the 
transponders for each vehicle took about one 
hour. A single AVL unit consisted of a 
control unit (about the size of a video tape 
cassette) and a "pancake" antenna. 

AirTouch Teletrac provided training on the 
use of the software to CUTR researchers 
and the City of Miami Planning staff and 
then provided a workstation, which was a 
Compaq 386 computer with an internal high­
speed modern. The city provided a 
dedicated phone line for communication 
between the workstation and AirTouch 
Teletrac' s operations center in Fort 
Lauderdale. (AirTouch Teletrac maintains a 
network of 27 receiving antennas throughout 
Dade, Broward, and Pahn Beach counties in 
South Florida. RF signals from the receiving 
antennas are transmitted to AirTouch 
Teletrac's operations center in Fort 
Lauderdale.) 

The software was configured to poll each of 
the 25 vehicles' positions every 30 seconds 
when the vehicle ignition was on and every 
5 minutes when the vehicle ignition was off. 
Each time a vehicle's position was recorded, 
the following information was obtained: 
vehicle number, speed, time, date, and 
location. Data were recorded for the 
following time periods: 

• Weekday mornings, 5 a.m. to 10 a.m. 

• Weekday afternoons, 3 p.m. to 8 p.m. 

• Saturdays, 10 a.rn. to 2 p.m. 
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Data were gathered for 112 days, and data 
for over 4400 vehicle trips were obtained. 
CUTR staff wrote two software programs to 
analyze vehicle-location data and report 
average speed. In order to determine the 
accuracy of the calculations for average trip 
speeds, CUTR researchers also set up a 
process to compare observed values with 
calculated values for the average speed over 
a vehicle trip. Method 1 yielded a ± 8.3 
percent accuracy, and Method 2 yielded a ± 
7 .1 percent accuracy. Since Method 2 was 
more accurate, it was used in compiling the 
output. 

CUTR has demonstrated that the AirTouch 
Teletrac automatic vehicle location system 
can be used to measure average vehicle 
operating speeds on Miami's 17 
transportation corridors in the peak direction 
during the peak period, given sufficient 
electronic storage capacity, appropriate data 
analysis software, and volunteer drivers. 
This system could be used anywhere in the 
six metropolitan areas where AirTouch 
Teletrac is available. However, in order to 
conduct this experiment outside of those six 
areas, an A VL vendor would have to be 
enlisted. 

TRANSCOM ELECTRONIC TOLL 
AND TRAFFIC MANAGEMENT 
(ETTM) (5o,51l 

ETTM, or electronic toll and traffic 
management, has seen rapid growth. 
Currently, more than 20 agencies in 8 
countries have installed a system and are 
collecting tolls automatically. Another 23 
agencies in 7 countries are in the process of 
testing, studying, or implementing automatic 
toll collection. ETTM systems have the 
potential to be used for other ITS 
applications that could include congestion 
pricing, advanced payment systems, traveler 
information, and traffic management. 
ETTM requires the installation of readers 
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with the capability of identifying tagged 
vehicles at periodic intervals along the 
roadway. 

TRANSCOM is an umbrella organization 
serving the New York/New Jersey 
metropolitan area in coordinating and 
disseminating transportation information. In 
1991, TRANSCOM retained a team led by 
PB Farradyne, Inc., to establish the 
feasibility of using ETTM equipment for 
traffic surveillance and incident detection 
applications. The project was called 
TRANSMIT (TRANSCOM' s System for 
Managing Incidents and Traffic) and was 
divided into two phases. The first phase 
concentrated on evaluating the use of ETTM 
technology for traffic surveillance and on 
developing a preliminary design of a traffic 
surveillance system for an ETTM incident 
detection system. The second phase 
included the final design and construction of 
the initial stage of the system as an 28.8-km 
(18-mi) operational field test along sections 
of the New York State Thruway and the 
Garden State Parkway. The primary 
objective of the TRANSMIT project was to 
process available traffic flow data for early 
detection of incidents and abnormal traffic 
congestion. 

An analysis was conducted to determine the 
reader antenna spacing and toll tag 
penetration necessary to detect an incident 
within five minutes with a false alarm rate of 
two percent or less. The analysis used the 
following roadway classes: arterial, two-lane 
highway, and three- to four-lane highway. 
The results indicated that the arterial 
roadway class would result in the longest 
detection time. The analysis concluded that 
the five-minute detection time could be 
achieved if the following percentages of 
equipped vehicles were provided: 

• Two-lane highways: 0.9 percent. 



• Three- and four-lane highways: 2.1 
percent. 

• Arterials: 7.6 percent. 

An 28.8-km (18-mi) corridor along the New 
York State Thruway in Westchester and 
Rockland Counties and the Garden State 
Parkway in Bergen County were defined for 
an operational field test. Twenty-two 
ETTM sites were constructed, and existing 
overhead sign structures and overpasses 
were used for the placement of reader 
antennas. New structures were built where 
existing structures were not available. 

The incident detection algorithm developed 
by PB Farradyne, Inc., determines the 
probability of an incident when tagged 
vehicles detected at an upstream reader are 
not detected at the downstream reader 
within the expected arrival time. The later a 
vehicle is, the higher the probability of an 
incident. 

At the time this project was designed, the 
technology for Electronic Toll Collection 
(ETC) in the Greater New York/New Jersey 
Metropolitan Area was undetermined, so it 
was decided that the EITM antennas and 
reader cabinet equipment would be leased, 
not purchased. Therefore, if the traffic 
surveillance concept is found to be 
successful and is expanded throughout the 
region, the equipment can be made 
compatible with the regional ETC equipment 
from which the tag population originates. 
The construction cost estimate for the 
operational field test was $1,195,600, which 
included equipment leasing costs for a 24-
month period. 

HOUSTON AUTOMATIC 
VEHICLE IDENTIFICATION (AVI) <52

) 

The Texas Department of Transportation 
awarded the first of three contracts to 
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instrument the metropolitan freeway system 
in Houston with an automatic vehicle 
identification (A VI) system to monitor traffic 
conditions. The A VI system was designed 
to provide travel time information on about 
120 miles of freeways and 100 miles of 
reversible high-occupancy vehicle (HOV) 
lanes. 

The initial planning began in 1991. The 
North Houston Corridor, with three parallel 
radial freeways, was selected as the study 
site. This corridor had several favorable 
characteristics: one toll facility with available 
capacity; one freeway with heavy congestion 
because of inadequate capacity and 
reconstruction activities; and one freeway 
with moderate congestion and an HOV lane. 
The corridor also served the Houston 
Intercontinental Airport, the central business 
district, and other major activity centers. A 
demonstration project was designed using 
cellular telephones for the collection of 
traffic condition information. This project 
recruited 200 volunteers who commuted to 
and from work using one of the three 
freeway routes. The demonstration project 
was conducted for about 18 months, during 
which time a more permanent and automated 
system for traffic monitoring was being 
developed using AVI technology. The 
demonstration project was a success in that 
valid, useful real-time travel time information 
was collected and made available to the 
public in a variety of ways. 

CONNECTICUT MICROWAVE 
RADAR <13l 

The Connecticut Department of 
Transportation (ConnDOT) chose radar 
detection for the recent design of their 
freeway surveillance system. Connecticut 
has two separate systems operating within 
the State. The first system is a federal 
demonstration project covering 
approximately 19 km (12 mi) of Interstates 
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I-84 and I-91 in the Hartford area, and it is 
the first surveillance system in the country to 
utilize radar as an incident detection 
technology. Because of the early success in 
Hartford, radar detection is also being used 
in the design of the 1-95 Freeway 
Management System. The 1-95 system is 
installed along the southern coast of 
Connecticut, covering 90 km (56 mi) from 
the New York State border east to Branford. 
Both systems rely on speed data being sent 
back from the radar detectors to monitor 
traffic flow condition and to detect incidents. 

Three different types of radar detectors are 
being used on the projects: wide beam 
detectors, narrow beam detectors, and long 
range detectors. The Radar detectors for the 
Hartford Area ATMS (44 individual 
detectors) have been installed for 2 years. 
During this time, only one detector has 
failed, and the others have survived harsh 
winters with record snowfalls and 
significantly below-average cold 
temperatures. In addition to their reliable 
operation, the radar detectors have proven 
to be easily installed and setup. 

The detectors have been installed for only a 
few years, but the data looks promising. 
Testing has been performed for the various 
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detectors and installation configurations to 
determine the detector accuracy. The 
difference between vehicle and detected 
speed ranges from 4 km/h (2.5 mi/h) for the 
narrow beam detector, to 5.6 ki/h (3.5 rni/h) 
for the wide beam detector in a side-fire 
configuration, and up to 10 mi/h for the long 
range detector. The errors associated with 
the long range detector can be attributed to 
the operating principle and placement of the 
detector. The detector operation is based on 
the Doppler principle: it is most accurate 
when it is aimed directly at the traffic flow. 

Testing and day-to-day operations have 
shown that the radar detectors are highly 
accurate during varying traffic and weather 
conditions. The degree of reliability and 
accuracy demonstrated by the detectors has 
allowed ConnDOT engineers to be confident 
in the data displayed. With the use of the 
video cameras that are also part of the 
system, ConnDOT engineers have been able 
to detect and verify incidents that would 
otherwise have been unknown to them, and 
to initiate a timely response. Lessons 
learned from the Connecticut system have 
been applied in the development of systems 
in Maryland, New Jersey, Massachusetts, 
and Georgia. 
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MODULE 4. LANE USE CONTROL 

Figure 4-1. Proper Lane Use Control Can Facilitate Safe and Efficient Operations. 

4.1 INTRODUCTION 

BACKGROUND 

Another approach to improving the safety 
and efficiency of freeway operations is the 
control of traffic on the freeway mainline. 
This involves the regulation, warning, and 
guidance of traffic on the freeway mainline 
so that some or all of the following 
objectives are addressed:C1

l 

• To achieve a more uniform and more 
stable traffic flow as the freeway demand 
approaches capacity, thereby improving 
the utilization of the facility and 
preventing the onset of congestion. 

• To reduce the probability of rear-end 
collisions caused when motorists 
unexpectedly encounter congested 
conditions. 
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• 

• 

To distribute total delay in a more 
equitable manner, saving some freeway 
capacity for downstream segments. 

To increase the efficiency of operation 
under restricted-capacity conditions 
caused by incidents or maintenance 
operations. 

• To divert some freeway traffic to 
alternative routes or to alternative 
departure times in order to make better 
use of corridor capacity. 

TREATMENTS 

Traditionally, freeway lane use control is 
accomplished through one or more of the 
following methods: 

• Static signing. 
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• Dynamic message signs. 

• Temporary traffic control devices. 

• Law enforcement/legal restrictions. 

• Economic incentives/disincentives. 

These methods are often combined to form 
an effective subsystem from both a safety 
and operations perspective. For example, 
both appropriate static signing and 
temporary traffic control devices are 
required in order to temporarily close a 
freeway travel lane for maintenance or 
construction activity.<2l In some instances, 
dynamic message signs may be provided 
upstream to encourage diversion from the 
freeway or to further warn of the 
downstream lane closure. As another 
example, the restriction of large trucks to 
certain travel lanes may be accomplished by 
static signing to notify truck drivers of the 
restriction, and by police enforcement of 
those restrictions. 

MODULE OBJECTIVES 

The objectives of this module are as follows: 

• To provide a summary and description 
of different lane use control philosophies 
and treatments. 

• To provide insight into the issues 
associated with lane use control 
subsystems for freeway traffic 
management. 

MODULE SCOPE 

This module begins by applying the decision 
process described in Module 2 to the lane 
use control subsystem analysis. The 
techniques used to control lane use on 
freeways are then described. Special issues 
associated with lane use control are 
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addressed following description of the 
techniques. The module concludes with 
examples of lane use control subsystems, 
describing the dynamic information system 
component of TransGuide in San Antonio, 
and the use of congestion pricing on the SR 
91 Express Lanes in Orange County, 
California. 

4.2 DESIGN PROCESS 

PROBLEM IDENTIFICATION 

The development of a lane use control 
subsystem begins by developing a full 
understanding of the problems or situations 
that need to be addressed through this 
subsystem. At the most basic level, the 
problems treated via lane use control are 
similar to those specified for other freeway 
management subsystems. These include 
excessive peak period vehicle demands that 
result in congestion, safety problems, 
excessive vehicle emissions that degrade the 
air quality of a region, etc. Most generally, 
the types of problems that need to be treated 
through lane use control are as follows: 

• One or more vehicle lanes must be 
closed to all traffic for some period of 
time (due to scheduled work activity or 
an incident). 

• One or more types of vehicles need to be 
separated from each other in one or 
more vehicle lanes. 

• Speeds and flow rates in a given lane are 
judged to be too high for safe and 
efficient operations. 

These problems lead directly into the three 
basic categories or situations that are most 
commonly treated through some form of 
lane use control: 



• Restricting the use of freeway lanes and 
shoulders by all vehicles. 

• Restricting the use of freeway lanes or 
shoulders by specific vehicle types. 

• Metering how vehicles utilize a freeway 
lane or shoulder. 

The restriction of freeway lane usage by all 
vehicle types includes such specific actions 
as temporary lane closures for roadway 
maintenance and construction activities or 
incidents when crashes or vehicle stalls block 
individual travel lanes, and peak-period 
congestion relief actions where vehicles are 
allowed to utilize a shoulder as a temporary 
travel lane during the peak period. Lane use 
restrictions based on vehicle type covers 
such topics as high-occupancy vehicle lanes 
and large truck restrictions. Finally, 
strategies to meter a freeway lane or a 
shoulder include freeway-to-freeway 
connector metering or the reduction of speed 
limits through dynamic advisory speed signs 
or speed enforcement. 

For freeway lane use control, it is imperative 
that decision makers have a true 
understanding of the problem( s) being 
addressed through lane use control, and also 
a sense of the degree of urgency or severity 
of those problems. Not all strategies 
available for use are equally effective or 
costly in managing freeway lane usage. For 
example, both dynamic advisory speed signs 
and speed enforcement strategies can be 
viewed as methods of reducing freeway 
speeds in one or more lanes. However, the 
effectiveness and costs would be expected to 
be significantly greater for enforcement than 
for advisory signing.(3) 
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IDENTIFICATION OF PARTNERS 
AND CONSENSUS BUILDING 

For all aspects of freeway management, 
information sharing is essential in today's 
environment. This is particularly true for 
lane use control strategies. The political 
implications of these control strategies can 
be very important, particularly with respect 
to lane restrictions which require legislation 
and enforcement to enact. Also, support by 
enforcement agencies of the decisions made 
regarding lane use control is essential if 
those decisions are to achieve their intended 
purpose. 

Potential Partners 

The partners involved in lane use control will 
vary depending on the particular problems 
being addressed. The partners that are most 
commonly associated with these types of 
activities include the following: 

• State and local DOTs. 

• State and local law enforcement 
agencies. 

• Elected officials. 

• Transit agencies. 

• Trucking companies. 

• Private contractors. 

Concern over the interaction between 
automobiles and trucks on freeway facilities 
is often a controversial part of freeway 
management activities. Fortunately, trucking 
companies have demonstrated a willingness 
to work with public transportation and 
enforcement agencies to develop 
compromises about when and where trucks 
will travel during peak periods, major 
freeway construction activities, or special 
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events_(4> Consequently, they can be an 
integral partner in decisions regarding lane 
use control as well. 

Consensus Building 

After identifying the partners affected by 
lane use control actions, a consensus about 
the problems and need for solutions must be 
developed. Early on, it is critical to establish 
support for the general concepts about lane 
use control from elected officials and the 
general public. This is particularly important 
when not all motorists are affected equally 
by the actions that may be implemented (via 
tolls, lane restrictions for certain vehicles, 
etc.). Support is also needed from upper 
management at each of the agencies listed 
above. 

ESTABLISH GOALS AND 
OBJECTIVES FOR LANE USE 
CONTROL 

Proper decision making about the selection, 
design, and implementation of lane use 
control strategies requires goals and specific 
objectives about what is to be accomplished 
by using these strategies. General goals and 
objectives that feed directly into this step 
may have been established early on in the 
development of a comprehensive freeway 
management system . If not, it is imperative 
that the exact objectives to be accomplished 
via lane use control be specified. As 
discussed in Module 2, goals are broad 
statements of intended outcomes, whereas 
objectives specify exactly what is to be 
accomplished. Examples of objectives which 
lane use control may be able to address 
include the following: 

• Increasing the available throughput over 
a given section of freeway. 

• Providing at least a travel time incentive 
to high-occupancy vehicles. 
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• Extending pavement life (by restricting 
trucks from particular lanes). 

• Reducing truck-automobile accidents 
over a given freeway segment. 

• Reducing peak-period traffic demand on 
the freeway. 

ESTABLISH PERFORMANCE 
CRITERIA 

Performance criteria must be established for 
each of the objectives identified in the 
previous step of the process. These criteria 
are used to determine whether each of the 
objectives is met or exceeded. For the most 
part, performance criteria to be used will be 
fairly obvious if the objective(s) to be 
accomplished are specified correctly. For 
example, an objective to reduce high­
occupancy vehicle travel time would utilize 
a travel-time measure as its performance 
criterion. However, additional performance 
criteria may be specified as checks of the 
primary performance criteria, or to measure 
other constraints that may exist on freeway 
lane operations. As another example, 
performance criteria concerning single­
occupant vehicle violation rates might also 
be used to evaluate the need for a barrier­
separated HOV lane (see Module 6) versus 
a concurrent flow HOV lane with no barrier 
separation. The following list presents some 
typical performance criteria for lane use 
control subsystems. 

• Level of service on a facility (see 
Module 2). 

• Compliance (lane violation) rates. 

• Change rn mode split, average 
occupancy rates. 

• Accident reductions. 



• Results of public and/or special interest 
opinion polls. 

DEFINE FUNCTIONAL 
REQUIREMENTS 

The functional requirements of a lane use 
control component in a freeway management 
system define specific actions or activities 
that are to be performed in order to achieve 
one or more of the objectives for that 
component. In theory, the functions should 
be defined independent of the technology 
used to implement them. However, some 
lane use control objectives may be so 
narrowly defined and governed by standards 
or policies (temporary freeway lane closures 
for maintenance, for instance) that this step 
in and of itself defines the technology to be 
used.<5

l For other objectives, though, the 
technology required may not be so obvious, 
and so a definition of functional 
requirements would be warranted . Figure 
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4-2 presents an example of possible 
functional requirements of a lane control 
subsystem to increase peak period freeway 
capacity. 

DEFINE FUNCTIONAL 
RELATIONSHIPS, DATA 
REQUIREMENTS, AND 
INFORMATION FLOWS 

The functional relationships, data 
requirements, and information flows show 
how the lane use control functions will be 
integrated with each other and with the other 
freeway management system components 
(such as surveillance or motorist information 
dissemination). ' When defining the 
functional relationships, data requirements, 
and information flows as they impact 
dynamic message signs and surveillance, the 
National Transportation Communications 
Interface Protocol (NTCIP) and the National 
ITS Architecture should be followed.<6J 

This approach provides the following 
advantages: 

• Automatically determine when freeway lane volumes reach 90 percent of estimated 
capacity. 

• Check to ensure that no stalled vehicles are located on the shoulder in the affected 
section of freeway. 

• Notify motorists at the beginning of the affected section that freeway shoulder can be 
used as a travel lane. 

• Notify motorists at the end of the affected section that they should return to the normal 
freeway travel lanes. 

• Terminate motorist notification of allowability of freeway shoulder usage at the end of 
the peak period. 

Figure 4-2. Example of Possible Functional Requirements of a 
Lane Use Control Objective. 
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• It allows components from different 
vendors to be used interchangeably, 
increasing competition and reducing 
costs. 

• It eases future upgrades or expansions of 
the components. The necessary 
interfaces to other components of the 
freeway management system (i.e., 
surveillance) have already been 
established. 

For other lane use control functions, 
informal functional relationships, data 
requirements, and information flows may be 
acceptable, but should be prepared 
nonetheless. For example, the functional 
relationships, data requirments, and 
information flows for managing a temporary 
total freeway closure over the weekend 
might include how real-time data concerning 
traffic conditions, project status, and/or the 
effects of weather are transferred between 
the transportation agencies (such as the 
traffic, maintenance, and public information 
divisions), enforcement agencies, the media, 
and the private contractor. 

IDENTIFY AND SCREEN 
TECHNOLOGY 

After the functional relationships have been 
specified for the functions to be 
accomplished through freeway lane use 
control, decision makers must then assess 
available technologies and strategies to 
determine which are most appropriate to 
meet the desired objectives of this 
subsystem. Depending on the types of 
functions being accomplished, the 
assessment should include considerations of 
both the spatial and temporal characteristics 
of the freeway system and motoring public. 
For example, spatial considerations address 
technology/strategy adequacy from the 
aspect of roadway design and construction, 
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and may require the decision maker to 
answer questions such as the following: 

• Is the pavement on the shoulder 
adequate to support vehicle travel? 

• How will restricting large trucks to a 
specific lane or lanes affect vehicle 
merging or diverging maneuvers at 
entrance and exit ramp locations? 

Temporal considerations are also important 
for assessing technologies for real-time lane 
use management. For example, before 
considering truck lane restrictions on a 
freeway facility, a decision maker may want 
to consider whether truck-automobile 
conflicts and crashes are a problem at all 
times of the day or only during certain 
periods. Likewise, decisions regarding when 
and how many lanes will be closed to 
accomplish a given work activity are a major 
part of the work zone planning process.(7l 
For instance, it may be possible to close 
more travel lanes at night to do the work, 
but this requires channelizing devices and 
other traffic control devices that provide 
higher levels of retroreflectivity (increasing 
planning and traffic control costs).<7

> 

Another factor to consider when identifying 
and assessing alternatives for lane use 
control are the political sensitivities and 
ramifications to those alternatives. Those 
alternatives which would adversely impact 
some motorists in order to provide an 
advantage to other motorists have typically 
been met with resistance. For instance, 
those HOV projects which have taken a 
regular-use travel lane and converted it into 
an HOV lane (i.e., take-a-lane alternatives) 
have generally been less successful than 
those which have constructed a new HOV 
lane while maintaining the same number of 
regular-use lanes as before (i.e., add-a-lane 
altematives).<4> Alternatives that involve 
direct cash outlays, such as toll facilities or 



congestion pricing schemes, have also been 
met with resistance.<&) These alternatives 
require more public outreach and political 
interaction between the partners to ensure 
that they will be successful if implemented. 

PLAN DEVELOPMENT 

After the various lane use control 
alternatives available have been screened and 
the one(s) most appropriate for use selected, 
decision makers then prepare detailed plans 
regarding implementation of the selected 
alternatives. The actual format and content 
of the plan varies dramatically by the type of 
alternative being implemented. The plan for 
a temporary lane closure for maintenance 
work may be as simple as a standard traffic 
control plan (TCP) that has been adopted by 
the agency for that particular roadway/road 
work condition. Conversely, the plan to 
implement a congestion pricing scheme 
based on real-time traffic conditions and 
utilizing ITS technologies may need to 
follow detailed implementation plan 
requirements as specified by FH\V A (see 
Module 2). <9> 

Enforcement should be a key element of all 
lane use control plans that are developed. 
Plans should address both the management 
and coordination requirements between the 
various partners, relative to enforcement. 
Operational issues such as staff requirements 
and citation locations also need to be 
addressed during plan development. 

FUNDING SOURCE 
IDENTIFICATION 

Many of the lane use control strategies 
employed during freeway management 
activities are supported as part of an 
operating agency's normal activities, or are 
addressed during development of other 
components of the freeway management 
system (i.e., information dissemination 
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subsystems). Consequently, the primary 
concern for these strategies is the extent to 
which introducing the new strategy affects 
the existing budget for operations and 
maintenance, and whether this impact can be 
accommodated through a reallocation of 
agency funds. 

Those strategies which are larger in scope 
and/or applied across jurisdictional 
boundaries often require more innovative 
and complex funding mechanisms. Funding 
of lane use strategies involving HOV lanes, 
information dissemination, and/or incident 
management subsystems are addressed in 
Modules 6, 7, and 8, respectively. 

Two of the major lane use control options, 
implementation of tolls and/or congestion 
pricing strategies, result in revenues that are 
used to offset the cost of constructing and 
operating these strategies. Traditionally, toll 
facilities were converted to "free" roadways 
once the bonds used to construct the 
roadway had been paid. Recent changes in 
legislation, however, now allow agencies to 
continue toll operations after bond payment, 
and to use the revenues to fund other traffic 
management activities. 

IMPLEMENTATION 

Experiences from past freeway management 
projects indicate that it is best to implement 
strategies and techniques incrementally 
where possible in order to develop 
operational experience with the strategies, 
and to demonstrate the advantages of the 
techniques to elected officials and to the 
public.<4

l This may be true for some of the 
more "innovative" or controversial lane use 
control strategies as well. For these 
situations, consideration should be given to 
initiating small, demonstration-type projects 
at a location or over a section of freeway 
where the benefits are expected to be the 
greatest. In this way, the partners can 
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illustrate the benefits of the strategy and 
generate the support necessary to proceed 
with more extensive implementation if 
desired. 

EVALUATION 

The final step in the decision process for lane 
use control is to establish the mechanism for 
evaluation of the strategies once they have 
been implemented. It is important to 
monitor the impacts and benefits of new 
strategies and techniques as they are 
implemented to determine if they meet the 
intended objectives and functions for which 
they were designed. Also, it is important 
that these data be collected so that they can 
be collated and disseminated in an ongoing 
manner to elected officials and the general 
public. In this way, continued funding for 
these strategies can be obtained more 
readily, and expansion of activities to further 
improve facility operations will be more 
readily accepted. 

4.3 TECHNIQUES AND 
TECHNOLOGIES 

Lane use control can be implemented 
through the following means: 

• Static signing. 

• Dynamic information systems. 

• Channelizing devices. 

• Use of narrow lanes and shoulders. 

• Mainline metering. 

• Toll facilities/congestion pricing. 

• Automated highway systems. 
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A brief description of how each of these 
technologies applies to the lane use control 
concept is provided below. 

STATIC SIGNING 

Signs are used to provide guidance and 
warnings as needed to ensure the safe and 
informed operation of individual elements of 
the traffic stream. Signs can provide lane 
use control by restricting certain vehicles 
from using or not using a particular lane. 
Examples include the following: 

• Restricting trucks to the right most 
lane( s) or to specific times of day that 
they can use a facility. 

• Establishing lane(s) for high-occupancy 
vehicle use only. 

Discussions of these examples follow. 

Static signing is also used for warning 
purposes in advance of construction and 
maintenance work zones to inform motorists 
that one or more travel lanes are closed 
downstream. These generally supplement 
the channelizing devices placed at the point 
of closure to require drivers to vacate the 
lane at that point ( channelizing devices are 
discussed later in this module). 

Truck Restrictions 

Several States restrict the lanes in which 
trucks may operate. The objective in 
restricting trucks to the right lane or lanes is 
typically to improve highway operations and 
reduce accidents. Also, to provide for 
uniform pavement wear, trucks are 
sometimes restricted from the right lanes. 
Lane restrictions through construction zones 
are used to move the trucks away from 
workers and from narrower lanes. Table 4-1 
is a summary of experience regarding lane 
restrictions in various states and in research 



studies.<5
) Several States adopted lane 

restrictions because trucks were often 
observed traveling abreast across several 
lanes, denying passing opportunities for 
other vehicles. 

A survey of State practice in 1986 by the 
FHW A identified the most common reasons 
given for using truck lane restrictions: 

• To improve operations (fourteen States). 

• To reduce accidents (eight States). 

• For pavement structural considerations 
(seven States). 

• Because of restrictions in construction 
zones (five States). 

A total of 26 States used lane restrictions, 
according to survey information. The survey 
of FHW A field offices also indicated that, in 
most cases, restrictions have been applied 
without detailed evaluation plans, including 
before-and-after studies. Where accident 
analyses were undertaken, little change in 
accident experience was noted under any of 
the restrictions.<10i 

Truck restrictions can be implemented in a 
number of other ways as well. Table 4-2 
summarizes the constraints and impacts of 
different types of restrictions. 

HOV Restrictions 

Another form of lane use control is when a 
lane is restricted for use by high-occupancy 
vehicles only. Several types of static signs 
have been used to communicate the 
restriction. (For discussion on high 
occupancy vehicle lanes, see Module 6). 
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INFORMATION DISSEMINATION 
SYSTEMS 

Information dissemination systems can be 
employed to advise motorists of freeway 
conditions so that appropriate actions can be 
taken to enhance the efficiency and safety of 
freeway operations. Module 7 provides a 
discussion of information dissemination 
principles and technologies. For lane use 
control applications, both lane control 
signals (LCS) and full-matrix dynamic 
message signs (DMSs) can be used to 
convey lane use and lane status information 
to drivers. LCSs are a fixed-grid DMS 
(refer to Module 7) that use both color and 
symbols to convey information. The Manual 
on Uniform Traffic Control Devices 
(MUTCD) defines LCSs as special overhead 
signals having symbols that are used to 
indicate whether the use of a specific lane or 
lanes of a street or highway is permitted or 
prohibited, or to indicate the impending 
prohibition of use.<2

) In the United States, 
LCSs have most commonly been used for 
reversible-lane control. However, they are 
also appropriate for use on freeways in the 
following situations:<2

) 

• On a freeway, where it is desired to keep 
traffic out of certain lanes at certain 
hours to facilitate the merging of traffic 
from an entrance or exit ramp or other 
freeway. 

• On a freeway, near its terminus, to 
indicate a lane that ends. 

• On a freeway or long bridge, to indicate 
a lane that may be temporarily blocked 
by an accident, a breakdown, or some 
other incident. 

In addition, at least one operating agency 
(Virginia) uses LCS to indicate to motorists 
that a shoulder can be used as a travel lane 
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Table 4-1. Lane Restrictions Experiences.(Sl 

Location/Study Conditions Results/Comments 

Florida Conducted a 6 month, 7 am to Public feels safer with lane 
I-95, 7 pm study in 1988 restrictions for trucks. Overall 
Broward County accidents up 6.3 percent (7 am to 7 

pm period); truck accidents down 
3.3 percent. 

Georgia Beginning Sept. 1986, trucks On 1-285, trucks were at fault in 72 
were restricted to the right percent of lane-changing violations. 
lane(s) except to pass or to Before the restriction, trucks were 
make a left-hand exit. observed occupying all lanes thus 

prohibiting passing. 

New Jersey Turnpike Authority (NJT A) Sources at the NJTA stated that the 
imposed lane restrictions in the compliance rate for truck lane 
1960s. Restrictions do not restrictions is very high. 
allow trucks in the left lane of 
turnpike roadways that have 
three or more lanes by 
direction. 

Illinois Began in 1964. Public feels safer, and better 
operations. 

Maryland Believed to have been Public feels safer. Effects on safety 
Capital Beltway implemented as a reaction to a not well known. 

major truck accident. 

Virginia Four studies, one for 24 Public and political perception: safer 
Capital Beltway months, others for 12 months. highways. Engineering study 

recommended removal. Accident 
rate increased 13.8 percent during 2-
yr study. Second study also showed 
increase. 

Michigan Statewide restrictions require Establishment was thought to be 
trucks to use the right two lanes politically motivated 
on roadways that have three or No studies available to evaluate the 
more lanes. countermeasure. 

Garber Study Simulation based on data from Decreased headways in right lane 
nine sites. Slight increase in right lane 

accidents. 

Hanscom Study Two 3-lane suburban sites, all Beneficial traffic operations and 
<100,000 AADT. reduced congestion. 
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Table 4-2. Summary of Impacts from Truck Restrictions. <11> 

Action Constraints/Limitations Impacts 

Lane • Lane drops at freeway-freeway • For freeway segments with lane 
Restrictions interchanges limit application. drops, would concentrate lane 

• Could be difficult to enforce. changes in short section of 
• Could accelerate pavement freeway . 

deteriorations. • Would increase merging conflicts. 
• Could reduce visibility of overhead 

signing (if trucks restricted to outside 
lanes). 

Time-of-Day • Truck traffic peaks do not coincide • Negligible impact on operating 
Restrictions with typical commuter peaks. speeds. 

• Could be difficult to enforce. • Could divert trucks to other less 

• Could be challenged on legal basis. congested time periods, or other, 
lower quality roadways. 

• Could negatively impact trucks 
that must travel during restricted 
periods. 

Speed • Differential speed limits for trucks and • Reduction in speed (differentials) 
Restrictions non-trucks could be difficult to could have positive safety impacts. 

enforce. 

• Could require extensive enforcement 
program. 

• May require use of innovative 
detection, apprehension, and citation 
strategies. 

Route • Efficient routing plan could not • Negligible impacts on safety and 
Restrictions exclude freeways. operations. 

• Could have positive impacts if 
applied to transportation of 
hazardous materials. 

Driver • Requires strict application and • Short-term impacts minimal . 
Training/ enforcement of regulations. • Long term impacts could be 
Certification significant. 

Increased • Would require additional enforcement • Increased enforcement could lead 
Enforcement of personnel. to increased compliance with 
Existing • Could require incorporation of traffic laws. However, there is no 
Regulations enforcement requirements in design/re- conclusive proof that increased 

design of freeways. compliance reduces accidents. 
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during peak travel periods.c12
) Figure 4-3 

shows a typical freeway LCS. 

The MUTCD gives information on the 
design, location and operation of lane-use 
control signals. The meanings of freeway 
lane-use control signals are as follows:<2

) 

• A steady DOWNWARD GREEN 
ARROW means that a driver is 
permitted to drive in the lane over which 
the arrow signal is located. 

• A steady YELLOW X means that a 
driver should prepare to vacate, in a safe 
manner, the lane over which the signal is 
located because a lane control change is 
being made, and to avoid occupying that 
Jane when a steady RED X is displayed. 

• A steady RED X means that a driver 
shall not drive in the lane over which the 
signal is located, and that this indication 
shall modify accordingly the meaning of 
all other traffic controls present. 

In contrast to LCSs that display a rather 
small number of colors and symbols, full­
matrix DMSs are capable of providing a 
large number of descriptive messages to 
indicate that one or more travel lanes are 
closed downstream, that a freeway shoulder 
can be used as a temporary travel lane, that 
an HOV lane is open to mixed-use traffic (as 
might occur during a major incident), or that 
trucks normally restricted to a right lane can 
use other travel lanes as well ( as also might 
occur during a major incident). 

Figure 4-3. Typical Freeway Lane Control Signal. 

4-14 



LCSs are smaller than full-matrix DMSs, and 
so are considerably cheaper to purchase and 
maintain. This means that LCSs can be 
installed more frequently along a freeway 
than can larger and more expensive DMSs. 
Also, since LCSs use symbols and colors 
rather than words to convey information, 
they can be more readily understood by non­
English speaking motorists. However, the 
amount and type of information that can be 
displayed via LCSs is much more limited 
than via a typical DMS.°3

l 

Regardless of the technology used, 
information dissemination systems alone 
cannot force vehicles to vacate a lane or 
utilize a shoulder as a travel lane. They do 
provide guidance about lane status, and are 
intended to promote safer operations by 
warning motorists upstream of an actual lane 
blockage. 

USE OF NARROW LANES AND 
SHOULDERS 

Research has confirmed that shoulders and 
narrow lanes can be used effectively to 
increase capacity in congested metropolitan 
corridors. Based on a recent NCHRP study, 
it is recommended that these strategies be 
reserved for use as techniques to improve 
traffic flow in congested corridors.<14

l 

Widening a corridor over an extended length 
through the use of these strategies is not 
recommended. Rather, applications of these 
strategies should be viewed as a temporary 
technique for congestion relief. It is 
recommended that this technique should 
typically be limited to sections of 1.61 km 
(1 mi) or less. 

Reduction in the travel-lane width to 3.4 m 
(11 ft) should be the first modification 
considered. Next, reduction of the left 
shoulder should be considered before 
reducing the right shoulder. Research and 
observations by enforcement personnel 
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indicate that the right shoulder is the 
preferred refuge area. Also, emergency 
response is easier to provide if the right 
shoulder is maintained. If the right shoulder 
is used and the left shoulder maintained, 
emergency equipment entering a congested 
area must work its way across the queue to 
the left shoulder as opposed to proceeding 
on the right shoulder. In some cases, the 
right shoulder or both shoulders have been 
used. Table 4-3 summarizes the primary 
advantages and disadvantages of each 
approach. 

Where there is a high percentage of truck 
traffic (i.e., 5 to 10 percent) during the peak 
period, use of shoulders and narrow lanes is 
not recommended. Also, for projects 
involving possible application of shoulders 
and narrow lanes, a step-by-step approach 
(site specific) must be used to ensure an 
adequate evaluation. 

MAINLINE METERING 

Mainline metering controls the mainline 
traffic entering a freeway control section. 
While the technique can create congestion 
on the mainline upstream of the control 
section, it can help maintain uncongested 
flow on the mainline downstream through 
the control section. An application of 
mainline metering has been documented in 
Japan, where it has been made effective by 
regulating the number of toll booths open, 
thereby controlling the traffic entering the 
freeway. Another application is the San 
Francisco-Oakland Bay Bridge mainline 
metering in Oakland, where controls are 
used after vehicles pass through the toll 
plaza at a point prior to entering the ridge. CI

5
} 

Other applications of mainline metering on 
controlled-access facilities such as terminals, 
bridges, and toll roads have been found to be 
effective, but the concept has yet to be 
applied to a typical metropolitan freeway 
system. 
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Table 4-3. Primary Advantages and Disadvantages of Shoulder Removal. <14> 

Desien Alternative Advanta2es DisadvantaR,es 

Use of Left Shoulder • Left shoulder not used as • Usually requires restriping 
much for emergency stop/or • Sight distance problem with 
emergency enforcement some median treatments 

• Least expensive if width is 
available 

• Trucks often restricted from 
left lane 

Use of Right • Often the easiest to • Right shoulder is preferred 
Shoulder implement area for emergency stops 

and enforcement 
• Sight distance changes at 

merge and diverge areas of 
ramps 

Use of Both • Not recommended • Requires restriping 
Shoulders • Use ONLY in extreme cases • Safety concerns (no refuge) 

Another potentially effective use of mainline 
metering that has not yet been applied is in a 
construction zone where traffic demand 
greatly exceeds the capacity available, and 
some reserve capacity for vehicles entering 
at downstream ramps needs to be 
provided.°) 

Another application of mainline metering 
involves using DMSs to display reduced 
advisory speed limits over sections of 
freeway. This technique is commonly used 
on portable DMSs upstream of work zone 
lane closure activities.<16) However, its 
application to freeway management in the 
U.S. has been less favorable. Nonetheless, 
this approach is used with reasonable 
success outside of the U.S.°7> 
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• Enforcement is difficult 
• Incident response longer 
• Maintenance more difficult 

and expensive 

FREEWAY-TO-FREEWAY RAMP 
METERING 

The primary benefit of ramp metering is that 
it reduces congestion and shockwaves on 
freeways. Metering eliminates the heavy 
surges or platoons of entering traffic and 
allows the freeway to carry substantially 
higher volumes at higher speeds. It also 
substantially reduces accidents, especially the 
rear-end type crashes that result from stop­
and-go driving. Reduction in accidents and 
congestion also results in overall reductions 
in fuel consumption and air pollutant 
errnss1ons. Freeway-to-freeway ramp 
metering uses a meter on a ramp from 
another freeway to control the entrance of 
vehicles onto the new freeway. Minnesota 
Department of Transportation (MnDOT) has 
been successfully metering freeway-to-



freeway ramps for over 20 years and is 
currently metering 74 ramps. Although 
there is some concern over metering these 
high volume ramps, MnDOT believes it is 
desirable to do so because heavy surges of 
traffic, if left unmetered, can severely affect 
the operation of the receiving freeway by 
causing congestion and accidents. (IS) 

CHANNELIZING DEVICES FOR 
WORK ZONES 

Traffic management in construction and 
maintenance work zones is important to the 
safety of both workers and motorists. Time 
is required to properly develop and 
implement the traffic control when lanes 
must be closed to complete the work. No 
one sequence of traffic control devices can 
be designed for all situations. The traffic 
control plan should be designed to provide 
the same number of lanes of traffic during 
construction as before and ideally, be 
designed for the same free-flow traffic speed 
that existed before freeway construction 
began. A work zone cannot always maintain 
the same number of lanes and, in addition, 
where motorists drive in a work zone can be 
influenced by the traffic control devices 
present. 

Static signs are used for directing traffic in 
advance of and within a work zone. 
However, variable message signs and arrow 
panels supplement channelizing devices and 
provide additional target value and suitable 
messages that attract motorists' attention as 
they approach a work zone. Highway 
Advisory Radio (HAR) can also be used to 
provide more information, including route 
detours. Newspaper articles and traffic 
broadcasts can also be employed to alert 
motorists to general construction and 
maintenance work zone locations, but 
provide limited detailed information about 
specific lane closures and traffic delays.<ll 
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Within the work zone itself, traffic must be 
channeled from the lane( s) being closed to 
one that is open. A number of different 
types of channelizing devices can be used, 
depending on the duration of the closure, 
traffic speeds, etc. These devices include but 
are not limited to the following:<2> 

• Cones. 

• Tubular markers. 

• Vertical panels. 

• Drums. 

• Barricades. 

Regardless of the device used, it is critical 
that proper spacing and length of taper be 
employed to safely transition motorists from 
the closed lane(s) to the open lane(s).(2l 

Portable barriers may be used to separate 
traffic from the work area and to protect the 
construction workers. Special signing and 
temporary delineation and/or route detours 
may be needed when these barriers are 
moved and traffic is shifted. Portable 
barriers have been used to create HOV lanes 
in Dallas and Boston. This device could also 
be used as a lane control technique in a 
construction area. (See the discussion in 
Module 6 for additional information). 

TOLL FACILITIES/CONGESTION 
PRICING 

Toll facilities are fully controlled access 
roadways designed to the same high 
standards of design as freeways. However, 
because of both the economic influence they 
exert on traffic demand for the facility and 
the traffic metering effect that occurs at the 
toll collection plazas, toll facilities can also 
be considered another form of lane use 
control. Toll facilities form the most direct 
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user charge for providing revenues based on 
the costs of travel. Often, they can be 
implemented more quickly, because the 
capital funding is available up front and 
because toll roads often do not have to 
comply with federal regulations. <19> Also, toll 
facilities provide adequate funding for 
ongoing operations and maintenance. 

In recent years, legislation has been enacted 
to facilitate the development of toll facilities 
through innovative financing. For example, 
the Federal Highway Act of 1987 provided 
for eight demonstration projects across the 
nation, allowing a mixture of toll revenues 
with State and federal funds on new 
projects.(ZOJ California enacted legislation 
that allows the development of joint-power 
authorities to collect developer fees for 
transportation projects, and awarded four 
franchises to private entities, allowing 
private designing, financing, construction, 
and operation of toll facilities for 35 years. (2•J 

Two basic types of collection methods are 
used: mainline barriers at intermittent 
spacings, and toll collection at interchanges. 
Where mainline barriers is used, the location 
of the barrier should be far enough from exit 
or entrance ramps to avoid weaving 
problems. Toll plazas should be located on 
tangent alignment with decision sight 
distance provided on the approach. Grades 
approaching the plaza should not exceed 0.5 
percent. The design of the plaza itself 
should be based on the expected number of 
peak-period arrivals and the rate at which 
they can be processed. Sufficient toll 
collection lanes of great enough length 
should be provided to minimize the length of 
queuing at the plaza. Where toll collection 
occurs at exit and/or entrance ramps, care 
should be taken in interchange ramp design. 
Plazas should be placed far enough upstream 
from the ramp diverge to provide for normal 
deceleration and braking to a queue. CIJ 

4-18 

A new technology experiencing increased 
use is Automatic Vehicle Identification 
(A VI) technology for automatic toll 
collection. The technology is being 
implemented to increase capacity and 
decrease delays and congestion at toll plazas. 
Figure 4-4 illustrates the proposed use of the 
AVI technology on the toll roads. An A VI 
system speeds the toll collection process by 
having a device identify each vehicle as it 
approaches a toll plaza or passes a check 
point, and charging the proper toll to the 
user's account, eliminating the need for 
vehicles to stop. 

Congestion pricing is a transportation 
management technique similar in concept to 
toll facilities, but which attempts to spread 
peak traffic demands to less congested 
segments of the network and to less 
congested periods of the day. The 
application of congestion pricing has been 
very limited within the U.S. Experience in 
Hong Kong in the mid-1980s proved the 
program to be a technological success, 
although not widely accepted by the 
public.<22i 

Recent advances in technology are making 
congestion pricing a viable option in the U.S. 
Automatic fare collection systems can be 
used for this purpose, including optic 
scanners and radio frequency technology. 
The system would automatically charge the 
user by prepayment, direct billing, or credit 
card. A billing statement would be received 
by the user each month. Typically, the user 
would receive advance notification of billing 
rates, ideally one month prior to charging. 
Table 4-4 shows a typical user fee schedule. 

Key issues relative to congestion pricing in 
the U.S. are as follows:(23) 

• Technology compatibility - between toll 
collection systems across the country and 
across travel modes. 
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Figure 4-4. Schematic of an AVI Toll Plaza. C
21

> 

• Enforcement - concerns about legislative 
changes needed to allow vehicle owners 
to be ticketed, rather than drivers. Also, 
verification of occupancy requirements (if 
implemented) needs to be accommodated 
without unduly affecting the overall 
operations of the facility. 

• Privacy - concerns about the potential 
tracking of individuals through the AVI 
technology. One alternative proposed is 
the use of "Smart" cards which maintain 
their own internal data about the 
individual's account. 

• Price determination - questions have to 
be resolved (should charges be based on 
short-term marginal road user costs of an 
additional vehicle added to the traffic 
stream, or on long-term costs of providing 
an equivalent amount of extra capacity to 
the facility to accommodate that 
alternative pricing structures upon traffic 
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demand, air quality, land use, etc. are 
difficult to estimate at this time. 

AUTOMATED HIGHWAY SYSTEMS 

Automated Highway Systems (AHS), a 
component of the Intelligent Transportation 
Systems (ITS), is seen as the next major 
performance upgrade of the United States 
vehicle-highway system. It should be 
mentioned, however, that AHS is still in its 
infancy and is many years from being an 
operational reality. The Intermodal Surf ace 
Transportation Efficiency Act (ISTEA) of 
1991 established a program to detennine the 
feasibility of an AHS. Research has shown 
that AHS has the potential to double or 
triple the nation's roadway capacity and 
reduce the frequency and severity of 
incidents while providing more stable traffic 
flow.(24

,
25

> The increased capacity will result 
from the closer longitudinal and lateral 
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Table 4-4. Typical User-Fee Schedule.<22l 

Route Peak Period Off-Peak Period 
Segment (6:01 am - 9:00 am; 3:01 pm - 7:00 pm) (9:01 am - 3:00 pm; 7:01 pm - 6:00 am) 
Number 

1 2 3 4 1 2 3 4 

A $0.09* $0.09 $0.09 $0.07 $0.05 $0.05 $0.05 $0.04 
45mph 45mph 45mph 50mph 55mph 55mph 55 mph 55mph 

B $0.04 $0.04 $0.04 $0.04 $0.02 $0.02 $0.02 $0.02 
60mph 60mph 60mph 60mph 60mph 60mph 60mph 60mph 

C $0.06 $0.06 $0.05 $0.05 $0.04 $0.04 $0.02 $0.02 
25mph 25mph 30mph 30mph 35mph 35mph 40mph 40mph 

D $0.10 $0.10 $0.08 $0.08 $0.08 $0.08 $0.06 $0.06 
40mph 40mph 45 mph 45mph 45mph 45mph 50mph 50mph 

E $0.10 $0.10 $0.08 $0.08 $0.08 $0.08 $0.06 $0.06 
20mph 20mph 25 mph 25mph 25mph 25mph 30mph 30mph 

F $0.05 $0.05 $0.08 $0.08 $0.04 $0.04 $0.06 $0.06 
30mph 30mph 30mph 30mph 35 mph 35mph 35mph 35mph 

G $0.04 $0.04 $0.07 $0.07 $0.03 $0.03 $0.05 $0.05 
45 mph 45mph 40mph 40mph 55mph 55mph 55mph 55mph 

* Dollar amount indicates user-fee rate (dollars per mile) for using a specific route. The mile-per-hour figure 
indicates anticipated travel speed when using a specific route. For example, travel on Route B/Segment 3 
durin_g the peak period would cost $0.04 per mile, with an anticipated avera_ge travel speed of 60 mph. 

spacing that will be allowed due to the full 
control of the AHS expressway. The 
Federal Highway Administration (FHW A) 
has established an AHS program that will be 
able to carry out the following: 

• Identify and analyze alternative AHS 
concepts. 

• Demonstrate the potential feasibility of 
AHS in 1997. 

Concept 

AHS refers to the use of modem electronics, 
sensors, and communications on highway 
vehicles to provide ''fully automated" vehicle 
operation. The automated system of 
roadways will run adjacent to the existing 
infrastructure providing an option to choose 
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the AHS facility or remain on the 
conventional freeway. As a vehicle 
approaches and accesses an AHS lane of an 
AHS expressway, the vehicle's steering, 
braking, and acceleration are controlled until 
the vehicle exits the lane, after which the 
driver once again assumes control of the 
vehicle. An AHS expressway will have four 
major components that are fundamentally 
different from a conventional expressway. 
These segments are as follows:<26> 

• Vehicle characteristics. 

• Roadway infrastructure. 

• Command and control. 

• Entry and exit infrastructure. 



The functional characteristics of each of 
these segments are discussed in the 
paragraphs below. 

Vehicle Characteristics 

The function of the AHS vehicle is to carry 
the driver, passengers, and goods as they are 
moved through an AHS system. The vehicle 
must do the following: 

• Provide for controlled vehicle 
movement. 

• Interact with the AHS roadway 
infrastructure component to obtain 
traction and support for operation while 
in the system, and to obtain lane 
boundary indications. 

• Interact with the entry and exit 
infrastructure component to provide 
smooth and rapid entry and exit to AHS. 

• Provide accurate control responses to 
directions received from the command 
and control component regarding vehicle 
braking, steering, throttle, and lights. 

• Detect and maintain the status of critical 
vehicle functions. 

• Support access to and from the 
command and control component. 

• Interact with the driver, on a user-
friendly basis. 

Roadway Infrastructure 

The primary function of the roadway 
infrastructure is to: 

• Provide traction and support for vehicle 
operation, including vehicles operating 
properly and those that are 
malfunctioning. 
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• Enable safe vehicle operation by 
ensuring vehicle separation in case of 
severe system malfunction. 

• Provide connectivity for entering and 
exiting vehicles and connectivity to other 
AHS systems. 

• Provide passive or active indication of 
lane boundaries. 

• Provide sensing of environment or 
obstacles, or both. 

• Support/enable command and control 
and communication access to AHS 
vehicles and to roadway conditions. 

• Support access to roadway by 
emergency and maintenance vehicles. 

Command and Control 

The AHS expressway is controlled primarily 
by the command and control component. 
The approach that is taken to accomplish the 
AHS command and control functions will 
have a strong influence on how the entire 
system is to be implemented. The five 
primary functions of the AHS command and 
control segment are listed below: 

• Traffic flow management. 

• Intervehicle coordination. 

• Incident management. 

• Vehicle control. 

• Vehicle management. 

Entry and Exit Infrastructure 

The entry and exit infrastructure refers to the 
component of the system that transitions to 
and from the AHS expressway onto or from 
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the regular freeway lanes. There are several 
methods for making this transition, but it is 
hypothesized that these transitions will 
include separation by vehicle classification 
and type of in-vehicle AHS technology. The 
classification separation is made so that 
lateral space can be optimized. 

Goals 

In order for an Automated Highway System 
to be successful, it must provide positive and 
noticeable benefits. Benefits must be 
realized in the areas of capacity, safety, 
energy, level of service, and environmental 
and community impacts. AHS will provide 
a more efficient utilization of right-of-way by 
decreasing lateral and longitudinal spacing of 
vehicles, thus increasing capacity. Safety 
improvements will be realized through the 
implementation of AHS due to the 
automation of usually manual tasks that 
create the possibility for driver error. Due to 
the smooth operation and flow of the 
vehicles along an AHS expressway, 
increased energy efficiency will be 
experienced. By decreasing total trip time, 
increasing level of comfort, and maintaining 
flexibility, the level of service of the system 
can be increased. The AHS system is 
expected to improve each of these 
components. Lastly, the AHS will aid 
realization of environmental goals related to 
noise and air pollution, community 
disruption, and user acceptance.<27J 

4.4 LESSONS LEARNED 

PLANNING 

Freeway-to-Freeway Ramp Metering 

In considering whether to implement a 
freeway-to-freeway ramp metering system, 
several concerns must be examined (e.g., 
whether or not to provide a dynamic 
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warning device to alert approaching 
motorists that there is a ramp meter in 
operation, and possibly a substantial queue 
downstream). MnDOT, which is currently 
metering 74 ramps, bases its analysis upon 
available sight distance, approach speeds, 
and queue lengths. In general, MnDOT uses 
ramp meters at most freeway-to-freeway 
ramps, except loops. If an advance warning 
device is used, it is a 30 cm (12 in) flashing 
yellow signal head, accompanied by a 
standard symbolic "traffic signal ahead" sign, 
mounted on a 3 m (IO ft) traffic signal 
pedestal. It is placed in flashing operation 
when the ramp meter is cycling.08l 

In the operation of the MnDOT freeway-to­
freeway ramp meters, metering rates and 
geometrics are carefully analyzed. Freeway­
to-freeway ramps use different timing 
parameters than other meters. A narrower 
range of rates is used so that under severe 
incident conditions ramp flow is reduced by 
25 percent, as compared to a 50 percent 
reduction at other ramps. These parameters 
help to guard against long queues. When 
necessary, MnDOT constructs an extended 
storage lane upstream of the meter to 
prevent queuing from backing up onto the 
intersecting freeway. Also, signing is used 
to encourage motorists to wait in line on 
shoulders, rather than in the through lanes of 
intersection freeways. 

MnDOT has noted that there are several 
major concerns at freeway-to-freeway ramps 
that do not exist at other metered ramps, and 
they may be the reasons why some traffic 
management agencies have been reluctant to 
meter these ramps. The biggest concern is 
over accidents on freeway-to-freeway ramps, 
or upstream on the approaching freeway. 
This concern is related to stopping high 
speed/high volume ramp traffic, and the 
resulting queues. Experience over the past 
25 years in Minnesota has indicated that 
there have actually been very few accidents 



at these ramps and that there is a net 
reduction in crashes. 

Another concern over freeway-to-freeway 
ramp meters is that they may result in 
motorists being metered several times while 
making one trip. For example, a motorist 
entering the freeway from a metered ramp at 
an arterial street may also use several other 
freeways on a trip, thus encountering several 
ramp meters. There is also concern over 
negative reaction from the public when 
freeway-to- freeway ramp meters are 
deployed. The faster metering rates used at 
freeway-to- freeway ramps, however, have 
resulted in substantially fewer complaints 
about freeway-to-freeway ramp meters as 
compared to other ramp meters. 

Toll Facilities 

Toll road facilities are a means of financing 
roadway improvements. The intent is to 
finance roadway construction only if there is 
sufficient demand willing to pay a premium 
for services rendered by the facility. 
Furthermore, the user population must be 
willing to pay for the opportunity to save 
time in the system because toll road facilities 
are generally less congested. Currently, the 
concept of toll roads is being considered as 
a realistic procedure to finance the 
construction of needed facilities in a short 
time period. There are several advantages 
and disadvantages involved in the 
implementation of toll roads as opposed to 
free roads. Table 4-5 lists some of the 
advantages and disadvantages of financing a 
road via user tolls. 
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Congestion Pricing 

There are logistical, institutional, and 
attitudinal barriers that must be addressed 
when implementing a congestion pricing 
system. A feasibility study must therefore be 
undertaken prior to implementation. The 
following tasks should be conductect:<22

i 

• Review of appropriate state-of-the-art 
technology. 

• Attitudinal surveys of the system users. 

• Organization of participating agencies 
and private-sector partners. 

• Conceptual design for select U.S. cities. 

• Preliminary capital and operational and 
maintenance cost estimates. 

• Development of a conceptual 
implementation plan (i.e., time frame, 
lead agency, potential funding sources, 
institutional requirements). 

Congestion pricing has seen very limited use 
in the United States, though already proven 
successful in efforts to reduce congestion in 
Singapore and several Norwegian cities. 
Implementation of roadway pricing has been 
discouraged in the U.S. due to technical and 
political problems. The use of AVI 
technology overcomes some of the technical 
barriers such as congestion at toll booths. In 
order to overcome political barriers, 
demonstration projects can be performed to 
introduce the concept. Congestion pricing 
should not be introduced on a facility that 
traditionally has no charge. Two 
recommended facilities that should be used 
to introduce this concept are as follows:<29

> 
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Table 4-5. Advantages and Disadvantages of Toll Road Financing. <23J 

Advantages 

• Timely construction, no delays. 
• Reduced construction costs. 
• Earlier realization of benefits, such as lower 

fuel costs, greater safety, comfort and 
convenience. 

• Regular inspections and maintenance 
required by lenders. 

• Inclusion of operating costs in financing 
and income plans; costs include police, 
emergency services, snow and ice control. 

• Ability to free tax funds for "free" roads. 

• Existing toll facilities, where off-peak 
discounts and peak-hour surcharges can 
be introduced in order to increase ride­
sharing incentives and reduce 
congestion. 

• Completely new facilities. 

A pricing schedule should be designed so 
that initial costs are fairly low. These costs 
should be maintained for a period of 6 to 12 
months to "permit behavior patterns to 
stabilize," after which the cost should 
increase. This process should continue until 
the cost is at the desired level. The use of 
congestion pricing is expected to improve 
the traffic flow, ridesharing, and emission­
reduction experienced on the roadway. 
These improvements should be quantified in 
the demonstration project to prove these 
benefits. 

Table 4-6 presents barriers to the 
implementation of congestion pricing using 
A VI technology, and recommended 
strategies. Three arguments that justify the 
use of congestion pricing are:C30> 
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DisadvantaR;es 

• Higher maintenance and operations 
costs, in most cases. 

• Infrequent access. 
• Possible adverse effect on other roads 

in corridor. 
• Delays at toll booths. 
• Added costs of borrowing, collecting 

tolls. 

• Economic argument-automobile users 
should pay the full cost of the congestion 
their use of the road imposes on the 
public. 

• Congestion is reduced. 

• Environmental improvement-less 
congestion means less air pollution due 
to slow moving traffic flows. 

Channelizing Devices for Work Zones 

There is a wide variety of channelizing 
devices currently available for use in 
highway work zones. The MUTCD presents 
basic design standards for these devices and 
general guidelines for their use; however, it 
is the highway agency's choice where and 
when to use particular devices or sets of 
devices. Typically, work zone channelizing 
devices are chosen on the basis of one of the 
following practices: 

1. Select the device with the lowest initial 
cost. 

2. Select the device that is normally used by 
the agency. 
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Table 4-6. Barriers to Congestion Pricing Implementation. (ao) 

Barrier Description 

Technical 

A VI technology • Equipment unreliability. 

Logistical • Numerous structures at 
Problems checkpoints needed. 

• Equipping vehicles with 
proper equipment 

• Geography of the city . 

Uniformity • Different A VI technologies 
used by each agency. 

Social and Political 

Congestion Pricing • Public perceives it as another 
as an Additional form of taxation instead of a 
Tax price to use the road. 

Privacy • Public does not want their 
vehicular movements 
monitored. 

Equity • Forces poorer drivers off the 
road--politically undesirable. 

Business Interests • May create decreased interest 
in downtown shopping areas. 

3. Select a device already in stock. 

4. Select the "very best" device just 
in case. 

Each of these approaches has drawbacks, 
and collectively they have resulted in inflated 
job costs, unnecessarily large inventories, 
lack of uniformity, and in some cases, 
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Recommended StrateRies 

• More research . 

• Provide financial incentive for 
equipment installation on vehicles. 

• Many problems solved with time. 

• Develop standards for A VI systems . 
• Will require legislation but should not 

be a problem. 

• Stress that this is a user fee to support 
roads, not a tax. 

• Stress that revenues from the system 
will be linked to further expenditures on 
the system. 

• Describe lower rates at non-peak periods 
as a reward for traveling at that time. 

• Stress that a congestion pricing payment 
is no different than an itemized 
telephone bill. 

• Information not used for enforcement . 
• Pictures only taken of license plates . 
• Not looking at individuals, just tags . 

• Show that it would not be any more 
equitable or inequitable than present 
system. 

• Effects not certain--need demonstration 
project. 

improper device use. As an alternative to 
the typical methods used for selecting 
channelizing devices for work zones, the 
value engineering approach (see Module 11) 
can be used. The approach involves 7 
steps:C3l) 

• Determine the intended purpose of the 
devices. 
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• Identify available alternative devices. 

• Select appropriate measures of device 
performance. 

• Determine the performance of the 
alternative devices on the basis of 
selected performance measures. 

• Estimate the total cost of each 
acceptable alternative. 

• Calculate the relative value of each 
acceptable alternative, where value 
equals performance divided by cost. 

• Select the alternative with the greatest 
value. 

The following recommendations should be 
followed when using this approach:<31

> 

• Base value engineering study on 
comprehensive and accurate information. 

• Use a team approach-team members 
are well trained and diverse in experience 
and technical background. 

• Consider value engineering approach 
most appropriate for central office 
use-through pooling central office staff 
and data-gathering resources. 

DESIGN/CONSTRUCTION 

LCS and DMS Placement 

A panel of eight Tx.DOT managers and 
engineers with expertise in Lane Control 
Signal (LCS) design and operation in 
freeway traffic discussed problems and 
potential solutions regarding LCS. Their 
recommendations included the following:(1 3) 
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LCS Visibility 

• Drive throughs should be performed by 
TxDOT personnel when a red X is 
displayed due to its low legibility 
distance. 

• If the department chooses to require 
double-stroked symbols for LCS 
displays, a maximum pixel spacing 
and/or effective stroke-width-to-letter­
height should also be specified. 

• A regular cleaning and bulb replacement 
schedule should be implemented. 

• Back plates or back panels should be 
considered for placement behind LCS on 
overhead sign structures. 

LCS Spacing and Mounting Locations 

• LCS should be placed every 0.8 to 1.6 
km (0.5 to 1.0 mi), but special geometric 
characteristics and driver decision points 
should also be considered during this 
placement. 

• Mounting LCS on a cross-street bridge 
structure rather than on an overhead sign 
structure is desired. 

• Positive guidance principles should be 
employed when determining the 
placement of the LCS. 

DMS Placement 

It is recommended that the following points 
should be considered when placing dynamic 
message signs for freeway managernent:<32

l 

• Signs should be targeted at an audience 
that is made up of local drivers generally 
familiar with the surrounding street 
system. This allows less detail in the 
messages presented. 



• A 3-line sign with 18 characters per line 
is recommended. 

• A letter height of 46 cm 
recommended to allow 
legibility distance. 

(18 in)· is 
sufficient 

• The minimum spacing between a DMS 
and other guide signs not co-located 
with the OMS should be 305 m (1000 
ft). 

• The maximum distance from a detour 
exit that a OMS should be placed is 
1220 m (4000 ft). 

• OMS located upstream from an 
interchange should not be used for 
messages requiring a detour maneuver 
beyond the interchange. 

• Placing OMS on the far side of a sharp 
horizontal or vertical curve may limit the 
driver's ability to read the sign. 

• An unrestricted visibility distance of 
183m (600 ft) should provide the driver 
plenty of time to read and comprehend 
the message. 

Use of Narrow Lane and Shoulders 

Design gqidelines for the implementation of 
projects involving the use of shoulders and 
narrow lanes were developed in a recent 
NCHRP research study based on the 
experience of agencies that participated in 
the study. Additional details are provided in 
the NCHRP report. The guidelines 
developed in the research represent more of 
a guide for applying design standards. They 
are intended to supplement, rather than 
supersede, existing standards. Following is 
a selection from the guidelines: 0 4l 

• Field observations indicate that 
operational impacts of reduced shoulder 
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or lane widths are most notable in the 
transition area. It is recommended that 
the transition area be located on a 
tangent, preferably in an area where 
there are no crossing structures, 
retaining walls, or other roadside 
appurtenances. 

• On facilities with high truck percentages, 
it is recommended that trucks be 
restricted from using a right shoulder 
lane, which typically does not have 
adequate pavement structure to support 
heavy trucks. 

• Emergency turnouts and crossovers 
should be provided along altered 
sections. It is recommended that 
enforcement and emergency response 
personnel be involved in selecting 
locations. These turnouts should be 
large enough to accommodate a tractor 
trailer unit and at least one piece of 
emergency equipment. The location of 
crossovers should be considered in 
conjunction with incident management 
plans. 

4.5 EXAMPLES 

SAN ANTONIO (TRANSGUIDE) 

Description of System 

In late 1995, the Texas Department of 
Transportation began operation of an 
advanced traffic management system on 
approximately 41.6 km (26 mi) of freeway in 
San Antonio, Texas. The system, labeled 
TransGuide, includes inductive loop 
detectors and closed-circuit television 
cameras for traffic surveillance, and a 
combination of dynamic message signs and 
lane control signals to convey freeway traffic 
conditions and lane status information to 
motorists on or approaching the freeways. 
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Other components are being introduced as 
the technology is developed. The system is 
also being expanded to include additional 
freeways in the San Antonio area.<34

l 

Lane control signals are placed 
approximately 1.6 km (1 mi) apart between 
major freeway-to-freeway interchanges. 
Signal spacings are then reduced to about 
0.8 km (0.5 mi) spacing near the 
interchanges. Dynamic message signs are 
located upstream of major detour points on 
the freeway, and on the entrance ramps to 
the freeway. When an incident or work zone 
activity requires one or more lanes to be 
closed anywhere within the limits of 
TransGuide operations, predefined 
information dissemination plans are called 
from the computer database and 
implemented on the lane control signals and 
dynamic message signs. The actual plan 
(termed a scenario) selected is based on the 
expected duration of the incident, the time of 
day, and the number of lanes blocked. 

A scenario consist,;; of changes in up to three 
sets of lane control signals upstream of the 
incident. The two sets of signals closest to 
the incident and over the lane(s) that are 
blocked display a red X, and the open lanes 
display a green downward arrow. At the 
third signal location (the farthest upstream), 
signals over the lanes that are blocked 
display a downward diagonal yellow arrow 
to the left or the right. These diagonal 
arrows are not currently specified in the 
MUTCD as acceptable lane control signal 
symbols.<5

l However, they are utilized 
extensively in Canada and other countries for 
this purpose. Also, recent research suggests 
that diagonal arrows may be better 
understood as a transition symbol than the 
yellow X that is currently allowed by the 
MUTCD for this purpose. <33

) 
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Effects of Information 

Recent evaluation of the TransGuide system 
indicates that drivers are obtaining and 
responding to the overall dynamic 
information system. For example, the 
number of drivers reportedly diverting to 
alternative routes in response to available 
information (primarily radio traffic reports 
before TransGuide, reports plus the dynamic 
message signs and lane control signals after 
TransGuide implementation) has increased 
from 33 to 80 percent.<34l However, the 
effect of the dynamic information system 
upon driver lane usage upstream of the 
incident ha,;; not been as well defined to date. 
Limited data suggests that a small portion of 
motorists do move from the closed lane to 
the open lane farther upstream of an incident 
when the lane control signals indicate a 
downstream blockage. <

35l Survey results 
also suggest that the signals are seen and 
correctly interpreted by most drivers. 

Operators of the TransGuide system have 
indicated the importance of providing 
accurate and useable information on the 
dynamic message signs in conjunction with 
the lane control signal displays in order to 
obtain appropriate driver responses. In one 
instance, operators closed two lanes where 
glass had been dropped on the road. They 
indicated "debris in left two lanes" and 
activated the appropriate lane control signal 
sequences, but saw drivers continuing to 
utilize the left lanes for travel (through the 
area of glass). They then switched the sign 
to read "glass in left two lanes." Nearly all 
drivers vacated those lanes and remained out 
of those lanes until the lane control signals 
indicated that all lanes were open. <35

l 



SR 91, ORANGE COUNTY, 
CALIFORNIA CONGESTION 
PRICING 

Recent construction of four express lanes 
(two each way) in the median right-of-way 
of State Route 91 in Orange County, 
California, was a $126 million undertaking 
that was accomplished through an innovative 
franchising agreement between the public 
sector and private enterprise (California 
Private Transportation Company, CPTC). 
To pay for construction, CPTC will collect 
tolls from the facility for the next 35 years, 
after which it will revert to State operation. 
The project has received extensive publicity 
as the first implementation of congestion 
pricing in the U.S. Users of the facility will 
be charged a toll ranging from $0.25 to 
$2.50, depending upon the time of the day 
and traffic demand levels. 

A key component of the SR 91 system is the 
sole use of electronic toll collection 
equipment. No toll booths are present along 
the facility. Instead, only overhead radio 
receivers, which read small transponders that 
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motorists place in their windshields are used 
to approve approaching vehicles to enter the 
express lanes and make appropriate toll 
charges to the motorist's account. Toll 
violators may be ticketed by the California 
Highway Patrol or via the mail and receive a 
$100 to $300 fine.(36) The revenues from toll 
collections are used to pay for the costs of 
enforcement. At the same time, the facility 
is designed to encourage carpooling. Buses, 
vehicles with three or more occupants, 
motorcycles, and vehicles designated as 
emission-free can use the express lanes for 
free (although they must still have a 
transponder in their vehicle). 

Because of the system's recent initiation, 
experiences to date are limited. However, it 
was reported that within just a few weeks of 
its opening, the toll lanes and nearby 
Metrolink trains drew so many commuters 
that congestion levels on the mixed-use lanes 
on SR 91 dropped to levels not seen in 15 
years. <36

l After only a few months of 
operation, over 50,000 transponders are in 
use in the SR 91 corridor. 
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Figure 5-1. Ramp Meter with HOV By-Pass in Minneapolis, MN. 

5.1 INTRODUCTION 

The geometric design of a freeway ramp 
(width, curvature, vertical alignment, etc.) 
can have a positive or negative influence on 
both the operation of the ramp itself and on 
the freeway at, or upstream of, the merge 
point. Freeway design standards generally 
address those considerations. Ramp control, 
on the other hand, seeks to regulate the flow 
of vehicles at freeway ramps in order to 
achieve some operational goal such as 
balancing demand and capacity or enhancing 
safety. Other than freeway-to-freeway 
interchanges, freeway ramps represent the 
only opportunity for motor vehicles to 
legally enter or leave a freeway facility and, 
therefore, the only point at which positive 
control can be exercised. Freeway ramp 
control systems have been in operation at 
various locations throughout the country 
since the early sixties. It is estimated that 
ramp control systems are operated in over 
20 geographical areas at present, with 

individual metered ramps numbering over 
2300.(1) 

Most ramp control systems have been 
proven to be successful in terms of reduced 
delay and travel time ( and the concomitant 
reductions in fuel consumption and vehicle 
pollutants, and in accident reduction.) They 
are more effective when they are part of an 
integrated transportation management plan 
that incorporates other systems as described 
in other modules of this document. 
Deployment of ramp control systems has 
been somewhat limited due to some public 
resistance to being stopped on a freeway 
ramp for no readily apparent reason, 
although the ramp metering rate may reflect 
a downstream bottleneck such as an incident. 

DEFINITION OF RAMP CONTROL 

Freeway ramp control is the application of 
control devices such as traffic signals, 
signing, and gates to regulate the number of 
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vehicles entering or leaving the freeway, in 
order to achieve some operational objective. 
Typically, the objective will be to balance 
demand and capacity of the freeway in order 
to maintain optimum freeway operation and 
prevent operational breakdowns. Ramp 
metering may also be applied for safety 
considerations where certain geometric 
inadequacies or other constraints exist. 

APPLICATION OF RAMP CONTROL 

The primary application of ramp control, 
commonly known as ramp metering, has 
been on freeway entrance ramps. However, 
ramp control has been applied in other 
situations as well. 

Entrance Ramp Metering 

Metering on entrance ramps involves 
determination of a metering rate (typically "4 
to 15 vehicles per minute" are minimum and 
maximum rates for single lane metering) 
according to some criteria such as measured 
freeway flow rates, speeds, or occupancies 
upstream and downstream of the entrance 
ramp. The rates may be fixed (pre-timed) 
for certain periods, based on historical data, 
or may be variable minute-by-minute (traffic 
responsive) based on measured traffic 
parameters. The entry of vehicles at that 
rate is regulated by one or more traffic 
signals beside the ramp at driver's-eye 
height. Vehicle sensors may be located at 
points along the ramp to signal the blockage 
of the merge area or backing of the ramp 
queue into a cross street. 

Entrance Ramp Closure 

Typically lower metering rates (say 2 to 4 
vehicles per minute) over a sustained period 
of time are not acceptable to drivers, and 
they will tend to disregard the signal. In the 
extreme case where the metering rates must 
be sustained at lower levels, it may be 
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necessary to physically close the ramp with 
automatic gates or manually placed barriers. 
Obviously, this extreme case may cause 
negative public reactions and should be 
applied only after considerable planning and 
a public information program. 

Exit Ramp Closure 

Metering of exit ramps is obviously not 
appropriate but closure with automatic gates 
or manually placed barriers, with adequate 
freeway warning signs, may be used to 
accomplish certain operational objectives. 
For example, if the exit ramp terminus at the 
cross street has such inadequate capacity 
that exit ramps queue onto the freeway, the 
ramp may be closed to encourage drivers to 
exit upstream or downstream where more 
capacity is available. 

Systemwide Ramp Control 

Although individual ramps may be metered 
or closed for specific reasons, ramp control 
is most effective when ramps are metered in 
an integrated system manner. Individual 
metering rates are determined by conditions 
over a larger portion of the freeway, not just 
in the immediate area of the ramp. Although 
local controllers may suffice in individual 
ramp metering as described above, system­
wide control requires a central or distributed 
control system master with control 
algorithms and interconnection by some 
communications media. 

RELATION TO OTHER FREEWAY 
MANAGEMENT FUNCTIONS 

Ramp control is closely related to other 
infrastructure elements in a freeway 
management system. The widespread, 
widely embraced Intelligent Transportation 
Systems (ITS) movement has further 
emphasized the benefits of integrated system 
elements. Other modules in this handbook 



describe specific subsystems of a freeway 
management system. The following 
paragraphs briefly describe the relationship 
of those elements to freeway ramp control. 

Surveillance 

The surveillance subsystem includes various 
techniques for determination of freeway and 
ramp operating conditions that may have an 
influence on metering rates or operational 
overrides. Specific information on 
surveillance technology can be found in 
Module 3 of this handbook. The paragraphs 
below provide a description of the types of 
surveillance used in conjunction with ramp 
control. 

Vehicle Detection 

Vehicle sensors located on the freeway can 
serve multiple purposes if located correctly 
during the design and construction phase. 
Detectors located in the freeway lanes 
generally have the purpose of input to 
incident detection algorithms and for system 
operation evaluation. Freeway detectors can 
also be used as input data in determining 
metering rates in traffic responsive 
operations. Counting detectors located on 
entrance and exit ramps serve as input and 
output data in defining a closed system 
operation for estimating average delay in the 
system. 

Closed-Circuit Television 

Closed-circuit television (CCTV) are used to 
detect and verify incidents in the overall 
surveillance subsystem. Cameras can also be 
used to fine tune and monitor operation of 
individual metered ramps, precluding the 
necessity for on-site field observation. 
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Environmental Sensors 

Due to grades on ramps it is often necessary 
to adjust ramp metering rates or terminate 
operation during extreme weather conditions 
such as icy or extremely wet roadway 
surfaces. Environmental sensors will give 
early warning when such conditions exist. 

HOV Treatments 

Preferential treatment of high-occupancy 
vehicles at entrance ramps has been used 
successfully in several locations on entrance 
ramps. These systems have primarily 
involved a separate lane to bypass the ramp 
signal, and single occupant vehicle queue. 

Information Dissemination 

Notification of travelers of ramp closures 
can be effected by either pre-trip information 
dissemination devices such as kiosks, Web 
site, and Community Access Television 
(CATV), or by on-road devices such as 
variable message signs or highway advisory 
radio. Other operational changes in ramp 
operations that may be of interest or 
assistance to travelers may also be 
communicated. 

Communication 

Unless the controlled ramps are isolated and 
operate in a nonsystem mode, the 
communication subsystem must 
accommodate for the control, detection, and 
signal hardware. 

Control Center 

While ramp control systems generally have 
the capability to operate in an isolated 
manner without supervision from a central or 
distributed master, most are interfaced to a 
central management system through the 
communication system. 
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BENEFITS OF RAMP CONTROL 

Positive benefits of ramp control have been 
documented widely and can be found in the 
general literature.<1J Benefits have been most 
commonly reported in typical measurable 
traffic operations parameters such as 
reduced delay and travel time, increased 
throughput and operating speeds, and 
reduced accident experience. Other benefits 
less easily quantified may also accrue from 
ramp control. The case studies in the 
following section summarize some reported 
benefits of ramp control. The following 
paragraphs describe typical benefits, both 
quantifiable and less easily quantified. 

Improved System Operation 

Freeway traffic operating characteristics that 
can be expected to be influenced by ramp 
control systems are: speed, travel time, and 
delay. Typically, freeway operation has been 
described as a series of relationships between 
volume, speed, and density (or occupancy). 
The general objective of most freeway 
management systems is to optimize 
throughput while maintaining freeway 
operation in the non-congested area of the 
curve. By controlling the number of vehicles 
entering the freeway based on available 
downstream capacity to accommodate 
upstream freeway vehicles and entering ramp 
vehicles, freeway operation is enhanced. In 
another scenario, the objective may be to 
maintain some target level of service ( as 
indicated by speed.) Again, by controlling 
the rate at which vehicles are metered onto 
the freeway, a target operating condition is 
maintained. Improvements on the freeway 
must be weighed against ramp delays and 
travel times which may be increased for 
travelers who choose to divert to other 
facilities. 
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Improved Safety 

Freeway ramp control can effect decreased 
vehicle crash experience on both the ramp 
(and merging area) and on the freeway. By 
breaking up platoons of vehicles, which may 
enter the ramp from discharge at an adjacent 
intersection or traffic generator, the 
incidence of rear end vehicle crashes is 
decreased in the merging area, where 
multiple vehicles compete for gaps. Vehicle 
crashes on the freeway are also reduced as 
the merge becomes smoother, and freeway 
drivers in the outside (merging) lane are less 
likely to have to brake abruptly or make 
lane-change maneuvers. Finally, in system­
wide operation the overall freeway is 
maintained in a more stable, uniform 
operational mode and vehicle crashes 
resulting from stop and· go operations are 
reduced. 

Reduced Vehicle Operating Expense 

Improved system operation has the direct 
and quantifiable result of reduced vehicle 
operating expense. Reductions in the 
number of stops and speed changes translate 
to related reductions in vehicle operating 
expense. The most significant savings are 
related to the reduction of vehicle crashes. 

Means for Positive Freeway Traffic 
Control/Management 

There are few opportunities to actively 
"control" freeway traffic on a routine basis. 
Obviously, police officers working freeway 
incidents control freeway traffic, but not on 
an everyday basis at the same location. 
Passive control, such as suggestions or 
advisories via pre-trip planning information 
sources or en route signing, may either be 
followed or ignored. Ramp control offers a 
means to regulate or control freeway bound 
vehicles. 



Reduction in Vehicle Emissions and 
Fossil Fuel Consumption 

The direct correlation between improved 
traffic operations and the reduction of fuel 
consumption and vehicle emissions is well­
known. Reductions in delay and numbers of 
stops, together with the maintaining of more 
uniform speeds as described previously will, 
in virtually every situation, result in a similar 
reduction in fuel consumption and vehicle 
pollutants. An exception might be where 
speeds are in higher ranges than is typically 
experienced during peak periods on 
metropolitan freeways. 

Coordination With Other Corridor 
Management Elements 

Intelligent Transportation Systems (ITS) 
defines certain core infrastructure elements 
known collectively as an intelligent 
transportation infrastructure. The 
importance of the interrelationship of the 
various subsystems applies to ramp control 
as a subsystem of Advanced Transportation 
Management Systems (A TMS) as well. 
Examples include the following: 

• Ramp metering systems should be 
coordinated with surface street traffic 
signals to account for spill back of ramp 
queues. 

• Information on ramp closures may be 
communicated by off-freeway 
information devices. 

• High Occupancy Vehicle programs may 
involve special treatment of HOV at 
entrance ramps. 

• Special ramp operating procedures may 
be instituted during incident conditions. 

5-9 

Module 5. Ramp Control 

Promotion of Multimodal Operation 

By giving preferential treatment to High 
Occupancy Vehicles at entrance ramps, the 
ramp control subsystem can promote travel 
mode shifts and reduction of single 
occupancy vehicles. 

MODULE OBJECTIVE 

The objective of this ramp control module is 
to provide insights into and guidelines on the 
issues associated with planning, designing, 
constructing, operating, and maintaining a 
ramp control subsystem in a freeway 
management system. This module also gives 
guidance to planners, designers, managers, 
and operators in public relations aspects of 
freeway ramp control. 

MODULE SCOPE 

The scope of this ramp control module is 
intended to include general guidelines as well 
as serving as a guide to references and other 
documentation that may be of benefit to 
planners, designers, and operators of 
freeway management systems. It is not 
intended to provide detailed design 
specifications or other construction 
documents. Typical plans, specifications, 
and estimates documents can usually be 
obtained from agencies already operating 
ramp control systems. 

5.2 DECISION PROCESS 

Freeway ramp control is one of the few 
direct means of controlling access to the 
freeway main lanes. Indirect control would 
include such methods as encouraging 
diversion to other facilities, or mode changes 
through communications with travelers prior 
to their trips or en route. However, direct 
limiting of access through ramp control can 
be effective and accepted by the driver only 
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if it is applied in those circumstances where 
traffic characteristics, demand patterns, and 
infrastructure are conducive to the 
technique. 

PROBLEM IDENTIFICATION 

Traffic engineers and other professionals will 
no doubt have an intuitive feel for where 
freeway operational deficiencies exist in a 
congested freeway environment. However, 
in order to address potential solutions to 
alleviate such problems, it will be necessary 
to quantify deficiencies in both time and 
space, i.e. during what portions of the day, 
and at which locations within the freeway 
system, are such deficiencies present. It is 
important to document the freeway 
operations from a traffic characteristics and 
infrastructure aspect in order to identify and 
define the problem as well as to provide a 
basis for measurement of effectiveness and 
to monitor for future changes. Several 
techniques may be used to illustrate a 
systemwide picture of freeway traffic 
characteristics, design features, capacity 
deficiencies, vehicle crash experience, and 
other features of interest, including the 
following: 

• Schematic maps, color coded or 
otherwise delineated to show various 
levels of operation, other traffic 
characteristics, and crash experience at 
various periods of the day. 

• Schematic maps, color coded or 
otherwise delineated to show various 
infrastructure characteristics. 

• Spreadsheet or other tabular format. 

• Descriptive write-up. 

• A combination of the above items. 
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Level of Service / Capacity Deficiency / 
Bottlenecks 

The Highway Capacity Manual provides 
definitive guidance in determining qualitative 
and quantitative pictures of freeway 
operations. Capacity deficiencies, or freeway 
bottlenecks, will be a function of traffic 
demand and characteristics as well as the 
geometrics and other design features of the 
roadway itself. It will be necessary to 
pinpoint where such deficiencies exj_st, and 
the contributing factors. Subsequent 
sections of this module provide a detailed 
listing of data required for analysis of 
capacity and level of service in relation to 
ramp control, as well as other analyses. 
Module 2 provides more guidelines for 
capacity and level of service analyses. 

Capacity and Level of Service (LOS) should 
be determined for existing traffic 
characteristics and infrastructure as well as 
those parameters for future conditions in 
some horizon or build-out year. Planned 
additions to the freeway section under 
consideration, or to alternative routes or 
modes, may either obviate the need for ramp 
control or influence its implementation 
schedule. 

Vehicle Crash Experience 

The occurrence of vehicle crashes on 
freeways may be attributed to a variety of 
factors, some of which may not be 
correctable by ramp control techniques. 
Those types of accidents most likely to be 
alleviated by ramp control include: 

• Rearend crashes on freeway main lanes 
due to over-capacity operation 
(bottleneck conditions). 

• Lane change crashes on freeway lanes 
due to over-capacity merging conditions. 



• Lane change crashes on freeway lanes 
due to inadequate sight distance or to 
other geometric deficiencies in the merge 
area. 

• Run-off-the-road crashes caused by 
drivers avoiding shock waves. 

• Rearend crashes on the entrance ramp 
due to queuing in the merge area. 

Crash records may be summarized by section 
of freeway, location, time of day, and type of 
crash to determine if ramp control has the 
potential to reduce collision experience. 

Inventory of Infrastructure 

Except in the case of an isolated, single 
entrance ramp location, a ramp control 
system is generally a subsystem of a 
comprehensive freeway management system. 
Much of the infrastructure data required for 
problem identification will likely be available. 
The following types of data should be 
assembled for the freeway system under 
consideration. 

Freeway System 

• Lane Configuration. Number and 
types of freeway lanes (through, 
weaving, acceleration, deceleration) 
should be determined and tabulated 
and/or graphically displayed. 

• Ramp Locations. Entrance and exit 
ramps should be located, with link 
distances between ramps determined. 

• Geometrics. Typical geometrics such as 
freeway lane and entrance ramp width, 
vertical and horizontal alignment, ramp 
length, ramp storage capacity, merging 
area, and sight distance restrictions 
should be determined and tabulated. 
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Type of ramp design (loop, linear) 
should be noted. 

• Frontage Roads. Presence of frontage 
roads and their lane configurations 
should be determined and tabulated. 

• Interface to Crossing Freeways. 
Freeways will generally be interfaced or 
connected via a freeway interchange. 
The proximity of another freeway's 
connections to the entrance ramps being 
considered for ramp control should be 
noted to determine if any special 
measures are needed. 

• Interface to Crossing Arterials. The 
relationship of entrance ramp metering 
to an upstream cross street is critical. If 
not properly considered, queuing from 
the ramp signal into the cross street can 
cause concerns to the agency responsible 
for arterial street operation, as well as 
public resentment. Type of crossing 
roadway, traffic control, mix of traffic, 
ramp storage area, and other factors 
should be noted for each ramp. 

Existing Freeway Management Systems 

Normally there will be only one agency 
responsible for freeway operations in a 
particular geographic area, but there are 
some situations where more than one agency 
may be involved. For example, a dense 
metropolitan area may extend into two 
States or a tollway operated by a toll 
authority may interface to a state-operated 
freeway. As part of the inventory, the 
existence of such systems should be 
confirmed and documented to include the 
following: 

• Participating agencies. 

• Type and location of control center 
facility. 
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• Type of control system (central, 
distributed, hybrid, local). 

• Surveillance and detection. 

• Information dissemination (pre-trip, en 
route). 

• Communication system (medium, leased, 
or owned). 

Existing Ramp Control Systems 

In lieu of a full blown freeway management 
system, some entrance ramps may be 
metered in an isolated manner with a local, 
non-system controller. Inventory should 
include the following: 

• Responsible agency. 

• Type of controller. 

• Surveillance and detection. 

• Communication system. 

Other Relevant Field Systems 

Other relevant field operational systems that 
may have an effect on freeway operation 
should also be identified. Such systems 
would include the following: 

• High occupancy vehicle lanes or ramps. 

• Incident management teams. 

Inventory of Traffic Characteristics 

Certain traffic and flow characteristics will 
influence the potential success and the 
design of freeway ramp control systems. 
Typical traffic characteristics are listed 
below. Module 2 provides a more detailed 
description of individual traffic parameters. 

Trame Composition 

The composition of the traffic stream on the 
freeway main lanes and the entrance ramp 
will influence both the type of control and 
the design of the system. A determination of 
the percentage of passenger vehicles, 
commercial vehicles, and transit vehicles 
should be made for peak periods. 

Trame Flow 

Traffic volumes and traffic flow rates during 
peak periods will be required for capacity 
and level of service determinations to define 
the operating conditions and problem 
locations that might be addressed by ramp 
control techniques. Traffic flow data will 
also be used in determining metering rates 
and periods of operations. Traffic flow data 
requirements will include the following: 

• Traffic volumes and flow rates, generally 
by 15-minute periods, on freeway lanes 
and entrance and exit ramps. 

• Distribution of freeway vehicles by lane. 

• Traffic volumes and flow rates on 
• Accident investigation sites. adjacent service roads. 

• Courtesy and motorist assistance patrols. 

• Hazardous material routing and 
restrictions. 
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• Traffic volumes and flow rates on cross 
streets served by the freeway ramps. 

Other Traffic Parameters 

Other typical traffic parameters that may be 
of value either in defining operating 



conditions and problem locations or in 
developing control strategies include the 
following: 

• Lane Occupancy. Defined as the 
percentage of time a particular sampling 
"spot" on the freeway is occupied, this 
parameter may not be economically 
measured until such time as a 
surveillance system is in place. Its 
primary use is in selecting metering 
rates, although it can identify operational 
problems if reasonably available. It may 
be derived from speed and volume data, 
which may be more readily available 
prior to system implementation. The 
reader is referred to Module 2, or the 
Highway Capacity Manual, for a 
discussion of the relationship of lane 
occupancy to freeway level of service.(2

) 

• Traffic Density. Defined as the number 
of vehicles per lane per mile, traffic 
density may be determined with aerial 
photos or by freeway input/output 
counts. The reader is referred to 
Module 2 or the Highway Capacity 
Manual for a discussion of the relation 
of traffic density to freeway level of 
service (LOS)Y•l 

• Speed. Vehicle speeds are another 
indicator of freeway LOS and may be 
determined by traditional speed 
measurement techniques prior to system 
installation. 

• Vehicle Occupancy. As opposed to 
Jane occupancy, vehicle occupancy is 
generally defined as passengers per 
vehicle and is usually determined by 
manual observation. This parameter may 
be useful in determining the viability of 
preferential treatment of high occupancy 
vehicles (HOV) at entrance ramps. 
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Temporal Variations 

As previously mentioned, it is important that 
traffic operations characteristics be collected 
and analyzed in incremental time periods so 
that ramp control operation schedules can be 
developed optimally. Even though the 
system may be traffic responsive, it may be 
advantageous to operate either on a 
predictable schedule or with limited 
variations in schedule. Plotting various 
parameters by time period in 15-minute 
increments will help predefine those 
operational periods. Although ramp control 
is usually associated with peak periods, 
plotting data over a longer period may 
indicate other times when ramp metering 
may be appropriate. 

Ramp Geometric Limitations 

Inventory of infrastructure elements and field 
observations will provide information to 
evaluate the physical viability of individual 
ramps to support ramp metering. The 
following physical factors should be 
considered: 

• Ramp Storage. How many vehicles can 
reasonably be stored or queued on the 
ramp upstream of the metering signal 
without interfering with cross street 
traffic? 

• Ramp Width. Is there adequate width 
for side-by-side metering and/or 
preferential HOV bypass lanes? 

• Grade. Are ramp grades restrictive 
during adverse weather or for certain 
types of heavy vehicles? 

• Merge Area. Does the present design 
facilitate a smooth merge? 
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Cross Streets 

Limited vehicle storage for queuing at ramp 
signals may adversely affect operation of an 
upstream cross street. Presence of such 
conditions should be noted so that they can 
be considered during design of control 
strategies. 

Service Roads 

As with cross streets, limited vehicle storage 
for queuing at ramp signals may adversely 
affect operation. The type of cross street 
(major arterial, collector, etc.), traffic 
demand, presence of signals, and their 
operation must be considered. 

Summary of Problem Definition 

Traffic characteristics and demand, as well 
as geometric factors, are important in 
evaluating existing and future conditions and 
the potential applicability of freeway ramp 
control. While not all data items listed 
above may be available to the designers and 
planners, it is important to collect and 
assemble as much relevant data as feasible 
for the analysis. Many of the data items 
noted above may also be used during the 
design of the system and development of the 
control strategies and software. 

IDENTIFICATION OF PARTNERS 
AND CONSENSUS BUILDING 

Freeway ramp control is the primary method 
of managing demand once drivers have 
committed to use the freeway for their trip. 
It has been proven to be an effective means 
of balancing capacity and demand and 
reducing delay and vehicle crashes. It can 
also be one of the most controversial traffic 
control techniques. Delay at ramp signals or 
closing of a ramp may be considered too 
drastic by some drivers, and even an 
infringement on their rights. Such delays 
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will be offset by overall system 
improvement, but this is not always apparent 
to the driver. Without ramp control, drivers 
may experience even more delay on the 
freeway than they would have experienced at 
the signal. Again, this may not be readily 
discemable to the driver. 

In most instances, a State Transportation 
Department or Toll Authority will have the 
responsibility for operation, but not 
necessarily enforcement, of a ramp control 
system. It is important for the agency 
responsible for operation of the ramp control 
system to identify and establish relationships 
and communications with all agencies that 
may have a role in operation and 
enforcement so that they may be brought 
into the planning and design process. It is 
also important that the benefits of ramp 
control, which are realistic and measurable, 
be fully explained and that it not be oversold 
as adding capacity (such as adding a lane). 
It should be characterized as a means to 
make maximum use of available capacity by 
managing capacity and demand. 

Relation to Other Agencies 

City/County Traffic Operations Agencies 

Because of the close relationship and 
interface between surface street traffic 
operation and signalization and access to and 
from freeway ramps, it is important to 
involve those agencies and build a consensus 
for the system at all levels, from the agency 
head to the operations engineers to the 
control system operators. To the extent 
possible, system goals and objectives should 
be developed mutually. 

Enforcement Agencies 

Depending on State and local ordinances or 
interagency agreements, State, local, or 
transit police may be responsible for 



enforcement of ramp control devices. 
Compliance with ramp control signals is 
essential if the system is to operate 
efficiently. Enforcement agencies must be 
brought into the process early and must 
understand the goals and objectives of the 
system and the operating philosophies. The 
signals must be enforced, but over­
enforcement can have a detrimental effect on 
driver attitude and, in fact, cause 
deterioration of operation as drivers are 
stopped on the freeway shoulder. 
Compliance with the signals must be 
established early and monitored to ensure 
that an acceptable level is maintained. A 
program of public information and police 
support is essential. 

Emergency Management Agencies 

Fire, police, medical, hazardous materials, 
motorist assistance patrols, and other 
agencies responsible for emergency 
management on the freeway system should 
be aware of the proposed system and be fully 
informed as to its operation and benefits. 
Any special support required of the 
particular agency should be solicited. 

Public Transportation Agencies 

Public transit agencies that access freeways 
via metered ramps, or that exit on ramps 
which may be closed during certain periods 
of the day, should be also be brought into 
the planning and design process at an early 
stage. This is particularly important where 
preferential treatment of high-occupancy 
vehicles such as buses is being considered. 

Relationship to Elected Official / 
Political Environment 

Although a support base and consensus may 
be built at the staff and agency level, it is 
important to build support with elected 
officials as well. As stated above, benefits of 
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ramp control are real and measurable in the 
overall system, but may not be apparent to 
the individual driver who experiences delay 
at an entrance ramp or must reroute due to 
a ramp closure. Citizen (voter) complaints 
can have an adverse effect on the success of 
ramp control projects. System planners, 
designers, and operators must help those in 
office understand the goals, objectives, and 
operating characteristics of the system prior 
to system turn-on. 

Importance of Enforcement/ Judicial 
System 

The importance of enforcement of ramp 
control has been previously stated. 
Accordingly, enforcement must be supported 
by the judicial system. A standard ramp 
traffic signal that meets the requirements of 
the Manual On Uniform Traffic Control 
Devices (MUTCD) is a legally enforceable 
device.(3

) However, because ramp control 
systems are not as familiar as intersection 
signals, certain judges may be inclined to 
dismiss related citations. It is important to 
ensure that the proper laws and ordinances 
are in place and that judges to whom appeals 
of citations may be taken are informed of the 
system goals, objectives, and operating 
characteristics prior to system turn-on. 

Relationship With Media 

Local news media, both print and electronic, 
can have a profound effect on the success of 
ramp control systems. It is important that a 
media relations plan be developed to help 
ensure that positive support is secured. 
Methods for disseminating information about 
ramp control system include brochures, town 
meetings, and handouts. 

As stated previously, it is important that the 
benefits of ramp control, which are realistic 
and measurable, be fully explained and that 
they not be oversold as adding capacity (as 
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in the case of adding a lane). It should be 
characterized as a means to make maximum 
use of available capacity by managing 
capacity and demand. 

• Incident Management. Closing ramps 
upstream of a freeway incident and 
increasing metering rates downstream. 

• Promotion of Multimodal Operation. 
Preferential treatment of buses on 

ESTABLISHING GOALS AND entrance ramps. 
OBJECTIVES 

Module 2 describes the process of 
establishing system goals and objectives. 
Goals and objectives of the ramp control 
system should complement and not conflict 
with overall system goals. In the rare case 
of stand-alone ramp control system, the 
goals and objectives may differ from those in 
an integrated system. 

Typical overall system goals and objectives 
and how they may be supported by a ramp 
control system are listed below. 

• Reduced Accident Experience. 
Maintaining smoother freeway flow by 
metering and improving merge 
conditions on the ramp. 

• Maintaining Acceptable Freeway 
Level of Service. Metering on entrance 
ramps to maximize freeway flow rates 
within acceptable ranges. 

• Balancing Demand/Capacity in 
Freeway Corridor. Metering on 
entrance ramps to encourage drivers to 
shift to other ramps or facilities with 
available capacity, or to change trip time. 

• Reduction of Single-Occupancy 
Vehicles. Preferential treatment of car 
pools on entrance ramps. 

• Reduced Vehicle Delay. Metering on 
entrance r~ps to limit freeway flow 
rates within acceptable ranges. 
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• Reduced Noise. Smoother Traffic Flow 
Reduces Engine Revving. 

• Reduced Vehicle Operating Costs. A 
result of smoother traffic flow and 
reduced stops. 

• Reduced Fuel Consumption. A result 
of smoother traffic flow and reduced 
stops. 

• Reduced Vehicle Emissions. A result 
of smoother traffic flow and reduced 
stops. 

ESTABLISH PERFORMANCE 
CRITERIA/ MEASURES OF 
EFFECTIVENESS 

Performance criteria express broad goals in 
tangible or measurable terms. Better 
operation is obviously a goal to be strived 
for, but is difficult to measure and may have 
different meanings for different people. 
With the exception of the first goal 
(balancing capacity and demand), the goals 
and objectives listed above are tangible and 
measurable in readily understandable terms 
both before and after system turn-on. Level 
of service can be calculated, vehicle crash 
rates can be tabulated from law enforcement 
data bases, speed and delay studies can 
determine operating conditions that can be 
used to calculate delay, fuel consumption, 
and vehicle emissions. Transit records are 
available to establish changes in bus 
patronage, and field studies can measure 
vehicle occupancy. 



DEFINE FUNCTIONAL 
REQUIREMENTS 

Functional requirements for the ramp control 
subsystem are fairly straightforward and are 
summarized below: 

• Displays. Signals on the ramp for 
vehicle drivers and advance warning 
signs. 

• Local Controller. Device to receive 
and store vehicle detector information 
and operate signals according to internal 
logic or according to a central 
supervisory system. 

• Vehicle Detectors. Devices to measure 
conditions on the freeway and ramp. 

• Control Logic. Programs residing in 
the local controller for non-system 
operation, or at a central system 
processor for system operation. 

• Communications. Leased or owned 
communication link between field 
location and central management site for 
data and control command transmission. 

• Central Control System. Computer, 
peripherals, and operator interface 
devices. 

DEFINE FUNCTIONAL 
RELATIONSHIPS, DATA 
REQUIREMENTS, AND 
INFORMATION FLOWS 

The June 1996 ITS Architecture Executive 
Summary states (italics indicate adaptation 
to ramp control systems): · 

The National ITS Architecture 
provides a common structure for the 
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design of intelligent transportation 
systems. It is not a system design 
concept. What it does is define the 
framework around which multiple 
design approaches may be 
developed, each one meeting the 
needs of the user, while maintaining 
the benefits of a common 
architecture. The architecture design 
defines functions (e.g., collect data 
from freeway and ramp detectors; 
and operate and monitor ramp 
meter signals) that must be 
performed to implement a given user 
service, the physical entities or 
subsystems where these functions 
reside (e.g., detectors on the freeway 
and ramp, signals on ramps, and 
local controller near the ramp), the 
interfaces/information flows between 
the physical subsystems and the 
communication requirements for the 
information flows (e.g., signal 
wirelines from the detector to the 
local controller and from the 
controller to the ramp signal; two­
way wideband communication 
between the field controller and the 
central management site.) In 
addition, it identifies and specifies 
the requirements for the standards 
needed to support national and 
regional interoperability. 

In all likelihood, the functional relationships, 
data requirements, and information flows for 
a ramp control system will be dictated by the 
design of the broader freeway management 
system. However, in the case of an isolated 
ramp control system, the architecture will be 
more in the realm of typical signal design at 
an arterial street intersection. In any event, 
an open architecture ( one that can be 
interfaced with in the future) should be 
employed. 
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5.3 TECHNIQUES AND 
TECHNOLOGIES 

The great majority of improvements and 
innovations in freeway traffic management 
have been in the area of computing and 
communications technology capability. 
Computers are faster, have more memory 
and storage capability, and are more user 
friendly, and virtually every person involved 
in freeway management has ready access to 
a personnel computer. Development of 
improved communications technology has 
paralleled development of the more capable 
computers. Broad band fiber optic cable, 
which accommodates both high speed digital 
data and video, has become the standard in 
most freeway management systems, rather 
than twisted-pair and coaxial cable for hub­
to-hub transmission. Wireless technology 
(such as cellular, microwave, packet radio, 
and other media) has provided a means for 
quick implementation until the more capital 
intensive construction of fiber can be funded. 
Many systems operate with a hybrid 
communication system that combines 
multiple media including leased telephone 
lines and fiber cable. The freeway 
management techniques and strategies 
documented in the 1983 Freeway 
Management Handbook were much the 
same as those documented in the 1985 
Trafflc Control Systems Handbook, although 
newer technologies were described. <5,

6l 

The 1996 Traffic Control Systems 
Handbook documented further 
developments in computing and 
communications hardware which had 
application in freeway management.<7> Other 
modules of this handbook specifically 
address hardware and software that have 
application in the freeway management 
arena. 
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The basic freeway ramp control techniques 
have not changed appreciably. Field displays 
and control strategies such as pretimed 
metering, traffic responsive metering, and 
system metering algorithms are still valid but 
with the increased computing and data 
transmission techniques, those algorithms 
can operate faster and virtually in real-time 
leading to more efficient control and 
evaluation. The techniques described below 
have been drawn from previous handbooks 
and updated as necessary to reflect changing 
techniques. 

ENTRANCE RAMP CONTROL 

Ramp Closure 

Entrance ramp closure is a seldom-used 
technique except on a short term basis, and 
is included here for information purposes, 
and should not be considered comparable to 
other ramp control techniques. The closure 
of an entrance ramp during peak traffic 
conditions is the simplest and most positive 
form of entrance ramp control. It is also the 
most restrictive. Therefore, it is usually the 
least popular and it is also subject to 
considerable public opposition. However, it 
has been used successfully as part of a 
system in a number of cities in the United 
States and Japan ( e.g., Houston, Los 
Angeles, San Antonio, and Fort Worth, and 
Osaka and Tokyo, Japan). Closure has also 
been effectively used in single spot 
improvements at entrance ramp applications, 
such as on freeways in Beaumont and 
Corpus Christi.(6

) Closure may be the 
appropriate measure where an entrance ramp 
introduces serious weaving problems. 
Although this type of entrance ramp control 
can provide the same operational benefits to 
freeway traffic as the other types, it lacks 
flexibility. Consequently, if applied 
inappropriately, it can result in underutilizing 
freeway capacity, with the consequent 
overloading of alternate routes. 



Application 

Because of its limitations, entrance ramp 
closure should not be considered except 
under the following circumstances: 

• Adequate storage is not available at the 
entrance ramp to prevent queues of 
vehicles waiting to enter the freeway 
from interfering with surface street 
traffic. The closure of the entrance ramp 
would eliminate the storage problem. 

• Traffic demand on the freeway 
immediately upstream of the entrance 
ramp is at capacity, and an alternate 
route with adequate capacity is available. 
The closure of the entrance ramp would 
prevent demand from exceeding capacity 
on the freeway section immediately 
downstream from it, and it would divert 
the traffic demand at the ramp to an 
alternate route. Even if the upstream 
traffic demand is less than downstream 
capacity, the rate at which traffic could 
be allowed to enter the freeway might be 
so low that it would not be possible to 
control the entrance of ramp traffic 
without a large number of violations. In 
this case, it would be more practical to 
close the ramp in order to prevent 
congestion on the freeway. 

With regard to the second circumstance, it 
should be noted that the required demand­
capacity relationship could occur because of 
nonrecurrent congestion as well as because 
of recurrent conditions. Therefore, closure 
might be used as a response to incidents on 
the freeway, as is done in Japan. cs.9i 

Ramps may be closed on a temporary basis, 
on a scheduled basis, or permanently. 
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• Temporary Closures. Entrance ramps 
may be closed temporarily in response to 
maintenance or construction activities 
either on the freeway or the adjacent 
frontage road or surf ace street. It is not 
uncommon for a ramp to be closed by 
police during management of a 
downstream incident. 

• Variable Schedule. Because of extreme 
recurring downstream capacity 
deficiencies, ramps may be closed during 
certain peak periods and open at off­
peak times. 

• Permanent Closure. A ramp may be 
closed on a permanent basis due to 
changes in the freeway systems or 
demand patterns. Concrete barriers or 
other physical constraints are 
recommended. 

Methods 

Methods of entrance ramp closure that have 
been used in current systems include the 
following: 

• Manually placed barriers such as cross 
bucks, barrels, or cones. 

• Automated barriers such as those used at 
railroad crossings. 

• Signing. 

Experience in Detroit and Los Angeles has 
indicated that signs alone cannot effect a 
positive entrance ramp closure.<1°·11

> 

Automated barriers enable an entrance to be 
closed and opened automatically, which 
tends to increase the flexibility of closure as 
a means of control .. Since manual placement 
of barriers is labor intensive, this approach is 
best suited for short-term or trial control 
projects. 



Freeway Management Handbook 

Ramp Metering 

Metering is a method of regulating traffic 
flow. When applied as a form of entrance 
ramp control, metering is used to limit the 
rate at which traffic can enter a freeway. 
Maximum practical single lane rate is 
generally at 900 vph, with practical minimum 
of 240 vph. When the metering rate is not 
directly influenced by mainline traffic 
conditions, the control is referred to as 
"pretimed metering." This does not, 
however, necessarily imply the absence of 
vehicle detectors. 

Metering Rates 

The calculation of metering rates depends on 
the purpose for which the metering is being 
used. Normally, metering is used either to 
eliminate congestion on the freeway or to 
improve the safety of the merging operation 
as follows: 

Congestion. If the metering system is 
intended to eliminate or reduce congestion, 
demand must be kept at less than capacity. 
Therefore, the calculation of the metering 
rate at a ramp would be based on the 
relationship between upstream demand, 
downstream capacity, and the volume of 
traffic desiring to enter the freeway at the 
ramp. Downstream capacity may be 
determined by the merging capacity at the 
ramp or by the capacity of the freeway 
section downstream. Of course, if the sum 
of upstream demand and ramp demand is 
less than or equal to downstream capacity, 
metering 1s not needed to prevent 
congestion. On the other hand, if the 
upstream freeway demand alone is greater 
than downstream capacity, metering at the 
ramp would n<?t eliminate congestion. 
Otherwise, the desired metering rate is set 
equal to the difference between upstream 
demand and downstream capacity ( assuming 
upstream demand is less than downstream 
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capacity and the metering rate does not 
create excessive queuing). 

For example, in the situation shown in figure 
5-2, the upstream demand is 5,100 vph, the 
downstream capacity is 5,400 vph, and the 
ramp demand is 500 vph. Since the total 
demand (5,600 vph) is greater than the 
downstream capacity, ramp metering might 
be a feasible solution. Therefore, if a 
metering rate equal to the difference 
between upstream demand and downstream 
capacity (300 vph) were used, the freeway 
would be able to accommodate the upstream 
demand and maintain uncongested flow 
while also handling 300 vph of the ramp 
demand. 

However, the ultimate test of the feasibility 
of ramp metering at a rate of 300 vph would 
involve consideration of the following 
questions: 

• Is adequate additional capacity available 
in the corridor for the 200 vph that are 
likely to be diverted? And, if so, is it 
likely that the 200 vph would utilize that 
extra corridor capacity? If not, capacity 
would have to be added to the corridor 
and/or made more attractive for this 
number of vehicles per hour to be 
diverted. Otherwise, ramp metering 
would solve only the problem on the 
freeway. 

• Is adequate storage available at the ramp 
to accommodate the queue of vehicles 
that would have to wait at the ramp 
before entering the freeway? If adequate 
storage could not be provided at the 
ramp, alternatives to be considered 
would be closure of the ramp, or 
metering at other ramps upstream to 
reduce upstream demand, which would 
in turn permit a higher metering rate and 
require less storage at the ramp. 
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Upstream demand 

= 5,100 vph .., Downstream capacity 

:: 5,400 vph 

Ramp metering rale • Oownstream capacKy - Upstream demand 
- 61'00 •P~ - 5,100 vp~ 
=300 •Ph 
= 5 ...eh•mln 

Figure 5-2. Example of Pretimed Entrance Ramp Metering Rate Calculation. 

• Is the specified metering rate (300 vph) 
too restrictive? If so, consideration 
should be given to closing or metering 
other ramps upstream to reduce 
upstream demand, which would permit a 
higher metering rate at the ramp. 
However, metering other ramps 
upstream might lead to the 
underutilization of the freeway. 

Signal Timing. Given that a metering rate 
has . been set, specific signal timing 
parameters must be determined. (See figure 
5-3 for general detector positioning.) 

• Signal Cycle. Cycle is the inverse of the 
metering rate or forced headway 
between released vehicles. For example, 
a 10-second metering rate results in a 
6-second cycle or headway between 
released vehicles. 

• Minimum Green. The green interval is 
just long enough to allow one vehicle to 
cross the stop line at the signal, usually 
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0.5 to 1.3 seconds. Some systems use 
the checkout detector (a pulse detector) 
to signal the controller to terminate 
green. 

• Clearance Interval. If a yellow 
clearance interval is used, it is typically 
0.7 to 1.0 seconds, making the total 
green plus yellow 1.2 to 2.3 seconds. If 
no yellow clearance is used, the 1.0 
second clearance is added to the 
minimum green to ensure safe clearance. 

• Red Interval. The red interval is, then, 
the difference between the total cycle 
length and the green plus yellow or the 
green only interval. 

• Queue Detector. If the queue defector 
(a presence loop) is occupied more than 
some maximum length of time (say 2.0 
seconds) indicating an excessive queue, 
the controller may increase the metering 
rate in order to reduce or clear the 
queue. 
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Frontage road or surface street 

Stop line 

Ramp metering 
signals 

? Advance ramp control 
~-- warning sign with 

flashing beacon 
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@] Checkout detector 

[QJ Queue detector 

• Controller 

Figure 5-3. Pretimed Ramp Metering Layout. 

• Merge Detector. If the merge detector 
(a presence loop) is occupied more than 
some maximum length of time (say 3.0 
seconds), indicating the merging area is 
blocked, the controller may hold the 
ramp signal in red to avoid stacking on 
the ramp. 

The settings given above are typical but 
should be fine tuned in the field to account 
for unique geometrics, grades, driver 
characteristics, vehicle mix, and other 
factors. 

Safety. If metering is to be used primarily as 
a means of improving the safety of the 
merging operation, then the metering rate is 
simply set at a maximum consistent with 
merging conditions at the particular ramp. 
The primary safety problem of the merging 
operation is incidence of rearend and lane­
change collisions caused by platoons of 
vehicles on the ramp competing for gaps in 
the freeway traffic stream. Therefore, 
metering is used to break up these platoons 
and to enforce single-vehicle entry. For this 
to happen, the metering rate selected must 
ensure that each vehicle has time to merge 

5-22 

before the following vehicle approaches the 
merge area. The time it takes a vehicle to 
merge depends on the following factors: 

• Distance the vehicle is stopped from the 
freeway. 

• Geometrics of the ramp (grade, sight 
distance, and length of the acceleration 
lane). 

• Type of vehicle. 

• Availability of acceptable gaps in the 
freeway traffic stream. 

If the average time to merge is 6 seconds, 
the metering rate will be 600 vph or 
10 vpm. 

Pretimed Metering 

Pretimed metering refers to a fixed metering 
rate that is not influenced by current mainline 
traffic conditions. The rate will normally be 
set on the basis of historical data. However, 
pretimed metering does not necessarily imply 
the absence of detectors. 



System Components 

Pretimed metering is the simplest form of 
entrance ramp metering. Typical 
components are shown in figure 5-3 and are 
described below. 

• Ramp metering signal. Usually a 
standard 3-section (red-yellow-green), 
or 2-section (red-green) signal display 
that controls the ramp traffic. 

• Local controller. Frequently a standard 
pretimed or Type 170 controller with 
capability to vary metering rates by time 
of day or to accept detector inputs. 
However, national cooperative efforts 
among industry, operating agencies, and 
FHW A have developed a design for an 
open architecture protocol for local 
controller. This controller, more 
properly termed a "field processor,"acts 
as a communication processor with 
extended capability for other freeway 
management functions such as control of 
variable message signs, detector 
processing, and closed-circuit television 
cameras. 

• Advance ramp control warning sign 
with flashing beacon. A sign which 
indicates to traffic approaching the ramp 
that it is being metered. In California, a 
blank-out type "METER ON" sign is 
used at many installations in lieu of the 
flashing beacon. 

• Vehicle Detectors. There are four types 
of detectors that are generally used with 
this type of ramp metering strategy: 

• Check in (demand) detectors. 

• Checkout (passage) detectors. 

• Queue detectors. 
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• Merge detectors. 

In some applications of p.retimed metering a 
check-in detector is placed on the approach 
to the ramp metering signal so that the signal 
will remain red until a vehicle is detected at 
the stop line, as shown in figure 5-3.02

) 

When a vehicle is detected by the check-in 
detector, the ramp metering signal will 
change to green, provided the minimum red 
time has elapsed. With this type of 
operation, it is desirable to have & minimum 
metering rate (e.g., 3 vpm) at which the 
signal is set in case there is no detector 
actuation, because of possible detector 
failure or because of vehicles stopping too 
far back from the stop line to actuate the 
detector. In some cases, two detectors are 
used to provide redundancy to reduce the 
impact of detector failures. 

In some systems, a checkout detector has 
been used to ensure single-vehicle entry. 
When a vehicle is permitted to pass the ramp 
metering signal, it is detected by the 
checkout detector, which is installed just 
beyond the stop line (usually about half a car 
length past it). The green interval is then 
terminated as soon as the vehicle is sensed 
by the checkout detector. In this way, the 
length of the green interval is made sufficient 
for the passage of only one vehicle. 

In some pretimed metering systems, a queue 
detector is used to detect backing of ramp 
traffic into frontage roads or surface streets. 
The queue detector is placed at a strategic 
point on the ramp, or on the frontage road, 
in advance of the ramp metering signal. 
When a queue is sensed by a vehicle 
occupying the loop for a selectable period of 
time, indicating that the queue of vehicles 
waiting at the ramp metering signal is 
sufficient to interfere with traffic on the 
frontage road or surface streets, a higher 
metering rate may used to shorten the queue 
length. This can be self-defeating, however, 
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since shorter queues often attract higher 
demands. 

A merge detector is a device that senses the 
presence of vehicles in the primary merging 
area of the ramp and freeway mainlanes. 
When the merge detector senses that a 
vehicle has stopped, blocking the merge 
area, the signal may be held in red for some 
preset maximum time in order not to clog 
the area and to reduce the possibility of a 
rear end collision. On a well designed 
entrance ramp with adequate acceleration 
and merging distance, a merge detector is 
not necessary or practical. 

Placement of these auxiliary detectors is 
discussed in more detail in the subsequent 
section on traffic responsive metering. 
Figure 5-4 shows ramp metering signals and 
advance warning signs that have been used. 
Also, for a discussion of standards for 
various system components, refer to the 
recommended practice for freeway entrance 
ramp displays prepared by the Institute of 
Transportation Engineers (ITE).°3

> 

System Operation 

In the operation of a pretimed metering 
system, the ramp signal operates with a 
constant cycle in accordance with a metering 
rate prescribed for the particular control 
period. However, timing the red, yellow, 
and green intervals of the cycle (many 
systems use ramp signals that have only red 
and green intervals) depends on whether the 
type of metering used is single-entry 
metering or platoon metering. 

Single-entry metering. In the case of 
single-entry metering, the ramp metering 
signal is timed to permit only one vehicle to 
enter the freeway per green interval. 
Therefore, the green-plus-yellow (or just 
green if yellow is not used) interval is just 
long enough (usually about 1.5 to 2 seconds) 
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to allow one vehicle to proceed past the 
signal. The red interval varies with the 
npmber of vehicles being metered. For 
instance, if a metering rate of 600 vph or 10 
vpm were to be used, and the green-plus­
yellow interval were 2 seconds, a red interval 
of 4 seconds would be used. If the metering 
rate were 300 vph, or 5 vpm, and the green­
plus-yellow interval were 2 seconds, a red 
interval of 10 seconds would be used. 

Platoon metering. When metering rates 
greater than 900 vph are required, platoon 
metering, which permits the release of 2 or 
more vehicles per cycle, may be used to 
achieve such high metering rates. For 
pretimed platoon metering, the cycle length 
is determined on the basis of the desired 
metering rate and the average number of 
vehicles to be released per cycle. For 
example, in the case of a metering rate of 
1,080 vph, or 18 vpm, and a release of 2 
vehicles per cycle, 9 cycles per minute would 
be required. Therefore, the cycle length 
would be 6.67 seconds. Similarly, if a 
release of 3 vpc were used instead, the cycle 
length would be 10 seconds. However, the 
timing of the cycle intervals (i.e., green, 
yellow, red) would depend on the form of 
platoon metering used, tandem or 2-abreast. 

Tandem Metering. In the case of tandem 
metering, the vehicles are released one after 
another. Therefore, the green-plus yellow 
time is made long enough to permit the 
clearance of the desired number of vehicles 
per cycle. A yellow interval should be used 
to minimize the rearend collision potential. 
Thus, for the 7-second cycle with 2-vehicle 
platoons, a 4-second green-plus-yellow and 
a 3-second red might be used. And for a 12-
second cycle with 3-vehicle platoons, a 9-
second green-plus-yellow and a 3-second red 
might be used. Experience indicates that 
2-vehicle platoons can be handled 
satisfactorily and that 3~vehicle platoons are 
a practical maximum. In either case, a 
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Figure 5-4. Typical Field Displays for Ramp Meter Installations. 

maximum metering rate of 1,100 vph can be 
expected.<14

) 

Two-abreast Metering. With two-abreast 
metering, two vehicles are released side by 
side per cycle. This form of metering 
requires two parallel lanes on the entrance 
ramp plus a sufficient distance beyond the 
ramp metering signal for the two vehicles to 
achieve a tandem configuration before 
merging with freeway traffic. The more 
common practice in two-lane situations is to 
alternate the release-one from the left lane 
followed by one from the right. The timing 
of the cycle intervals for multiple-lane 
metering is similar to that for single-entry 
metering in that the green-plus-yellow 
interval is just long enough (usually about 3 
seconds) to allow one vehicle in each lane to 
proceed past the ramp metering signal. The 
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remainder of the cycle is red. With alternate 
release metering, maximum metering rates of 
about 1,700 vph may be achieved. 

Compared to single-entry metering, platoon 
metering is a more complex operation and 
may cause some drive confusion which may 
lead to disruptions of ramp flow. Therefore, 
single-entry metering should always be given 
first consideration, and platoon metering 
should not be used unless it is necessary to 
achieve higher metering rates. However, 
platoon metering has been successfully used 
in several locations and drivers can adapt 
with proper design and pre-operation 
publicity. 

It has been shown that entrance ramp control 
can be extremely cost effective.<0 

Experience has indicated that the biggest net 



Freeway Management Handbook 

gain in benefits is realized in going from no 
control to pretimed metering. Pretimed 
metering offers both advantages and 
disadvantages. The most important 
advantages are that it gives the driver a 
dependable situation to which he can readily 
adjust, and that it tends to be associated with 
lower costs. The major disadvantage is that 
the system can neither respond automatically 
to significant changes in demand, nor adjust 
to unusual traffic conditions resulting from 
incidents. Because of this inability to 
automatically respond to changes in traffic 
conditions and the relative difficulty of 
dissipating resultant congestion, pretimed 
metering rates have usually been set so that 
operation will be at volumes slightly below 
capacity at the desired LOS. 

Traffic-Responsive Metering 

In contrast to pretimed metering control, 
traffic-responsive metering is directly 
influenced by the mainline and ramp traffic 
conditions during the metering period. 
Metering rates are selected on the basis of 
real-time measurements of traffic variables 
indicating the current relation between 
upstream demand and downstream capacity. 

Fundamental Trafflc Flow Relationships 

In order to determine or predict demand­
capacity conditions on the basis of real-time 
measurements of traffic variables, a 
description or model of traffic is necessary. 
Most frequently used as indicators of 
operating conditions for traffic-responsive 
metering are functional relationships 
between flow rate, q; space-mean speed, u; 
and density, k.<15

) 

A generalized relationship between each of 
the variables is depicted in figure 5-5 and can 
be summarized as follows: 
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• At zero density, or when no vehicles are 
on the roadway, the flow rate is zero. 
and traffic is permitted to travel at its 
free speed, Ur-

• As density increases to a value, ~. the 
flow rate increases to a maximum value, 
'Im, which is the capacity of the roadway, 
and speed decreases to a value, um. 

• As density increases from a value, ~. to 
a maximum value, ~ (jam density), the 
flow rate decreases to zero because the 
roadway is blocked with too many 
vehicles for traffic to move. 

The values of qm, uf, um, ~. and ~-and the 
shapes of the curves--depend on several 
factors including geometrics of the roadway, 
composition of traffic, and weather 
conditions. Therefore, these values may be 
different for different sections of the 
roadway, and each section may have more 
than one set of these values. Although these 
are theoretical relationships based on the 
assumption of uniform traffic flow, the 
trends expressed by these relationships do 
exist.<16

> 

Basic Strategy 

As explained earlier, congestion occurs 
whenever demand exceeds capacity. 
Therefore, as indicated in figure 5-5, the 
values of qm, um, and ~ define boundaries 
between congested flow and uncongested 
flow. The purpose of metering is to prevent 
or reduce congestion, or in other words, to 
keep the values of the fundamental traffic 
flow variables at levels that define points on 
the uncongested-flow portions of the traffic 
flow curves. Thus, the basic strategy of 
traffic responsive metering is as follows: 

• Obtain real-time measurements of traffic 
variables on the freeway. 
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• On the basis of these measurements, 
determine where on the fundamental 
traffic flow curves the freeway section is 
operating with respect to capacity. 

• Determine the maximum ramp metering 
rate at which vehicles can be permitted 
to enter the freeway. 

A refinement that is often made to this 
strategy is to select the traffic flow curves on 
the basis of traffic composition and weather 
conditions. 

Lane occupancy ( a surrogate measure for 
density) and flow rate (volume) are the two 
traffic variables generally used to describe 
freeway traffic conditions for traffic 
responsive metering. These are the control 
parameters usually used, because they can be 
measured in real time using vehicle 
detectors. 

Several variations on the basic strategy of 
traffic-responsive metering utilize different 
combinations of traffic variables. Although 
most are reported as having positive effects 
on freeway operations, none has been 
generally accepted as being superior to the 
others. In fact, new strategies are still being 
formulated to find better modes of control. 
However, the principal traffic-responsive 
strategies remain demand-capacity control 
and occupancy control. 

Demand-Capacity Control 

Demand-capacity control features the 
selection of metering rates on the basis of a 
real-time comparison of upstream volume 
and downstream capacity. The upstream 
volume is measured in real time and 
compared with either a preset value of 
downstream capacity determined from 
historical data or a real-time value computed 
from downstream volume measurements. 
To be most effective, the downstream 
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capacity used should account for the effects 
on capacity of weather conditions, traffic 
composition, and incidents. 

The difference between the upstream volume 
and the downstream capacity is then 
determined and used as the allowable 
entrance ramp volume. This ramp volume is 
expressed as a metering rate to be used 
during the next control interval (usually 1 
min). If the upstream volume is greater than 
the downstream capacity, a minimum 
metering rate is used (e.g., 3-4 vpm). 
Theoretically, if the upstream volume were 
greater than the downstream capacity, a zero 
metering rate, or ramp closure, should be 
used in order to prevent congestion. It has 
generally been found that metering rates 
lower than 3 vpm are not effective, because 
vehicles waiting at the ramp will judge the 
ramp metering signal to be malfunctioning 
and will proceed through on red. 

Downstream capacity may also be measured 
directly from freeway detector( s) to reflect 
for variations in traffic compos1t1on, 
weather, or other limiting factors which 
would not be accounted for in a fixed value 
of capacity. 

Since a low upstream volume could occur in 
congested as well as uncongested flow, 
volume alone does not indicate degree of 
congestion. Therefore, an occupancy 
measurement also is usually made to 
determine whether uncongested or 
congested flow prevails. If the occupancy 
measurement is above a preset value (e.g., 
18 percent, as used in Los Angeles) Y 7l 

which is determined from historical data, 
congested flow will be assumed to exist and 
a minimum metering rate used. 

Occupancy Control 

Occupancy control utilizes real-time 
occupancy measurements generally taken 



upstream of the entrance ramp. One of a 
number of predetermined metering rates is 
selected for the next control interval (usually 
1 min) on the basis of occupancy 
measurements taken during the current 
control interval. For a given entrance ramp, 
the metering rate to be used for a particular 
value of occupancy would be based on a plot 
of historical volume-occupancy data 
collected at each measurement location. An 
example of a typical plot from Chicago is 
shown in figure 5-6.08

) From such a plot, an 
approximate relationship between volume 
and occupancy at capacity is determined. 
For each level of occupancy measured, a 
metering rate can be determined that 
corresponds to the difference between the 
predetermined estimate of capacity and the 
real-time estimate of volume. If the 
measured occupancy is greater than, or equal 
to, the preset capacity occupancy, a 
minimum metering rate will be selected 
instead of a zero rate or ramp closure. This 
choice would be based on effective and 
practical entrance ramp control 
considerations, as explained earlier for 
demand-capacity control. Table 5-1 shows 
a recommended range of metering rates 
based on measured occupancy.<1 91 

Module 5. Ramp Control 

System Components 

A traffic-responsive metering system 
contains the same components as described 
for pretimed metering. These include ramp 
metering signal(s), local controller, advance 
warning sign with flashing beacon, and 
detectors. The local controller unit for 
traffic-responsive metering requires 
additional logic over and above that required 
for pretimed metering in order to monitor 
traffic variable measurements, . select or 
calculate metering rates, and respond to 
override-type conditions such as excessive 
queues. Queue, check in, checkout, and 
merge detectors are normally also included 
in traffic-responsive metering systems. 

Some traffic-responsive metering systems 
have also included detectors used to 
determine traffic composition and weather 
conditions.<9

, 
17

> Input from these detectors 
enables the system to account for the effects 
of these factors on traffic flow. 

Table 5-1. Local Actuated Metering Rates as Function of Occupancy. C
191 

I Occu~ancy (%) I Metering Rate(Vehicles/ Minute) I 
:s:; 10 12 

11-16 10 

17-22 8 

23-28 6 

29-34 4 

> 34 3 
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Figure 5-6. Typical Volume-Capacity Plot Related to Ramp Metering Rate. osJ 

The typical location of these components on 
a ramp is shown in figure 5-7. For a 
discussion of standards for various 
components, the reader is referred to the 
publication on recommended practice for 
freeway entrance ramp control displays 
prepared by the Institute of Transportation 
Engineers (ITE)_o 3J 

System Operation 

The operation of a traffic-responsive 
metering system is similar to that of a 
pretimed metering system, except in regard 
to the following: 
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• Metering Rate Selection. Single-entry 
metering is normally used to time the 
red-yellow-green (or red-green) intervals 
for a given metering rate. However, if 
high metering rates (e.g., higher than 13 
vpm), are required, platoon metering 
might be used. Single-entry metering 
and platoon metering should not both be 
used at any one ramp. 

In a traffic-responsive metering system, 
the selection is based on real-time 
measurements of traffic variables which 
describe traffic flow conditions on the 
freeway. The control interval, which is 
the time period during which a selected 
metering rate remains in effect, is much 
shorter for a traffic-responsive metering 
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Figure 5-7. Traffic Responsive Ramp Metering Layout. 

system (e.g., 1 min) than for a pretimed 
metering system (e.g., 30 min., 1 hr., or the 
entire peak period). 

• Override Features. Override features 
of a traffic responsive system adjust 
metering rates in accordance with certain 
operational considerations as follows: 

• Continued Actuation of the Queue 
Detector. Indicates that the queue of 
vehicles waiting at the ramp metering 
signal is approaching the frontage road 
or surface street and is likely to interfere 
with traffic on either or both. Therefore, 
a higher metering rate may be used to 
shorten the queue length. 

• Actuation of the Merge Detector. 
Indicates that a vehicle is still in the 
merge area. Therefore, in the case of 
single-entry metering, subsequent green 
intervals are preempted until the vehicle 
merges. 

• No Actuation of the Checkout 
(Passages Detector After a Green 
Interval). Indicates that a vehicle has 
missed the green signal. Therefore, the 
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ramp metering signal is returned to or 
left in green. 

• Continued Actuation of the Queue 
Detector With No Actuation of the 
Check in (Demand) Detector. Such a 
condition indicates that a vehicle on the 
ramp has stopped short of the check in 
detector. Therefore, the ramp metering 
signal is turned to green to allow this 
vehicle to proceed. 

Gap-Acceptance Merge Control 

Gap-acceptance merge control has been 
implemented and tested, but is little used, if 
at all, today. The concept of matching a 
merging vehicle to a specific freeway gap is 
attractive, but many variables can cause it to 
fail. Certain elements, such as slow vehicle 
detection, may have application in other 
types of ramp control operation. Gap­
acceptance merge control might have 
application where geometries are 
substandard and the primary concern is 
safety. 

The merge-control concept of entrance ramp 
metering is intended to enable a maximum 
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number of entrance ramp vehicles to merge 
safely without causing significant disruptions 
in freeway traffic. The concept involves 
maximum utilization of gaps in the traffic 
stream of the freeway lane into which ramp 
vehicles are to merge. It may or may not 
involve the calculation of ramp metering 
rates in accordance with the demand­
capacity constraint. The problem is mainly 
one of inserting entrance ramp v.ehicles into 
freeway gaps. However, a provisional 
metering rate based on system calculations 
may be established. If a gap is found in a 
"window", say 3 seconds either side of the 
calculated release point, it is considered to 
have satisfied the metering rate, and a 
vehicle is released. <20

) Gap acceptance 
metering has not been widely used, but may 
be warranted where geometrics are 
substandard or the safety of the merging 
operation can be improved. 

Basic Concepts 

The concepts of gap acceptance at freeway 
entrance ramps are important in describing 
the interaction of the freeway and ramp 
traffic. It is assumed that the ramp driver 
measures each gap in the adjacent freeway 
lane and compares it with an acceptable gap 
which he/she judges as large enough for a 
safe merge. 

The minimum acceptable gap is dependent 
on several factors, such as the following:<20

l 

• Entrance ramp and freeway geometrics. 

• Vehicle performance characteristics. 

• Driver behavior. 

• Traffic conditions. 

• Weather conditions. 
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Merge-control systems are designed to 
improve the merging operation at the 
entrance ramp by providing the driver with 
the information needed to coordinate in time 
and space entry onto the freeway. These 
systems operate according to the following 
basic guideline procedures: 

• Detection of an acceptable gap on the 
freeway into which a ramp vehicle could 
merge. 

• Projection of the arrival of the 
acceptable gap at the merging point of 
the entrance ramp. 

• Release of the ramp vehicle in sufficient 
time for it to accelerate and merge into 
the moving gap. 

• If a gap is not detected within some 
maximum time, say 60 seconds, the 
vehicle is released. 

System Components 

Gap-acceptance merge-control systems use 
many of the same components as those 
described for pretimed metering, which 
include ramp metering signals, local 
controller, advance warning sign with 
flashing beacon, and detectors. A mainlane 
gap/speed detector is located in the shoulder 
lane of the freeway upstream of the ramp 
merge to provide data from which the 
controller unit can detennine presence and 
speed of available gaps in which to insert 
merging ramp traffic. Queue, check in, 
checkout, and merge detectors are normally 
included in gap-acceptance merge-control 
systems. 

Another override-feature component that 
might be added to the system is a slow­
vehicle detector, which senses the presence 
of a slow-moving vehicle on the entrance 
ramp between the ramp metering signal and 



the merge detector. A schematic layout for 
gap-acceptance operation combined with 
traffic responsive operation as implemented 
in the Dallas Corridor Study is presented 
in figure 5-8.<22

) Also, for a discussion of 
standards for various system components, 
the reader is referred to the publication on 
recommended practice for freeway entrance 
ramp control displays prepared by the 
Institute of Transportation Engineers 
(ITE).<13l 

System Operation 

A gap-acceptance merge-control system 
does not normally operate in accordance 
with a constant metering rate for a specified 
control interval as do pretimed and traffic­
responsive metering systems. Instead, it 
operates in response to the availability of 
acceptable gaps in the lane of the freeway 
into which ramp vehicles are to merge. 

Usually, the system is designed to operate in 
a single-entry metering mode, with the ramp 
metering signal resting on red when no 
vehicles are waiting on the ramp. 
Experience on the Gulf Freeway in Houston 
has indicated that it is usually not desirable 
to operate the ramp metering signal in either 
of the following two ways:<24J 

• If it gives a green indication at the 
proper time, whether or not there is a 
vehicle waiting. 

• If it normally rests on green when there 
are no vehicles waiting. 

Procedures can be summarized as follows 
for the nominal operation of a gap­
acceptance merge-control system, with 
single-entry metering and the ramp metering 
signal resting on red: 

• A vehicle stops at the ramp metering 
signal and actuates the check in detector. 
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• The controller begins to measure gaps 
and vehicle speeds which are sensed by 
the gap/speed detector that is located 
upstream from the ramp in the lane of 
the freeway into which ramp vehicles are 
to merge. 

• The controller compares each measured 
gap to a preset minimum gap size to 
determine whether or not it is an 
acceptable gap. 

• If the system includes demand-capacity 
features as described above, the 
controller determines if the gap falls 
within a "window" and adjusts the 
release time accordingly. 

• If a gap is not acceptable, the controller 
considers the next gap. If it is 
acceptable, the controller computes the 
time at which the vehicle at the ramp 
metering signal should be released in 
order to arrive at the merge point at the 
same time as does the acceptable gap. 
This calculation involves the following 
factors: 

Speed of the traffic flow measured in 
the lane of the freeway into which 
ramp vehicles are to merge. 

Distance of the gap/speed detector 
location from the merge point. 

Predetermined ramp travel time of a 
vehicle stopped at the ramp metering 
signal to the merge point. 

• At the proper instant, the controller 
causes the ramp metering signal to 
change to green. 

• The ramp metering signal remains on 
green for a fixed interval long enough to 
release a single vehicle. Then, it changes 
to yellow for a short fixed interval before 
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Figure 5-8. Gap Acceptance / Traffic Responsive Ramp Metering Layout. 

it changes to red. (Where permitted by State 
law, the yellow interval may be omitted.) 
The green plus yellow (or green only) 
interval is usually about 3 seconds long. It is 
necessary that the ramp metering signal 
remain on red long enough to give the next 
vehicle in line time to pull up to the signal. 
Thus, the minimum time for a full green­
yellow-red ( or green-red) cycle should be 4 
to 5 seconds. 

The operation of the override features of a 
gap-acceptance merge-control system is 
essentially the same as for a traffic­
responsive metering system. However, a 
gap-acceptance merge-control system may 
have the following additional override 
features: 

• Low-speed, Fixed-rate Metering. 
When congested flow develops on the 
freeway, small space headways between 
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successive vehicles constitute large time 
headways because of the low speeds. 
For example, if traffic on the freeway 
should come to a complete stop, the 
measured time headways will be 
infinitely large. Thus, unless an 
appropriate override were provided, the 
controller would release a number of 
entrance ramp vehicles to enter the 
freeway during the congested flow, a 
response which would be contrary to the 
objective of improving freeway 
operations. Therefore, if the speed of 
the freeway traffic drops below a preset 
value (e.g., 25 mi/h), ramp vehicles are 
metered at a minimum fixed rate { usually 
3 to 4 vpm). 

• Slow-vehicle, Red-interval Extension. 
At entrance ramps where there are 
relatively high percentages of trucks and 
buses, it might be desirable to make 



special allowances for their performance 
characteristics. Accordingly, a slow­
vehicle detector might be provided to 
measure the travel time of vehicles from 
the ramp metering signal to their 
location. If the travel time is greater 
than a preset value, the ramp metering 
signal is held on red until the vehicle has 
cleared the merge detector or until the 
merge detector is actuated. 

Benefits to be realized from a gap­
acceptance merge-control system are similar 
to those realized from traffic-responsive 
metering system. A study conducted by the 
Texas Transportation Institute, which 
compares a gap-acceptance merge-control 
system with a demand-capacity-control, 
traffic-responsive metering system, has 
reported the following results:C23

> 

• Gap-acceptance merge-control resulted 
in a higher percentage of ramp-metering­
signal violations by ramp vehicles, which 
was probably due to its irregular pattern 
of operation and longer queue delays 
(metering rates ranged from 1 veh/4 
seconds to 1 veh/25 seconds). 

• Gap-acceptance merge-control resulted 
in lower travel times from the ramp 
metering signal to the merge area, which 
indicates a smoother merging operation. 

• Demand-capacity control resulted in 
higher metering rates and higher peak­
hour entrance ramp volume. 

In general, for entrance ramps that have 
well-designed geometrics, a gap-acceptance 
merge control is less cost-effective than 
either pretimed or traffic-responsive 
metering systems. However, gap-acceptance 
control might be warranted at locations 
where the geometrics are substandard and 
the primary concern is to improve the safety 
of the merging operation. 
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System Ramp Control 

System ramp control refers to the application 
of ramp control to a series of entrance ramps 
where a single ramp meter cannot address 
the excess freeway demand. The primary 
objective of system ramp control is to 
prevent or reduce the occurrence of 
congestion on the freeway. Therefore, the 
control of each ramp in the control system is 
based on the demand-capacity considerations 
for the whole system rather than on the 
demand-capacity constraint at each 
individual ramp. This concept does not 
necessarily imply the use of large computer 
control systems, since small subsystems may 
be coordinated by the use of mutual 
coordination of adjacent ramp meter 
controllers. 

If congestion is to be prevented or reduced 
on the freeway system, the concept of 
system ramp control must be used in the 
design of a system of controls for a section 
of freeway with more than one entrance 
ramp. It may be applied in the following 
types of systems: 

• System pretimed metering (including 
ramp closure). 

• Traffic-responsive metering. 

• Gap-acceptance merge control. 

A discussion of system ramp control applied 
to each of these systems follows. 

System Pretimed Metering 

System pretimed metering refers to the 
application of pretimed metering to a series 
of entrance ramps. The metering rate for 
each of these ramps is determined in 
accordance with demand-capacity 
constraints at the other ramps as well as its 
own local demand-capacity constraint. 
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Detennining these metering rates, which are 
computed from historical data pertaining to 
each control interval, requires the following 
information: 

• Mainline and entrance ramp demands. 

• Freeway capacities immediately 
downstream of each entrance ramp. 

• Description of the traffic pattern within 
the freeway section to be controlled. 

This information provides the basis for 
establishing the demand-capacity constraints 
of the entrance ramps and their 
interdependencies. 

Fundamental metering rate 
calculations-given the required data, the 
fundamental procedure for computing 
metering rates involves five steps: 

1. Start with the entrance ramp that is 
farthest upstream. 

2. Determine the total demand (upstream 
mainline demand plus ramp demand) for 
the freeway section immediately 
downstream of the ramp. 

3. Compare the total demand to the 
capacity of the downstream section, and 
proceed as follows: 

a. If the total demand is less than the 
capacity, metering is not required at 
this ramp by this demand-capacity 
constraint. Therefore, skip step 4 
and go immediately to step 5. 

b. If the total demand is greater than 
the capacity, metering is required at 
this ramp by the demand-capacity 
constraint. Therefore, proceed to 
step 5. 
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4. Compare the upstream mainline demand 
to the capacity of the downstream 
section and proceed as follows: 

a. If the upstream mainline demand is 
less than the capacity, then the 
allowable entrance ramp volume ( or 
metering rate) is set equal to the 
difference between the capacity and 
the upstream mainline demand. 

b. If the upstream mainline demand is 
greater than or equal to the capacity, 
then the allowable entrance ramp 
volume is zero, and the ramp must 
be closed. If the upstream mainline 
demand is greater than the capacity, 
the volumes permitted to enter at 
ramps upstream must be reduced 
accordingly. The total reduction in 
the allowable entrance ramp volumes 
upstream is equal to the difference 
between the upstream mainline 
demand and the capacity, adjusted to 
account for that portion of the traffic 
entering upstream that exits before it 
reaches the downstream entrance 
ramp being dosed. 

5. Select the next entrance ramp 
downstream and go back to step 2. 

This procedure is illustrated by the following 
examples. 

Example 1 <5,6l 

In the example case shown in figure 5-9, 
pretimed metering rates are calculated for an 
integrated, pretimed control system 
comprised of four entrance ramps. In 
reviewing this example, the following points 
should be noted: 

Since only entrance ramp control is 
being considered and not mainline 
control, the allowable mainline volume at 
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Sec1ion # I Seclion #2 

D1 • 4,000 vph I s 

~ 
I s 

~ 

\ \ 
61 = 5400 vph Bi: 4800 vph 

X; .. allowable voh.Jme at input i 

D; ~demand at input I 

Bj = capacity at section j 

A,j • decimal fraction c,f vehicles entering at input i which peu through '41Ctionj 

S; • demand at section j 

Compute X/s starting at section#, 

• Set X 1 = 0 1 = 4000 vph 

Section #3 

I s 

t---i! 

\ 
A;j Values 

~ 1 2 J 

, 1.00 0.95 0.90 

2 1.00 0.75 0.70 

3 - 1.00 0.90 

4 - - 1.00 

5 - - -
• S1 ~ A1 1 X 1 + A1 1 D1 • Ii .OOt(400D1+(1.DOl(BOOf,. 4800 vph < 8 1 ,. 5400 vph; .". X1 c 800 vph 

Section #A 

4 

0.85 

0.60 

0.85 

0.90 

1.00 

• S1 a Aa l Xi + A1 l X1 +A32 D3. l0.95)(4000]+(0.7Sll800l+l1.00H600) • 5000 vph > 82 5 4800 vph; :. X 3 d 400 vph 

• S3 = A1 3 X1 t AnX1 + A33X3 + A4 3D4 = I0.90l(4000I+(0.70l(BOOl+(0.90H400l 
+ 0.00)1800) ~ 5320 vph > 83 .. 5200 vph;.". X4 "680 vph 

• S4 E A 14 X1 + A24 X1 t A 14 X 3 + A44 X4 + A 54 D5 " (O.B5)(4000I +(0.60)18001 +(0.85)(4001 + (0.90)(6801 
+ (1.00)(6001 = 5432 vph > 84 = 5200 vph; .". Xs = 368 vµh 

Conctu sion: 

• 
• 

• 

• 

Ramp #1: No control needed . 

Ramp #2 : Meter at a rate of 400 vph 

Ramp #3: Meter a! a rate of 6B0 vph . 

Ramp #4 Meter al a rate of 368 ~ph . 

Figure 5-9. Integrated Entrance Ramp Control: Example No. 1 Calculation of 
Pretimed Metering Rates. <5-

6
) 
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Section 1, Xj is set equal to the mainline 
demand Dj. 

- With the notation given in figure 5-9, the 
demand, Si, at a section, j, is computed 
by the following equation: 

where: 

SJ = (t AyXi) + AJ+ 1 DJ+ 1 
i= 1 

~ = Allowable volume at input i 

D i = Demand at input i 

~i = Decimal fraction of vehicles 
entering at input i which pass 
through Section j 

S i = Demand at Section j 

As it happens, the metering rate computed 
for each entrance ramp in this particular 
example is determined solely by the demand­
capacity constraint at the section 
immediately downstream and is not 
influenced by the demand-capacity 
constraints at other ramps. 

Example Z5·6) 

The data given in the example shown in 
figure 5-10 are the same as those given in 
the previous example. except that the 
mainline demand, D1, is 4,600 vph instead of 
4,000 vph. In this case, the metering rates at 
Ramps 2, 3, and 4 are determined solely by 
their respective downstream demand­
capacity constraints, as was the case in the 
previous example. However, the metering 
rate at Ramp 1, rather than being determined 
by the demand-capacity constraint at Section 
1, is established in accordance with the 
demand-capacity constraint at Ramp 2, as is 
described below. 
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The demand, S2, at Section 2 is 5,570 vph, 
which is 770 vph greater than the capacity, 
B2, at Section 2 (4,800 vph). If Ramp 2 is 
closed, the demand at Section 2 is reduced 
to 4,970 vph, a volume which also exceeds 
the capacity, B2• Therefore, it is necessary 
to reduce the allowable volume, X2, entering 
at Ramp 1 (input 2). The allowable volume, 
X2 , must be reduced enough to reduce the 
demand, S2, by 170 vph. The amount of the 
reduction is equal to the 170 vph divided by 
the decimal fraction, Aw of the vehicles 
entering at Ramp 1 and passing through 
Section 2 (170 vph/0.75 - 227 vph). 
Therefore, the allowable volume, X2, at 
Ramp 1 would be 573 vph instead of 
800 vph. 

In this procedure, excess demand, Si - Bi, at 
any section, j, is removed by reducing the 
allowable volume on the entrance ramp 
immediately upstream. If instead, the 
allowable volumes on entrance ramps farther 
upstream were reduced, a large number of 
vehicles would have to be removed from 
these ramps in order to reduce the demand, 
Si, sufficiently at any section, j. This is 
necessary because some of the vehicles that 
enter at these ramps will exit the freeway 
before they reach Section j. 

Example 3 

Again, in the situation presented in table 5-2, 
allowable ramp volumes would be calculated 
as follows. If the excess demand, 1200 vph, 
at Section 2 were to be removed by reducing 
the allowable volume, X2, at Ramp 1, the 
volume at Ramp 1 would have to be reduced 
by 267 vph. The allowable entrance ramp 
volumes are summarized accordingly in table 
5-2. 

The total input of 2,172 vph, however, is 
less than that of 2,248 vph, the volume 
obtained if Ramp 2 is metered as in Example 
1. Thus, the fundamental approach 
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Section# 1 Se,;tion # 2 Section #3 

D1 = 4,600 vph I s 

~ 
I s 

~ 
I s 

t-:! 

81/ \ 
f 

\ o/ \ lfj fj'it,,., 
(l:l ,,'° ! ,, l .~ l 

o"'ct-,; Q"' <r:"' t::l·Q;" 
B1 = 5400 vph 

X; ,. allowable volume at Input i 

D,- = demand at input i 

Bi = capacity at section j 

A;j - decimal fraction of vehicles entering at input i which pan through section i 

s1 = demand cit section i 

Compute X;'s starting at section #1 

• Set X 1 ~ D 1 • 4600 vph 

.'. X3 = 0 and 11olume entering upstreem must be reduced by 170 vph; 
:. Xz = 800. 170/An = 800. 170/0.75 = 573 vph 

• S3 s A13X1 + Ai3X2 + A33X3 + A43D4 = I0.90)(4600)+(0.70) 1573)+(0.90)!01 
+ (1.00)(800) "'5341 vph > 83 = 6200 vph; .'. X4 = 659 sph 

'\ 1 

1 t.00 

2 1.00 

3 -
4 -
5 -

2 3 

0.95 0.90 

0.15 0.70 

1.00 0.90 

- 1.00 

- -

• S4 = A14X1 + A24X2 + A34X1 + A44X4 + As4Ds • (0.85\(4600\ +(060\(5731 +(0.86ll0) + 10.90\1659) 
+ (1.001(600) = 6447 vph > 84 = 5200 Yph; :. Xs • 353 vph 

Conclusion: 

• Ramp #1, Meter at a rate of 5 73 vph . 

• Aamp#2: Close . 

• Ramp #3: Meter at a rate of 659 vph . 

• Ramp #4: Meter at s rate of 353 vph . 

Section #4 

I 
I 

I s 

t-.! 

4 

0.85 

0.60 

0.85 

0.90 

1.00 

Figure 5-10. Integrated Entrance Ramp Control: Example No. 2 Calculation of 
Pretimed Metering Rates. (5,

6
l 
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Table 5-2. Allowable Entrance Ramp Volumes for 
Example 3. 

Ramp No. 

1 

2 

3 

4 

Total Input 

described will result in the optimal utilization 
of the freeway. It maximizes the sum of the 
allowable entrance ramp volumes, a 
procedure which corresponds to maximizing 
system output for steady-state, uncongested 
flow conditions.<26J It also maximizes the 
total travel in the. system. <27

> 

Linear Programming Formulation-The 
fundamental procedure described in 
Examples 1 and 2 can be formulated as a 
linear programming mode1.<26

l This model 
may be used to compute optimal allowable 
entrance ramp volumes. In terms of the 
notation defined in figures 5-8 and 5-9, the 
linear programming model would be as 
follows: 

• Maximize L~, where n is the number of 
inputs 

• Subject to the following constraints: 

Demand capacity: 

n 

~A!iXi BJ;j=l, ..... n-l 
I 

5-40 

Volume (vph) 

533 

600 

687 

352 

2172 

At Section 1, allowable mainline 
volume ~ mainline demand: 

Allowable entrance ramp volume 2 
entrance ramp demand: 

Allowable entrance ramp volume 
equals minimum allowable ramp 
volume: 

X 1 2 min X; 20; i = 2, ..... n 

The use of the linear programming model 
yields allowable entrance ramp volumes 
identical to those obtained by using the 
fundamental procedure described above. 

Practical Considerations 

The allowable entrance ramp volumes ( or 
metering rates) calculated for an integrated 
ramp control system should be evaluated 
with respect to the following practical 
considerations:<6> 



• Metering rates of less than 180 to 240 
vph (3 to 4 vpm) are not feasible because 
drivers required to wait longer than 15 
to 20 seconds at a ramp metering signal 
often believe that the signal is not 
working correctly. They will, therefore, 
proceed on a red indication by the signal. 
Thus, if a metering rate of less than 180 
to 240 vph is calculated, consideration 
should be given either to closing the 
ramp or to metering it at a higher rate. 

• Practical maximum metering rates are 
about 900 vph for single-entry metering 
and approximately 1,100 vph for platoon 
metering. Therefore, for a metering rate 
greater than the maximum for the 
metering type to be used, the setting 
should be less than or equal to the 
practical maximum rate, and the 
metering rates at the other entrance 
ramps should be adjusted accordingly. 

• Metering rates at each entrance ramp 
should be evaluated with regard to 
available storage at the ramp and 
potential resulting congestion on the 
adjoining sudace street system. If the 
storage is not sufficient, it may be 
necessary either to close the ramp or to 
increase the metering rate. 

• Metering rates equal to zero indicate that 
an entrance ramp closure is necessary. 
However, the closure of a particular 
entrance ramp may not be acceptable. 
Therefore, it may be necessary to 
increase a zero metering rate to some 
minimum acceptable rate. 

• The procedure described for computing 
metering rates gives preference to traffic 
entering the system near the upstream 
end. Consequently, metering rates at 
entrance ramps downstream may be too 
restrictive to be acceptable to the 
motoring public. Therefore, it may be 
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necessary to increase the metering rates 
computed for some of the downstream 
entrance ramps, and thus to reduce 
accordingly the metering rates for some 
of the upstream entrance ramps. 

If any of the computed metering rates were 
to be altered because of one or more of the 
practical considerations mentioned above, 
the metering rates at the other entrance 
ramps would have to be adjusted accordingly 
to ensure both an optimal utiliz~tion of the 
freeway and an uncongested flow. 

Example 4 <5-6) 

If it were necessary to maintain a metering 
rate of at least 240 vph at Ramp 2 in the 
example presented in figure 5-10, it would 
be necessary to follow the adjustment 
procedure for the metering rates at the other 
entrance ramps (as shown in figure 5-11). 
The allowable volume. X2 (573 vph), at 
Ramp 1 would have to be reduced by 
320 vph in order to aJlow 240 vph to enter at 
Ramp 2 and still satisfy the demand-capacity 
constraint at Section 2. This reduction also 
decreases the mainline demand at Sections 3 
and 4. Thus, the allowable volumes at 
Ramps 3 and 4 are increased to maximize 
the utilization of the freeway at these 
sections. 

It is usually difficult to obtain reliable 
estimates of the ~j values, because these 
vary with time and generally exhibit a high 
variance. Also, the 0/D type studies used to 
collect these data are expensive and do not 
provide real-time data. 

As indicated in the 1996 Traffic Control 
System Handbook, it may be unfeasible to 
reduce ramp volumes sufficiently to effect 
changes on freeway main lanes because of 
circumstances such as the following:<7

l 

• Minimum metering rate constraints. 
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Sectlori # 1 Section #2 Section #3 Section #4 

01 = 4,600 vph I s I s I s I s 
..... ~ ~ +! +! 
ff 

\ 
~ 

\ jr \ 
§' ,v lfj 0 Ito"> f:/ .<o ! ~ {<') 

// ! Q ! ; ! 
o..,t:t"' o"'t:t'" o•~'" t:/'0:-11, 

81 = 5400 vph B1 = 4800 vph 

Xj = allowable volume et input; 

B3 = 5200 vph 84 = 5200 wph 
A;; Values 

Di = demand at input i 

B; = capacity at section i 

Ai; ~ decimal fraction of vehicles entering at input i which pass through sec,ion i 

SJ = demand at section j 

Compute X;'t ,tarting at section # 1 

• Set X1 = D1 • 4600 wph 

\ 
1 

2 

3 

4 

5 

1 

1.00 

1.00 

-

-
-

• S1~A11X1 + A11 D1 • (1.00)14600)+!1.00HBOOI • 5400 vph • B1 • 5400 vph; :. XJ -800 vph 

2 

0.95 

0.75 

1.00 

-
-

• Sz = A11X1 + A12X2 +A.31D3 • !0.95)(4600)+(0.75)(800)+(1.00)(600) • 5570 vph > 82 • 4800 vph; 

3 

0,90 

0.10 

0.90 

1.00 

-

Since X3 must equal at lust 240 vph; X3 • 240 vph and volume entering upstream must be reduced by 410 vph; 
.'. X1 "'800,410/An =BQQ.410/0.75" 253vph 

II S:i = A13X1 + AnX2 + A33X3 + A43 04 " IO 90)(4600)+l0.70)(253)+10.901(240) 

+ (1.00)(800) • 633311ph > 83 = 5200 vph; :. X4 = 667 vph 

• S4 'AHX1 + A14X1 + A34X3 + A44X4 + AHD5 ~ (0,851(4600) +(0,60)(253) +(0,85)1240) + (0.90)(667) 
+ l 1.00) (600) = 6466 vph > B4 = 5200 vph; :. X s = 334 vph 

Conclu$ion: 

• Ramp#1: Meter at a rate of 253 vph • 

• Ramp #2: Mater at a rate of 240 vph • 

• Ramp #3: Mater at a rate of 56 7 vph, 

• Aamp#4: Meter at a rote of 334 11ph . 

4 

0.85 

0.60 

0.85 

0.90 

1.00 

Figure 5-11. Integrated Entrance Ramp Control: Example No. 4 Calculation of 
Pretimed Metering Rates. <

5
•61 
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• Lack of vehicle queuing storage. 

• Too large a capacity deficiency. 

The reader is referred to the handbook for a 
detailed example demonstrating the 
interaction among ramp metering 
requirements, diversion impacts, and ramp 
storage requirements. A detailed procedure 
can be found in reference 19. 

Systemwide ramp metering strategies 
provide the opportunity to distribute vehicle 
demands over a larger number of ramps. 

System Traffic-Responsive Metering 

System traffic-responsive metering is the 
application of traffic responsive metering to 
a series of entrance ramps where the 
metering rates at each ramp are selected in 
accordance with both system and local 
demand-capacity constraints. 

System Operation 

During each control interval, real-time 
measurements are taken of traffic variables 
(usually volume, occupancy, and/or speed). 
The data are used to define the demand­
capacity conditions at each ramp. Then, on 
the basis of these measurements, both an 
independent and an integrated metering rate 
are calculated for each entrance ramp. Of 
these two metering rates, the one that is the 
more restrictive is selected to be used during 
the next successive control interval. 

Metering Rates 

The methods used to calculate independent 
and integrated traffic-responsive metering 
rates are basically the same as those used to 
compute independent and integrated 
pretimed metering rates. Instead of 
calculating metering rates in real time, a set 
is precomputed for the range of demand-

5-43 

Module 5. Ramp Control 

capacity conditions expected from which the 
metering rates are then selected in real time. 
The linear programming model is often used 
to calculate predetermined sets of integrated, 
traffic-responsive reentering rates. Also, the 
metering rates are usually subject to the 
merge-detector, queue-detector, and 
maximum-red-time overrides used in traffic­
responsive metering 

System vs. Independent Ramp Control 

Comparisons of system and independent 
entrance ramp control indicate that increased 
benefits are realized with system ramp 
control. <26

•
27! Improvements occur in terms 

of the following: 

• Lower travel time. 

• Higher total travel. 

• Fewer crashes. 

In traffic-responsive metering, the greater 
system flexibility provided by system ramp 
control enables an optimal system response 
to individual variations in traffic demands 
and capacities resulting from incidents on the 
freeways. 

Controller Interconnection 

A significant feature of system ramp control 
is the interconnection among local ramp 
controllers, which permits conditions at 011-e 
location to affect the metering rate imposed 
at one or more other locations. Real-time 
metering plans are computed and updated by 
a central master computer which issues 
metering rates to the respective local ramp 
controllers on the basis of freeway traffic 
information obtained from vehicle detectors 
throughout the system. 

Although the decision-making capabilities 
are centralized within the central computer 
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. system, the processing of control intelligence · 
may be distributed among the individual 
entrance ramps. For economic (and possibly 
reliability) reasons, there is a .trend toward 
decentralized decision-making, distributed 
computation, and hierarchical control. <28

) 

RAMBO (Ramp Adaptive Metering 
Bottleneck Optimization) is a suite of 
programs developed for the Texas 
Department of Transportation by the Texas 
Transportation Institute.<29

) RAMBO I is a 
software tool designed to assist in 
developing ramp metering plans using the 
TxDOT ramp meter specification, while 
operating either in the isolated mode or in 
local control. The program provides 
Transition Point Patterns for each metering 
level and evaluates traffic operations. 
RAMBO II likewise develops and evaluates 
ramp metering plans based on forecasted 
traffic conditions along an extended section 
of freeway containing up to 12 metered 
entrance ramps and 12 exit ramps operating 
either in the system mode, or in a 
hierarchically distributed system having real­
time local control with systems-based 
metering objectives. The program was 
implemented in Houston, TX, in 1996. 

The total software package can perform 
capacity analysis of the freeway system, 
assess projected metering operation, and 
assist in developing optimal ramp metering 
plans for either local ramp metering 
operations (using RAMBO I) or system 
ramp metering operations (using RAMBO 
II). RAMBO II can translate system-based 
results into local metering control 
parameters that can be downloaded into the 
local ramp meters if some minor 
modifications are made to the current ramp 
meter specifications. The programs include 
extensive interactive graphic screens. 
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Incremental Benefits of Various Levels of 
Control 

As discussed earlier, the benefits offered by 
pretimed metering (including ramp closure) 
versus no access control include increased 
mainline speeds (reduced travel time), higher 
service volumes, less delay, safer merging 
operations, and reduced user costs. Beyond 
pretimed metering, the incremental benefits 
gained from traffic-responsive metering 
(local or systemwide) depend on the .factors 
discussed below .<20 

Variations in the Ratio of Mainline to 
Entrance Ramp Demand 

As mainline demand approaches capacity, 
the permissible metering rates become more 
and more constrained. On the other hand, as 
the mainline demand decreases. more traffic 
can be allowed onto the freeway from 
entrance ramps, and ramp metering control 
can exert greater impact on the quality of 
freeway flow, thus producing greater 
benefits. 

Variations in Overall Traffic Demand 
Pattern 

Traffic demand on the freeway and entrance 
ramps exhibits two types of variations: (1) 
shift in demand level, and (2) short-term 
fluctuations. Tue larger the magnitude of 
these types of demand variation, the higher 
the potential for benefits from traffic­
responsive metering. 

Mainline Capacity Reductions 

Reductions in mainline freeway capacity 
result from accidents, traffic incidents, and 
adverse weather conditions. As the 
frequency and impact of these capacity­
reducing factors increase, more need 
develops for traffic-responsive metering to 
cope with the variations in available 



capacity. To deternrine the appropriate level 
of ramp metering control for a given 
freeway, the incremental benefits produced 
by local and systemwide traffic-responsive 
metering (relative to a base of pretimed 
metering) must be estimated. Computer 
simulation can be effectively used in 
evaluating control benefits. In addition, the 
incremental system costs (installation, 
operation, maintenance) and the incremental 
user costs (travel time, vehicle operating 
costs, accidents, air pollution emission) must 
be estimated. Incremental benefits and 
incremental costs can then be used to 
conduct a benefit/cost or utility/cost analysis 
to decide upon the most desirable type of 
ramp metering. 

The growth in traffic demand over the 
lifetime of a ramp metering project may 
reduce the incremental benefits of a traffic­
responsive type of ramp metering control 
(local or system wide). As traffic demand 
grows substantially over the lifetime of the 
project, the controllability index of the 
freeway decreases. Since the benefits are 
nonlinearly related to the controllability, it is 
possible that the benefits could decrease 
faster than the growth rate in demand. In 
planning ramp metering installations, the 
engineer should be aware of this effect. It is 
recommended that the analysis be repeated 
for as many years as are in the expected 
project-life duration. 

The incremental benefits analysis is but one 
component of a system selection process 
which, in tum, is a component of a freeway 
traffic management decision process. The 
major components of this decision process 
include the following: 

• Developing a basic analysis of freeway 
operations. 
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• Making a detailed analysis of freeway 
operations and determining improvement 
alternatives. 

• Examining the feasibility of ramp control 
as an improvement alternative. 

• Analyzing the site conditions and 
selecting the control level. 

A detailed discussion of the incremental 
benefits of different types of ramp metering 
control is provided in NCHRP Report 
232.<19) 

EXIT RAMP CONTROL 

Exit ramp control is seldom used as a means 
of freeway traffic control because the 
opportunities for its effective application are 
limited. In many situations, the use of exit 
ramp control may actually be contrary to the 
objective of safe and efficient freeway 
operations. Also, it should only be used 
where destinations can easily be reached by 
using alternate exits. 

Exit ramp closure can be used effectively to 
reduce safety hazards and congestion caused 
by excessive weaving between closely 
spaced ramps and long queues on exit 
ramps. Also, exit ramp closure can be used 
at a lane drop location by closing 
downstream exit ramps in order to 
encourage more traffic to leave the freeway 
at the exit ramps before the lane drop and 
thus decrease the demand on the freeway 
section beyond the lane drop. However, as 
in the case of entrance ramp closure, exit 
ramp closure might not be acceptable 
because of the increased travel it creates for 
some motorists. 

EMERGING TECHNOLOGIES 

As mentioned in the opening paragraph of 
this section, most of the advances and 
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emerging technologies in freeway 
management systems are in the computing 
hardware and communications technologies. 
While development of those fields will 
continue to enhance the ramp control 
process, there will be emergence or at least 
advancement, from preliminary stages of 
freeway ramp control systems. Such 
advancements include: 

• System Operation. As freeway systems 
expand with more communications links, 
and detector data become available, 
there will be increased system operation 
of entrance ramp meters, with metering 
rates being determined on a system or 
subsystem basis. 

• Integrated Systems. Earlier freeway 
management systems generally operated 
independently of the operation of surface 
street signal systems. In lieu of actually 
being integrated through hardware and 
communications links, traffic state and 
local system managers sometimes 
communicated informally to bridge the 
two systems. Future systems will likely 
be fully integrated, with data exchange 
and control decisions being made 
automatically with real-time data. 

• Information to Motorists. Advanced 
information systems being installed or 
planned as part of the ITS deployment 
and expansion will assist motorists in 
selecting or bypassing entrance ramps 
where metering rates may be restrictive. 
Such diversion can be considered in 
integrated freeway and surface street 
systems. 

• Advanced Control Algorithms. The 
National ITS Architecture 
Implementation Strategy provides an 
evaluation of ITS Technology Areas as 
to their maturity (mature, immature, 
mixed) to assess their potential 
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deployment horizon.<2
) While most of 

the elements are hardware 
oriented, "processing technology and 
advanced algorithms that enable 
advanced vehicle and traffic control 
application" are designated as mixed, 
meaning that there is opportunity for 
emerging applications. 

• Advanced Ramp Metering Concepts. 
Because queues become critical under 
heavy ramp demands conditions, 
improved queue management algorithms 
based on multipoint detection are under 
development. Also, traffic responsive 
activation of ramp control will likely be 
used to manage traffic during off-peak or 
weekend incident conditions.<7> 

5.4 LESSONS LEARNED 

Although ramp control systems have been in 
operation in various metropolitan areas 
throughout the country for over a quarter of 
a century, they are still sometimes viewed as 
a "new or radical" approach to traffic 
control and management. Intersection traffic 
signals, on the other hand, are accepted by 
most drivers as necessary and, in fact, their 
installation is often requested by citizens. 
The two systems essentially perform the 
same function: Facilitate use of available 
capacity between conflicting vehicular 
movements on the basis of demand levels 
and safety considerations with traffic 
signals. However, the ramp signal may be 
viewed negatively by drivers, because 
freeways have been traditionally designed for 
unrestricted flow. In reality, the flow is 
often restricted by recurring and non­
recurring congestion that may have a greater 
effect than that of the meter signal, which 
may encourage the driver to divert. For 
these reasons, there are certain "lessons 
learned" associated with ramp control which 



may not be a factor in other traffic and 
freeway control elements. 

IMPLEMENTATION 

Public Relations 

Ramp metering systems can be successful 
only if they receive public support from 
political leaders, enforcement agencies, and 
the motoring public. To gain this support in 
advance of implementation, a comprehensive 
public relations and information program 
should begin well in advance. To the public, 
ramp meters are often seen as a constraint on 
a roadway normally associated with a high 
degree of freedom. Although definite 
benefits may be achieved by metering and 
have been demonstrated statistically, the 
benefits may not be recognized by individual 
motorists. A 3-minute wait at an entrance 
ramp, however, is easily recognized. A 
proactive public relations program should be 
an integral part of every metering project.0 ) 

It is important not to oversell the benefits of 
ramp metering. It is not a substitute for a 
new freeway lane. The benefits are 
measurable systemwide, but may not be 
readily discernable to the individual driver at 
the ramp signal. Successful public relations 
campaigns will explain the difficulties of 
mitigating freeway congestion problems and 
the cost effectiveness . of management 
techniques such as ramp metering.<1

l The 
campaigns should also provide realistic 
expectations of the system's benefits, and 
show how taxpayers will experience 
improved freeway conditions. The most 
common . method of disseminating ramp 
metering information is through brochures or 
media advertisements on television and 
radio. Some examples of public relations 
brochures are shown in reference 1. In 
Minneapolis and Los Angeles, the "public" 
has actually requested additional metered 
ramps. This public input has become one of 
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the factors in evaluating and selecting new 
metered locations. 

Public relations aspects of the ramp control 
system should begin well in advance of turn­
on. In Seattle, the Washington State DOT 
(WSDOT) has developed a methodical 
approach to implementing ramp metering. <

30
) 

Their process describes what needs to be 
accomplished starting five years prior to 
ramp metering all the way up to one week 
before, and continuing through six months 
after start-up. The procedure includes public 
input, the design process, and the public 
relations focus. In Tacoma, Washington, the 
WSDOT went beyond the typical public 
relations campaign of brochures and media 
advertisements. WSDOT has incorporated 
a ramp metering lesson into both public and 
private driver education school curricula. 
The lesson, which lasts about 30 minutes, 
helps students to understand what ramp 
meters are and what they mean to the driver. 
The information packet for this lesson 
includes a lesson plan, information sheets, 
brochures, key chains, and a well-developed 
12 minute video entitled "Ramp Meters: 
Signals for Safety." 

A promotional videotape from the FHW A 
entitled "Ramp Metering: Signal for 
Success" is another example of how the 
merits of ramp metering can be presented to 
the public.<11 This 17-minute videotape, 
which is intended for citizens and public 
officials, explains the principles and benefits 
of ramp metering. It addresses key issues 
such as safety, efficiency, equity, and public 
relations. Copies are available through the 
FHW A or the Institute of Transportation 
Engineers (ITE). 

Media Relations 

The print and electronic media can be great 
allies or great deterrents to the success of 
ramp control systems. When the Dallas 
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Corridor Study metering system was 
implemented in 1974, a radio reporter in the 
control center (with CCTV and other 
displays) reported that the system was 
working great, while a television reporter 
interviewing the 20th vehicle in a ramp 
queue proclaimed the system a failure.C3° 
The system perspective (which was 
understood by the reporter in the control 
center) must be stressed. As with the 
general public, the media must be informed 
as to system goals and expectations, 
schedules, operations, and results. It is also 
important to maintain communication with 
the media after system tum-on. Beat 
reporters are often reassigned, and the new 
reporter may need to be briefed before an 
uniformed, negative story is written. 

Implementation Strategies 

Scheduling of ramp control tum-on should 
be carefully considered. Incremental 
implementation of individual sections should 
be considered, rather than a total system 
launch. In particular, locations that have the 
best alternate routes and the highest 
probability of disruption of traffic flow 
should be considered first. Ramps should be 
operated with metering rates that cause little 
disruption. As drivers become familiar with 
and accustomed to the system, metering 
rates can be tightened and other locations 
implemented. 

An interesting approach has recently been 
employed in Houston. Some of the 
pioneering efforts in ramp control took place 
in the mid-sixties.<1 2l However, due to 
reconstruction of freeways, ramp metering 
had not been in operation for some time. 
When ramp metering was recently 
reimplemented, a conservative philosophy 
was developed. The Implementation 
philosophy was as follows: c32l 
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. . . drivers and their views are 
important and a vezy high priority. 
No ramp delays (for a while at least) 
will be more than 2 minutes, and 
this must be verified. When queues 
or delays get too long, the signals 
are shut off until the queues clear, 
no matter what happens to the 
.freeway. For the first three months, 
metering during the peak of the rush 
hour was sometimes terminated. No 
written complaints were received. 
However, continuous quality 
improvement for the freeway traffic 
flow is stressed. Freeway drivers 
have called by cell phone and by 
Internet asking TranStar (the 
freeway management center) for 
"more" ramp metering. Now, the 
simple explanation for this is that we 
have "teased" the freeway traffic 
into this position. But we have not 
followed any ramp control strategy 
mentioned in the traditional freeway 
ramp control manuals. The 
traditional demand/capacity 
methods are for marginally 
overloaded well-disciplined 
systems, and that goal of 
demand/capacity control is only a 
faint vision in Houston at the 
moment. We are simply pushing 
back up the qlk curve toward 
capacity from stop-and-go 
conditions, and not from the other 
side. 

Implementation Swnmary 

The successful implementation of a freeway 
ramp control system is dependent on many 
factors outside of the hardware, software, 
and control algorithms. The implementation 
plan must include involvement, education, 
and support by the public, media, and 
political leaders. Additionally, the strategy 
with which individual ramps and subsystems 



are "turned on" must be carefully 
considered, planned, and executed. 

OPERATIONS AND MAINTENANCE 

Operations and maintenance considerations 
are not unlike those for other freeway 
control subsystems or for other traffic signal 
control systems. While the strategies may 
differ, there is still a necessity for operating 
agencies to commit the funds for personnel 
to operate, maintain, evaluate, and update 
the control system. 

• Personnel. Adequate personnel for· 
system operation and maintenance are 
essential if systems are going to succeed 
and continue to succeed. While 
improved hardware and software 
capabilities have allowed many tasks to 
be automated in system operation, 
personnel must be assigned to ensure 
continued efficient operation. 

• Training. Training for system 
operations and maintenance is usually 
provided by the systems contractor. 
Continuing training programs will be 
essential as new personnel are assigned 
and as hardware and software upgrades 
are implemented. 

• Documentation. Initial documentation 
for system operation and maintenance 
should (must) be provided by the 
systems contractor. Operations and 
maintenance personnel must also ensure 
that documentation is updated as system 
changes or hardware upgrades are made. 
Detailed Jogs should be kept for such 
changes. Modem systems often 
incorporate automated logging capability 
to facilitate the task and ensure that 
records are consistent. 
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• Evaluation. Although effectiveness of 
ramp control techniques has been well 
documented in the literature, it is usually 
necessary to perform "before and after" 
studies to document results of each 
system. It will also be important to 
continue to sample system operation 
with the same type data used in the initial 
evaluation to detect changes in system 
operation performance. 

• Updating Initial Strategies. Based on 
continued system monitoring, as 
mentioned above, changes in individual 
control parameters or control strategies 
may be warranted. These may require 
minor changes to the data base or more 
significant changes to the control 
programs. Changes in the roadway 
system, both freeway and surf ace streets, 
must also be monitored and considered. 

• Incorporating New Strategies. As 
ramp control systems continue to grow 
and mature, new ramp control 
algorithms will likely also be developed 
and tested. Continued communications 
among system operators and 
participation in professional 
organizations such as the Transportation 
Research Board (Freeway Operations 
Committee), Institute of Transportation 
Engineers, and Intelligent Transportation 
Society of America will be beneficial in 
becoming aware of such strategies. 

• Hardware and Software 
Maintenance. Hardware maintenance 
may be performed either by the agency 
or by contract, or by a combination of 
the two. The responsible agency will 
likely maintain standard traffic control 
equipment and communications cables. 
Computer and communications hardware 
will usually be maintained by contract. 
Software data bases will normally be 
maintained by the responsible agency, 
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while applications and system software 
will be maintained by contract. 
Whatever the method, agency or 
contract, maintenance responsibilities 
should be clearly defined and understood 
in advance of system implementation. 
Sufficient funding must continue to be 
committed for hardware and software 
maintenance. 

DIVERSION OF TRAFFIC 

A major issue that is raised in connection 
with metering is the potential diversion of 
freeway trips to adjacent surface streets to 
avoid queues at the meters. Extensive 
evaluations of existing metering systems 
show that adjustments in traffic patterns, 
after metering is implemented, take many 
forms.<1

) However, it is possible to predict 
the likely impacts of metering before it is 
installed. Factors that enter into the analysis 
include trip length, queue length, entry delay, 
and especially the availability of alternate 
routes. The impact of attractive and efficient 
alternate routes can be a key factor in the 
effectiveness of a ramp metering system.(33l 
The probable new traffic patterns, including 
diversion, can then either be accommodated 
in the design and operation of the system, or 
become part of a decision that metering is 
not feasible. 

Metering may, in fact, divert some short 
trips from the freeway. In concept, freeways 
are not intended to serve very short trips, 
and diverting some trips may even be 
desirable if there are alternate routes that are 
under-utilized. Diverting traffic from high 
volume, substandard, or other problem 
ramps to more desirable entry points should 
be an objective of metering where it is 
feasible. Such an action does require a 
thorough analysis of the alternate routes and 
the impacts of diversion on those routes, and 
improvements on the alternate routes when 
and where they are needed. 
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In Portland, city officials were very 
concerned about entrance metering creating 
problems on parallel streets. Before the 
meters on I-5 were installed, the city and 
State agreed that if volumes on adjacent 
streets increased by more than 25 percent 
during the first year of operation, the State 
would either abandon the project or adjust 
the meters to reduce the diversion below the 
25 percent level. Following meter 
installation, the increase in local street 
volume was not substantial. Evaluations of 
the impact of metering on adjacent streets 
have been conducted in Los Angeles, 
Denver, Seattle, Detroit, and other cities. 
Significant diversion from the freeway to 
surface streets did not occur in any of these 
locations. Formal and informal agreements 
are common between State and local 
jurisdictions in connection with metering 
projects, and close advance coordination 
between jurisdictions is highly 
recommended. 0 ) 

In some cases, there may not be feasible 
alternates routes, due to barriers such as 
rivers, railroads, or other major highways. 
Metering still can and . does operate 
effectively where diversion is not an 
objective of the system. The systems in 
Denver, Northern Virginia, and Chicago, for 
example, operate under a so-called non­
diversionary strategy. In these systems, 
metering is sometimes terminated at least 
until the queue dissipates. (See discussion of 
Houston ramp metering above). Significant 
benefits in freeway flow and accident 
reduction still result from nondiversionary 
metering. The onset of mainline congestion 
consistently begins later in the peak period 
and ends earlier. On many days, the mainline 
does not break down at all. Accidents and 
accident rates are also reduced. For 
example, in Denver it was observed that 
many drivers entered the freeway earlier in 
the morning. Peaks or spikes in volumes 
were thus leveled out over a longer period of 



time resulting in better utilization of freeway 
capacity. (34l 

ENFORCEMENT 

The effectiveness of ramp metering, like that 
of any other traffic regulation, is largely 
dependent on voluntary driver compliance. 
As part of the public information effort, it 
should be made clear that ramp meters are 
traffic control devices that must be obeyed. Ol 

The laws and penalties should be clearly 
explained. In cities where the advance 
publicity has been positive and plentiful, 
violation rates has been lower. Again, as 
with any other regulation, enforcement is 
needed. Cooperation with police agencies is 
essential. Effective enforcement requires 
good enforcement access, a safe area for 
citing violators, adequate staff, support by 
the courts, and good signs and signals that 
are enforceable. Enforcement needs must be 
considered and accommodated early in the 
project development and design stages. 
Enforcement personnel should also be 
included early on in the planning and design 
of ramp metering projects. Compliance is 
critical to the success of a ramp metering 
system. Compliance rates, have generally 
been good in most areas across the country. 
However, violations are contagious and can 
multiply quickly. The result can be an 
extremely ineffective ramp metering system. 

EQUITY 

The complaint that ramp metering favors 
longer trips at the expense of shorter trips 
can be a controversial issue.<1J Close-in 
residents argue they are deprived of 
immediate access to the freeway, while 
suburban commuters can enter beyond the 
metered zone and receive all the benefits 
without the ramp delays. 

Again there are strategies that have been 
employed to mitigate the equity issue. Initial 
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metering in Detroit operated only in the 
outbound direction to minimize the city­
suburb equity problem. Once the 
effectiveness of the metering was 
established, the system was expanded with 
less objection. This strategy was used in 
Atlanta where northbound I-75, leaving the 
city during the evening peak, will be the first 
section metered. <33

l In Seattle, the system 
was designed to allow more restrictive 
metering rates farther away from downtown. 
With the long trip length, . motorists 
originating from the suburbs have the most 
to gain from improved freeway conditions. 
The minor additional delay experienced at 
the meters is more than offset by the reduced 
mainline travel times. In Milwaukee, where 
the question of equity has been a limiting 
factor in the expansion of metering, it is now 
proposed to expand the system by metering 
each ramp that contributes traffic to 
congested freeway segments. Metering rates 
will be designed to be comparable for all 
ramps. For example, if it is determined a 
10 percent reduction in demand is needed on 
the freeway segment, metering rates will be 
established to reduce all ramp volumes by 
10 percent. In addition, each ramp metering 
rate will be adjusted to the extent possible in 
order to ensure average motorist delays are 
about equal for outlying ramps and for closer 
in ramps.<35

) In Dallas, there was concern 
that suburbs were being favored over areas 
closer to the central business district. Ramp 
counts and license plate studies revealed that 
approximately as many vehicles were exiting 
the freeway before they reached downtown 
as were entering downstream of the adjacent 
suburbs, so equity was achieved.<36> 

Even if only a few drivers experience 
increased travel times, there may still be 
objections simply because some have to wait 
at the ramps and others do not. A 
reasonable analogy can be made between a 
metered freeway and a signalized arterial. 
Vehicles entering an arterial from a minor 
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street must generally wait at a traffic signal 
while traffic already on the arterial is given 
priority. In both cases, the freeway and the 
arterial, the entering vehicles experience 
some delay in order to serve the higher 
volume facility. (I> 

5.5 EXAMPLES IN RAMP 
CONTROL 

There is extensive documentation of ramp 
control systems in the literature, much of 
which are cited in the reference lists in this 
handbook. An excellent summary of ramp 
control status, Ramp Metering Status in 
North America, was published by FHW A in 
1995.<1> The history and case studies cited 
below were adapted from that report. 

HISTORY OF RAMP CONTROL 

The first metered ramp, as we know it today, 
was installed in Chicago on the Eisenhower 
Expressway in 1963. This first application, 
however, was preceded by successful tests 
of the effectiveness of metering traffic 
entering New York tunnels, and by ramp 
closure studies in Detroit. In Los Angeles, 
ramp metering began in 1968. That system 
has been expanded continually until there are 
now over 800 ramp meters in operation in 
L.A. County-the largest system in North 
America. Currently ramp meters are in 
operation in 23 metropolitan areas in North 
America These metering systems vary from 
a fixed time operation at a single ramp to 
computerized control of every ramp along 
many kilometers of a freeway. 

Many reports have been written that 
document the potential successes and 
benefits of ramp metering. However, the 
true measure is in the continued growth of 
ran1p metering installations. Since 1989, the 
number of operating meters in North 
America has increased from about 1600 to 
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more than 2300, an increase of about 45 
percent. Additionally, many existing systems 
are proposing expansions and/or upgrades. 
On the planning side, new ramp metering is 
being considered in numerous other cities as 
part of ITS early deployment plans or 
feasibility studies. By the year 2000, at least 
33 cities in the United States and Canada 
will have functioning ramp meters. This will 
be 11 more systems than existed in 1989. 

ENTRANCE RAMP METERING 
CASE STUDIES 

The abbreviated case studies presented here 
are just a few examples of effective ramp 
metering operations. The benefit statistics 
presented are not consistent from city to city 
as there is no uniform evaluation criteria. 
Additionally, the measures of effectiveness 
(MOEs) vary depending on the objectives of 
the system. Further, complicating the 
matter, many ramp metering installations are 
implemented at the same time as other 
freeway improvements such as increased 
capacity, high-occupancy vehicle (HOV) 
lanes, surveillance systems, traffic 
information systems, and incident 
management programs. In these cases, it is 
not always possible to evaluate the individual 
components of the larger projects. The 
conditions of the evaluations of these case 
studies are noted for each discussion. 

Portland, Oregon 

The first ramp meters in the Pacific 
Northwest were installed along a 10 
kilometer section of I-5 in Portland in 
January 1981. The meters are operated by 
the Oregon Department of Transportation. 1-
5 is the major north/south link, and is an 
important commuter route through the 
metropolitan area. This initial system 
consisted of 16 metered ramps between 
downtown Portland and the Washington 
state line. Nine of the meters operated in the 



northbound direction during the p.m. peak, 
and seven controlled southbound entrances 
during the a.m. peak. The meters operate in 
a fixed time mode. There are currently 5 8 
ramp meters operating on 5 different 
freeways. 

Prior to metering, it was common along this 
section of 1-5 for platoons of vehicles to 
merge onto the freeway and aggravate the 
already congested traffic. The northbound 
PM peak hour average speed was 26 ki/h. 
Fourteen months after installation, the 
average speed for the same time period was 
66 ki/h. Travel time was reduced from 23 
minutes (but highly variable) to about 9 
minutes. Premetered conditions in the 
southbound a.m. peak were much less 
severe, hence the improvements were 
smaller. Average speeds increased from 64 
to 69 kph, resulting in only slight reductions 
in southbound travel times. 

Additional benefits that were evaluated for 
the p.m. peak period included fuel savings 
and a before-and-after accident study. It 
was estimated that fuel consumption, 
including the additional consumption caused 
by ramp delay, was reduced by 2040 liters of 
gasoline per weekday. There was also a 
reduction in rearend and sideswipe 
accidents. Overall, there was a 43 percent 
reduction in peak period traffic accidents. c37> 

Minneapolis/St. Paul, Minnesota 

The Twin Cities Metropolitan Area Freeway 
Management System is composed of several 
systems and subsystems that have been 
implemented over a 25-year period by the 
Minnesota Department of Transportation. 
The first two fixed time meters were 
installed in 1970 on southbound I-35E north 
of downtown St. Paul. In November 1971, 
these were upgraded to operate on a local 
traffic responsive basis and 4 additional 
meters were activated. This 8-kilometer 
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section of I-35E has been evaluated 
periodically since the meters were installed. 
The most recent study shows, that after 14 
years of operation, average peak hour speeds 
remain 16 percent higher, from 60 to 69 ki/h, 
than before metering. At the same time, peak 
period volumes increased 25 percent due to 
increased demand. The average number of 
peak period accidents decreased 24 percent, 
and the peak period accident rate decreased 
by 38 percent. 

In 1974, a freeway management project was 
activated on a 27-km section of I-35W from 
downtown Minneapolis to the southern 
suburbs. In addition to 39 ramp meters, the 
system included 16 closed-circuit television 
(CCTV) cameras, 5 dynamic message signs 
(DMS), a 2-km zone of highway advisory 
radio (HAR), 380 vehicle detectors, and a 
computer control monitor located at the 
MnDOT Traffic Management Center in 
Minneapolis. This project also included 
extensive "freeway flyer" (express bus) 
service, and 11 ramp meter bypass ramps for 
HOV's. An evaluation of this project after 10 
years of operation shows that average peak 
period freeway speeds increased from 55 to 
74 ki/h, or 35 percent. Over the same IO­
year span, peak period volumes increased 32 
percent, the average number of peak period 
accidents declined 27 percent, and the peak 
period accident rate declined 38 percent. 
Over one million dollars a year in road user 
benefits are attributed to reduced accidents 
and congestion. This system also has 
positive environmental impacts. Peak period 
air pollutant emissions, which include carbon 
monoxide, hydrocarbons, and nitrogen 
oxides, were reduced by just under 2 million 
kilograms per year. c3sJ 

Over 300 additional ramp meters have been 
implemented from 1988 to 1995, and there 
are currently 400 meters in operation. 
Further projects are now in the design and 
construction phases. The plans are to 
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complete the ramp metering system which 
will cover the entire Twin Cities freeway 
network over the next five years.<39

) The 
success of the Twin Cities system has shown 
that the staged implementation of a 
comprehensive freeway management system 
on a segment-by-segment, freeway-by­
freeway basis, over a long period of time, is 
an effective way of implementing an area­
wide program. 

Seattle, Washington 

In September 1981, the Washington State 
Department of Transportation (WSDOT) 
implemented metering on 1-5 north of the 
Seattle Central Business District. Initially 
the system, which is named FLOW (not an 
acronym), included 17 southbound ramps 
that were metered during the a.m. peak, and 
5 northbound ramps that were metered 
during the p.m. peak. Currently, the ramp 
metering system includes 54 meters on 1-5, 
I-90, and SR 520. These meters are all 
operated under centralized computer 
control. Future expansion plans include 
additional ramp meters on SR 520 east of 
Lake Washington, on all ofl-405, and on 1-5 
south of Seattle. 

One evaluation of the initial 22 meter system 
showed that between 1981 and 1987, 
mainline volumes during the peak traffic 
periods increased 86 percent northbound and 
62 percent southbound. Before the 
installation of metering, the travel time on a 
specific 11-km course was measured at 22 
minutes. In 1987, the travel time for the 
same course was measured at 11.5 minutes. 
Over the same 6-year time period, the 
accident rate decreased by 39 percent.<40

) 

A somewhat unique application of metering 
was implemented in Seattle on SR-520 in 
1986. While diversion caused by metering is 
often controversial, one of the objectives of 
metering SR-520 was to reduce commuter 
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diversion through a residential 
neighborhood. The meters were installed on 
the two eastbound ramps on SR-520 
between 1-5 and Lake Washington. One of 
these ramps, the Lake Washington 
Boulevard on-ramp, is the last entry onto 
SR-520 before the Evergreen Point Floating 
Bridge. Because there were no bottlenecks 
downstream of this ramp, traffic would 
normally flow freely on the bridge and 
beyond. Motorists, especially commuters 
from downtown Seattle, were using 
residential streets to reach the Lake 
Washington Boulevard on-ramp to avoid 
congestion on SR-520. This on-ramp, 
however, was a major contributor to 
congestion on SR-520 because of the high 
entering volumes. By metering the ramp, it 
was anticipated that traffic diverting through 
the adjacent neighborhood from downtown 
would be discouraged by the delay caused by 
the meter. Motorists would instead use the 
Montlake Boulevard on-ramp, which was 
also metered at the same time. A HOV 
bypass lane was also installed at the 
Montlake Boulevard on-ramp. Two other 
objectives of this project were to improve 
flow on SR-520 and to encourage increased 
transit use and carpooling. 

An evaluation of this two-ramp meter 
"system" after four months of operation 
showed there was a 6.5 percent increase in 
mainline peak period volume, a 43 percent 
decrease in the volume on the Lake 
Washington Boulevard on-ramp, an 18 
percent increase in the volume on the 
Montlake Boulevard on-ramp, and a 44 
percent increase in HOV s using the 
Montlake Boulevard on-ramp.(4

ll Another 
indication of the effectiveness of the 
combination of the HOV bypass and the 
improved SR-520 flow is a decrease of 3 
minutes in METRO (King County 
Department of Metropolitan Services) transit 
travel times for buses traveling from 
downtown to the east, and a 4-minute 



decrease for buses traveling from University 
District to the east. The reliability of the bus 
travel times also improved, and METRO 
adjusted the schedules for these routes 
accordingly. 

In 1993, the WSDOT implemented weekend 
ramp metering for the first time. Three 
ramps north of Seattle on southbound 1-5 
have been metered several hours due to 
heavy weekend volumes. Because of this 
success, in March of 1995, weekend 
metering was expanded to include four 
additional southbound ramps. 

In April of 1995, WSDOT began operating 
seven southbound 1-5 meters during the 
evening commute. This is WSDOT's first 
implementation of metering both directions 
of a corridor during the same peak period. 
The motivation behind this operational 
change is that the traditional reverse 
commute direction has become increasingly 
congested. Prior to this change, metering 
along this section had operated southbound 
(inbound toward Seattle) during the morning 
commute and northbound ( outbound) during 
the evening commute. 

Denver, Colorado 

The Colorado Department of Transportation 
activated a pilot project to demonstrate the 
effectiveness of ramp metering on a section 
of northbound 1-25 in March 1981. The 
initial system consisted of five local traffic­
responsive metered ramps operated during 
the a.m. peak on a 4.7-km section of 1-25 
south of the city. Periodic after-evaluations 
revealed significant benefits. An 18-month 
after study showed that average peak period 
driving speed increased 57 percent and 
average travel times decreased 37 percent. 
In addition, incidence of rearend and side­
swipe accidents declined 5 percent due to 
the elimination of stop-and-go conditions. 
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The success of the pilot project led to 
expansion of the system. In 1984, a central 
computer was installed and a System 
Coordination Plan was implemented that 
permits central monitoring and control of all 
meters. Since 1984, additional ramp meters 
have been added, until reaching the current 
number of 28. In late 1988 and early 1989, 
a comprehensive evaluation of the original 
metered section was conducted. A number 
of changes occurred between 1981 and 
1989, the most significant of whi~h was the 
completion of a new freeway, C-470, which 
permitted more direct access to 1-25 from 
the southwest area and generated higher 
demand for 1-25. Volumes during the 2-
hour a.m. peak period increased from 6200 
vph in 1981 to 7350 vph in 1989 (on 3 
lanes). Speeds measured in late 1988 
decreased from the original evaluation, but 
remained higher than the speeds before 
metering was implemented: 69 ki/h before, 
85 ki/h after, in 1981, and 80 ki/h in late 
1988. The frequency of accidents during the 
a.m. peak period did not increase between 
the time of original evaluation and 1989. As 
a result, the accident rate decreased 
significantly because of the inc~eased 
volumes. Rearend and sideswipe type 
accidents decreased by 50 percent during 
metered periods. 

An interesting unplanned "evaluation" of the 
system occurred in the Spring of 1987. To 
accommodate daylight savings time, all of 
the individual ramp controllers were adjusted 
one hour ahead. Unfortunately, the central 
computer clock was overlooked. The 
central computer overrode the local 
controllers, and metering began an hour late. 
Traffic was the worst it had been in years. 
However, this oversight did have a bright 
side for the Department of Transportation. 
Since this incident, the media has been even 
more supportive of ramp metering than 
before. <34l 
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In 1988, the Colorado Department of 
Transportation conducted a study to 
evaluate different levels of ramp metering 
control. The study compared ramp meters 
operating in local traffic-responsive mode 
versus meters operating under centralized 
computer control. The results showed that 
if local traffic-responsive metering could 
maintain freeway speeds above 90 ki/h, 
centralized control offered little or no 
additional benefit. However, if local traffic­
responsive metering was unable to maintain 
speeds near the posted speed limit of 90 ki/h, 
centralized control was very effective. Data 
showed speeds increased 35.5 percent, 
from 50 to 68 ki/h, and vehicle hours of 
travel were reduced by 13.1 percent.<42

) 

This evaluation shows the importance of 
implementing operating strategies that 
correspond to the needs of the freeway 
network. 

Detroit, Michigan 

Ramp metering is an important aspect of the 
Michigan Department of Transportation's 
(MDOT) Surveillance Control and Driver 
Information (SCANDI) System in Detroit. 
The SCANDI metering operation began in 
November 1982 with six ramps on the 
eastbound Ford Freeway (1-94). Nineteen 
more ramps were added on 1-94 in January 
1984 and three more in November 1985. An 
evaluation performed by Michigan State 
University for MDOT determined that ramp 
metering increased speeds on 1-94 by about 
8 percent. At the same time, the typical 
peak hour volume on the three eastbound 
lanes increased to 6400 vehicles per hour 
from an average of 5600 VPH before 
metering. In addition, the total number of 
accidents was reduced nearly 50 percent, 
and injury accidents came down 71 percent. 
The evaluation done by Michigan State also 
showed that significant additional benefits 
could be achieved by metering the three 
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freeway-to-freeway connectors on this 
section of I-94.<44

) 

Austin, Texas 

In the late 1970s, in Austin, the Texas 
Department of Transportation implemented 
traffic responsive meters at 3 ramps along a 
4.2 km segment of northbound 1-35 for 
operation during the a.m. peak period. This 
section of freeway had two bottleneck 
locations that were reducing the quality of 
travel. One was a reduction from 3 to 2 
lanes and the other was a high volume 
entrance ramp just downstream of a lane 
drop. Metering resulted in an increased 
vehicle throughout of 7 .9 percent and an 
increase in average peak period mainline 
speeds of 60 percent through the section. 
The meters were removed after the 
reconstruction of I-35 eliminated the lane 
drop in this section. <44l This situation shows 
the versatility of ramp metering in that it can 
also be used effectively as a temporary 
solution. 

Long Island, New York 

At the other end of the spectrum from 
Austin is the INFORM (Information For 
Motorists) project on Long Island. The 
INFORM project covers a 64-km long by 
8-km wide corridor at the center of which is 
the Long Island Expressway (LIE). Also 
included in the system is an east-west 
parkway, an east-west arterial and several 
crossing arterials and parkways, a total of 
207 kilometers of roadways. System 
elements include 70 metered ramps on the 
LIE and the Northern State/Grand Central 
Parkway. 

In 1989, an analysis of the initial metered 
segment was conducted after 2 months of 
operation. For the peak period, the study 
showed a 20 percent decrease in mainline 
travel time (from 26 to 21 minutes) and a 16 



percent increase in average speed (from 4 7 
to 56 ki/h). Motorists entering at metered 
ramps also experienced an overall travel time 
reduction of 13.1 percent and an increase in 
average speed from 37 to 45 ki/h. The 
MOEs for this project include vehicle 
ermssmns. For this initial segment, the 
analysis indicates there was a 6.7 percent 
reduction in fuel consumption, a 17 .4 
percent reduction in carbon monoxide 
emissions, a 13.1 percent reduction in 
hydrocarbons, and a 2.4 percent increase in 
nitrous oxide emissions. The last is 
associated with the higher speeds. Initial 
observations of the effect of metering the 4-
lane parkway on the INFORM project 
indicates the benefits may be even greater 
than those achieved on wider freeways. 
Intuitively this makes sense, because the 
impact of an unrestricted merge on only two 
lanes (in one direction) can be severe. <

45
) 

A more extensive evaluation of the 
INFORM project was completed in 1991. 
Data from this study showed much more 
conservative results. It is believed that this 
study is more representative of the true 
traffic conditions. The main reason for this 
is related to the "queuing off' (shut-down of 
the meter due to excessive queuing) of the 
ramp meters. The original study did not 
include areas where metering was usually 
shut off due to heavy ramp volumes, while 
the later study accounted for all ramps. This 
evaluation showed that while throughput had 
increased only about 2 percent, the average 
mainline speeds had increased from 64 to 71 
ki/h, or about 9 percent. However, for two 
separate bottleneck locations, data showed 
increases of 53 to 84 and 53 to 89 ki/h, or 
gains of about 36 and 40 percent 
respectively. This evaluation also included 
calculation of a "congestion index." This 
index is the proportion of detector zones for 
which speeds were less than 48 ki/h (30 
mi/h). While no benefit was shown in the 
evening peak period, the morning peak 
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period showed an improvement of 25 
percent in the congestion index. The 
accident frequency rate also showed 
encouraging improvement, with a 15 percent 
reduction as compared to the control 
section. <46l 

San Diego, California 

In San Diego, ramp metering was initiated in 
1968. That system, installed and operated 
by the California Department of 
Transportation (Caltrans), now includes 134 
metered ramps on 110 plus kilometers of 
freeway. No detailed evaluations of 
metering have been conducted on the San 
Diego system since the early installations, 
but sustained volumes of 2200 vph to 
2400 vph, and occasionally even higher, are 
common on San Diego metered freeways. A 
noteworthy aspect of the program is the 
metering of eight freeway-to-freeway 
connector ramps. Metering freeway-to­
freeway connectors requires careful attention 
to storage space, advanced warning, and 
sight distance. If conditions allow, freeway 
connector metering can be just as safe and 
effective as other ramp metering. <47l 

SUMMARY OF RAMP METERING 
BENEFITS 

Metering entrance ramps can significantly 
improve mainline traffic flow. These case 
study evaluations, as well as others, show 
that metering consistently increases travel 
speeds and improves travel time reliability, 
both of which are measures of reduced stop­
and-go, erratic flow. It should be 
emphasized that these benefits occurred even 
though, in most instances, mainline volumes 
had significantly increased. Metering helps 
smooth out peak demands that would 
otherwise cause the mainline flow to 
breakdown. A strong case can be made 
from the data reported that metering actually 
increases the throughput of a freeway. The 
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data from Minneapolis, San Diego, Seattle, 
Detroit and Denver shows mainline volumes 
well in excess of 2100 vph per lane on 
metered sections, and sustained volumes in 
the range of 5 percent to 6 percent greater 
than for pre-metered conditions. Improved 
traffic flow, particularly the reduction in 
stop-and-go conditions, also reduces certain 
vehicle emissions. This has been shown in 
both the INFORM project and in the Twin 
Cities Freeway Management System. 

The other direct benefit, but one that has not 
been fully quantified, is the reduction in 
accidents attributed to metering. The Dallas 
corridor provided a unique opportunity to 
compare vehicle crash experience in a ramp 
metering system.<4

Sl Evaluation studies 
showed significant improvements in system 
operating characteristics as compared to the 
"before" conditions. However, during the 
first year of operation, metering was 
exercised only in the peak direction of flow. 
During that year, crashes in the metered 
direction decreased by 24 percent as 
compared to the previous year, while 
crashes in the non-metered direction 
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increased by 12 percent. During the first 
three years of metering, total weekday (24 
hour/day) crashes increased by 8 percent 
while accidents during ramp metering 
decreased by 18 percent. The other case 
studies presented in this report consistently 
show a reduction in crash rates of 24 to 50 
percent. Minnesota Department of 
Transportation estimates over 1000 vehicle 
crashes are prevented each year on 
Minneapolis/St. Paul metropolitan area 
freeway due to ramp metering.39 However, 
the benefits derived from accident reduction 
go well beyond the direct costs related to 
medical expenses and vehicle damage. To 
illustrate, assume an incident blocks one lane 
of three at the beginning of the peak period 
on a freeway with a 2-hour peak demand of 
6000 vph. Studies show that an accident 
blocking one of three lanes reduces capacity 
by 50 percent. A 20-minute blockage would 
cause 2100 vehicle-hours of delay and a 
queue over 3 kilometers long, and take 2 1/2 
hours to return to normal, assuming there 
were no secondary accidents or incidents. 
Clearly the safety aspects of metering are a 
major benefit. 
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MODULE 6. HOV TREATMENTS 

Figure 6-1. HOV Lane in San Diego, CA. 

6.1 INTRODUCTION 

Preferential treatments for high occupancy 
vehicles (HOV) have proven to be one of the 
most flexible, cost effective alternatives for 
increasing the person-moving capacity of 
congested metropolitan transportation 
systems. The concept emphasizes person 
movement rather than traditional vehicle 
movement. It offers multi-person vehicles 
the opportunity to travel in reserved lanes 
that allow higher operating speeds and more 
reliable travel times. HOV treatments are 
not appropriate in every situation, but their 
applications are growing as more and more 
metropolitan areas face the challenge of 
improving mobility, particularly during peak 
travel periods. 

Constraints on metropolitan mobility have 
been identified as among the most serious 
transportation issues affecting the economic 
and social vitality of the nation. Many 
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regions of the country, recogmzmg this 
critical importance of continued mobility, 
have established the following areawide 
goals: 

• Reduce vehicle-miles of travel. 

• Conserve energy. 

• Reduce air pollution. 

HOV facilities can be a major component in 
regional efforts to improve the operational 
efficiency of a freeway by: 

• Increasing the people-moving capacity of 
the facility. 

• Offering high-speed travel to a larger 
number of people (to decrease the 
average travel time and make it more 
predictable). 

Preceding page blank 
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• Providing an incentive for people to 
share rides (to increase the number of 
persons carried per vehicle). 

The objective of HOV lanes is, of course, to 
move more people in fewer vehicles than 
conventional highway lanes. A dramatic 
example of the person-moving capability of 
an HOV lane is on 4 km (2.5 mi.) of I-495 in 
New Jersey, between the New Jersey 
Turnpike and the Lincoln Tunnel entering 
New York City. Here a contraflow lane, a 
lane in the off-peak direction, separated from 
the adjacent lane with plastic posts during 
the morning peak, carries 35,000 people in 
750 buses during the peak hour, and more 
than 70,000 people in 1650 buses in the 3-
hour peak period. It would require 15 
conventional freeway lanes to move the 
same number of people in the peak hour. 
Certainly, no other city has the employment 
density or transit use of the New York/New 
Jersey Metro area, but HOV facilities 
throughout the country are accomplishing 
the same objective by providing a reduced 
travel time and travel time reliability 
incentive for drivers to change mode to 
HOV. Existing freeway HOV lanes carry 
the person-equivalent of two to five 
conventional lanes, and do so at a higher 
level of service than the conventional lanes. 
If an HOV lane becomes congested, the 
occupancy requirement can be raised, or 
other adjustments can be made to 
accommodate additional vehicles and thus 
additional people.(1l 

TREATMENTS 

Priority treatments may be either dedicated 
mainline lanes or isolated improvements that 
bypass a bottleneck. These treatments 
include the following: 

6-6 

• Exclusive HOV Facility - Separate 
Right-of-Way. 

• Exclusive HOV Facility - Freeway 
Right-of-Way. 

• Concurrent Flow Lane. 

• Contraflow Lane. 

• Queue Bypass HOV Facility. 

These treatments are best served when 
implemented with a number of other 
transportation demand management 
measures to encourage use such as: 

• Rideshare matching services. 

• Guaranteed ride home. 

• Employer incentives through preferential 
parking. 

• Parking cost incentives. 

• Supporting facilities that help to collect 
and distribute passengers. 

• Public information. 

• Education programs. 

MODULE OBJECTIVES 

The objectives of this module are to 
accomplish the following: 

• Present the process for developing HOV 
treatments within a freeway system. 

• Provide a summary and description of 
different HOV treatments in use, 
including both HOV lanes and 
supporting facilities such as park-and­
ride and preferential parking programs. 



• Discuss planning, design, construction, 
operating, and maintenance issues 
associated with the different HOV 
treatments. 

MODULE SCOPE 

In view of the impressive HOV success 
stories of Houston, Seattle, and other cities 
(see section 6.5), a high interest exists in 
implementing HOV treatments within 
freeway systems. This module presents the 
basics for HOV treatments associated with 
freeways. Treatments on arterial roadways 
can also support the freeway system, 
however those treatments are not discussed 
here. Information on the different freeway 
treatments and their supporting parking­
related facilities are presented along with 
discussion on issues associated with those 
facilities. An emphasis of this module is on 
the need for cooperation between the 
partners and the presentation of issues that 
need to be considered during the planning 
process. 

6.2 DESIGN PROCESS 

IDENTIFY PROBLEMS/NEEDS 

High Occupancy Vehicle facilities are viable 
components of freeway systems. The needs 
that can be addressed by HOV facilities 
include the following: 

• Increasing person-carrying capacity of a 
highway corridor. 

• Reducing total travel time. 

• Reducing or defer the need to increase 
highway vehicle-carrying capacity. 

• Improving efficiency and economy of 
public transit operations. 
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• Reducing fuel consumption. 

• Improving air quality. 

• Inducing mode shift. 

Factors that influence consideration of HOV 
facilities include: 

• Congestion. 

• Travel time savings. 

• Person throughput. 

• Vehicle throughput. 

• Local agency support. 

• Enforceability. 

• Physical roadway characteristics. 

• Support facilities. 

• Environmental mitigation. 

• Compatibility with other modes. 

The two criteria that most commonly appear 
to influence HOV viability are congestion 
and travel time savings. Without existing 
or forecasted congestion, the HOV 
alternative offers no substantial benefits for 
single-occupant drivers to switch to carpool, 
vanpool, or bus. Although the definition of 
"congestion" varies from one locale to 
another, a good measure of congestion is 
average freeway speeds of 48 km/h (30 mi/h) 
or less during the peak hour, or 56 km/h (35 
mi/h) or less during the peak period. In 
some instances, an HOV alternative has been 
considered for a congested freeway that 
could operate relatively smoothly with an 
added mixed-flow lane, but for which future 
congestion is predicted. Travel time savings 
has become one of the most reliable 
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predictors of HOV viability, and it must 
potentially exist to encourage mode shifts. 
For most treatments, a projected 5-rninute or 
more savings per trip is generally recognized 
as a prerequisite. Time savings of less than 
5 minutes may still justify consideration of 
queue bypass where a modest investment 
benefits many drivers.<3) 

An assessment of HOV projects in six U.S. 
cities-Houston, Minneapolis-St. Paul, 
Pittsburgh, Seattle, Washington, DC, and 
Orange County, California-found the 
following common elements in the decision­
making process: <

4
) 

• Corridor and areawide characteristics. 
An awareness of the need to address 
increasing traffic congestion problems in 
the corridor had developed. 

• Lack of a fixed-guide way transit plan 
for the corridor. No decision had been 
made on the development of a fixed­
guide way transit system in the corridor 
where the HOV facility was ultimately 
developed. 

• Planned or scheduled highway 
improvements. HOV projects were 
considered and implemented as part of 
an extensive program of highway 
improvements. This coordination helped 
maxrnnze available resources and 
minimize impacts on implementation. 

• Project champion or champions. 
Individuals in positions of authority in 
highway and transit agencies supported 
the HOV concept and promoted it 
throughout the project development 
process. 

• Legislative direction and policy support. 
Legislative or agency policies and 
directives played an important role in the 
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decision-making process in some HOV 
projects. 

To assist with defining the problems that 
exist within the freeway system so that 
appropriate decisions can be made, an 

inventory of physical and organizational 
components is needed. Table 6-1 lists some 
of the specific types of information needed. 

IDENTIFICATION OF PARTNERS 

The key partners in the development of an 

HOV facility component of a freeway 
management system include the following: 

• State Department of Transportation. 

• Transit Authority (or Authorities). 

• Federal Highway Administration. 

• Metropolitan Planning Organizations. 

• Enforcement Agencies. 

• County or City Departments of 
Transportation. 

In addition, the following can be key in 
developing a successful plan, rather than one 
that is challenged during the development 
and/or construction of a facility: 

• Elected Officials. 

• Media representatives. 

• Citizens. 

• Representatives from private businesses. 

• Major traffic generators. 

• Businesses 
programs. 

with ride-sharing 
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Table 6-1. Information Needs for Successful HOV Operations. 

Person-Moving Capacity of the Roadway Facility 
Potential for Support Facilities Such as Park-and-Ride Lots 
Origins and Destinations 

Activity Centers 
Point of Origin 
Average Trip Length 
Trip Times 

Traffic Operation on Freeway Mainlane 
Average Delay 
Peak Period Volumes 
Average Travel Speeds 
Travel Time 

Bottlenecks 
Location 
Duration 
Causes 

Vehicle Occupancy 
Percentage of Peak Period 2+ and 3+ Vehicles in the Traffic Stream 

Future Demand 
Growth Factor of Corridor 
Growth Factor of Parallel Routes 

Transit and Rideshare Patronage 
Types of Operations That Could Benefit from HOV 
Existing and Planned Transit Services 

General Design Limitations of Existing Freeway Facility 
Safety and Accident Data 
Violation and Enforcement Data 
Information on the Perception of Users, Non-Users, and the General Public 

In some cases, for example the development 
of a park-and-ride facility has included other 
non-traditional partners. Other important 
partners that can be involved in the decision­
making process include the following: 

• Owners/operators of major traffic 
generators. 

• Churches whose parking lots could be 
used for weekday commuters. 

Successful HOV systems requires good 
coordination between respective 
governmental agencies. Two examples of 
areas where effective coordination has 
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occurred include Houston and Seattle.<5J 

Agencies primarily involved in the 
implementation of HOV facilities in Houston 
included: 

• Texas Department of Transportation. 

• Metropolitan Transit Authority. 

• Federal Highway Administration. 

Agencies involved in Seattle included: 

• Washington State Department of 
Transportation. 
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• Puget Sound Council of Governments. 

• Seattle Metro Transit. 

• Pierce County Transit. 

• Municipality of Metropolitan Seattle 
(Metro). 

• King, Pierce, and Snohomish Counties. 

• City of Bellevue. 

• Federal Highway Administration. 

Additional information on the Houston and 
Seattle systems is provided later in this 
module. 

CONSENSUS BUILDING 

Having an overall consensus and developing 
good working relationships within and 
between agencies are important in 
implementing an HOV facility system. 
During initial meetings, identifying and 
understanding the differences in operational 
philosophies and priorities of the different 
partners will assist in the process. For 
example, major business associations may be 
more concerned with the location of ramps 
to and from an HOV lane, and whether those 
ramps will go into a parking garage, while a 
transit agency's priority may be to have the 
ramps exit to a downtown street. 

The importance of public support needs to 
be recognized early in the process. 
Extensive public relations and media 
campaigns may be needed to show the public 
the benefits of the HOV facilities. An 
important lesson that has been learned from 
project failures to date is that the public must 
be involved and must be able to understand 
and appreciate the role that HOV systems 
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can serve. Public participation will need to 
be focused and pursued at various levels. 

A multi-agency review group (also called an 
advisory committee or steering committee) 
should be formed. Their role includes 
technical and policy guidance, concurrence 
powers at major decision points, 
coordination and liaison with others in the 
respective agencies, and outreach to greater 
public participation efforts as needed. Apart 
from the multiagency review group, focus 
groups composed of local civic associations, 
special interest groups, politicians, the 
media, and others may be necessary to link 
public participation with the process.<5J 

ESTABLISH GOALS AND 
OBJECTIVES 

After the relevant partners are identified, the 
goals and specific objectives that are to be 
addressed through this component of the 
freeway system are developed. Goals are 
broad statements of the intent of the system 
or of one of its components, whereas 
objectives are specific statements about what 
the system or component of that system will 
attempt to accomplish. A given goal may 
have more than one objective specified to 
reach that goal. Table 6-2 lists examples of 
goals and objectives that the team might 
develop for HOV facilities. 

ESTABLISH PERFORMANCE 
CRITERIA / MOES 

Performance criteria and measures-of­
effectiveness need to be identified in order to 
assess the extent to which HOV treatments 
are meeting goals and objectives. Table 6-3 
lists suggested objectives and measures of 
effectiveness. 
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Table 6-2. Examples of Goals and Objectives for HOV Treatments. 

Catee:orv Examples 

Goals • Produce a Better Operating Freeway 
• Increase the Person-Moving Efficiency of the Roadway Facility 
• Encourage Mode Change 

Objectives • Reduce User Travel Time 
• Reduce or Defer the Need to Increase Highway Vehicle Capacity 
• Improve Efficiency and Economy of Public Transit Operations 
• Reduce Fuel Consumption 
• Improve Air Quality by Reducing Air Pollution in a Corridor 

Evaluations are necessary to ensure that the 
improvements are providing the desired 
benefits and that the expenditure of public 
funds is justified. Interest exists in the 
results of these evaluations among many 
groups, for example, transportation 
professionals, elected officials, and the 
general public. While there appears to be 
general agreement among transportation 
professionals that HOV facilities should be 
evaluated, a consensus does not exist 
regarding the most appropriate measures to 
use, the performance thresholds the 
projects should meet to be considered 
effective, or the preferred data collection 
techniques. The challenge to transportation 
professionals is to provide accurate and 
objective evaluations of HOV facilities that 
focus on key criteria and that can be easily 
understood by the different partners. 
Analyses and findings contained in several 
reports provide some guidance. <5-sJ 

DEFINE FUNCTIONAL 
REQUIREMENTS 

The functional requirements of HOV 
treatments define specific actions or 
activities that are to be performed in order to 
achieve one or more of the objectives. The 
functions should be defined independent of 
the technology to be employed in the system, 
so that the focus is on what the system is 
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designed to do rather than on how the 
system will be doing it. Table 6-4 presents 
examples of functional requirements for 
various objectives. 

Example treatments include the following: 

• HOVLanes. 

• Facilities on separate rights-of-way. 

• Long-distance HOV lanes serving 
buses, vanpools, and carpools, and 
located within or adjacent to the 
freeway right-of-way. 

• Priority Access at Ramps. 

• Terminal Facilities. 

• Preferential Parking. 

IDENTIFY AND SCREEN 
TECHNOLOGY 

It is appropriate to assess the actual 
technologies available to meet the functional 
requirements. The assessment can begin 
with the discussion of available treatments 
contained later in this module. Because of 
the high interest in HOV facilities, the 
Transportation Research Board, among 
others, frequently plans meetings to discuss 
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Table 6-3. Suggested Objectives and Measures of Effectiveness for HOV Facilities. <
6

> 

I O~jective I Measures of Effectiveness I 
hnprove the capability of a • Actual and percent increase in the person 
congested freeway corridor to move movement efficiency 
more people by increasing the • . Actual and percent increase in average vehicle 
number of persons per vehicle occupancy rate 

• Actual and percent increase in carpools and 
vanpools 

• Actual and percent increase in bus riders 

Increase the operating efficiency of • Improvement in·vehicle productivity (operating 
bus service in the freeway corridor cost per vehicle-mile, operating cost per 

passenger, operating cost per passenger mile) 
• Improved bus schedule adherence (on-time 

perlormance) 
• Improved bus safety (accident rates) 

Provide travel time savings and a • The peak-period, peak-direction travel time in the 
more reliable trip time to HOVs HOV lane(s) should be less than the travel time in 
utilizing the HOV facility adjacent freeway lanes 

• Increase in travel time reliability for vehicles 
using HOV lane(s) 

Favorable impacts on air quality and • Reduction in emissions 
energy consumption • Reduction in total fuel consumption 

• Reduction in the growth of vehicle miles of travel 
(VMT) and vehicle hours of travel 

Increase the per lane efficiency of • Improvement in the peak-hour per lane efficiency 
the total freeway facility of the total facility 

Not unduly impact the operation of • The level of service in the freeway mainlanes 
the freeway mainlanes should not decline 

Be safe and not unduly impact the • Number and severity of accidents for HOV and 
safety of the freeway general freeway lanes 
purpose mainlanes • Accident rate per million vehicle miles of travel 

• Accident rate per million passenger miles of 
travel 

Have public support • Support for the facility among users, non-users, 
general public, and policy makers 

• Violation rates (percent of vehicles not meeting 
the occupancy requirement) 

Be a cost-effective transportation • Benefit-cost ratio 
improvement 
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Table 6-4. Examples of Functional Requirements for HOV Treatments. 

O~jective 

Improve the capability of a congested freeway 
corridor to move more people by increasing 
the number of persons per vehicle 

Provide travel time savings and a more 
reliable trip time to HOV s utilizing the HOV 
facility 

Have public support 

the benefits, challenges, and other aspects of 
HOV treatments. Publications from these 
sources can provide additional information on 
treatments. 

Factors that should be considered at this stage 
include cost ( construction, operation, 
maintenance, replacement, etc.), operations 
and maintenance requirements, and personnel, 
equipment, and facility needs.. The process for 
identifying and screening different 
technologies for inclusion in a freeway 
management system is often iterative, because 
there are multiple ways that different 
technologies can be combined to achieve an 
objective. For example, decisions made about 
an HOV treatment can influence decisions 
made about surveillance techniques. 

System Planning 

In order for HOV systems and facilities to be 
properly integrated within the freeway system, 
system planning needs to occur at all levels, 
including strategic planning, long-range 
system planning, short-range planning, and 
service or operations planning. At the 
strategic planning level, freeway and transit 
agencies need to determine their roles, 
missions, and types of HOV services they 
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Functions 

To support the HOV facilities, assist in the 
development of ridesharing programs 

Design facility so that incidents are 
appropriately handled (e.g., quick 
identification and removal) 

Involve public at appropriate stages during 
the process. 
Develop and execute a public relations 
campaign 

want to provide in a metropolitan area. 
(This type of activity is discussed in detail 
in Module 2.) Through the long-range 
planning process, agencies can ensure that 
HOV facilities and services are 
incorporated into the future design of 
freeway systems and that funding for 
capital-intensive facilities are programmed 
into area transportation improvement 
plans. The short-range planning process 
can be used to assess administrative, 
funding, and service changes that need to 
occur usually within a 5-year period. 
Service or operations planning is an 
ongoing activity--0ften on a route or 
corridor basis- and is intended to identify 
improvements to improve service 
efficiency and effectiveness of HOV 
facilities. 

Figure 6-2 illustrates a system planning 
methodology that can be used to identify 
HOV alternatives designed to service 
peak-hour person demand at the lowest 
total cost to the public, while at the same 
time, providing system continuity.<8

l The 
public costs have been identified as travel 
delay, construction and right-of-way, and 
operation costs of the facilities. The 
methodology also recognizes that some 
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Figure 6-2. Multimodal System Planning Technique-Steps in the Process.<8l 
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motorists will change their mode of travel 
when given the opportunity to avoid 
congestion, resulting in more transit and 
carpool use. The methodology can be 
summarized in the following steps, which 
begin with corridor and system concerns, 
become more specific, and conclude with a 
system-level assessment of the results: 

• Identify constraints in the corridor and 
the system. 

• Estimate demand. 

• Test alternatives for corridors. 

• Examine results of individual corridors 
for system consistency and adjust 
improvements. 

The methodology includes consideration of 
facilities such as parallel urban rail transit 
and toll highways, high-occupancy vehicle 
lanes, express freeway lanes, and general 
freeway lanes. Tue process can also 
incorporate operational and travel demand 
management improvements. 

The multimodal system planning process 
includes a spreadsheet-based analytical 
procedure and several considerations before 
and after the spreadsheet operation. The 
technique generally follows an inside­
outside geographic arrangement. System 
constraints (usually most frequent near 
downtowns) are initially identified. 
Individual corridors are analyzed and the 
alternatives optimized, possibly for several 
factors. The corridors are brought together 
on a system map, and the match points 
harmonized. 

The system planning methodology provides 
information to quantify decisions regarding 
the most efficient expenditure of 
transportation funds for a multimodal 
system. It includes operational experience in 
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the framework and provides a balance in 
difficult concepts such as congestion level 
and mode shift to ridesharing alternatives. It 
can optimize transportation systems based 
on the lowest cost to the public and also 
optimize within agency construction and 
operation budgets. The spreadsheet-based 
analytical program is open to user 
assumptions, and all default values are 
supported by documentation. 

In practice, the outcomes of the corridor 
analyses vary depending on travel demand. 
Low demand corridors (less than 150,000 
daily trips) where little or no construction is 
warranted are usually optimized with 
freeway general purpose lanes. Moderate 
demand corridors (up to 200,000 daily trips) 
may require some limited access express 
lanes, but the lowest public cost is usually 
achieved with only general purpose 
improvements. High demand corridors (in 
excess of 200,000 daily trips) are usually 
most efficient with a combination of HOV 
lane and freeway improvements. 

IMPLEMENTATION 

A natural result of the system engineering 
approach is the implementation of the plan. 
Issues that could be of concern with the 
implementation of an HOV treatment include 
the following:<51 

• Scheduling. If the HOV project is a 
retrofit, implementation scheduling can 
be complicated by a variety of 
unknowns, generally related to the 
policies and procedures of the various 
agencies involved. If the project 
requires daily monitoring (e.g., 
contraflow or reversible-flow 
operations), an additional 1 to 3 weeks 
following construction completion 
should be included for pre-operation 
testing. 
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• Design/Construction Packaging. 
Proper packaging of the project design 
can affect quality and cost. There are 
various reasons to segregate a project's 
elements into multiple design and 
construction packages. If the package is 
too large, competitiveness is reduced in 
the construction bidding process. If the 
improvement represents substantially 
different construction trades (i.e., 
roadway work versus electronic 
surveillance), it may also make sense to 
segregate the improvements to achieve 
the best responsiveness and quality of 
work. Conversely, it makes sense in 
projects involving HOV and adjacent 
freeway improvements, to combine 
common elements of work into the same 
construction packages. Tiris simplifies 
construction management on the job site. 

• HOV Operation During Construction. 
One of the most effective methods of 
cultivating an early market for an HOV 
project is to start offering preferential 
treatment during the construction phase. 
Additionally, this approach can be a 
cornerstone of the traffic management 
plan aimed at preserving corridor flow 
during construction activities. These 
benefits often outweigh the 
complications this approach creates for 
contractors and throughout the 
construction period. 

• Pre-Operation Testing. Some pre­
operation testing is desirable for any 
HOV facility. This period allows police 
to refine enforcement strategies and the 
operations team to make minor 
adjustments in the facility design prior to 
operation. For reversible-flow or 
contraflow projects, pre-operation 
testing is essential. At least 1 to 3 weeks 
is needed to check out any of the 
automated features that will be changed 
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on a daily basis and acquaint bus 
operators, deployment staff, police, and 
others with how to handle daily 
operation, maintenance, and 
emergencies. 

• Operation. Opening of a project should 
be preceded by significant public 
awareness efforts. Target users should 
be provided information on how to take 
advantage of the project, including maps, 
rules and regulations for use, and 
instructions on how to react in an 
emergency. 

Prior to opening the facility to traffic, a plan 
must be devised for enforcing the restrictions 
on the facility. The plan should include how 
often, how long, and where enforcement 
activities should be performed. 

EVALUATION 

The final step in the design process is to 
evaluate the effectiveness of the HOV 
treatment. This should not be considered a 
one-time activity, but should be part of a 
periodic review of the effectiveness of the 
component and of the overall system. In 
addition to providing information to the 
sponsoring agencies on the effectiveness of 
the treatment( s ), the information would be 
helpful in communicating the effectiveness of 
the project to the public and enhancing a 
general understanding of the role that the 
HOV project has performed. 

Table 6-5 provides an overview of suggested 
objectives, data collection efforts, and 
corresponding measures of effectiveness for 
evaluating HOV facilities. The source of the 
information in this table contains an 
approach for conducting evaluations of 
freeway HOV facilities, including 
identification of appropriate evaluation 
objectives, corresponding measures of 
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Table 6-5. Suggested Objectives, Data Collection Efforts, and Measures of Effectiveness for Evaluating HOV Facilities. C6) 

Objective Yeh. & Occup. Counts Travel Time Runs Surveys (1) Corresponding Measure of Effectiveness (MOEs) (3) 

Freeway HOV Lane Freeway HOV Lane Freeway HOV Lane Other 
(2) (2) 

Increase * * ** ** ** (4) Percent increase in peak-hour, peak-direction person volume; 
occupancy increase in average vehicle occupancy; and modal shift 

Cost ** * * * Benefit-to-cost ratio 
effective 

Travel time * * ** ** **(5) Amount of travel time saving by HOV users; reliability of trip 
savings time for HOV users 

Public ** * * **(6) Percent of users, non-users, and general public who approve 
Support of HOV facility; violation rates 

Energy and * * * * ** ** **(7) Reduction in CO, HC, and NO emissions; reduction in 
air energy consumption and noise level 

Freeway * * ** Increase in peak-hour per lane efficiency of freeway 
operations 

Safety ** ** *(8) Number and severity of accidents; accident rate per million 
vehicle miles of travel and per million passenger miles of 
travel 

* Indicates the top priority data collection efforts needed to evaluate the objectives. 
** Indicates data collection efforts which ideally should be conducted, but are not absolutely necessary to evaluate the objectives. 
1 Involves periodic use of surveys of HOV users (bus riders, carpoolers, and vanpoolers), non-HOV users in the general traffic lanes, and in some cases, the general public. 
2 It is strongly suggested that this data be collected for both the freeway lanes adjacent to the HOV facility and the control freeway. 
3 Some, but not necessarily all, of the suggested MO Es associated with gauging the attainment of the objectives are shown. 
4 Vehicle and occupancy counts on alternate arterial routes to identify any changes in throughput for the corridor, counts at park-and-ride lots, and vehicle and occupancy counts on a 

"control" freeway. 
5 Monitoring bus on-time performance and schedule adherence before-and-after implementation of the HOV lane(s). 
6 Identifying violation rates for the HOV lane (i.e., those vehicles not meeting the minimum occupancy requirement). Monitoring complaints, media, and policy actions. 
7 Monitoring air quality and noise levels along the corridor. 
8 Identifying freeway accident rates and types before-and-after implementation of the HOV lane(s), as well as obtaining accident rates on the HOV facility. 
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effectiveness, data collection methodologies, 
and an evaluation process. C6J 

6.3 TECHNIQUES AND 
TECHNOLOGIES 

HOV FACILITIES 

There are essentially four different types of 
high-occupancy vehicle (HOV) facilities 
used on freeways. 

• Exclusive HOV Facility - Separate 
Right-of-Way. A roadway or lane(s) 
developed in a separate and distinct 
right-of-way and designated for the 
exclusive use of HOVs (see figure 6-3). 

• Exclusive HOV Facility - Freeway 
Right-of-Way. Roadways or lanes built 
within the freeway right-of-way which 
are physically separated from the other 
freeway lanes but reserved for exclusive 
use by HOVs, at least during portions of 
the day (see figure 6-4). 

• Concurrent Flow Lane. A freeway lane 
in the peak direction of flow (normally 
the inside lane) that is not physically 
separated from the other freeway lanes 

• 

but is designated for use by HOVs at 
least for a portion of the day (see figure 
6-5). 

Contraflow Lane. A freeway lane in the 
off-peak direction of flow (normally 
adjacent to the median) that is 
designated for use by HOVs traveling in 
the direction of peak flow for at least a 
portion of the day. Normally, the 
contraflow lane is "separated" from the 
off-peak ( or opposite) flow by insertable 
cones, pylons (see figure 6-6), or 
movable concrete barriers. 

Operational Considerations 

The importance of incorporating operational 
considerations into both the planning and 
design process for HOV facilities cannot be 
overstated. The operation of an HOV 
facility is critical and should be considered 
when making planning, design, and 
implementation decisions. Also, 
consideration must be given to a range of 
needs involving support services and 
facilities, such as park-and-ride lots, bus 
service planning, marketing rideshare 
matching, and enforcement. Following is a 
summary of several operational 
considerations as discussed in the AASHTO 
Guide.<101 

Figure 6-3. Examples of Exclusive HOV Facility- Separate Right-of-Way. (9l 
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Figure 6-4. Examples of Exclusive HOV Facility- Freeway Right-of-Way. c9i 

Figure 6-5. Examples of Concurrent Flow Lane. <91 
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Figure 6-6. Examples of Contraflow Lanes. <9) 

HOV Roadway Operations 

The operation of separated HOV roadways 
may be reversible or two-way. The facility 
can be restricted to HOV s during peak 
periods only or throughout the day. The 
latter is less expensive to sign and operate. 
Limiting access to a reversible HOV facility 
is crucial if the facility is to be operated in a 
safe and efficient manner. A system of gates 
should be considered at each end to prevent 
wrong-way traffic from entering the facility. 
In addition to these features, this type of 
facility should also have a system of variable 
message signs (VMS) which inform 
commuters as to the operational status of the 
facility (open or closed). 

Operating Efflciency 

The reduction of user travel time is the 
commonly used measure for assessing the 
benefits of HOV facility operation. A 
vehicle breakdown on an HOV facility can 
be anticipated to occur approximately every 
64,000 vehicle-kilometers (40,000 vehicle­
miles) traveled. A disabled vehicle will 
cause a decrease in traveling speeds or, in 
extreme cases, a total blockage of the 
facility. Figure 6-7 illustrates the 
consequences of a 15-minute total blockage 
on an HOV facility on a separated roadway 
having a demand of 6,000 persons per hour 
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and a capacity of 12,000 persons per hour. 
As shown, the 15-minute blockage causes 
22,500 person-minutes of delay, and it will 
take 30 minutes from the time of blockage 
until the queue totally dissipates. 

Considerations for 2+ Versus 3+ 
Occupancy Requirement 

HOV facilities should be implemented in a 
way that balances the flexibility of HOV 
growth and the public perception as to the 
use of a facility. An initial minimum vehicle 
occupancy requirement must be selected to 
optimize the efficiency of the facility. The 
selection must allow for growth in traffic 
volumes as more commuters choose to 
switch to carpooling arrangements and take 
advantage of the travel time and fuel savings. 
Title 23 United States Code 102(A) allows 
State departments of transportation to 
establish the minimum occupancy 
requirements for vehicles operating on HOV 
lanes; except that no fewer than two 
occupants per vehicle may be required and 
that motorcycles and bicycles shall not be 
considered single occupant vehicles. 

Retaining the potential to carry more people 
over time offers important operational 
flexibility. At the same time, though, public 
perception of the adequacy of HOV lane 
usage must also be addressed. Peak hour 
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Figure 6-7. Example of Delay on an HOV Facility Due to a Total Blockage 
Incident. <10J 

HOV traffic volumes need to be high enough 
to help mitigate public concerns over 
underutilization of HOV facilities. The 
positive aspect of 2+ eligibility is that a 
staged resource of commitment to 
ridesharing is being established. Less work 
is involved in forming a 2+ carpool versus a 
3+ carpool, and the base volume to draw 
from is considerably greater. There may be 
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less eventual resistance to adding a third 
passenger than to forming an initial 3+ 
carpool. 

Subsequent changes m occupancy 
requirements need to be weighed with 
projected future demand. To go from 2+ to 
3+ occupancy could reduce vehicular 
demand by as much as 75 to 85 percent. 
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This could be severe if only a 10 to 20 
percent reduction in demand is necessary for 
the near future. A new HOV 3+ lane 
typically may cany only a few hundred peak­
hour vehicles, while an adjacent freeway lane 
is carrying 1500 to 2000 peak-hour vehicles. 
Even though the HOV lane may be carrying 
more peak-hour person trips than an 
adjacent freeway lane, the traveling public 
may perceive the lane to be underutilized. 
Consideration should be given to changing 
from 2+ to 3+ occupancy when the level of 
service of the HOV lane is approaching 
Level of Service D. 

fu other words, the flexibility to change 
occupancy requirements is a strong 
operational management tool. However, 
changing these requirements frequently or 
varying the requirement by time of day may 
create enforcement problems and public 
resistance. 

~ours of Operations 

An HOV facility may be operated only 
during peak periods only or for 24 hours. A 
number of factors, including geometric 
design, volumes of HOV and mixed-flow 
traffic, and hours of congestion will 
influence HOV operating hours. 

Twenty-four hour HOV use of priority 
facilities is sometimes preferred, because 
violations tend to be lower and there is less 
motorist confusion. Also, 24-hour use may 
provide a greater overall incentive for the 
formation of new carpools. Some HOV 
facilities, such as reversible lanes, may not be 
conducive to 24-hour operation. The hours 
of operation for reversible facilities must 
allow time for a variety of necessary 
functions, such as clearing the lane, moving 
gates, and changing signing. 

Part-time use of a shoulder as an HOV 
facility should be implemented only after 
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careful consideration of operational and 
safety problems. The shoulder HOV facility 
differs from a part-time HOV lane that 
reverts to mixed-flow use during off-peak 
periods. The shoulder facility requires 
special delineation and signing, and involves 
separate enforcement problems for both 
peak and off-peak periods. Motorists may 
tend to use the shoulder as a freeway lane 
during off-peak hours when it should be 
used as a shoulder. 

Design Elements 

Design Speed 

A purpose of HOV facilities is to provide a 
travel time savings for HOVs. Therefore, it 
is preferable to use a design speed for the 
HOV facility that is comparable to the 
adjoining freeway. AASHTO freeway 
standards for design speed should be used to 
provide for a high level of service. The 
design of the facility should consider the 
specific physical dimensions and operating 
characteristics of the vehicle types that are 
expected to be well represented in the 
vehicle mix. For example, the difference in 
braking and acceleration characteristics may 
suggest a different roadway geometry than 
just using passenger cars. 

Cross Section Width 

Following is a summary of dimensions used 
in the design of transit ways.<1 1

) The 
preferred cross section for single lane at­
grade, one-way transitways is a 3.6-m (12-
ft) travel mainlane and 1.5-m (5-ft) clearance 
offsets (shoulders), while the usual cross 
section is 3.6-m (12-ft) travel mainlane and 
1.143-m (3.75-ft) clearance offsets 
(shoulders). A total minimum width of 
6.1 m (20 ft) is recommended for single-lane 
facilities, as this will allow a disabled vehicle 
to be passed. Reduced cross sections do not 



provide the passing capability, and therefore 
are recommended only for short sections, 
approximately 610 m (2000 ft) or less, that 
involve physical constrictionsY 2

l For 
multiple lane at-grade, two-way facilities, 
the travel mainlanes are 3.6 m (12 ft), the 
center shoulder separations are 3.0 m (10 ft), 
and the clearance offsets are 0.6 m (2 ft). 

HOV lanes should have a minimum 
pavement width of 3.6 m (12 ft). The 
pavement should be widened through 
horizontal curves to account for the 
offtracking of buses. A minimum width of 
4.0 m (13 ft) is recommended for HOV 
ramps. The typical cross slope for a 
transitway is two percent, the same cross 
slope found on most freeway mainlanes. 

To allow water to drain, a minimum grade of 
0.35 percent should be provided. A 
maximum grade of 6 percent is 
recommended to prevent buses from slowing 
down on the HOV lane. The desirable 
superelevation is 0.04 to 0.06 for speeds of 
64 to 80 km/h (40 to 50 mph) and 0.06 to 
0.08 for speeds of 80 to 97 km/h (50 to 60 
mph). Vertical clearances are 4.42 m (14.5 
ft) minimum and 5.03 m (16.5 ft) desirable, 
while lateral clearances are 0.6 m (2 ft) 
minimum and 2.4 m (8 ft) desirable. 

VerdcalClearance 

Vertical clearance to structures passing over 
the HOV facility should desirably be the 
same as for the adjacent freeway at 5.03 m 
(16.5 ft). While this is more than sufficient 
allowance for the maximum height of a 
standard transit bus at 3.429 rn (11.25 ft) 
(double-deck bus is 4.32 m [14.2 ft]), it does 
allow for the possibility of emergency use or 
for future use of other types of vehicles, 
including large commercial trucks. In 
situations of restricted vertical clearance, a 
reduced (usual) clearance of 4.42 m (14.5 ft) 
is generally acceptable. This includes some 
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allowance in vehicle operation and future 
pavement resurfacing.<4

l 

Signs and Markings 

Signs and markings should conform to the 
Manual on Uniform Traflic Control Devices 
(MUTCD) to the fullest extent possible.<13l 

Preferential lane markings should be used to 
indicate that the lanes are restricted, with 
supplemental signs or signals conveying the 
specific restrictions. At the entrance to 
reversible facilities, particular attention must 
be paid to the control devices. In addition to 
static signs, variable message signs may be 
necessary. These should be supplemented 
with gates or barriers to further prevent 
entry by vehicles going in the wrong 
direction or to allow only authorized 
vehicles by special designation to enter the 
facility. 

Signs. Regulatory signing for HOV lanes 
should follow the standard regulatory 
signing principles (e.g., black legend on 
white background, rectangular shape, and 
reflectorized or illuminated). The diamond 
symbol (white on black background) should 
be incorporated into the sign format. Guide 
signing may be necessary on HOV lanes that 
have designated ingress, ingress/egress, or 
egress points to inform the motorist of the 
appropriate HOV lane entry or exit point to 
use. The guide signing should follow the 
standard guide signing of the MUTCD. The 
diamond symbol should also be incorporated 
into the sign format, preferably in the upper 
left corner of the sign. 

Figure 6-8 gives sample signing and 
pavement markings for HOV lanes used by 
Caltrans, along with some general 
applications criteria. 

Markings. When a lane is assigned full- or 
part-time HOV use, HOV lane markings are 
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necessary. The HOV lane marking should 
be an elongated diamond placed along the 
longitudinal center of each restricted lane 
(see figure 6-8). The marking is intended to 
convey that a restriction on the use of the 
lane exists, and it is supplemental to the 
signs or signals conveying the specific 
restriction. Signs or signals should be used 
with the HOV lane markings.°0

l 

The frequency with which the marking is 
placed is a matter for engineering judgement 
based on prevailing speed, distance between 
interchanges and other considerations 
necessary to adequately communicate with 
the driver. A spacing of 0.40 km (0.25 mi) 
would be appropriate for most freeway 
situations, except on crest vertical curves 
where a shorter spacing should be used. 
Initially, the markings "CAR" "POOL" 
"LANE" may be painted between the 
diamond symbols on new projects to 
supplement, but not substitute for, the HOV 
lane markings. The word markings should 
then be allowed to wear out once drivers 
become familiar with the facility.(10) 

The striping pattern for the lane line between 
the HOV lane and the adjacent mixed-flow 
lane should be in accordance with the 
MUTCD. o3

l Typical HOV lane striping and 
pavement marking schemes are shown in 
figure 6-9. This figure also provides 
examples of signing appropriate for 
concurrent HOV lanes. 

Enforcement 

Goals and Objectives 

An objective of enforcement by police 
officers on HOV facilities is to maintain the 
operational integrity and safety of the facility 
for those high occupancy vehicles designated 
or authorized to use it. In this regard, 
detection and apprehension of violators, and 
effective prosecution of violators, are 

6-25 

Module 6. HOV Treatments 

essential. Therefore, law enforcement 
personnel with full capability to issue 
citations must be employed on HOV 
facilities. In addition, police officers help 
ensure the safe and efficient operation of the 
facility. Depending on the type of facility 
and priority users, the potential safety and 
operational problems caused by vehicle 
breakdowns, wrong way movements and/or 
other vehicles' encroachments into the HOV 
facility may have an adverse impact on 
operations and must be a concern of the 
enforcement authority. 

Table 6-6 summarizes selected goals and 
objectives of enforcement personnel, as well 
as strategies for implementation and 
measures of effectiveness. 

A 1988 Texas Transportation Institute study 
of the enforcement procedures for HOV 
lanes determined the following key concepts 
related to effective HOV enforcement: 0 4l 

• The level of enforcement needed is 
dependent upon facility type. In general, 
concurrent flow facilities require more 
enforcement than do separated roadway 
and contraflow facilities. 

• To be effective, an officer must have a 
safe and convenient place to issue 
citations or warnings. The enforcement 
activity should be in view of HOV users 
so that they can see when the lane 
restrictions are being enforced; however, 
it should not interfere with traffic on the 
HOV and mixed-flow lanes. 

• To preclude high violation rates, a highly 
visible enforcement presence has to be 
maintained at a level where potential 
violators and legitimate users believe 
that violators have little chance to use 
the lane without getting caught. 
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Table 6-6. Goals and Objectives of Enforcement Personnel. 

Goal Objectives 

Maintain Help minimize delay 
operational 
integrity 

Minimize violation 
rates 

Maintain safe Minimize accidents 
operation 

Help minimize incident 
response and clearance 
times 

• On limited access facilities, diverting 
potential violators before they can 
traverse some part of an HOV lane can 
be safer and more efficient than 
apprehending them after the fact. 
Whenever possible, enforcement areas 
should incorporate this concept. 

Methods 

Where enforcement is difficult to 
accomplish, or perceived as being unsafe, 
police may avoid apprehending violators, 
resulting in increasing numbers of illegal 
vehicles using the lane. Where enforcement 
has been a problem, 60 percent or more of 
the vehicles that used the lanes were 
violators. Experience suggests that steady 
doses of routine enforcement, combined with 
moderate application of special enforcement, 

Strategies Measures of 
Effectiveness 

Strict enforcement of Violations 
occupancy require-
ments 

Clear communication Violation rates 
of nature of facility 

High visibility of Travel times 
enforcement officers 

Swift, safe removal of 
violators 

Strict enforcement of Accidents 
operating rules 

Clear communication Accident rates 
of nature of facility 

Swift, safe removal of Incident response 
violators and clearance times 
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can generally keep violation rates on 
exclusive HOV facilities in the 5 to 10 
percent range. Heavy, consistent doses of 
special enforcement would be necessary to 
have violation rates below 5 percent. There 
are locations where no amount of 
enforcement can bring violation rates to an 
acceptable level.00l 

In some metropolitan areas, programs have 
been initiated where motorists can call in to 
report HOV facility violators. Appropriate 
literature is sent to frequent violators, and 
enforcement personnel can make a point of 
watching for these vehicles in the HOV lane. 
These "so called" HERO programs have 
been helpful in reducing violation rates. 
Also, a system of video cameras combined 
with officer observation may be considered. 
Another factor that will have a positive 
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impact on the violation rate is the cost of the 
fine for a violation. Fines exceeding $250 
for first offenders have been used, 
significantly lowering the violation rate. 

Enforcement Area Design 

When totally new concurrent HOV facilities 
are to be built and there is adequate width 
for a median 9 m (30 ft) or wider, 
consideration should be given to providing a 
4.3-m (14-ft), paved median shoulder in both 
directions as a continuous enforcement area. 
When facilities are operating at high speeds 
(81 km/h (50 mi/h) or above), enforcement 
officers are uncomfortable having to stop 
and approach another stopped vehicle in less 
width than this.c10J 

On other facilities where the median width is 
less than 9.2 km/h (30 ft) but equal to or 
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greater than 6.7 m (22 ft) wide, it is possible 
to accommodate enforcement pockets by 
narrowing the median shoulder on 
alternating sides of the center barrier, which 
permits on-line enforcement. Figure 6-10 
shows possible designs for enforcement 
areas. Closely spaced raised pavement 
markers could be used to provide added 
delineation between the enforcement area 
and the HOV lane in order to improve safety 
of the enforcement area. California, for 
example, uses raised pavement markers 
spaced out at 1.8 m (6 ft) along the edgeline 
to provide an audible warning to those 
entering the enforcement area.<10l 

Where the median width is less than 6.7 m 
(22 ft) and enforcement pockets are 
required, it will be necessary to shift, in one 
or both directions of travel, away from the 
centerline in order to obtain the minimum 



width to accommodate a minimum 4.3-m 
(14-ft) wide pocket, 0.6-m (2-ft) barrier, and 
0.9-m (3-ft) offset to the barrier from the 
opposing HOV lane. Tapers for lane shifts 
should be 115: 1 or greater. Conceptual 
design is shown on figure 6-11. 

Pockets should be no more than 3.2 to 4.8 
km (2 to 3 mi) apart, and should be located 
between interchanges to avoid interference 
from interchange structures and also to 
minimize both the distraction to other drivers 
and the lane changes talcing place at any one 
time. Pockets should be located to provide 
minimum sight distance requirements.ci •) 

ACCESS 

Ramp Connections 

Types of ramp connections to HOV facilities 
include the following: 

• Slip Ramps - The at-grade slip ramps 
are the easiest and least expensive to 
build. An opening large enough for 
normal merge/diverge maneuvers is 
placed in the barrier. This type of ramp 
is usually from a park-and-ride lot to the 
frontage road, the freeway, or the HOV 
lane (see figure 6-12). Elevated slip 
ramps are also used in some locations 
(see figure 6-13). 

• Flyover Ramps - The second type of 
park-and-ride connection is the flyover 
ramp (see figure 6-14). This ramp 
resembles an elevated freeway ramp, 
except that flyover ramps can be either 
one- or two-way. The elevated flyover 
ramp is directly connected from the 
park-and-ride lot to the HOV lane. 
Because the flyover ramp does not 
create a tee intersection, fewer conflict 
points exist. 
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• Grade Separated Interchanges - Grade 
separated interchanges are more 
expensive than at-grade ramps, but they 
provide greater flexibility and movement. 
They are basically aerial tee intersections 
that can be either one or two directional 
(see figure 6-15). Acceleration and 
deceleration lanes should be included. 
Grade separated interchanges allow 
vehicles to travel directly from the park­
and-ride facility to the HOV lane. 

Design 

The design of access connections depends 
on the decision of how to interface high 
occupancy vehicles with general purpose 
vehicles on and off the freeway.<1°) Several 
options are available. One option is to 
connect the HOV facility directly to the 
freeway with the use of elevated flyover 
ramps or at-grade slip ramps. Another 
option is to link the HOV facility directly to 
the frontage road or surface street system. 
Of course, transition treatments must be 
provided in some manner at both ends of the 
roadway. 

If feasible, the terminal connections to HOV 
facilities from the adjacent freeway mainline 
should be made with flyover ramps at both 
terminal end connections. This allows buses 
and other vehicles using the HOV facilities 
to exit and enter the freeway mainline on the 
right instead of having to enter the inner high 
speed lanes. This eliminates the high-speed 
lane merge, which is inherently more difficult 
to execute, especially for HOV traffic such 
as buses and vans. Depending on the 
interchange spacing, it could also eliminate 
the need for the HOVs to make several rapid 
lane changes in order to access the HOV 
lane or exit the freeway. 
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Figure 6-12. Slip Ramp. <9l Figure 6-13. Elevated Slip Ramp. <9l 
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Figure 6-14. Flyover Ramp.<9l 

Figure 6-16 shows typical flyover ramps 
connecting the HOV lanes to the righthand 
lanes of the freeway mainline. Where limited 
right-of-way and/or high costs prohibit the 
use of elevated flyover ramps, at-grade slip 
ramps can be used. At-grade slip ramps are 
also appropriate where the HOV facilities 
are reversible. This type of slip ramps 
terminal is particularly applicable to 
temporary or phased HOV lane 
implementation. Figure 6-17 illustrates the 
general concept of how an HOV facility with 
slip ramps can be incorporated into the 
freeway median. Since the HOV lanes 
shown are reversible, signing and/or barriers 
will be required to eliminate the wrong-way 
entry or exit. If traffic patterns warrant, 
separated HOV facilities should tie in to the 
existing street system within the central 
business district. 

Direct ramps from a median HOV facility 
may be expensive and result in operational 
problems. However, they are preferable to 
merging HOV traffic with other freeway 
traffic in advance of the central business 
district, provided conditions pemrit. This 
concept is shown in figure 6-18 with 
connections into surface streets. It may also 
be desirable to connect the HOV facility to 
the through lanes of the freeway to provide 
for the through movement motorist. From 
outer areas, connections may be provided 
into freeway frontage roads for either 
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Figure 6-15. Grade Separated 
Interchange. <9l 

collection or distribution of high-occupancy 
vehicles. Figure 6-19 illustrates the use of 
HOV flyover ramps to the freeway frontage 
roads. Where the HOV lanes are reversible, 
signing and/or barriers will be required to 
eliminate the wrong-way entry. 

Intermediate connections to the HOV facility 
allow access on and off the facility to the 
through lanes of the freeway at critical 
locations, transit transfer centers, park-and­
ride lots, and park-and-pool areas. These 
connections may be made at-grade with 
intermediate slip ramp openings or by grade 
separated interchanges. 

All terminal and intermediate access 
connections should have high design 
standards. Tapers on entrance and exit 
ramps should be designed the same as for 
other freeway ramps, except that special 
consideration should be given to the 
acceleration and deceleration characteristics 
of loaded buses. This is especially critical 
where ramp grades are significant. Very 
long, gradual tapers should be avoided on 
exit ramps, as traffic may inadvertently 
follow the taper, assuming it is the main 
roadway. Ramps that connect to adjacent 
facilities or to cross streets should be 
designed to the same standards as 
comparable facilities that connect freeways 
to cross roads. 
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Ramps are generally designed for speeds 
between O and 64 km/h (0 and 40 rni/h). 
Acceleration and deceleration lanes should 
be used for all types of HOV ramps. A 
minimum width of 4.0 m 13 ft) is 
recommended for HOV ramps. The 
minimum grade is the same as on the HOV 
lane, 0.35 percent; the maximum grade, 
however, is 8 percent.0 1

) Additional 
information is provided in the latest edition 
of the Green Book. <15J 

PRIORITY ACCESS 

Ramp Metering 

Ramp meters are installed on freeway 
entrance ramps to do the following: 

• Maintain uninterrupted, noncongested 
flow. 

• Increase safety and efficiency by 
spreading out platoons of entering 
vehicles. 

• Reduce congestion at the mainline ramp 
merge point. 

• Limit amount of traffic entering the 
freeway so that demand for any section 
does not exceed capacity. 

Ramp metering accomplishes these 
objectives by means of traffic signals on the 
entrance ramps that control the rate at which 
vehicles enter the freeway to maintain a 
balanced demand-capacity relationship. 
Usually, the rate of entry to the freeway is 
adjusted in response to the level of 
congestion or capacity available on the 
freeway. As freeway congestion increases, 
the rate at which vehicles are allowed to 
enter the freeway decreases. Also, excess 
freeway vehicular demand is encouraged to 
shift to alternative routes, to less congested 
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time periods, or to HOV modes of 
transportation. 

Ramp metering provides an opportunity to 
give priority treatment to, and encourage the 
use of, HOV s. This priority treatment can 
be in the form of a bypass of the meter or a 

preferential metering rate as compared with 
that of the general purpose ramp-metered 
lane. These treatments can be used in 
conjunction with mainline HOV lanes or 
where a freeway management system 
maintains an acceptable level of service and 
no HOV lanes are provided. 

These bypass lanes can be restricted to buses 
only or can be made available to all HOV s. 
The decision on eligibility for use of the 
bypass should depend on the goals of the 
community, the number and types of vehicles 
that will use the bypass, and geometric 
conditions at the site affecting enforcement 
and operation of the ramp. 

Bypass Lanes 

The configuration of an HOV bypass lane 
can be that of a two-lane entrance ramp 
which tapers to a single-lane ramp prior to 
the merge with the freeway mainline, or a 
separate HOV bypass lane which merges 
with the entrance ramp downstream of the 
ramp meter. Figure 6-20 shows an example 
of the two-lane entrance ramp bypass. 

The design of the ramp meter bypass should 
be determined by the conditions at each 
location. Bypasses should be 3.7 m (12 ft) 
wide with full ramp shoulders where 
possible, and should extend 91 m (300 ft) 
beyond the metering signal to permit HOVs 
to merge with normal ramp traffic. The 
ramp bypass traffic should merge first with 
regular ramp traffic, and then with freeway 
traffic.00l 



Figure 6-20. Two-Lane Entrance 
Ramp with HOV Bypass. <

9l 

Signs 

For the two-lane entrance where one lane is 
designed as an HOV bypass lane, signs and 
pavement markings need to indicate the use 
of the right or left lane as the bypass lane. 
Such regulatory signs typically bear the 
legend "RIGHT/LEFT LANE BUSES AND 
CARPOOLS ONLY," and have the diamond 
symbol on the sign. The diamond symbol is 
also used as a pavement marking in the 
bypass lane. If a separate HOV bypass lane 
is constructed, the entrance to the bypass 
lane often has a sign installed reading 
"BUSES AND CARPOOLS ONLY," and 
the white-on-black diamond symbol. 

Markings 

Pavement markings have three major 
functions in a ramp metering HOV bypass 
installation: 

• Indicate to drivers where to stop. 

• Guide vehicles to form a single lane if 
the ramp begins as two lanes and tapers 
to one. 

• Indicate the HOV bypass lane. 

Ramp meter bypasses may be separated from 
the mixed-use lane by solid white pavement 
markings 20 cm (8 in) wide or wider. 
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Diamond symbols should be used at 23 to 31 
m (75 to 100 ft) intervals. Word pavement 
markings such as "CARPOOL ONLY", or 
"BUS ONLY" can also be used as 
appropriate and should be supplemented 
with signs.<101 

PARK-AND-RIDE FACILITIES 

Park-and-ride facilities are an integral part of 
a multimodal transportation system. The 
purpose of these facilities is to provide a 
location for individuals to transfer from a 
low-occupancy mode of travel to a high­
occupancy mode of travel. Park-and-ride 
facilities are typically provided in 
conjunction with transit services. 

Most of the HOV facilities in operation 
around the country are connected either 
directly or indirectly to park-and-ride lots. 
For HOV lanes, transfers at park-and-ride 
lots are usually made from a vehicle to a bus; 
however, transfers may also occur from 
single-occupancy vehicles to carpools or 
vanpools. Examples of park-and-ride 
facilities used with HOV lanes are shown 
in figure 6-21. 

There are many benefits associated with the 
proper use of park-and-ride facilities, 
including the following: <

16l 

• Encouragement of use of high­
occupancy travel to maximize the 
efficiency of the transportation system. 

• Improvement in efficiency of transit 
system by providing high-density areas 
for transfers and by increasing ridership. 

• Assistance with congestion management, 
through a reduction in the number of 
single-occupancy vehicles on the 
freeway. 
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Figure 6-21. Park-and-Ride Lots with HOV Lane. <
9

) 

• Reduction in energy consumption and air 
pollution. 

The following sections provide discussions 
on locating and designing park-and-ride 
facilities. The information in these sections 
was gathered from several sources, and the 
reader is encouraged to refer to these 
sources for further information.<16

,
11

,
18l 

Location of Facilities 

Choosing the optimum location for a park -
and-ride facility involves investigating 
several factors. Factors that should be 
considered when selecting an appropriate 
location for HOV-related park-and-ride 
facilities include the following: <16l 

• Locate facilities in advance of areas 
experiencing major traffic congestion. 

• Locate facilities so that drivers have a 
direct route to the lot. 

• Orient facilities to ensure good 
accessibility and visibility. 

• Locate facilities at appropriate distances 
apart. 

• Locate at transit stations. 
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Encourage cooperation among agencies 
involved in developing and operating the 
facilities. 

The four general steps in choosing an 
optimum location for a park-and-ride facility 
include: 

• Establishing site selection criteria. 

• Identifying alternative sites. 

• Evaluating alternative sites. 

• Determining size of park-and-ride 
facility. 

Establishment of Site Selection Criteria 

During the site selection process, site 
selection criteria must be established. The 
criteria should be used both in the initial 
screening of potential sites and in the 
evaluation process. The American 
Association of State Highways and Public 
Transportation Officials (AASHTO) 
publication, Guide for the Design of Park­
and-Ride Facilities, provides the following 
descriptions for the criteria to be 
considered: 0 7l 

• Facility Development Policy. The 
park-and-ride facility development 
program may make use of publicly 



owned property, excess right of way, or 
property used with the pennission of private 

owners, that may be used for other 
parking purposes. The policy establishes 
the guidelines for the relative importance 
of each type of facility within the 
program. 

• Site Availability. The first step in the 
site selection process is the development 
of an inventory of potential sites. 

• Site Accessibility. A site must be easily 
accessible to commuters and transit 
vehicles when transit service is 
anticipated. Park-and-ride facilities that 
are inconvenient for potential users will 
not, in most cases, be well utilized and 
so should be avoided. 

• Site Visibility. Potential sites should be 
visible from their access roads. Visibility 
of park-and-ride facilities contribute to 
the recognition by passing motorists of 
their availability. Visibility of a park­
and-ride site is a deterrent to vandalism 
and an asset to the security of vehicles. 

• Projected Demand. Demand for park­
and-ride space is based on analysis of 
individual travel corridors. The 
indicated demand provides a guideline 
for the number of potential spaces and 
estimated lot size that must be identified 
within each corridor. 

• Transit Service Availability. Potential 
sites for park-and-ride facilities should 
be located along existing or potential 
transit routes. The potential for transit 
service should be considered even at 
those lots which are intended for carpool 
and van-pool users. If transit service is 
to be provided by the local transit 
agency, coordination is a very important 
element. 
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• Accessibility to HOV Facilities. Sites 
located adjacent to HOV lanes, HOV 
priority ramps or other priority facilities 
provide benefits to park-and-ride users. 
Coordination of the location of park­
and-ride facility sites with HOV facility 
development can increase the usefulness, 
demand, and efficiency of both facilities. 

• Development and Operating Costs. 
Since most park-and-ride lots do not 
collect fees, sites that can be developed 
economically are desirable. Potential 
development costs include related non­
site costs such as added traffic 
signalization or intersection 
improvement costs. Shared use of a 
private facility, church parking lot, mall, 
etc., can be a factor in development and 
operating costs. 

• Available User Benefits. Sites that 
provide users with the benefits of both 
travel time and cost savings are 
preferable to those that provide only a 
transfer opportunity. 

• Staged Construction Potential. In 
many cases, it may be desirable to test 
demand analysis accuracy before 
committing funds for larger lots or more 
permanent construction. In these cases, 
it is desirable to have a site that can be 
developed in stages to reduce resource 
commitments until space requirements 
are verified. Staged construction 
potential is also desirable when projected 
land use development is expected to 
generate additional park-and-ride 
demand. 

• Development of Sites in 
Environmentally Sensitive Areas. 
Special attention must be given to 
consideration of the placement of park-
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and-rides in areas determined to be 
especially environmentally sensitive. 

Identification of Alternative Sites 

Alternative sites for park-and-ride facilities 
can be identified using any one or a 
combination of the following 
techniques:<11·18

l 

• Office Survey. The goal is to identify 
those properties which would most 
readily be developed for parking and 
which have suitable access. 

• Field Observations. Field 
reconnaissance along travel corridors is 
the preferred method of potential site 
identification. 

• Aerial Photography. Aerial 
photographic mapping provides an ideal 
means of locating vacant land and 
private parking areas that can be easily 
related to travel patterns and corridor 
routes. 

• Local Contacts. District highway 
engineers, local government officials, 
law enforcement agencies, transit 
representatives and other local groups 
can be used as sources to identify sites 
that are suitable for park.:.and-ride use. 

• Inventory Records. Potential park-and­
ride sites should be documented on an 
inventory record form. 

Evaluation of Alternatives 

Once alternative sites have been selected for 
the location of a park-and-ride facility, the 
next step is to evaluate the alternatives and 
choose the most appropriate location. Many 
transit agencies use some type of form or 
check list to eyaluate alternative locations. 
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The AASHTO Guide presents an evaluation 
form that includes criteria for establishing a 
priority rating systemY 7l The primary 
categories of factors are classified below: 

• Location Criteria. 

• Site Considerations. 

• Economic Considerations. 

• Potential User Costs and Time. 
The criteria used in the AASHTO approach 
will vary depending upon an agency's 
preference and needs. 

Agencies may establish their own evaluation 
technique based on local practice and 
available resources; however, the procedure 
used should provide a comparative analysis 
of each site's potential that results in the 
most economical and efficient use of park­
and-ride facility resources. During the site 
selection process, local officials should be 
given an opportunity to comment on sites 
proposed in their areas. <17

l 

Determining Size of Facility 

Once an ideal location for the park-and-ride 
facility has been identified, the next step is to 
estimate the parking area required to serve 
the estimated demand. Factors affecting the 
required size of the lot include the 
following:06,11,1 s) 

• Traffic Demand. The major factor 
affecting the required size of the parking 
facility is the estimated average daily 
demand. It is recommended that the lot 
be designed to accommodate at least 10 
percent more vehicles than the estimated 
average daily demand in order to ensure 
that adequate parking spaces are 
available on a typical day.°6

•
18

l 



• Maximum Walking Distance. 
Recommended maximum walking 
distances range from 120 to 300 m ( 400 
to 1000 ft); however, maximum walking 
distance should not exceed 195 m 
(650 ft) whenever possible. Walking 
distance can be minimized by moving the 
transit station to a central location. 
Walking distances longer than 300 m 
(1000 ft) may require consideration of 
additional transit stations. <18l 

• Bus Service. The frequency of buses 
using the park-and-ride facility affects 
the demand that can be accommodated. 
For example, as the headways between 
buses decrease, the number of 
passengers that can be serviced 
increases. The increase in transit 
capacity may increase demand, which 
will directly affect the required number 
of parking spaces. <18

) 

• Rideshare Use. Park-and-ride facilities 
used strictly for rideshare use (e.g., 
carpool and vanpool) will not have the 
same restrictions as those facilities 
accommodating bus service. For 
example, maximum walking distance will 
not be as big a factor because drivers 
will typically have a prearranged meeting 
location, rather than walking to a central 
waiting area.<1 6

l 

• Access. Inadequate capacity on nearby 
roadways and intersections may severely 
restrict the volume of traffic that can 
enter or leave the lot during a given 
time.08l 

• Land Availability. The size and shape 
of a lot may be restricted by land 
availability and/or site development 
costs. 
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Typical Designs 

After an appropriate location is selected for 
the park-and-ride facility, the next step is to 
design the facility. There are a number of 
existing design standards that can be used as 
guidelines during the design process. Some 
of the better known documents are the 
previously mentioned FHW A and AASHTO 
reports.<17

• 
18l 

Internal Lot Layout 

Park-and-ride facilities that accommodate 
bus services encompass design elements for 
both parking lots and transit stations. 
Elements that need to be addressed in the 
design process are discussed below:<16

l 

Functional Area Design. The functional 
design of a park-and-ride facility should 
meet the requirements of user groups with 
different access modes. Examples of access 
modes that may need to be accommodated 
include the following: 

• Long-term parking. 

• Drop-off (or kiss-and-ride) areas. 

• Handicapped parking. 

• Bicycle racks. 

• Pedestrian walkways. 

In addition, facilities that allow parking for 
carpooling or vanpooling will need to 
provide space accordingly. An example of a 
typical layout for a park-and-ride facility is 
shown in figure 6-22. 
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Figure 6-22. Example of Park-and-Ride Layout. <9) 

Internal Circulation. Park-and-ride lots 
should be designed to provide internal 
circulation to meet all modes of 
transportation and to minimize 
pedestrian/vehicle conflicts. Internal 
circulation should provide for safe and 
efficient movement of vehicles, buses, 
motorcycles, bicycles, and pedestrians. 

Amenities. Amenities are elements that are 
considered to enhance the comfort and 
convenience of using a park-and-ride facility. 
The number and type of amenities provided 
will depend on a number of factors, such as: 
type of facility, anticipated use, local 
policies, and available funding. Typical 
amenities that may be considered for use at 
various park-and-ride facilities include the 
following: 

• Public telephones. 
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• Trash receptacles. 

• Newspaper vending machines. 

• Other vending services. 

• Transit information displays. 

• Transit shelters. 

• Seating/benches. 

• Bicycle storage facilities. 

Pavement and Drainage. Providing 
adequate pavement design and ensuring 
proper drainage are other objectives that 
must be addressed in the design stage. The 
pavement design will depend on the 
functional area that it will serve. Typical 
sources of design guidelines include the 
following: 



• AASHTO standards. 

• Local and state pavement specifications. 

• Agency guidelines. 

Landscaping. Using landscaping for park­
and-ride facilities will enhance the 
appearance of the facility, which will in turn 
improve public acceptance and enhance the 
feeling of security. Landscaping should be 
designed to be compatible with the type of 
facility and the surrounding area. It should 
not interfere with sight distance, safe 
operation, or access to the facility. 
Guidance for landscaping is available in 
several publications, including publications 
by AASHTO and Federal Transit 
Administration (formerly UMTA).<19

,
20

> 

Lighting. Adequate lighting should be 
provided at park-and-ride facilities to 
promote safety and security. Factors that 
must be considered when designing for 
lighting include: 

• Type of lighting. 

• Mounting height. 

• Spacing of luminaries. 

• Intensity of lighting. 

Recommendations for designing lighting at 
park-and-ride facilities are provided in the 
AASHTO Guidelines. o 7> 

Security. An important factor in ensuring 
the success of a park-and-ride facility is 
providing adequate security. Both personal 
safety and automobile security are important 
to users of the facility. Measures that are 
used to enhance safety and security include: 
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• Lighting. 

• Fencing and gates. 

• Security monitoring booths. 

• Cameras and surveillance equipment. 

• Signing. 

• Ensuring adequate visibility from all 
parts of the facility. 

• Quick removal of graffiti. 

Environmental Considerations. Any 
effects that a park-and-ride facility will have 
on the environment should be considered in 
the design process. For example, effects on 
air quality can be addressed by minimizing 
the number of idling buses and vehicles. 
Factors besides air quality that should be 
considered include the following: 

• Groundwater runoff and water quality. 

• Noise impacts. 

• Visual and traffic impacts. 

Roadway Interface 

Providing adequate access between a 
roadway and a park-and-ride facility is 
important to ensure efficient operation of the 
facility and to minimize the effects on 
surrounding roadways. Both the FHW A 
Guidelines osi and the AASHTO 
Guidelines0 7l provide design 
recommendations for interfacing the park­
and-ride facility with the surrounding 
roadway. Design issues that are associated 
with roadway interface are discussed below. 
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General Access and Egress 
Considerations. Providing adequate access 
and egress for all modes of transportation 
should be considered when designing a park­
and-ride facility. The location of entrances 
and exits can be controlled by a number of 
factors, including the following: 

• Topography. 

• Position relative to adjacent roadways. 

• Types of local roadways. 

• Types of traffic control. 

• Connecting service provided by transit. 

Access Points. Another factor that should 
be considered when determining the location 
of access points for park-and-ride lots is the 
effect on the surrounding transportation 
system. To determine the optimum location 
of access points, a traffic impact study 
should be conducted. The study should 
involve determining the current operating 
conditions on surrounding roadways and 
estimating the effects of different access 
points on existing traffic operations. Factors 
that may be investigated in the analysis 
include the following: 

• Existing roadway capacity. 

• Current traffic volumes. 

• Normal projected growth. 

• Projected growth due to park-and-ride 
lot. 

• Impact of commercial development that 
may occur due to location of lot. 

Access Roadways. On the basis of results 
from the traffic impact study, the capacity of 
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the existing roadways should be analyzed to 
determine if they can handle the additional 
demand due to the park-and-ride facility. 
The analysis should investigate both current 
operating conditions and future (projected) 
conditions. The outcome of the analysis can 
be used to identify any needed improvements 
to the surrounding roadways. 

Traffic Control Devices and Traffic 
Signals. The purpose of traffic control 
devices is to improve the safety and 
efficiency of traffic operations by providing 
guidance to drivers through the use of signs, 
signals, and roadway markings. The need 
for new traffic control devices, or for 
modifications to existing traffic control 
devices, should be identified in the traffic 
impact study. Guidance on the use of traffic 
control devices is found in the MUTCD.<13

l 

Handicapped Considerations 

For park-and-ride facilities, handicapped 
considerations must be addressed during the 
design process for both the parking and bus 
loading area. 

Parking 

The AASHTO Guidelines contain standards 
for providing handicapped parking at park­
and-ride facilities.° 7l Parking-related factors 
that must be considered for handicapped 
provisions include capacity, location, design, 
and signing and marking. 

Capacity. Standards for the mmrmum 
number of handicapped parking spaces given 
in the Uniform Federal Accessibility 
Standards arc shown in table 6-7. 

Location. Handicapped facilities are to be 
designed in accordance with State or local 
codes and should be provided at the nearest 
possible location to the bus loading zone. 
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Table 6-7. Accessability Standards. <21
} 

Total Parking Spaces 

1 to 25 
26 to 50 
51 to 75 
76 to 100 
101 to 150 
151 to 200 
201 to 300 
301 to 400 
401 to 500 
501 to 1000 
Over 1000 

The facilities should be in accordance with 
the following considerations: 

• Preferably no access roads or bus lanes 
should be crossed by handicapped 
patrons en route to the bus loading zone. 

• The handicapped patron must never be 
forced to travel behind parked cars (in 
their circulation path). 

• To facilitate the movement of physically 
handicapped patrons, wheelchair ramps 
must be provided. 

Design. The designer should consider 
grading the handicapped parking stall so 
that the head of the stall is at the same level 
as the sidewalk and the rear of the stall is at 
the appropriate aisle grade. This will reduce 
the need for depressed curbs, keep the 
handicapped patron from crossing any type 
of storm drainage, and simplify construction 
of the handicapped parking area. 

Signing and Marking. Appropriate signing 
and/or pavement markings should indicate 
the restricted use of the space for 
handicapped persons. Curbs to and from the 
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Required Minimum Number of 
Handicaooed Accessible Spaces 

1 
2 
3 
4 
5 
6 
7 
8 
9 

2% 
20 plus 1 for each 100 over 1000 

bus loading area should be depressed for 
wheelchairs, as dictated by local standards. 

Bus Loading Area 

The Americans with Disabilities Act (ADA) 
of 1990 establishes guidelines for providing 
reasonable access to and use of buildings, 
facilities, and transportation. All new or 
renovated transit facilities must comply with 
the accessibility regulations in the ADA 
guidelines. Rules applying to transportation 
and transportation facilities are contained in 
Transportation for People with 
DisabilitiesY2

J The Americans with 
Disabilities Act: Accessibility Guidelines for 
Buildings and Facilities, Transportation 
Facilities, and Transportation Vehicles 
publication, hereafter referred to as the 
Guidelines, contains guidelines for meeting 

ADA requirements for transit facilities.<23
l 

Section 10 is titled "Transportation 
Facilities" and contains guidelines related to 
transit facilities. It also references portions 
of section 4 in the Guidelines that relate to 
transportation. A TCRP (Transit 
Cooperative Research Program) report 
discusses information in the Guidelines 
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relevant to the design of bus stops.<24
) 

Another TCRP report presents guidelines on 
the design and location of bus stops, and 
includes a summary of ADA issues.<25

l 

PARKING INCENTIVES 

hnplementing special parking policies can 
provide incentives for commuters to use 
high-occupancy modes of travel. For 
instance, adopting preferential parking for 
carpools and vanpools can increase the 
attractiveness of ridesharing. Examples of 
parking programs to induce commuters to 
use high occupancy vehicles include the 
following:<26> 

• Preferential parking. 

• Free or low-cost parking. 

• Differential parking rates. 

Preferential Parking 

Preferential parking involves providing 
special parking spaces at the final destination 
for high-occupancy vehicles. The advantage 
of this strategy is that the utilization of 
existing parking facilities is increased 
without having to add additional parking 
spaces. Preferential parking strategies 
include the following:C26

) 

• Guaranteeing spaces for carpools and 
vanpools where parking is limited. 

• Assigning closest and most convenient 
spaces to carpools and vanpools. 

• Assigning specific garage spaces to 
carpools and vanpools. 

Preferential parking strategies should also be 
considered as a part of new development. 
Using these strategies can reduce the parking 
requirements by designating parking spaces 
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for high-occupancy vehicles during the 
planning process. This approach allows 
developers flexibility in meeting minimum 
parking requirements, while increasing 
ridesharing. <26

l 

Free/Low-Cost Parking 

Free or low-cost parking is another strategy 
that can be implemented to encourage 
ridesharing. Using this strategy, carpools 
are allowed to park in designated areas for 
no cost or for a small monthly fee. Some of 
the parking programs that have been 
established around the United States allow 
carpools to purchase a permit for a small 
monthly fee. The permit allows these 
vehicles to park in designated spaces or to 
park at metered parking spaces without 
paying the standard fee. <26

l 

Differential Parking Rates 

Another parking program to increase 
ridesharing involves charging commuters a 
flexible parking rate based on the number of 
occupants in a vehicle. The cost of parking 
decreases as the vehicle occupancy 
increases. An alternative is to maintain a 
constant parking rate and provide employers 
subsidies that vary according to vehicle 
occupancy. An example of this strategy that 
has been used by some private firms is 
shown in table 6-8.<26

) 

Benefits of Parking Incentives 

Parking incentives have been shown to have 
a positive impact on the number of 
commuters that choose ridesharing 
alternatives. A study conducted in 
Washington, DC showed a 20 to 40 percent 
increase in commuters who chose to carpool 
when parking incentive programs were 
adopted. <

27
l A company in Boston, 

Massachusetts implemented a parking 
program in which the daily parking fee was 
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Table 6-8. Example of Differential Parking Rates. <22) 

Vehicle Occupancy 

Single Occupant 

Two-Person Carpool 

Three-Person Carpool 

Vanpool 

dropped for vehicles with three or more 
occupants. The company reported that at 
least 34 percent of their employees shifted to 
carpools when this strategy was adopted.<26

) 

Most parking incentive programs are 
partially or wholly subsidized by employers 
for a number of reasons, including the 
following:(26) 

• A sense of responsibility to promote 
energy conservation. 

• A desire to reduce the costs of 
maintaining current parking 
arrangements. 

• The need to eliminate new parking 
construction. 

• Improvement in employee morale when 
employers take an active role in reducing 
transportation costs for employees. 

• Possible favorable media coverage for 
participating employers when they are 
identified as contributing to energy 
conservation, air pollution control, and 
reduced traffic congestion. 
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Percentage of Parking Paid 
for by Employer 

0% 

50% 

100% 

100% 

Barriers to Implementing Parking 
Incentives 

A critical barrier that typically impedes 
implementation of preferential parking 
strategies is public and business opposition. 
Opposition from these groups occurs for the 
following reasons:<26l 

• Merchants, employers, and employees 
traditionally resist changes in the status 
quo. 

• Merchants are leery of any changes in 
municipal parking supplies that they feel 
would reduce their competitive position 
with other retailers who offer free 
customer parking. 

• Employers and employees often resist 
changes because parking is part of an 
overall benefits package. 

• Some executives may fear that they will 
lose their parking privileges by adopting 
this type of strategy. 

There have been some factors, however, that 
have influenced officials in some cities to call 
for policies that would enhance the 
coordination between traffic demand 
management and parking incentives. Factors 
to be considered include the following: 
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• Auto ownership continues to increase. 
Ownership has increased at a rate of 2.5 
times the population growth rate over 
the past few years. 

• Structure parking is becoming 
prohibitively expensive. 

• Metropolitan freeway construction is 
extremely expensive and is widely 
perceived to be environmentally 
disruptive. 

EMERGING TECHNOLOGIES 

Enforcement 

The Texas Transportation Institute (TTI), in 
a research study sponsored by the Dallas 
Area Rapid Transit (DART), Federal 
Highway Administration (FHW A), Federal 
Transit Administration (FT A), and Texas 
Department of Transportation (TxDOT), is 
investigating the use of advanced 
technologies in HOV lane enforcement. The 
study is aimed at identifying technologies to 
improve the safety and cost-effectiveness of 
HOV lane enforcement. The study's 
objective is to identify the most promising 
technology and perform a 6-month 
operational test on the East R. L. Thornton 
(I-30) Contraflow HOV lane in Dallas, 
Texas. The results of the operational test 
will help DART improve enforcement 
procedures in HOV lanes in Dallas. 

The enforcement system will perform the 
following basic functions: <

28
> 

• Collect and transmit video images of 
vehicle license plates and vehicle 
compartments for all HOV lane users to 
a remote computer workstation. 

• Perform automatic license plate 
character recognition on the license plate 
video image. 

' 
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• Synchronize captured video images of 
vehicle occupants with license plate 
numbers. 

• Search a license plate database 
containing vehicle occupancy histories 
and, based upon failure to meet set 
criteria, display the vehicle license plate 
number and vehicle compartment images 
on a computer monitor for review and 
enforcement purposes. 

After the equipment is procured and 
installed, an operational test will follow to 
evaluate and refine the enforcement 
procedures. The operational test is expected 
to be concluded by August 1997. 

Movable Barrier 

The movable concrete barrier system 
consists of a barrier transfer vehicle and a 
movable concrete barrier (see figure 6-23). 
The main advantage of the barrier is its 
ability to provide a solid, physical separation 
between opposing flows of vehicles. The 
movable barrier consists of 0.9 m (3 ft) 
concrete segments jointed together by pins. 
A specially designed conveyor system on the 
self-propelled transport and transfer machine 
(TTM) is used to shift the barrier laterally 
across the roadway (see figure 6-24). The 
distance of the shift can vary from 1.2 to 6. 7 
m (4 to 22 ft). The T-shaped barrier top is 
engaged by conveyor wheels on the TIM. 
The barrier is then lifted several inches off 
the ground, moved sidewinder fashion 
through an elongated S-curve, and 
repositioned to form a new lane. Barriers 
can be moved at up to 8 km/h (5 mi/h), 
depending on the circumstances/29

) 

The use of the movable barrier to create the 
HOV lane on the East R. L. Thornton (RL T) 
Freeway in Dallas began in September 1991. 
The movable barrier shifts the barrier 
approximately 6.7 m (22 ft) laterally to 



Figure 6-23. Movable Barrier. c9i 

Figure 6-24. Movable Barrier Used 
in Dallas. C9l 
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create an extra travel lane for the peak 
direction of flow. The implementation of 
this HOV lane was accomplished by 
narrowing freeway lane widths to 3.4 m (11 
ft) and reducing the inside shoulder of the 
freeway in some locations (see figure 6-25). 
The contraflow lane is 8.4 km (5.2 mi) long. 
The cost to construct this contraflow lane (in 
1995 dollars) was $15.4 million. In 
December 1995, the East RLT HOV lane 
served 13,572 daily person trips.<26) 

The second contraflow HOV lane to use a 
movable barrier opened in November 1995 
on the I-93 Southeast Expressway in the 
Boston metropolitan area. Like the project 
in Dallas, the I-93 contraflow HOV lane is 
created by moving a concrete barrier from 
the median across one traffic lane to create 
an additional HOV lane in the peak direction 
of travel. After six months of operation, the 
HOV lane, or zipper lane as local commuters 
call it, has met the operational goals for the 
initial phase of the project. In 1996, the lane 
carried over 14,400 people each weekday. 
Concerns expressed about operation during 
winter weather were dispelled when the lane 
was opened 99 percent of scheduled times 
during the snowiest winter in Boston's 
history (250 plus cm (100 plus in).<29

) 

6.4 LESSONS LEARNED 

PLANNING 

A planning process that yields information 
on the best possible HOV candidates should 
be undertaken to ensure an efficient and 
effective HOV facility. This can aid in 
determining the type of HOV facility needed 
and the proper vehicle eligibility 
requirements. Operational considerations 
such as operating periods, eligibility, active 
traffic management, incident response, and 
enforcement should be addressed during the 
planning process. When operational issues 
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are not considered, the end result can be an 
HOV facility that is mismanaged, vulnerable 
to long periods of nonuse when incidents 
occur, and difficult to enforce.<5

l 

Fuhs developed a generic process for 
evaluating HOV alternatives. cs) The four 
stages are as follows: 

• Stage 1: Conceptual Viability. The 
first of the four stages of HOV 
development is an evaluation of HOV 
conceptual viability, accomplished by 
applying a list of criteria to the candidate 
corridor. If the corridor fails to meet 
these criteria, it should be excluded from 
further consideration, or efforts should 
be undertaken to better understand what 
may be needed for the criteria to be met. 

• Stage 2: Alternative Development. 
The second stage involves a more 
qualitative and quantitative assessment 
of the merits of the candidate corridor 
and an identification of the specific types 
of HOV designs and operational 
elements that are applicable and feasible. 
There is less likelihood that a candidate 
corridor will be excluded at this stage; 
however, a number of design and 
operation alternatives may be created at 
this stage that warrant further study. If 
this is evident, follow-on studies may 
occur here to better assess the relative 
merits of each. 

• Stage 3: Development of 
Recommended Alternative(s). The 
third stage involves development of one 
or more recommended altemative(s). 
This stage focuses on specific design and 
operation issues that deserve attention. 
Activities include the following: 

• Selected elements of preliminary 
engineering. 
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• Checks for constructibility and 
implementation staging. 

• Support facilities (park-and-ride 
and/or park-and-pool lots, and on­
and off-line bus facilities, etc.). 

• Identification of supporting 
programs like ridesharing. 

• Implementation phasing. 

• Cost estimating and cash flow 
analyses. 

• Other corridor-specific issues. 

Products from this third stage include an 
operation plan and a geometric design 
plan. 

• Stage 4: Plan Adoption. The fourth 
and final stage is formal adoption of the 
local preferred HOV plan. The results of 
the HOV planning study are officially 
sanctioned by respective boards, 
commissions, or other official bodies, 
and an implementation process is 
defined. The adopted HOV plan may be 
a stand-alone approach or may be one of 
a number of other capacity alternatives 
(highway or transit) that are subjected to 
alternative and environmental analysis 
before being eligible for design and 
construction. 

Public and Political Support and 
Consensus Building 

HOV concepts are often not understood by 
the public, politicians, or media. Within the 
scope of the planning study, a multiagency 
review group (also called an advisory 
committee or steering committee) should be 
formed. Their role includes the following: 
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• Technical and policy guidance 

• Concurrence powers at major decision 
points. 

• Coordination and liaison with others in 
the respective agencies. 

• Outreach to greater public participation 
efforts as needed. 

HOV projects are particularly in need of this 
type of oversight, where an ongoing 
commitment is needed among a number of 
agencies to effectively plan, implement, 
operate, enforce, maintain, and modify the 
HOV project as necessary to ensure 
continued viability. The composition of the 
review group may vary during the planning 
and implementation process, but at a 
minimum, representatives from affected local 
agencies, police, the state DOT, and the 
FHW A should usually be involved. If a 
project is adopted for implementation, this 
group should continue to function through 
the design phase, and some semblance of the 
group should be named to provide operation 
and maintenance overview of the HOV 
facility once it is opened.c5J 

Apart from the multiagency review group, 
focus groups composed of local civic 
associations, special interest groups, 
politicians, the media, and others may be 
necessary to bring public participation into 
the planning process. This process should be 
highly structured to keep issues focused. 
Appropriate in many areas will be the need 
for some public awareness outreach to 
market the HOV concept. There are four 
steps to an effective public education 
program:<5J 

• Information should be disseminated three 
to four months prior to the opening of 
the project to prepare the public for the 
new facility and its regulations. 



• During the first few weeks of project 
operation, there should be an intense 
public relations effort until users are 
familiar with the HOV facility and its 
operation. 

• As soon as data on project use are 
available, they should be presented to the 
public to disseminate information about 
the positive impacts from the project. 

• The public education program should be 
continued, as needed, to reinforce an 
understanding of concept objectives and 
the role of enforcement. 

An important lesson that has been learned 
from project failures to date is that the public 
must be involved and must be able to 
understand and appreciate the role that HOV 
systems can serve. To this end, any HOV 
planning process will necessarily need to be 
an information, awareness, and education 
process as well. 

Public Involvement 

Traditional methods of public notification 
and community relations are important to 
gaining public acceptance of changes to 
transportation services. The public interest, 
however, has progressed to a desire to 
become directly involved in the initial and 
ongoing decisions about service and design. 
Public involvement is not public relations. 
Public relations strategies attempt to position 
an issue, project, or plan in the best possible 
light for decision-makers and the public. 
Frequently the objective is to gain public 
acceptance of a prior decision. Public 
involvement, on the other hand, involves the 
public in the shaping of policy and project 
decisions that affect a community. Public 
involvement is best initiated before project 
alternatives are developed or decisions 
made. Public involvement can be loosely 
divided into four . components--data 
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gathering, public 
communications, 
evaluation. cii 

• Data Gathering. 

and 
promotion, 

• Literature Search. 

• Surveys. 

• Focus Groups. 

• Focused Interviews. 

private 
and 

• Public and Private Communications. 

• Kick-Off Briefing. 

• Community/Jurisdiction/Elected 
Official Briefings. 

• Public Meetings, Hearings, Open 
Houses, Workshops. 

• Promotion (Heightening General and 
Targeted Awareness). 

• Media Relations. 

• Newsletters. 

• Speakers Bureau/Public Forums. 

• Advertising and Public Service 
Announcements. 

• Special Events and Ceremonies. 

• Customer Service Representatives 
and Other Staff. 

• Evaluation. 

• Survey. 

• Focus Groups. 
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• Focused Interviews. 

• Public/Private Partnerships. 

• Sponsorships: Corporate & Media. 

System Approach to HOV Planning 

Most HOV projects have been implemented 
on a corridor basis. As such, corridor 
planning has been pursued with focused 
evaluation on the specific needs and travel 
characteristics of the corridor in mind. As 
additional corridors have been addressed in 
a region, there has been a recognition of the 
need for regionwide system planning, in 
which a broader perspective of HOV 
applications for a metropolitan area. is 
studied. There have been few cases where 
regional system planning occurred prior to 
the study of a particular corridor. Pursuing 
a regionwide approach assumes a much 
higher level of commitment to the HOV 
concept as a valid regionwide option. 

Regionwide planning recognizes the 
relationships among system elements, 
particularly in staging system implementation 
to maximize early benefits. Regionwide 
issues may influence operation polices in 
which the same hours of operation or rules 
regarding eligibility are unifonnly established 
for all projects in a given area. This policy 
of operation consistency has been adopted 
for Orange County, California, while the 
Seattle and Houston areas have policies 
allowing operation policies to be tailored to 
the unique attributes of each corridor. Both 
policy approaches can be locally popular and 
successful. (5) 

Possible Pitfalls in Implementation 

The following are typical issues to be aware 
of and to avoid in the implementation 
process:<5J 
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• Policies and Procedures: Involved 
agencies are often unaware of the strings 
attached to funding, review, and 
approval steps, and the procedures 
required for project implementation. 
Involved agencies should become 
familiar early on with the rules and 
policies associated with funding, 
programming, and implementing 
projects. This is particularly important 
when more than one agency is actively 
involved in the process. FTA and 
FHW A guidelines are not always in 
agreement. State policies and 
procedures may not be familiar to local 
agencies assisting the State in various 
activities. 

• Involvement: In trying to accelerate the 
effort, some of the agencies that should 
be involved are overlooked. 

Keep all appropriate agencies involved in 
decisions being made. Th.is will keep the 
project properly focused and on 
schedule. 

• Commitment: One agency pursues the 
project without additional external, and 
sometimes internal, support. 

A dedicated commitment is needed from 
all the respective parties before 
proceeding with a project. Th.is provides 
a broader base of support for sustaining 
the project. 

• Taking Unnecessary Risks: In an 
attempt to achieve faster results, 
authorization is given to proceed on 
future activities before all reviews and 
approvals have been acquired from prior 
actions. 

Risk management is involved in any 
implementation process. If such risk is 



to be taken, it should be based on a general 
consensus from the project team with an 

understanding of the possible downside 
impacts. 

• Changing Course: A prior approval or 
commitment is rescinded, for any of a 
number of reasons. 

Inevitably, as any project progresses into 
greater and greater detail of 
development, there can be justification to 
re-explore a prior matter that was 
thought resolved. In such instances, the 
project manager can be effective in 
bringing together the affected parties to 
reach a renewed understanding and, if 
necessary, to change the course or scope 
of the project. Recurring problems of 
this sort may require resolution at higher 
levels in the organization, providing 
another reason why a top-down 
commitment to a project is essential 
before undertaking implementation. 

• Scope, Budget, and Schedule: An 
early effort should be undertaken to 
understand any change in scope, 
schedule, and budget and to obtain a 
resolution that rebalances these 
variables. Performance and delivery 
expectations should be based on a 
realistic understanding of the project 
requirements. The risks of fast-tracking 
a schedule, for example, should be 
defined and understood. Again, a single 
project manager can be the focal point 
for this understanding. 

Tables 6-9 to 6-10 list characteristics of 
successful HOV facility implementations and 
potential pitfalls, respectively. 
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Development Concerns for Park-and­
Ride Facilities 

There are many factors that must be 
considered when implementing a park-and­
ride program. These factors are discussed 
below. 

Program Planning 

Program planning involves developing the 
operating plan that defines specific program 
requirements. These planning requirements 
are discussed below: 

• Site Development Policies. Once it has 
been determined that park-and-ride 
facilities will accompany specific HOV 
lanes, the first step is to establish site 
development policies. These policies 
will provide guidance in developing the 
facilities. Typical policies that need to 
be addressed include the following: 

• Stage construction guidelines. 

• Maximum or minimum size lots. 

• Extent of amenities (e.g., telephones, 
lighting, etc.) to be provided. 

• Transit service guidelines. 

• Joint accommodation of carpools 
and vanpools with transit users. 

• Inventory of Potential Sites. The next 
step is to identify potential sites. This 
can be accomplished by a number of 
means, including the following: 
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Table 6-9. Successful Characteristics of HOV Facility Implementation. <2> 

lk'1r' Clear set of objectives and measures of success 
1JE Development of the HOV lane as an additional lane 
1JE Existing congestion in corridor (able to save 1/minute/mile & 5 to 8 minutes total) 
~ Projections for continued increase in demand 
1JE Enforcement commitment/collaborative working relationships with enforcement 

agencies/courts along the corridor 
lr,,lj"' Reason to believe you can get support from both agencies and public 
lk'1r' Reason to believe you can provide a lane that can be safely operated and enforced 
¥ Policies and programs supporting transit use 
¥ . Rideshare program in corridor 
¥ Successful HOV facilities already in operation in same corridor or adjacent corridors 
¥ High existing volume of 2+ HOV's (700 or more vehicles per hour) 
¥ Traffic system management program already in place along the corridor 
¥ High level of convenient transit service along the corridor (local/express/Park & Ride 

routes) 
¥ Commute trip reduction legislation 
¥ Existing communication network with employers along the corridor 
¥ Collaborative working relationships with environmental agencies/groups along the 

corridor 
¥ Collaborative working relationships with neighborhood/community groups along the 

corridor 
¥ Collaborative working relationships with local jurisdictions/transit agencies/DOT along 

the corridor 
¥ Commitment to evaluation to accurately show benefits/disbenefits 
¥ Origin-destination pattern that can benefit from the HOV lane 

Legend 
1JE= Essential Characteristic 
¥= Desirable Characteristic 

• Aerial photographs. 

• Excess property lists. 

• Field reconnaissance. 

• Facility Implementation Priority 
Rankings. Once potential sites are 
identified, a list of the sites is prepared 
for use in defining the short-term and 
long-term programs. The next step is to 
establish a methodology to allocate 
available funding and to address the 
most critical needs on a priority basis. 
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• Short-Term and Long-Term Site 
Development Programs. Short-term 
and long-term site development 
programs are established to provide for 
planning, design, construction, funding, 
scheduling, and resource allocation. 

• Transit System Interface. The location 
of park-and-ride lots should be 
coordinated with existing and proposed 
transit routes to maximize the benefit of 
these facilities. 
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Table 6-10. Potential Pitfalls to Successful HOV Facility Implementation. <2l 

• Converting existing general purpose lane to HOV lane, may result in negative impacts 
(increased accidents, increased travel time, etc.) in general purpose lanes or protest by 
the public 

• High accident rate along the corridor that will not be improved by HOV lane 
• Little support from enforcement authorities (State Police/Patrol, municipal 

judges/magistrates) 
• Low existing volume of HOV 
• Poor working relationships with local media 
• Poor working relationships with neighborhood/community groups along the corridor 
• Poor working relationships with elected officials ( especially critical during election 

years) 
• Changing lane designation from general purpose to HOV during lane construction 

(example: begin construction as general purpose, change designation during 
construction phase to HOV) 

• Low level of transit service 
• Lack of transit funding 
• No/low level of support facilities 
• No incident management program in place 
• No/inadequate ride matching services 
• Poor pavement maintenance of existing facility that would not be helped by HOV lane 

construction 

Legend 
•= Potential Fatal Flaw 
• = Possible Problem 

• Roadway Interface. The development 
of park-and-ride lots should also be 
coordinated with HOV lanes to provide 
for proper design of access routes and 
entrances. The objective should be to 
provide access to HOV lanes in a way 
that will maximize travel time savings for 
the users of the facility. 

Design Requirements 

Both transit planners and traffic engineers 
should be involved during the design process 
to ensure proper operating conditions for 
buses and cars. Standard design manuals for 
park-and-ride facilities are available and 
should be used to control design 
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quality.06
•
17

•
18

) A following section titled 
Typical Designs provides a summary of 
some existing design guidelines. 

Operation and Maintenance 

It is very important that operation and 
maintenance issues be addressed during the 
development process. For example, it is 
important to ensure that adequate funding is 
available for the operation and maintenance 
of a facility. Also, the agencies and groups 
responsible for the operation and 
maintenance of the facility should be 
identified early in the development process: 
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• Operation. The successful operation of 
park-and-ride facilities will require close 
cooperation among local transit 
agencies, the community, and the State 
DOT. The operation of a park-and-ride 
facility involves a number of elements, 
including the following:<18

l 

• Parking fee structures. 

• Frequency of transit service. 

• Fares for transit service. 

• Carpool use. 

• Providing security. 

• Maintenance. Providing proper 
maintenance of a facility also has a 
significant impact on the success of a 
park-and-ride program. Ensuring that 
the facility is clean, attractive, and well 
maintained will have a positive impact 
onusers. fu developing a comprehensive 
maintenance program, several factors 
must be considerect:<16

) 

• Periodic inspection. 

• Pavement repair. 

• Shelter or station repair. 

• Traffic control devices (e.g., signs 
and pavement markings). 

• Lighting. 

• Mowing. 

• Sweeping and cleaning. 

• Trash removal. 

• Landscaping. 
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• Site furnishings. 

• Snow and ice maintenance. 

• Security/gates. 

Program Marketing 

The objective of a marketing program is to 
inform motorists about the park-and-ride 
facility and available transit services. It is 
important to develop a marketing program 
during the implementation of a new park­
and-ride facility; however, ongoing 
marketing efforts are also important for the 
continued promotion of the facility. Two 
important needs that should be addressed 
when developing a marketing campaign are 
as follows:06) 

• Identify target audience. 

• Determine effective mechanism for 
communicating desired information. 

Examples of actual marketing techniques 
include the following:<16J 

• Direct mail. 

• Radio. 

• Television. 

• Newspaper. 

• Billboards. 

• Roadside signs. 

• Lot location maps, transit maps, and 
transit schedules. 

• Employer-focused efforts. 

For further information on the marketing of 
HOV systems, the reader is referred to the 



High Occupancy Vehicle (HOV) Lane 
Marketing ManuaJ.C3oi 

DESIGN/CONSTRUCTION 

The development of HOV facilities within 
freeway corridors is typically a retrofit 
process. Not all desirable design standards 
are likely to be obtainable. Some 
compromise in design requirements will 
probably be needed, and the elements of 
compromise will differ from one location to 
another. Tradeoff s need to be considered on 
a case-by-case basis, according to an agreed­
upon understanding of what design 
treatments are acceptable to the appropriate 
reviewing agencies. Therefore, HOV 
practitioners recognize that the typical 
recommended designs provided in any of the 
currently available design resources must be 
considered as guidelines and not standards. 
The guidelines are of two types, desirable 
and reduced. 

• Desirable design guidelines are those 
that should be considered in the concept 
development of any new or substantially 
reconstructed freeway corridor or HOV 
guideway in separate right-of-way. 
Desirable guidelines are generally 
recognized as reflecting a permanent 
facility treatment with the same 
commensurate design as that which 
would be applied to a new freeway with 
full design standards. HOV projects 
constructed with these dimensions have 
had significant costs and have been 
accompanied by substantial freeway 
reconstruction as well. 

• Reduced design guidelines are those that 
may be considered for retrofit projects 
on a case-by-case basis, where space or 
cost considerations might otherwise 
make application of the HOV treatment 
environmentally infeasible or cost 
prohibitive. Reduced designs often 
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reflect restriping or otherwise modifying 
the existing freeway to achieve an HOV 
operation that may be termed "interim," 
with a longer-range intent for meeting 
desirable guidelines. The reduced 
dimensions have also been used in short 
sections of projects otherwise meeting 
desirable standards, where significant 
cost would have been incurred to 
provide the desirable widths. 

Tradeoffs in Retrofitting Cross Sections 

The process of retrofitting HOV facilities 
onto existing freeways requires design 
compromises. Often, bridge columns, 
narrow structures, limited right-of-way, and 
other isolated constraints are encountered 
which make adherence to desirable or even 
reduced criteria difficult without some 
commensurate reduction in the overall cross 
section of the freeway. Design compromises 
should be thoroughly investigated before an 
HOV facility is implemented. The key 
concerns relevant to this issue appear to be 
cost effectiveness of the remedy and length 
of the design exception required. If 
reductions in typical guideway standards are 
necessitated, general practice indicates that 
the sequence of tradeoffs presented in table 
6-11 should be considered when making 
these determinations. <5> 

Impacts of Ingress/Egress on Adjacent 
Freeway and Arterial System 

HOV ingress/egress designs have evolved 
through experience, and much has been 
learned from various applications. 
Following are a few general guidelines:<5

l 

• Where possible, the same geometric 
criteria should be applied as would be 
used for a freeway ramp, including 
locally recognized entrance and exit 
design standards. 



Freeway Management Handbook 

Table 6-11. Tradeoffs in Reducing Cross Section Elements.<5
l 

Compromise Cross Section Element 
Sequence 

For Reversible-Flow For Two-Way For Buffer-Separated 
HOV Facilities Barrier-Separated HOV Facilities 

HOV Facilities 

First Reduce single-lane Reduce left HOV lane lateral Reduce left HOV lane lateral 
HOV envelope to no clearance to no less than 0.6 m clearance to no less than 
less than 6 m (20 ft), or (2 ft). 0.6 m (2 ft). 
two-lane envelope to no 
less than 8.5 m (28 ft). 

Second Reduce freeway left Reduce right HOV lane lateral Reduce freeway right lateral 
lateral clearance to no clearance to no less than 2.4 m clearance (shoulder) from 
less than 0.6 rn (2 ft). (8 ft). 3.1 rn (10 ft) to no less than 

2.4 rn (8 ft). 

Third Reduce freeway right Reduce freeway left lateral Reduce buffer separation to 
lateral clearance clearance to no less than 0.6 m no less than 0.3 m (1 ft). 
(shoulder) from (2 ft). 
3.1 rn (10 ft) to no less 
than 2.4 m (8 ft). 

Fourth Reduce HOV lane width Reduce freeway right lateral Reduce HOV lane width to 
to no less than 3.4 m (11 clearance (shoulder) from 3.1 m no less than 3.4 m (11 ft) 
ft) (some agencies (10 ft) to no less than 2.4 m (8 ft). (some agencies prefer 
prefer reversing fourth reversing fourth and fifth 
and fifth steps when steps when buses are 
buses are projected to projected to use the HOV 
use the HOV facility). facility). 

Fifth Reduce selected mixed- Reduce HOV lane width to no less Reduce selected mixed-flow 
flow lane widths to no than 3.4 m (11 ft) (some agencies lane widths to no less than 
less than 3.4 m (11 ft) prefer reversing fifth and sixth 3.4 m (1 I ft) (leave at least 
(leave at least one 3.7-m steps when buses are projected to one 3.7-m [12-ft] outside 
[12-ft] outside lane for use the HOV facility). lane for trucks). 
trucks). 

Sixth Reduce freeway right Reduce selected mixed-flow lane Reduce freeway right lateral 
lateral clearance widths to no less than 3.4 m (11 clearance shoulder from 2.4 
shoulder from 2.4 m (8 ft). Leave at least one 3.7-m (12- m (8 ft) to no less than 1.2 m 
ft) to no less than 1.2 m ft) outside lane for trucks. (4 ft). 
(4 ft). 

Seventh Convert barrier shape at Reduce freeway right lateral Transition barrier shape at 
columns to a vertical clearance shoulder from 2.4 m (8 columns to a vertical face or 
face. ft) to no less than 1.2 m (4 ft). remove buffer separation 

between HOV and mixed-
flow lanes. 

Eighth Convert barrier shape at columns 
to a vertical face. 

Adapted from Caltrans HOV Guidelines, as reported in the reference. 
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• The typical volumes using HOV access 
ramps are less than for commensurate 
freeway ramps. HOV volumes accessing 
a local street seldom overwhelm a 
signalized intersection. Average peak­
hour ramp demand at an intersecting 
street probably will not exceed 300 to 
500 vehicles per hour. 

• Sight distance is particularly critical due 
to the proximity of barriers to ramp lane 
alignments. Lateral clearances are often 
no further than 0.6 m (2 ft) from the 
edge of the travel lane to barrier. Where 
practical, removal of barrier-mounted 
glare screens or slight adjustments in 
striping alignment may be necessary 
within the ramp envelope to 
accommodate the proper design speed. 

• The location of ingress/egress facilities is 
influenced by a number of factors. For 
example, direct access ramps to/from 
local streets should be made with 
candidate streets that currently do not 
have freeway access, so as to better 
distribute demand and prevent 
overloading existing intersections. For 
at-grade access to the adjacent freeway 
lanes, designated outlets should be 
strategically positioned so as to minimize 
erratic weaving to reach nearby freeway 
exits. 

• Left-, or right-hand exits from a one-lane 
HOV facility are equally valid and 
equally safe. The standard "right hand 
only" rule. for entrance and exit ramps 
should not apply to HOV facilities. 

• Where possible, entering and exiting 
movements should be shared on the 
same structure or space envelope 
between retaining walls to reduce cost. 

• Adequate advance signing should be 
provided, and pavement markings should 
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emphasize the mainline (possibly through 
use of skip stripe markings across the 
diverging exit ramp). 

• Safety lighting should be applied for all 
ingress/egress locations, using the same 
warrants as are applied for metropolitan 
freeway entrance and exit ramps. 

• Where possible, provision for entrance 
ramp metering and/or enforcement 
should be considered (these are project­
specific considerations based on a 
number of local issues and input from 
enforcement agents). 

Signing Guidelines 

Signing guidelines for HOV facilities should 
be no different than for any other high-speed 
highway application. Regional consistency 
should be considered when arraying periodic 
information regarding rules, policies, and 
operating procedures. The pitfalls 
commonly evidenced on projects include the 
following: (5) 

• Lack of adherence to MUTCD color 
standards. 

• Lack of diamond symbol exhibited on 
signs. 

• Confusing regulatory sign information. 

• Sign lettering too small to be read at the 
posted speed. 

• HOV guide signs that can be read and 
misconstrued by mixed-flow drivers. 

• Signs that have not been adequately 
upgraded to reflect the most current 
operating rules. 
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The following are general recommendations 
for handling these shortcomings and 
applying the MUTCD chapters:<5

l 

• The standard sign for HOV regulatory 
and guide signing is black-on-white, with 
a white diamond symbol on black 
background in the upper left corner. The 
diamond symbol should appear on all 
signs related to HOV user and nonuser 
communication (regulations and 
guidance). 

• The size of the sign should be 
commensurate with the design speed, 
using the same relationship in letter size 
as is required for any other highway 
signing. 

• Signs should be considered on the 
approaches to all HOV ingress and 
egress locations and at the ingress/egress 
locations themselves. It may be 
necessary to mount such signs over the 
lane to provide proper sizing. Guide 
signing for HOV users is necessary on 
HOV facilities that have designated 
ingress/egress locations. 

• Regulatory signs related to lane 
restrictions should be mounted over the 
lane at regular intervals. 

• Regulatory signs located in advance of a 
preferential lane should be mounted on 
the appropriate side of the approach 
roadway. 

• If dynamic signing is used, the diamond 
symbol should be applied on or above 
the variable sign in the upper left comer. 

• Regulatory signing should periodically 
clarify user eligibility, hours of operation, 
directionality (if appropriate) and other 
restrictions on the operation along the 
length of the facility. Regulatory 
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information should be repeated along 
nonbarrier-separated facilities at 0.8 to 
1.6 km (0.5 to 1.0 mi) intervals. 
Regulatory information for barrier­
separated facilities can be displayed at 
entrances and exits only. 

• Carpools and vanpools should be defined 
in terms of "PERSON" numbers. 
(Sample message: Buses and 2+ Person 
HOVs only.) 

• Where lateral clearance is limited, as for 
a ground-mounted sign affixed to the 
median barrier, the sign panel may have 
to be skewed as much as 30 degrees to 
allow for an increase in panel length. 

• All signing should be reevaluated 
whenever operation policies change. 
Signs should be changed in accordance 
with the revised policies and not be 
cluttered with amended information that 
confuses or contradicts the primary 
message or information being 
communicated. 

• Where guide signing for similar 
destinations can potentially be seen by 
both HOV users and nonusers, the HOV 
message should be reinforced with the 
diamond symbol. All guide signs in the 
area of confusion should be mounted 
over the appropriate roadways. 

Pavement Marking Guidelines 

There is generally more diversity in 
pavement markings, and this is due to wide 
variation in locally accepted standards and 
uncertainty over proper pavement marking 
treatments. Following are general 
recommendations for interpreting and 
applying guidelines in the MUTCD: <

5
l 

• Reserve the use of the diamond symbol 
on signs and pavement markings for 



HOV treatments. Although the 
MUTCD recommends this symbol for 
bicycle lanes, and for commercial or 
other purposes not related to HOV, 
practitioners now concur with restricting 
the diamond symbol to HOV 
applications. The placement of the 
diamond on the pavement should be 
frequent enough to communicate the 
restrictive nature of the lane. Along 
higher-speed freeway facilities, the 
interval should be from 153 to 305 m 
(500 to 1,000 ft). 

• The colors of pavement markings 
should, as a general rule, be in 
compliance with the MUTCD. White is 
usually applied to communicate a 
concurrent-flow condition; yellow is 
applied to communicate a potential for 
adjacent oncoming vehicles. Solid lines 
denote that crossing of the marking is 
not permitted. There are local 
exceptions. 

• For a barrier-separated two-way 
configuration, a solid white stripe should 
delineate a right shoulder and a solid 
white or yellow stripe delineate the left 
edge of the travel lane. For buffer­
separated lanes, the buffer should always 
be delineated with solid stripes, 
preferably white, if continuous access is 
not allowed. Some buffer-separated 
projects use a combination of white and 
yellow. Nonseparated lanes that allow 
continuous ingress/egress and become 
mixed-flow lanes during at least part of 
the day should apply standard freeway 
lane delineation. Contraflow lanes 
should apply a separation stripe that is 
either a single or double yellow dashed 
stripe . Queue bypasses should apply the 
same pavement markings as are routinely 
applied along ramps. The stop bars for 
meters should be highly visible and quite 
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large (typically 20 to 30 cm [8 to 12 in] 
wide). 

• Use of dashed (skip-stripe) markings 
across an exit ramp should be applied 
where there is possible confusion over 
the orientation of the mainline HOV 
facility. This is more likely where HOV 
ramps enter and exit from the left. 

• Cross hatching of buffers of gore areas 
helps direct traffic, but is difficult to 
maintain. Some projects include cross 
hatching initially; however, they are not 
maintained. Drivers' experience and 
knowledge of the HOV facility provide 
guidance after the markings fade. 

• A void use of raised reflectorized 
delineators of buttons in conjunction 
with pavement markings wherever 
motorcycles are allowed as eligible users. 
Consult with local police if motorcycle 
enforcement patrols are being 
considered. 

OPERATIONS 

Surveillance, Communication, and 
Control 

An HOV facility operating without a 
surveillance, communication, and control 
(SC&C) system must rely on area traffic 
bulletins, police reports, or bus operator 
communications to locate and remove 
incidents. This approach can be acceptable 
and has proven adequate in most HOV 
applications. With the SC&C system, loop 
detectors and CCTV provide operators with 
information on the real-time operating 
status. An incident can be located in 
seconds. It is this reduction of time in 
locating a disabled vehicle, and its 
subsequent prompt removal, that provide 
travel time savings to the HOV facility users 
in the event of an incident. And, like any 
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freeway operation, the greater the traffic 
volumes, the greater the delay that is 
associated with the increasing number of 
incidents.0°) 

For the HOV facility to maintain a higher 
quality of service at all times, electronic 
surveillance and communication tools can 
help operators respond to an incident that 
disrupts flow. Applying technology to both 
the HOV facility and the mixed-flow facility 
in a common corridor may bring incremental 
benefits and economies of scale. Either 
consideration or expanded use of 
surveillance and communication techniques 
is prudent in the design phase, even if the 
only steps taken are to allow for easier 
adoption of this technology at a later date. 
Typical treatments in the roadway design 
that complement future installation include 
the following: <5) 

• Inclusion of conduits adjacent to or 
under the outside shoulders (normally 
two, 7 .6-cm (3-in) conduits are 
adequate). Placement of conduits inside 
barrier alignments is not recommended 
due to the difficulty in accessing the 
conduits. 

• Inclusion of conduit valve opemngs 
within any longitudinal box beam 
structures and abutments. 

• Placement of additional induction loops 
in Portland cement concrete pavement at 
0.4 to 0.8 km (¼ to ½ mi) intervals. Up 
to three loops in a series should be 
applied, even if all are not ultimately 
used. 

Incident Response 

Once an incident is detected, a key to 
minimizing delay to HOVs is the speed with 
which the incident is cleared. Effective 
incident response must include service 
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equipment and facilities that, upon detection 
and location of an incident, allow for the 
rapid removal of that incident. <10J 

One important consideration in incident 
management on HOV facilities is the 
cooperation of the agencies responsible for 
providing the needed response. Often more 
than one department of an agency, or more 
than one agency, is involved. Since the 
priorities within each agency may be 
different, it is sometimes difficult to achieve 
the full cooperation of all parties. Matters 
involving multiple jurisdictions can also 
complicate the management process. To 
overcome these differences, it may be 
necessary to create an incident management 
team composed of representatives of the 
major operating agencies and governmental 
entities. At a minimum, the incident 
management team should coordinate incident 
response with existing groups or freeway 
incident management personnel, if any.00) 

An additional resource in incident response 
is the media. The dissemination of real-time 
traffic information by a central control 
facility to radio and/or television stations 
allows all citizens, especially commuters, to 
receive up-to-the-minute traffic 
information.<10J 

Enforcement Strategies 

Enforcement strategies are influenced by the 
compliance goal for a facility, accepted local 
practices of the enforcement agencies, and 
available staffing and resources. An 
acceptable violation rate varies from one 
type of priority treatment to another. In 
general, violation rates should be capable of 
being managed to no more than 10 to 20 
percent of the observed traffic stream in the 
HOV facility.cs) Four primary enforcement 
strategies are being used on HOV 
facilities:C31J 



• Routine enforcement activities are 
those activities which are randomly 
conducted in concert with normal police 
monitoring duties. Routine enforcement 
could be appropriate if the violation rate 
experienced is considered acceptable by 
the project management. 

• Special enforcement is characterized by 
continuing, systematic staff allocations 
and enforcement tactics specifically 
dedicated to enforce HOV violation 
rules. It is used when routine 
enforcement cannot effectively address 
HOV needs without sacrificing other 
enforcement duties. 

• Selective enforcement combines both 
routine and special approaches. 
Although most enforcement is routine, 
special tactics are applied periodically to 
specific problem areas where violations 
have been observed. 

• Self enforcement means having 
motorists and HOV users police 
themselves, identifying noncompliance 
with the HOV facility and talcing 
voluntary actions to report violators. 

Other Users 

Other users that are eligible ( or considered 
for eligibility) for some HOV facilities 
include the following:(SJ 

• Motorcycles. Inclusion of motorcycles 
has been promoted by some as an 
effective and safe way of segregating 
these vehicles from the mixed-flow 
traffic stream. The 1982 Surface 
Transportation Act passed by Congress 
leaves the decision, in effect, to local 
authorities. The act specifically includes 
motorcycles as eligible to use HOV 
facilities constructed with federal aid 
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funds, unless the responsible operating 
agency(s) take measures to have 
motorcycles prohibited for safety 
reasons. There does not appear to be 
any nationwide evidence to substantiate 
reports of positive or negative impacts 
associated with motorcycles. Inclusion 
of motorcycles as eligible users seems to 
be a local issue that has been effectively 
addressed at the local/state level. 

• Commercial vehicles. The role of 
commercial trucks in moving goods to 
market has expanded significantly. 
Reducing commercial vehicle 
transportation costs can mean a higher 
domestic standard of living and a more 
competitive position for the U.S. in the 
world marketplace. For these reasons it 
is becoming increasingly viable to think 
of trucks as priority vehicles. A policy 
that includes large commercial vehicles 
(e.g., any vehicle with more than two 
axles) in HOV facilities has been 
proposed over and over, particularly by 
the general commuting public and 
politicians, as a means of remedying 
conflicts in the mixed-flow traffic stream. 
With greater focus being given to 
restricting trucking operations on 
metropolitan freeways or during peak 
hours, the possibility of opening HOV 
facilities in the off-peak periods could 
have merit. However, the differing 
origins and destinations of commuters 
and commercial trucks cannot be easily 
accommodated. HOV facilities often 
contain design elements that are 
restricted within the geometric limitation 
of the surrounding freeway, making 
accommodation for trucking movements 
difficult. Weaving movements of trucks 
can adversely affect mixed-flow 
operation where median HOV 
ingress/egress is primarily via these 
adjacent lanes. There are also some 
questions about the safety of such a 
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vehicle mix, particularly the effect on 
sight distances and operating speeds. 

Even so, Environmental Protection 
Agency (EPA) regulations at 40 CPR 
88.313-93, which are based on section 
246(h) of the Clean Air Act, added by 
the 1990 Clean Air Act Amendments, 
allows fleet vehicles from centrally 
fueled fleets of 10 or more that have 
been certified and labeled as inherently 
low emission vehicles (ILEV) to use 
HOV lanes in certain ozone or carbon 
monoxide nonattainment areas, 
regardless of the number of occupants, 
unless they would "create a clear and 
direct safety hazard."<32

) If JLEVs will 
be allowed to use HOV lanes, the lanes 
need to be designed to limit the negative 
aspects of mixing commercial vehicles 
and HOVs discussed above. 

• Deadheading Vehicles. The term 
"deadheading" refers to transit 
operators' operating empty buses on 
HOV facilities for the return trip to their 
routes. By allowing transit operators to 
deadhead on HOV facilities, transit 
services are afforded greater operation 
efficiency and more visibility on HOV 
facilities. However, it is not desirable to 
issue blanket approval of transit operator 
deadheaditig, because there are instances 
where the appearance of empty vehicles 
on HOV facilities may create a public 
perception problem. Also, there could 
be numerous private transit operators in 
a metropolitan area who may wish to 
deadhead on HOV facilities, possibly 
causing unnecessary congestion on the 
facilities. 

• Emergency Vehicles. Emergency 
vehicles are generally allowed on all 
HOV projects. In practice, however, 
few emergency vehicles partake of the 
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HOV lanes, because the ingress and 
egress locations are not generally 
oriented to the nearest emergency facility 
(e.g., fire station or hospital). Inclusion 
of emergency vehicles does not affect the 
design envelope that is applied, 
especially if all classifications of buses 
are accommodated. Any emergency 
vehicle that uses an HOV facility should 
be properly identified and involved in a 
legitimate mission. Use of the lane by 
off-duty enforcement or unmarked 
vehicles deteriorates public respect for 
the operation and its policies and should 
be discouraged. 

MAINTENANCE 

Maintenance needs, like incident handling, 
tend to be the same as for any other 
metropolitan roadway. HOV lanes can be 
designed to reduce certain maintenance 
needs. Following are a few 
recommendations :<5l 

• Drainage inlets should not be placed 
under barriers. Inlets may be cast into 
barriers, but slots should be wide enough 
to be maintained. No inlets should be 
located in a lane of travel. 

• Access to overhead signs should be 
available. Closed-circuit television, 
variable message signs and lighting need 
special attention to ensure that they can 
be accessed for maintenance without 
blocking a travel lane. 

• Snow removal may require special 
consideration. This need can dictate the 
width of shoulders for temporary storage 
of plowed snow, or intermediate 
openings in barriers for access by snow 
removal equipment. HOV lanes should 
be afforded a higher priority for snow 
removal than other portions of the 
roadway. 



• Litter removal from the median carries a 
higher priority on most HOV treatments, 
particularly on treatments that do not 
provide adequate lateral clearances with 
barriers. Even small objects that are 
blown against a barrier can affect HOV 
operation. Barrier-separated facilities 
tend to collect debris blown in from 
mixed-flow lanes. Some projects have 
resorted to sweeping or driving the HOV 
facility in advance of operating periods 
to remove major obstacles. 

• Transit support facilities, most notably 
bus transfer stations, can be subject to 
extensive vandalism, and require an 
inordinate amount of maintenance. 
Special attention to material selections 
that are in keeping with anticipated use 
(staffed versus unstaffed facilities) are 
recommended. 

• The typical one-lane HOV roadway is 
subject to extensive wear along a specific 
wheel path. It is not uncommon for ruts 
in asphaltic concrete surfaces, or tears in 
the seams between differing pavement 
materials, to create ongoing maintenance 
problems. Every effort should be made 
during the design process to develop a 
consistent pavement section with 
sufficient quality for longevity. 

• Barriers between parallel directions of 
travel (HOV and mixed-flow) should be 
only loosely fixed to the pavement, and 
barriers preferably precast. This design 
treatment allows sufficient flexibility in 
the future to move barriers when the 
inevitable need arises to handle traffic 
during pavement resurfacing and 
rehabilitation activities. 

• Pavement markings and HOV signing 
should be designed with longevity in 
mind, and properly maintained to 
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minimize confusion and ensure proper 
operation. 

• The design of the HOV facility should 
not attempt to address every detail. To 
optimize operation, there will be a need 
for maintenance activities to address 
minor modifications to signing, 
pavement markings and other elements 
of the project that require some 
refinement as operating experience is 
acquired. Capital or maintenance funds 
should be budgeted for these inevitable 
needs. 

CONCURRENT FLOW LANES 

The following issues should be considered 
when planning and designing concurrent 
flow HOV lanes: 

• Phased construction is sometimes used 
to build concurrent flow HOV lanes. 
Often, the finished portions are opened 
to regular traffic. Converting these lanes 
to HOV operation can cause opposition 
and resentment. System planners and 
operators should either keep the lane 
free of traffic until it is completely 
finished or impose HOV restrictions on 
any opened partial section. In both 
cases, marketing and public relations 
campaigns may be needed to explain 
how the HOV lanes will be used during 
construction. 

• Careful consideration should be given to 
how vehicles merge into and out of 
concurrent flow HOV lanes. Designers 
should be careful not to create a design 
where unsafe driving conditions are 
generated because of the speed 
differential between HOV and regular 
traffic lanes. 

• Concurrent flow HOV lanes can be used 
by aggressive drivers to pass slow 
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moving vehicles, and to weave in and 
out of regular flow traffic. Regular 
enforcement activities may be needed to 
curb this activity. 

6.5 EXAMPLES OF HOV 
TREATMENTS 

Two case studies of HOV Systems are 
offered. These studies provide an overview 
of the HOV facilities in Houston, Texas, and 
Seattle, Washington. 

HOUSTON 

Houston, Texas hosts the most extensive 
network of barrier-separated HOV facilities 
in the United States.<33

l Ultimately, the 
Houston HOV system will incorporate 166 
km (103 mi) of HOV lanes.<34> The Houston 
HOV system has enjoyed a great deal of 
success largely due to the coordinated 
support offered by the Metropolitan Transit 
Authority of Harris County (METRO) and 
the Texas Department of Transportation 
(TxDOT). <33> 

The HOV facilities in Houston were created 
in response to a surge in traffic congestion 
that began in the 1970s. The City of 
Houston and TxDOT sought to improve 
transit operations and reduce traffic demands 
by increasing vehicle occupancy from an 
average occupancy of 1.2 persons per 
vehicle through HOV priority treatments. 
Houston's HOV experience began with the 
development and operation of a 14.4 km 
(9 mi) contraflow lane on the North Freeway 
(I-45). The contraflow lane hosted only 
authorized buses and vans and, when opened 
for use in 1979, was extremely successful. 
The contraflow lane was operated only for 
2.5 hours during each peak period, but was 
credited with moving over 8000 persons 
during those times. As a result of the 
success of the contraflow lane, Houston 
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began development of a large-scale HOV 
system concept. <33l 

Having committed to the development of 
HOV facilities in Houston, the City of 
Houston and TxDOT laid plans for the 
development of a 166 km (103 mi) HOV 
lane system as illustrated in figure 6-26. 
While two-direction HOV facilities are being 
developed, the typical HOV lane in Houston 
currently provides for reversible operations, 
and is separated from general-purpose 
freeway lanes by concrete median barriers 
(see figure 6-27). The HOV lanes are 
typically located in the freeway median and 
measure approximately 6 m (20 ft) in width. 
Due to geometric constraints, freeway 
mainlanes and inside shoulder widths were 
narrowed in some locations to accommodate 
HOV lane construction.<33l 

Access to the Houston HOV facilities is 
provided by several means and is typically 

. provided at 5 to 8 km (3 to 5 mi) intervals. 
Most access to the HOV lanes is provided by 
grade-separated interchanges. At these 
interchanges, the HOV lane is elevated in the 
freeway median, and grade-separated ramps 
are used to convey traffic over the freeway 
lanes to select local streets, transit facilities, 
and park-and-ride lots (see figure 6-28). 
The grade-separated ramps were chosen for 
their ability to eliminate intetference with 
freeway mainlane operations, enhance safety, 
reduce travel time, and provide locations for 
enforcement personnel to operate. The 
construction costs of the grade-separated 
interchanges are estimated to range between 
2 and 7 million dollars each. In addition 
to the grade-separated ramps, some access 
to the median HOV lanes is provided 
through the use of slip ramps, as shown in 
figure 6-29_{34

) 
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Figure 6-27. Typical Houston HOV Lane.<9
J 

Figure 6-28. Houston Grade Separated HOV Lane Access Ramps.<9
J 

The occupancy requirements of the Houston 
HOV lanes, as well as the vehicles that are 
allowed on them, continue to evolve. 
Changes have been made to both the 
occupancy and vehicle requirements to 
manage traffic volumes on the HOV lanes 
(see figure 6-30). The changes were made 
to ensure the desired high speeds and reliable 
trip times that contribute to the success of 
HOV lanes. <33J 

As of December 1995, the system was 
hosting in excess of 77,000 person-trips per 
day_<34

l Peak-hour vehicle occupancy has 
increased by approximately 20 percent on 
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freeways with HOV lanes as compared to 
their pre-HOV conditions. Freeways 
without HOV lanes witnessed a decrease in 
occupancy during the same periods. Given 
the quasi-independent status of the HOV 
lanes in relation to the freeway mainlanes, 
operations on the freeways and other parallel 
routes have not been significantly affected by 
the HOV lanes. No significant changes in 
freeway and parallel route congestion have 
occurred. This finding is attributed to the 
HOV's ability to reduce the growth rate in 
congestion, as opposed to reducing the 
existing levels of congestion. <33

J 
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Figure 6-29. Houston HOV Slip Ramp.<9J 

Figure 6-30. Example of Dynamic Message Sign Showing 
New Occupancy Requirement. c9J 

Contributing to the success of the HOV 
lanes has been the development of several 
strategically located park-and-ride lots, 
transit centers, carpool lots, and downtown 
bus lanes (see figure 6-31). Park-and-ride 
lots themselves have experienced a 
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tremendous growth in demand due to use of 
the HOV lanes. In two of Houston's HOV 
lane corridors, use of the park-and-ride 
facilities increased 200 percent or more from 
pre-HOV levels. Similar corridors not 
equipped with the HOV lanes experienced 
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only small changes during the same time 
period. (34> 

Travel time savings offered by the HOV 
lanes have also served as a lucrative means 
of attracting new users. Because the 
Houston system is still relatively new, it is 
not believed to have reached its full potential 
yet. Nevertheless, time savings range from 
five minutes on the Gulf Freeway HOV lane 
to 18 minutes on the Katy Freeway HOV 
lane. The current 102 km (63.6 mi) system 
is estimated to result in 41 minutes of time 
savings, or one minute per mile. Recent 
survey evidence indicates that the time 
savings perceived by users of the HOV lanes 
are much higher and it is expected that 
future benefits will be even greater as 
congestion on freeway mainlanes 
increases.'34

) 

On the basis of survey evidence, the typical 
users of the HOV lanes are characterized as 
young, educated, white-collar commuters. 
Furthermore, over 90 percent of the transit 
bus riders using HOV lanes have an 
automobile at their disposal, indicating a 
significant expansion of the transit market. 
Principal reasons cited for using the HOV 
lanes include the following:<28

l 

• Freeway too congested (22%). 

• Saves time (18%). 

• Time to relax (16% ). 

• Reliable trip time (15%) 

Sixty-five percent of the total person trips on 
the HOV lanes are currently served by vans 
and carpools. The remaining 35 percent are 
served by buses. <34

l 

The latest regional plan for the HOV system 
estimated that the entire Houston HOV 
system will have cost approximately $900 
million, or $5.5 million per km ($8.8 million 
per mi), when the system is complete. These 
costs, estimated in 1995 dollars, include the 
HOV lanes, HOV lane access and egress 
ramps, all park-and-ride lots, park-and-pool 
lots and bus transfer centers, and the HOV 
surveillance, communication, and control 
systems. The exact capital cost of the HOV 
lanes will be difficult to determine because 
the HOV lanes have usually been 
constructed in conjunction with freeway 
renovation projects. (34

l 

Figure 6-31. Examples of Park-and-Ride Lot and Bus Station. 

6-70 



SEATTLE 

Seattle's HOV system is sponsored mainly 
by the Washington State Department of 
Transportation (WSDOT) and is eventually 
expected to include the HOV lanes depicted 
in figure 6-32. The Seattle HOV system 
traces its origins to several failed heavy rail 
and freeway expansion planning projects that 
were initiated during the 1960s. From those 
early defeats arose an HOV system that is 
now considered to represent a long-term 
component of Seattle's transportation 
system that doesn't compete with other 
transit guideway technologies under 
development. (3l 

The first HOV project in Seattle arose as a 
result of an express bus service 
demonstration project sponsored by the 
Urban Mass Transit Association (UMT A) 
and known as the Blue Streak. The Blue 
Streak Project involved the operation of 
eight different transit routes using reversible 
express median lanes along I-5 in 
conjunction with downtown ramps. Owing 
to the success of the Blue Streak program, 
funding was allocated to further develop and 
evaluate the Blue Streak program and led to 
additional HOV operations. In 1972, the 
Puget Sound Governmental Conference and 
the regional transit agency published their 
first transit plan that addressed 
exclusive/preferential lanes. Further 
expansion of HOV use came with projects 
involving 1-90 during the late 1970s. During 
the 1980s, an underground bus tunnel 
through the downtown area was completed, 
the I-5 north reversible lanes were extended, 
concurrent-flow HOV treatments were used 
on I-5, 1-405, and SR 67, and the SR 520 
HOV operation witnessed the expansion of 
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its operational hours and eligibility 
requirements to meet increased demand. (3) 

Figures 6-33 to 6-35 show typical Seattle 
HOV facilities. 

As each of the HOV projects progressed, the 
planning process that supported their 
development evolved. Interagency panel 
reviews and a task force representing all 
affected agencies was formed to provide 
guidance in HOV planning and operations. (3l 

Public information measures have been used, 
including telephone and mail-out surveys, 
newsletters, media events, and other means. 
In 1992, WSDOT initiated a major policy 
shift with one of its reports that stated, 
"When new capacity options are proposed, 
one of the alternatives to be considered shall 
be the conversion of a general purpose lane 
to an HOV lane." In the past, WSDOT had 
created HOV lanes through construction of 
new lanes. The first application of this new 
concept involved the creation of a HOV lane 
on a 7 .5 mile segment of 1-90 which had 
been experiencing lane balance problems. 
After receiving FHW A approval in the 
spring of 1993, a combination of lane 
conversion and new lane construction was 
undertaken to create new eastbound and 
westbound HOV lanes. Other sites were 
later placed under consideration for similar 
lane conversions. <36

) 

In most cases, WSDOT serves as the 
sponsoring agency for HOV lane projects. 
Funding has been secured from a variety of 
sources, including a special high-capacity 
funding package based on regional sales tax 
revenue. 
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HOV Lanes 

Completed. Under 
Construction 

Planned & Funded 

Planned - Funding 
Uncertain 

Proposed, Under 
Discussion 

Figure 6-32. Seattle Area HOV System. <35
) 
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Figure 6-33. 1-5 Reversible-Flow HOV 
Lanes. (9l 

Module 6. HOV Treatments 

Figure 6-34. 1-5, Seattle Concurrent 
Flow HOV Lanes (Median Location). <

9l 

Figure 6-35. 1-405, Seattle Concurrent Flow HOV Lanes (Shoulder 
Location). <10l 
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Figure 7-1. Dynamic Message Signing on New Jersey Turnpike. 

7.1 INTRODUCTION 

It is well known that the key to successful 
driving task performance is efficient 
information gathering and processing.<!) 
Likewise, properly communicating with 
motorists is critical to successful freeway 
traffic management and operations. 
Motorists rely on a wide variety of 
information to properly accomplish the 
control, guidance, and navigational aspects 
of the driving task. The roadway alignment 
and general terrain itself provides a great 
deal of this information through visual 
"cues;" sources such as pavement markings 
and regulatory, warning, and guide signs 
also contribute greatly to the overall 
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information system. However, in an 
effective freeway management system, 
dynamic methods of conveying information 
to motorists or travelers are often needed to 
better operate and control the system. 

Freeway management systems rely on 
various information dissemination 
components to apprise all types of travelers 
(motorists, transit users, commercial vehicle 
operators, etc.) of current and anticipated 
travel conditions so that informed mode, 
departure time, and route choice decisions 
can be made. 

Information dissemination is also managed in 
order to improve travel conditions in the 
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corridor by influencing traveler behavior (by 
recommending diversion routes around an 
incident, for example). This information can 
be disseminated from a variety of sources 
(State departments of transportation, transit 
agencies, private-sector information service 
providers, etc.) using a variety of methods 
(dynamic message signs, commercial radio 
traffic reports, traffic information kiosks, 
etc.). 

MODULE OBJECTIVES 

The objectives of this module are threefold: 

• To describe how to define, establish, and 
coordinate effective traveler information 
components in a freeway management 
system. 

• · To identify existing and emerging 
technologies available to facilitate 
information dissemination to travelers. 

• To illustrate how information 
dissemination components can integrate 
with each other and with other 
components of a freeway management 
system. 

MODULE SCOPE 

This module addresses both traditional and 
emerging information dissemination 
processes and technologies for freeway 
management systems. Whereas a number of 
technologies (i.e., dynamic message signs, 
highway advisory radio) have been around 
for a number of years, there are new 
opportunities today. In the past, information 
was distributed in response to an incident. 
Today, the focus is to provide a continuous 
flow of information to travelers, businesses, 
and commercial carriers in order to make 
their trip travel time more predictable. The 
focus of this module is to emphasize the 
need for integration among all components 
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and technologies being utilized for 
information dissemination within the 
integrated regional transportation 
management system. 

7.2 DESIGN PROCESS 

Decisions about when, where, and how to 
disseminate travel-related information to the 
public have become much more complex in 
recent years, due to improved traffic/ 
weather/transit surveillance capabilities and 
expanded information dissemination options. 
As with the other components that can be 
included in a freeway management system, 
the decisions necessary to develop and 
integrate information dissemination into the 
system can be best accomplished by 
following the basic decision process 
described in Module 2. Specific application 
of this process to the task of incorporating 
information dissemination into a freeway 
management system is discussed in the 
following sections. 

IDENTIFY NEEDS 

The first step in the decision process is to 
identify the need to be addressed through 
information dissemination, or stated another 
way, the information needs that exist in the 
freeway corridor. Two basic categories of 
information dissemination exist 

• Pre-trip planning. 

• En route guidance and information. 

Table 7-1 presents examples of some of the 
specific types of need and/or information 
needs in these categories. Certain 
information may be needed both pre-trip and 
en route, whereas other information may be 
needed for either one or the other. To the 
extent possible, these information needs 
should be further defined by the following: 
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Table 7-1. Information Need Categories. 

I Category I Examples of Information Need I 
pre-trip planning • current/anticipated traffic conditions 

- speeds 
-incident locations 
- other congestion locations 
- upcoming road closures 

• weather effects 
- pavement conditions 
- road closures 

• route guidance 
- around incidents 
- to special events 

• transit information 
- bus schedules and status 
- transfer locations 
- rideshare matching (preplanning and real-time 
matching) 

en route guidance and • current traffic conditions 
information - speeds 

- incident locations 
- other congestion locations 

• weather effects 
- pavement conditions 
- road closures 

• route guidance 
- around incidents 
- to special events 

• lane/shoulder/ramp use status 

• Audience. 

• Location. 

• Time-of-day. 

These characteristics affect how well 
information can be received by the users, and 
what types of responses can be expected 
from the users who have that information 
available. 

is also important early on to identify those 
factors or issues that will influence the ability 
of agencies and/or the private sector to 
provide that information. Tort liability 
concerns can be one such factor. Some 
agencies may avoid providing current 
pavement condition information, for 
example, for fear of establishing a precedent 
that may be used against them if they fail to 
warn of that pavement condition ( or a 
similar one) in the future. Preestablished 
agreements between public agencies and 
private sector companies regarding access to In addition to the needs to be addressed 

through information dissemination efforts, it 
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agency data may also influence the direction 
of future dissemination efforts. 

The problem identification step of the 
decision process also includes an inventory 
of existing information sources, including 
media reports and private sector initiatives. 
The inventory can include such data items as 
target audiences, accessibility, frequency of 
reports, and information accuracy. If 
possible, assessments of user satisfaction 
with the information should also be obtained. 

IDENTIFY INFORMATION 
DISSEMINATION PARTNERS 

The key partners in the development of the 
information dissemination component of a 
freeway management system include the 
following: 

• Traditional State and local public sector 
agencies (transportation and public 
works, transit, toll authorities, law 
enforcement). 

• Commercial media. 

• Private sector traffic reporting services 
(distributing through commercial media 
venues or through direct subscription to 
motorists). 

• Local fleet operators (delivery services, 
taxis, etc.). 

In some cases, the owners/operators of 
major traffic generators (malls, tourist 
attractions, annual special event promotions, 
etc.) could also be important partners to 
include in the decision-making process. 
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BUILD CONSENSUS AMONG 
PARTNERS 

Identify Differences in Operating 
Philosophies Among Partners 

Developing a consensus regarding the 
importance of information dissemination and 
its role as part of an overall freeway 
management system is the next step in the 
decision process. It is important that project 
partners take ownership of the effort up 
front, or it may never work. To make this 
happen, it is important to identify and 
understand the differences in operational 
philosophies of the different partners 
involved. 

For example, highway and transit agencies 
may view the presence of some degree of 
recurrent congestion on the freeway in very 
different ways if an HOV lane is included 
within the freeway right-of-way. Whereas 
diverting freeway traffic to arterial streets 
might be a primary goal of the highway 
agency, the transit agency may desire to 
promote bus utilization and the HOV lane as 
a means of reducing that congestion. 
Partners need to communicate these 
concerns to each other so that a consensus 
about goals can be reached. 

The partners must also be aware of the 
differences in operational philosophies 
between public agencies and private sector 
entities. Whereas equity concerns typically 
drive public agency decisions regarding the 
dissemination of travel-related information, 
marketing opportunities and profit motives 
will generally dictate private sector interests, 
perceptions, and decisions. A clear under­
standing of the differences among these 
philosophies is required. 



Establish Common Ground Between 
Partners 

Once operational and philosophical differ­
ences among the various partners have been 
identified, the next step is to establish areas 
of common concern or priorities between the 
partners with respect to travel-related 
information dissemination. Common ground 
must be established both at the upper 
management and political level, and at the 
day-to-day operations level. Information 
dissemination requires upper management 
and political support of a common vision of 
information availability in order to ensure 
continued funding support. Meanwhile, 
consensus among partners at the operations 
level is needed to promote true operations 
integration among the various information 
dissemination component,; utilized within the 
corridor. 

Module 7. Information Dissemination 

ESTABLISH GOALS AND 
OBJECTIVES 

Once a consensus has been established 
among the partners involved with 
information dissemination efforts, it is 
necessary to define the goals and specific 
objectives that are going to be addressed 
through this component of the freeway 
management system. As discussed in 
Module 2, goals are broad statements of the 
intent of the system or one of its 
components, whereas objectives are specific 
statements about what the system or 
component of that system will attempt to 
accomplish. A given goal may have more 
than one objective specified to reach that 
goal. Table 7-2 presents examples of goals 
and objectives an agency might have for the 
information dissemination component of its 
freeway management system. 

Table 7-2. Examples of Goals and Objectives for Information Dissemination. 

Category Examples 

Goals • Reduce motorist demands upstream of a freeway 
incident 

• Reduce motorist errors in locating unfamiliar 
destinations 

• Reduce transit user uncertainty about bus arrivals 

Objectives • Warn motorists of adverse weather conditions 
• Notify motorists of downstream incidents 
• Advise motorists when to seek alternative routes 
• Provide motorists with origin-to-destination route 

guidance assistance 
• Inform motorists at park-and-ride lots when the next 

bus will arrive 
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In general terms, each of the objectives 
developed for information dissemination 
should be specific enough to answer the 
following questions: (t) 

• Who is being communicated with? 

• What responses are desired or 
anticipated? 

• Where will the responses take place? 

ESTABLISH PERFORMANCE 
CRITERIA AND MEASURES 

In order to assess the extent to which 
information dissemination efforts within a 
freeway management system are meeting 
goals and objectives, a set of performance 
criteria and measures-of-effectiveness 
pertaining to these efforts must be identified. 
Relative to information dissemination, 
performance criteria have three different 
dimensions that are of interest: 

• Information credibility. 

• Market penetration. 

• Traveler response. 

These three dimensions are interrelated. The 
following sections provide additional details 
and examples of criteria for each of the 
above dimensions. 

Information Credibility 

An information dissemination tool must be 
credible to travelers if it is to be utilized and 
have an impact upon traffic operations. The 
following criteria define how credibility is 
established: C

2
l 
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• The information must be accurate. 

• The information must be timely. 

• The information must be relevant to its 
intended audience. 

While these are generally accepted concepts, 
it is sometimes difficult to identify and obtain 
objective and quantifiable measures with 
which to judge them. This task is further 
complicated by the fact that the measures 
themselves may depend on the specific 
message or unit of information that a partner 
is trying to convey. Examples of perfor­
mance measures that could be used to 
evaluate the credibility of information being 
disseminated to motorists are provided in 
Table 7-3. Local concerns and capabilities 
will dictate which performance measures are 
most appropriate for evaluating information 
credibility in a given locale. 

Market Penetration 

Market penetration refers to the percentage 
of the potential audience reached by the 
information dissemination efforts. 
Performance criteria regarding market 
penetration may be appropriate for 
evaluating certain system goals and 
technologies, particularly those emerging as 
part of Advanced Traveler Information 
Systems (ATIS). It is expected that some 
technologies, such as in-vehicle dynamic 
route guidance, will require only limited 
market penetration in order to achieve 
operational benefits. Other technologies, 
such as information kiosks in major traffic 
generators, may require agencies to strive 
for as great a market penetration as possible 
in order to distribute the information to a 
wider audience and possibly attract private 
sector advertising and sponsorship. 
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Table 7-3. Examples of Performance Measures for Information Dissemination. 

Category Examples 

Information accuracy • Difference in the number of incidents in the system and 
number of incidents reported 

• Difference between reported expected arrival times of buses 
and the times the buses actually arrive at a transit station 

• Number of complaints received from the public about 
inaccurate information (by device and type of information) 

Information timeliness • Average delay time between when an incident is verified and 
when information about the incident is disseminated to 
travelers 

Information relevance • Number of travelers who access a given information 
component or unit 

Traveler Response 

Ultimately, the purpose of providing 
information to travelers is to effect some­
change in traveler behavior that will cause an 
improvement in safety or operations. Thus, 
performance measures are also needed to 
determine the extent to which information 
dissemination accomplishes this purpose. 
Changes in traveler mode, departure time, 
and route (if appropriate) are appropriate for 
evaluating the effectiveness of real-time 
travel-related information. However, it may 
be very difficult and expensive to obtain 
actual data for these measures. Traveler 
opinions about the effectiveness of the 
information being provided can be another 
important eval-uation measure. Reductions 
in travel time, turning and route choice 
errors, or similar measures may also be 
useful to evaluate certain types of 
information. <3) 

It is important to recognize that because of 
the complex travel patterns of travelers at 
any point in the roadway, it may not be 
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possible to adequately measure the overall 
effects of many types of information or 
dissemination modes upon traffic volumes, 
speeds, or delays. The day-to-day variances 
in travel patterns themselves may mask the 
effects of any information disseminated 
during a specific event such as an incident, 
particularly if the information is intended for 
a very specific audience (such as vehicles 
within a freeway traffic stream destined for 
a specific downstream exit). 

Consequently, it may sometimes be 
necessary to include performance measures 
that evaluate the effect of information 
dissemination at an individual traveler's 
level. For example, trip diaries that identify 
a specific driver's travels on any given day 
may need to be compared to determine 
whether the presence of information had any 
influence on driving behavior for that select 
group with drivers on that particular day. 
This approach can be very costly and 
manpower intensive, however. 
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FUNCTIONAL REQUIREMENTS 

The functional requirements of information 
dissemination components in a freeway 
management system define specific actions 
or activities that are to be performed in order 
to achieve one or more of the objectives. 
Initially, the functions should be defined 
without considering the dissemination 
technology or system architecture that will 
be employed. Functions simply specify what 
information will be disseminated and 
possibly when and where it is to be 
presented, not how this will be done. Table 
7 -4 presents some examples of functional 
requirements for various information 
dissemination objectives. 

The ITS National Architecture should serve 
as the basic building block of the functional 
requirements definition process for 
information dissemination.C4

l The functions 
described in the National Architecture must 
then be detailed to match the needs and 
desires of the local agencies. 

Details regarding who should receive 
information, as well as when and where that 
should occur, all become a part of the 
functional definitions. The intent of this step 
in the design process is not only to specify 
functions independent of the technology that 
could be used to achieve those functions, but 
also to highlight what and why other 
components of the freeway management 
system must link with the information 
dissemination components. 

Table 7-4. Examples of Functional Requirements for 
Information Dissemination Objectives. 

Examples of Objectives Examples of Possible Fwictions 

• W am motorists of adverse • Notify freeway motorists of downstream roadway 
weather conditions flooding whenever more than 100 mm of water 

collects in an underpass section 

• Notify motorists approaching an entrance ramp 
whenever the freeway is closed because of adverse 
weather conditions such as high winds or ice 

• Notify motorists of • Within "X" minutes of its occurrence, notify freeway 
downstream incidents motorists of any incident that occurs in the travel 

lanes within the next exit or decision point 

• Advise motorists when to • If the road is closed due to an accident, recommend 
seek alternative routes that freeway motorists traveling to the CBD exit at 

an upstream connector to a parallel toll road 
whenever travel times to the CBD on the freeway 
are more than "X" minutes longer than on the toll 
road 
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For example, an information dissemination 
function that gives route specific travel times 
requires that travel time monitoring be a 
function in the freeway management system. 
Likewise, a function of notifying motorists 
about downstream lane-blocking incidents 
within a set time also affects the design of 
the freeway surveillance component of the 
freeway management system (what type of 
vehicle detection technology can be used, 
how close together detectors must be 
placed, etc.). As a final example, notifying 
motorists that lanes are closed downstream 
for maintenance work implies that a 
mechanism for determining when and where 
such closures occur is available via direct 
communication between the maintenance 
and operations divisions of the 
transportation agency, observation of the 
closure via closed-circuit television, or other 
methods. 

DEFINE FUNCTIONAL 
RELATIONSHIPS, DATA 
REQUIREMENTS, AND 
INFORMATION FLOWS 

The purpose of defining functional 
relationships, data requirements, and 
information flows is to establish an 
understanding of how the various 
information dissemination functions that are 
to be accomplished will be integrated with 
each other and with the other components in 
the freeway management system. In this 
step, the relationships between information 
dissemination functions are further refined to 
incorporate local issues, concerns, and 
capabilities. 

The relationships between the desired 
information dissemination functions and 
necessary data flows to those functions can 
be particularly important when designing a 
freeway management system, especially if 
several partners are involved in the 
information dissemination process. 
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Locations of potential information 
dissemination conflicts can be identified 
beforehand (a highway and a transit agency 
may want to display information at the same 
roadway location, for example). Perhaps 
more commonly, locations and situations 
where information sharing between partners 
can occur may be identified, and result in a 
more efficient system design. 

IDENTIFY AND SCREEN 
TECHNOLOGIES 

Once the system requirements for 
information dissemination have been 
developed, it is then appropriate to assess 
the actual technologies available to meet the 
functional and system architectural 
requirements that have been developed for 
meeting the goals and objectives of 
information dissemination. Technologies 
that are available for information 
dissemination can be grouped into one of 
three categories: 

• Those located on the roadway where the 
information transfer to the traveler 
occurs at a specific point or within a 
very small segment of roadway (i.e., 
using dynamic message signs or highway 
advisory radios.) 

• Those located within the vehicle where 
the information transfer is not 
constrained to a point or a small segment 
of roadway (e.g., using radio, cellular 
telephone, or in-vehicle navigation 
devices). 

• Those located off of or away from the 
roadway altogether (e.g., using 
television, computer linkages, or kiosks 
in major traffic generators). 

A review of the technologies in each of these 
three categories is provided later in this 
module. This review can serve as the 
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starting point for the technology screening 
process. However, technology in the 
information dissemination realm continues to 
change rapidly and should be reassessed 
each time this point is reached in the decision 
process. 

Initial screening can be used to determine 
which of the three basic categories can be 
used to effectively accomplish each of the 
specified information dissemination 
functions. More than one of the categories 
may be useable. Then, within each category, 
a more detailed screening and evaluation 
process can help select among the various 
alternatives of that technology. Screening 
should include such considerations as the 
following:<5

> 

• Legibility (for visual information 
components). 

• Reliability. 

• Costs to the user and public agency 
(these should be life-cycle costs, 
discussed in greater detail in Module 
11). 

• Potential market size. 

If, for some reason, the screening process 
does not identify technologies that can 
adequately perform the functions that were 
established, then the analyst must step 
backwards and reassess the objectives and/or 
functions of the information dissemination 
component of the freeway management 
system. Objectives and associated functions 
may have to be scaled back or otherwise 
modified. 

DEVELOP IMPLEMENTATION 
PLAN 

The next step in the process is the 
development of an implementation plan. 
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Implementation plan development 1s 
governed by federal guidelines, and is 
required for all new or expanded traffic 
control system projects that utilize federal 
funds.(6

l Actually, an implementation plan is 
a good idea for all traffic control system 
projects, regardless of whether or not they 
utilize federal funds. 

Module 2 described the general guidelines 
regarding overall plan development for a 
freeway management system. In this 
section, special issues of plan development 
are discussed that relate specifically to the 
information dissemination components of a 
freeway management system. 

Because information dissemination must be 
coordinated among the various partners, a 
portion of the plan should be devoted to a 
discussion of the management structure and 
the agreements that will be utilized to 
achieve this coordination. Items to be 
included in this portion of the plan are as 
follows: 

• Names of contact person(s) for each 
partner. 

• Protocols and methods to be utilized to 
coordinate. 

• Definition of each partner's 
responsibilities regarding information 
exchange. 

• Estimates of each partner's financial 
contribution to the effort ( cash, in-kind 
exchange of equipment or services, etc.). 

• Letters or memoranda of agreement 
regarding the desire to coordinate among 
partners. 

Additional details may need to be included in 
the letter of agreement if some of the 
partners will jointly operate some of the 



information dissemination technologies to be 
implemented. For example, a transportation 
agency may wish to allow law enforcement 
personnel to access and utilize their dynamic 
message signs or highway advisory radio 
equipment for managing major incidents 
during late-night hours when the 
transportation agency does not have 
someone on duty. 

A detailed implementation plan is also 
needed in order to properly coordinate 
information dissemination within the freeway 
management system. Whereas the letters of 
agreement and discussion of the 
management structure lay out broad 
administrative boundaries and consensus to 
coordinate, the implementation plan spells 
out in detail how this will occur. 

An implementation plan may include specific 
preplanned actions that will be taken in 
response to certain common or expected 
situations (i.e., which dynamic message signs 
will be activated and what will be displayed 
on them in response to an incident that 
occurs on a specific section of freeway), as 
well as more general rules that will be used 
to decide what information to present for 
unusual, unexpected situations. For 
example, the TransGuide Traffic 
Management System in San Antonio, Texas 
has over 60,000 preplanned "scenarios" 
coded into a computerized database. 
Depending on the time of day, location of an 
incident, and the number of lanes that are 
blocked, a specific scenario is selected that 
defines which dynamic message signs and 
lane control signals are to be activated and 
the messages that are to be displayed on 
each (i.e., "LEFT LANE CLOSED 
AHEAD"). Most of the time, system 
operators simply activate one of these 
preplanned actions. Occasionally, a freeway 
problem develops for which preplanned 
actions have not been developed. In these 
cases, system operators use basic 
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information dissemination rules for the 
system they have learned to decide what 
messages need to be displayed, on which 
signs they should be displayed, etc. 

IDENTIFY FUNDING SOURCES 

Identification of funding source alternatives 
actually occurs as part of the plan 
development process. As with the other 
components of freeway management 
systems, the partners involved in information 
dissemination can share costs through some 
combination of the following: 

• Individual agency hardware purchases 
and operation/maintenance which is 
coordinated with another agency's 
efforts in the region. 

• In-kind contribution of equipment and 
services to a pooled service. 

• Establishment of user fee schedules 
(direct or indirect). 

Several different cooperative institutional 
arrangements have been successfully utilized 
to distribute information dissemination costs 
in a rational and equitable manner to public 
and private partners. For the TRANSCOM 
organization in New York/New Jersey, cash 
and in-kind contributions from each member 
agency fund the operations of the 
organization.<9l Each partner has an official 
assigned to the TRANSCOM executive 
committee, which works together to 
establish the actual fee structure, 
management policies, and other matters of 
concern to the agencies as a group. 

In Boston, the SmarTraveler cellular call-in 
system is sponsored in large part by FHW A 
and the Massachusetts Highway Depart­
ment, but is managed by a private-sector 
limited partnership, SmartRoute. <10l Several 
other private-sector companies (cellular 
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telephone companies, a paging company, 
and broadcast media) purchase some of the 
information being managed and 
disseminated, which has helped offset some 
of the costs to the public agencies. Oll 

In San Antonio, Texas, both public and 
private-sector partners have entered into a 
Cooperative Industry Product Agreement to 
facilitate the development and 
implementation of the software that will 
decode the video and data transmissions 
from a low-power television station that the 
Texas Department of Transportation has 
purchased and will operate. <

12
l This has 

allowed the various potential beneficiaries of 
the system (i.e., media stations, fleet 
operators, etc.) to contribute to software 
development for a relatively small price ( and 
risk). Furthermore, it provides a mechanism 
to allow future partners to enter into the 
agreement in a fair and equitable manner. (l

2l 

IMPLEMENT 

Implementation of information dissemination 
components in the freeway management 
system occurs as a natural result of following 
the systems engineering process. Module 2 
described, in general terms, the 
implementation activities that should occur 
at this point in the process. In addition to 
the issues brought out in that module, other 
concerns that pertain directly to information 
dissemination include: 

• Implementation schedule. 

• User training. 

Information dissemination is the main link 
between the freeway management system 
and the motoring public. Experience 
indicates that the implementation of 
information dissemination devices should 
occur only after the surveillance and control 
infrastructure has been installed. Otherwise, 
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the credibility of the overall system with the 
traveler can be severely degraded by having 
the devices in place and not using them or by 
having the devices display wrong 
information. One of the problems reported 
by officials of the INFORM project in New 
York was that the DMSs for the project 
were installed early on in the contract and 
then sat there wmsed for several years as the 
agencies built the rest of the infrastructure, 
Since it was not immediately apparent to 
motorists why the devices could not be used 
to communicate about downstream roadway 
and traffic conditions, public opinion about 
the project suffered. 

Another important facet of information 
dissemination implementation is the 
development of training necessary to assist 
travelers in correctly interpreting and 
responding to some of the information 
dissemination technologies. For example, 
the Texas Department of Transportation in 
Fort Worth displays the meaning of lane 
control signals mounted over each travel 
lane periodically throughout the freeway 
network. As a result, motorist compre­
hension of the available symbols for the 
signals are somewhat higher in Fort Worth 
than in other locations in Texas. <

13
l Other 

possible training alternatives include public 
service announcements or mailing inserts in 
local utility bills. 

EVALUATE 

The final step in the design process is to 
evaluate the effectiveness of the information 
dissemination component of the freeway 
management system. However, this eval­
uation should not be considered a one-time 
activity, but should be part of a periodic 
review of the effectiveness of the 
information dissemination components and 
of the overall system. As discussed 
previously, it is rather difficult to measure 
the impact of information dissemination 



upon overall traffic measures, because of the 
stochastic nature of travel demands and 
behavior in a given freeway corridor, as well 
as the events which cause disruptions to 
these demands (incidents, special events, 
etc.). 

Care should be taken not to overestimate the 
benefits achieved by the implementation of 
information dissemination components in a 
freeway management system. Specifically, it 
is important to recognize that travel patterns 
in a freeway corridor are quite dynamic, and 
that some drivers will divert naturally when 
they encounter freeway congestion 
regardless of whether or not they receive 
information beforehand about that 
congestion. Therefore, information 
dissemination should be considered as 
having an incremental effect upon traffic 
conditions by modifying where and how 
some travelers respond to congestion (where 
travel routes are changed, how many 
motorists change departure times, how many 
changed modes, etc.). 

7.3 TECHNIQUES AND 
TECHNOLOGIES 

Information dissemination components of a 
freeway management system can range from 
a single device owned and operated by one 
agency, to an integrated collection of devices 
and mechanisms under the control of several 
agencies and several private sector entities. 
In this handbook, a basic distinction is made 
between kinds of information depending on 
which of three main locations it comes from: 

• On-roadway information. 

• In-vehicle information. 

• Off-roadway information (typically at 
origin of a trip). 
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Specific technologies available in each of 
these categories are discussed below. 

ON-ROADWAY INFORMATION 
TECHNOLOGIES 

One of the most fundamental technologies 
available for disseminating traffic-related 
information from the roadside is that of 
dynamic message signs (OMS). DMSs are 
sometimes referred to as changeable 
message signs (CMS) or variable message 
signs (VMS). DMSs allow operating 
agencies to visually disseminate travel 
information to motorists on a near real-time 
basis. DMSs use words, numbers, or 
symbols to convey information. They are 
extremely flexible and powerful traffic 
management tools in freeway operations. 

DMSs can be either portable or fixed, and 
can be operated either on a fixed-time basis 
with on-site control or interconnected with 
a traffic control center to provide remote 
controlY4

l DMSs can be used to perform the 
following functions: 

• Inform motorists of varying traffic, 
roadway, and environmental conditions. 

• Provide specific information relative to 
the location and delays associated with 
incidents. 

• Advise motorists on detour routes 
because of construction or roadway 
closure. 

• Suggest alternate routes to avoid 
freeway congestion. 

• Reassure drivers on unfamiliar alternate 
routes. 

• Redirect diverted drivers back to 
freeways. 
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Table 7-5 lists the applications for which 
DMSs can be usect.<14l 

Light-reflecting signs reflect light from some 
external source such as the sun, headlights, 
or overhead lighting. Figure 7-2 shows 
examples of different types of light-reflecting 
DMSs. fu comparison, light-emitting DMSs 
generate their own light on or behind the 
viewing surface. Examples of different types 
of light-emitting DMSs are shown in figure 
7-3. 

Types ofDMS 

DMSs can be conveniently classified into 
three categories, namely: 

• Light-reflecting. 

• Light-emitting. 

• Hybrid. 

Some manufacturers have combined two 
DMS technologies (e.g., reflective disk and 
fiber-optic) to produce hybrid displays that 

Table 7-5. Applications of DMSs. <14
) 

Category Applications 

Traffic management and • Freeway traffic advisory and incident 
diversion • Freeway-to-freeway diversion 

• Special events 
• Adverse road and weather conditions 
• Speed advisory 

Warning of adverse conditions • Adverse weather and environmental conditions 
(fog, smog, snow, rain, dust, wind, etc.) 

• Adverse road conditions (ice, snow, slippery 
pavement, high water, etc.) 

• Low bridge clearance 

Control at crossings • Bridge control 
• Tunnel control 
• Mountain pass control 
• Weigh station control 
• Toll station control 

Control during construction and • Advisory of upcoming construction/maintenance 
maintenance operations • Speed advisory 

• Path control 

Special-use lane and roadway • Reversible lanes 
control • Exclusive lanes 

• Contraflow lanes 
• Restricted roadways 
• Temporary freeway shoulder use control 
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Figure 7-2. Examples of Light-Reflecting DMS Technologies. 

exhibit the qualities of both. Some agencies 
have also combined DMSs with static 
displays to form what can also be considered 
to be hybrid displays. 

Several references are available that describe 
the operational and performance 
characteristics of various DMSs (see 
references 1, 14, 15, 16) The following 
paragraphs, taken from those references, 
briefly describe the different types of DMSs 
in each category. 
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Light-Reflecting DMSs 

The basic categories of light-reflecting 
DMSs are as follows: 

• Fold-out. 

• Scroll. 

• Rotating drum. 

• Reflective disk matrix. 

Basic operations and characteristics of each 
are described below. 
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Figure 7-3. Examples of Light-Emitting DMS Technologies. 

Fold-out. A fold-out sign is a conventional 
highway sign with a hinged viewing face. 
This type of sign can either display two 
messages (one with the hinged face closed, 
one with it open) or show a message only 
when the hinged face is open (no message is 
displayed when the hinged face is closed). 
Typically, signing materials that conform 
directly to the Manual on Uniform Traffic 
Control Devices (MUTCD) are used to 
make each message. For freeway 
applications, they are most often used to 
indicate icy bridge or other hazardous 
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roadway conditions, or to indicate whether 
truck weigh stations are open or closed. 

Scroll (or Tape). A scroll sign uses a tape 
or film upon which desired messages are 
imprinted. The tape is then rolled one way 
or the other (or up or down) to place a 
desired message within a display window. 
As with fold-out signs, scroll signs can use 
colors and other message characteristics that 
conform with the MUTCD. Typically, up to 
8 to 12 messages can be stored on the tape. 
The inclusion of more than 12 messages can 



create long change-times if one or more of 
the messages is at the opposite end of the 
tape. 

Rotating Drum. Rotating drum signs are 
made up of one to four multifaced drums, 
each containing two to six messages. Each 
face of each drum portrays one line of a 
fixed message, and pivots about its axis in 
order to display the appropriate face for a 
given message. Colors and lettering 
characteristics that conform to the MUTCO 
can also be used on rotating drum signs. 

Reflective Disk Matrix. These types of 
DMSs were very popular for freeway 
management purposes in the 1970s due to 
their low energy requirements relative to 
light-emitting OMS technologies. The 
viewing face of a reflective disk matrix OMS 
is comprised of an array of permanently 
magnetized, pivoted indicators that are flat 
matte black on one side and reflective yellow 
or a similar color on the other. The 
indicators may be square, rectangular, or 
circular in shape. An electrical current 
activated when a given pixel is to be turned 
flips the indicator from a black matte finish 
to the reflective side. The sign itself can 
exist of a series of arrays of these indicators 
(e.g., 5 pixels by 7 pixels, or similar grid for 
each letter position), or a continuous grid or 
matrix over the entire sign face. The latter 
provides more flexibility to operators, but at 
a higher purchase price. 

Light-Emitting DMSs 

The following types of light-emitting OMS 
technologies are described in this section: 

• Neon or blank-out. 

• Lamp (incandescent mulb) matrix. 
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• Fixed-grid or shuttered matrix fiber­
optic. 

• Fixed-grid or matrix light-emitting diode 
(LED). 

Neon or Blank-Out Signs. Neon signs use 
neon tubing to form characters and messages 
that are to be displayed. Two basic sign 
designs are possible: 

• Separate each message on the sign face. 

• Stack the neon tubing for each message 
one over another. 

The stacked design has reported drawbacks, 
in that emitted light will be diffused as it 
passes through the overlayed neon tubing, 
reducing its legibility. Conversely, the 
separate message design will require a fairly 
large sign face in order to display even a 
moderate number of messages. 

Lamp (Incandescent Bulb) Matrix Signs. 
A lamp matrix OMS relies on an array of 
incandescent bulbs affixed to a dark 
background to create the characters needed 
for a given message. The OMS can be a 
continuous array of bulbs, or a series of 
array modules, each of which can display a 
single character in the overall message. This 
design provides considerable message 
flexibility, limited only by the size of the sign 
(typically 4 lines of text, each comprised of 
12 to 20 characters). 

Fixed-Grid or Shuttered Matrix Fiber­
optic Signs. Fiberoptic DMSs funnel light 
energy from a light source through fiber 
bundles to the sign face. For a fixed-grid 
fiberoptic sign, the ends of these bundles 
(pixels) are positioned on the sign face to 
create a given message. Sets of bundles and 
a separate light source are then used for each 
message portrayed on the sign. Conversely, 
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the shuttered matrix fiberoptic DMS 
positions the ends of the fiber bundles on the 
sign face in an array similar to that used for 
other matrix signs. The light sources for all 
of the fiber bundles remain on constantly, 
and shutters at the ends of the bundles open 
and close to create the characters needed to 
display each message. As with the lamp 
matrix DMS, the shuttered fiberoptic signs 
can be either a continuous array of pixels or 
a series of array modules, each of which 
portrays a single character. Because of its 
flexibility, this tends to be the more common 
type of fiberoptic DMS utilized for freeway 
traffic management purposes. 

Fixed-Grid or Matrix Light-Emitting 
Diode (LED) Signs. Light-emitting diodes 
(LEDs) are semiconductors that glow when 
voltage is applied. Recent advances in LED 
technology have allowed DMS 
manufacturers to utilize this technology to 
construct both fixed-grid and matrix style 
DMSs. Typically, several individual LEDs 
are "clustered" together in order to create 
each pixel. Early versions of the LED DMSs 
experienced difficulties in maintaining 
acceptable performance levels over time. 
However, LED manufacturers have strived 
to alleviate many of these types of problems 
in the next generation of DMSs that have 
been developed. (t 5

) 

HybridDMSs 

Two of the most common types of hybrid 
DMSs are the following: 

• Reflective disk with fiberoptics/LEDs. 

• Static sign/DMS combination. 

Reflective Disks with Fiberoptics/LEDs. 
To combat the times of the day and 
environmental conditions when reflective 
disk DMSs are not very visible, some 
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manufacturers have combined fiberoptic or 
LED technologies into these types of signs 
to give them the visual boost they need. 
During the times of the day that the sun 
shines upon the sign and provides adequate 
visibility, the light sources are turned off by 
the sign. In addition to providing the 
additional visual boost during nighttime 
conditions, this technology also eliminates 
the need for external lighting on the sign. 
This eliminates the potential for glare off of 
the sign face as well. Some agencies are 
retrofitting reflective disk DMSs with hybrid 
reflective disk/fiberoptic technology. 0 5l 

Static/OMS. The other major type of 
hybrid DMS currently in use employs 
components of both static signing and one of 
the DMS technologies into a single sign. 
This can reduce costs in situations when part 
of a message will be constant and another 
part of the message will be changed. (1) Also, 
the static components can be constructed to 
conform to MUTCD principles. However, 
this approach does limit the use of the sign 
to the specific situations addressed by the 
static component of the message. 

Advantages and Disadvantages of the 
DMS Technologies 

The selection of appropriate DMS 
technology is a complex task requiring 
analysis of trade-offs between display 
capability to fulfill a specific need and 
display cost (including operating and 
maintenance considerations). Further 
complicating the selection process is the 
large number of signing techniques available, 
each possessing quite different design and 
operating features. Tables 7-6 through 7-8 
present a summary of the advantages and 
disadvantages that have been reported for 
each type of DMS technology (see 
references 1, 14, 15, 16). 
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Table 7-6. Advantages and Disadvantages of Light-Reflecting DMSs.<Adapted&omi,z.14
-1s1 

I Type I Advantages I Disadvantages I 
Foldout Simple operation Limited capacity (1 or 2 messages) 

Can conform to MUTCD regulatory Higher potential for environmental 
and warning signing principles and mechanical failures (i.e., panels 

jamming) 

Scroll Simple operation Limited capacity (8 to 12 messages) 

Can conform to MUTCD regulatory Time to charige messages may be 
and warning signing principles significant 

Rotating Drum Simple operation Limited character size 

Can conform to MUTCD regulatory Limited message capabilities (but 
and warning signing principles more than fold-out or scroll) 

Disk Matrix Total message display flexibility Visibility typically lower than 
similar size light-emitting matrix 

Wider angle of legibility than DMSs 
fiberoptic or LED DMSs (see Table 
7-7) Disks sometimes stick or fail 

prematurely due to excessive dirt or 
Low power consumption relative to moisture 
light-emitting DMSs 

Too often agencies will purchase DMSs 
before signing objectives and messages are 
determined. Often, this causes 
disappointment in the DMSs when these 
agencies cannot display the desired 
messages, or when the signs provide lower 
than expected target value and legibility for 
the environmental conditions present at the 
site.C2l Conversely, agencies may end up 
purchasing a more expensive DMS with 
capabilities that exceed their actual needs. 

IN-VEHICLE INFORMATION 

Another realm of information system 
technologies available are those located 
within the vehicle itself. In-vehicle 
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Illumination is required at night, 
sometimes causing glare or blurring 
problems 

information can be disseminated to the 
motorist by audio or visual means. The 
following sections describe the basic types of 
in-vehicle information technologies. 

Auditory In-Vehicle Information 
Technologies 

Highway Advisory Radio 

Although not as widely used as dynamic 
message signs, Highway Advisory Radio 
(HAR) is another means of providing 
highway users with information in their 
vehicles. Traditionally, information is relayed 
to highway users through the AM radio 
receiver in their vehicles. Upstream of the 
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Table 7-7. Advantages and Disadvantages of Light-Emitting DMSs.<Adaptedrromi,z,14-15J 

Type Advantages Disadvantages 

Neon (blank out) Simple operation Limited message capacity 

Requires a fairly large sign for even 
moderate number of messages 

Current designs to not allow for 
nighttime dimming 

Lamp (Incandescent) Simple, proven operation Continuous energy supply required 
Matrix to display message 

High target value 
High operation and maintenance 

Message flexibility costs (energy, bulb replacement) 

Fixed Grid Fiberoptic Low power usage Narrow cone of vision 

Can display symbols and messages Limited message capacity 

Shuttered Matrix Simple operation Narrow cone of vision 
Fiberoptic 

Message flexibility Mechanical component (shutters) 
increases potential maintenance 

Low failure rates reported costs 

Fixed Grid LED Low power usage Narrow cone of vision 

Solid state devices (no bulbs) Limited message capability 

Reported reliability of LED lamps Intensity adversely affected by high 
is very high temperatures 

Long-term performance not known 

Super-bright LED lamps must be 
used for adequate daytime visibility 

Matrix LED Low power usage Narrow cone of vision 

Solid state devices (no bulbs) Intensity adversely affected by high 
temperatures 

Reported reliability of LED lamps 
is very high Long-term performance not known 

Super-bright LED lamps must be 
used for adeauate daytime visibility 
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Table 7-8. Advantages and Disadvantages of Hybrid DMSs. (Adapted from 1.z 14•16l 

Type Advantages Disadvantages 

Disk Matrix with Some energy conservation (light- Use of LED technology limited to 
Fiberoptics or LEDs emitting technology is turned off in date (long-term performance not 

daytime conditions) known) 

Eliminates need for nighttime More complex operation 
illumination of sign (maintenance may be more costly) 

Combined Static/DMS Portions of sign can conform to Static portions of sign limits 
MUTCD regulatory and warning message flexibility 
signing principles 

Light-emitting DMS technology 
Some cost savings is possible may wash out static portions of sign 
relative to full-matrix DMSs if too bright 

HAR signal, users are instructed to tune 
their vehicle radios to a specific frequency 
via roadside or overhead signs. Usually, the 
information is relayed to the users by a pre­
recorded message, although live messages 
can also be broadcast. 

Message transmissions can be controlled 
either on-site or from a remote location 
through telephone or radio interconnects. 
Most HAR systems operate at the 530 or 
1610 kHz frequency level; however, any 
available frequency can be used as long as a 
low enough power level is used. A license 
from the Federal Communication 
Commission is required to operate a HAR 
system at high power levels (10 watts or 
greater). 

HAR is used in many different applications. 
With respect to freeway management, uses 
of HAR are similar to those of DMSs, and 
include the following: 

• Warning of roadway incidents or 
congestion. 

• Warning of adverse environmental 
conditions (fog, ice, etc.). 
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• Notification of highway construction or 
maintenance. 

• Alternate route information. 

• Advisories within and regarding 
transportation terminals (airports, special 
events, and other maJor traffic 
generators, etc.). 

One of the major advantages of using HAR 
is that information is received through a 
different sensory channel (audio), which 
reduces information overload received 
visually while driving.<17) Also, longer and 
more complex messages can be provided to 
motorists than can be accomplished using 
DMSs. However, traditional HAR systems 
have their drawbacks. They require motorist 
action (i.e., tuning radio to appropriate 
frequency) in order to receive information. 
Also, if a motorist misses one part of an 
HAR message, he or she must listen to the 
entire message again in order to obtain the 
missed part. 

There are two types of HAR systems: 
vertical "whip" antenna systems and 
induction cable antenna systems. Vertical 
"whip" antenna systems use individual 
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antennas or a series of antennas 
electronically connected together to transmit 
information. The signal radiates from the 
antenna in all directions providing a circular 
area of transmission. Vertical antenna 
systems have the following advantages: 

• They are small. 

• They are easy to install. 

• They can be placed within several 
hundred feet of the roadway. 

• They are less costly to purchase and 
install than induction cable systems. 

Vertical antenna systems also have the 
following disadvantages: 

• They are subject to damage by weather, 
accidents, and vandalism. 

• They often require special equipment to 
ensure that the signal is stable, reliable, 
and easily tuneable. 

• Motorists can lose the HAR signal when 
traveling through tunnels, canyons, etc. 

Induction cable antenna systems use a cable 
installed either under the pavement or 
adjacent to the roadway. This type of 
antenna design produces a strong but highly 
localized signal within a short lateral distance 
30 to 45 m (100 to 150 ft) from the cable. 
Induction cable systems have the following 
advantages: 

• The signal is strong enough to provide 
full coverage of a multilane facility 
without causing interference to other 
HAR systems. 

• Messages can be individualized by 
direction of travel. 
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• Interference with other radio systems in 
the area is minimized. 

Disadvantages of induction cable HAR 
systems include the following: 

• Induction cable systems are more 
expensive to purchase and maintain since 
the cable must extend the full length of 
the desired coverage area. 

• Once installed, induction cable HAR 
systems cannot be transported from one 
location to another. 

Automated HAR (AHAR) 

One of the disadvantages of HAR systems is 
that they require advance signing to notify 
motorists of the availability of information, 
and an action by the motorist to activate and 
receive that information. Automated 
highway advisory radio (AHAR) systems 
have been proposed that require no actions 
by the motorist to obtain radio information. 
These systems emit a special electronic 
notification signal upstream of an HAR 
message, which interrupts the specially­
designed radio/cassette/compact disc player 
to broadcast the message to the motorist. 

FHW A sponsored the prototype 
development and pilot testing of an AHAR 
system in the early 1980s. os,t9

) However, 
the difficulties associated with producing and 
marketing a receiver within a price range 
acceptable to motorists hindered further 
AHAR implementation. However, recent 
emphasis on ITS has sparked renewed 
interest in AHAR systems. Michigan is 
experimenting with alternative AHAR 
designs at this time. czo) Meanwhile, Europe 
has been experimenting with a version of 
these types of systems (termed the Radio 
Data System [RDS] Traffic Management 
Channel [TMC]) for the past few years. 
This system relies on a silent data channel 



broadcast via FM from existing radio 
stations. With an appropriate radio receiver, 
a motorist is then able to receive information 
from the closest or strongest FM radio signal 
at that location. osi 

Cellular Telephone "Hodines" 

An in-vehicle communication technology 
that has seen dramatic growth in the past 
few years is cellular telephones, which gives 
the motorist the ability to call special 
"hotline" systems for traffic information 
from within their vehicle. Originally, these 
systems allowed motorists and transit users 
to call for information to assist in pre-trip 
decisions from their homes. Information can 
now be accessed en route via cellular 
telephone, and decisions can be made 
whether to alter travel routes. The creation 
of call-in systems has been a popular traffic 
impact mitigation strategy for many major 
urban freeway reconstruction projects in 
recent years. c21 l 

One of the more successful examples of this 
technology is the two SmarTraveler systems 
now in place. in Boston and Cincinnati. (lO) 

Both systems employ special telephone 
numbers to keep the service free to cellular 
telephone users. Touch-tone menus allow 
callers to receive route-specific traffic 
information (delays, construction activity, 
recommended alternative routes), bus and 
train scheduling, and special event 
transportation information. 

This type of in-vehicle communication has 
the advantage over HAR of giving the 
motorist some control over the type and 
amount of information he/she wants to 
obtain through the touch-tone menus. In 
addition, it is also possible to generate two­
way communication between the motorist 
and the information source. 
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Many metropolitan areas have established 
cellular "hotlines" for motorists to call in and 
report accident information to the highway 
agency. Examples include #77 and *SP. 
The public agency must negotiate with the 
cellular companies to provide the toll free 
calls. 

Recommendations for establishing cellular 
telephone "hot-line" systems include the 
following: 

• The call must be toll-free to users. 

• The telephone number must be easy to 
remember and dial. 

• The information must be concise. 

• If a menu system is used, a long and 
tedious menu selection process should be 
avoided. 

• A sufficient number of telephone lines 
should be provided to prevent the 
majority of users from receiving a busy 
signal. 

• If a system is going to be used to gather 
information from users, there must be a 
method of ensuring the accuracy of the 
incoming information. 

• "Official" use of tipster information 
should include procedures for verifying 
that information. 

• If incident information is to be received, 
a human operator is recommended so 
that secondary questions can be asked to 
clarify confusing or unclear reports. 

As with HAR systems, this technology also 
requires action by the motorist to access 
information. There are also significant 
operating costs associated with this 
technology, as any calls made using cellular 
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telephones must be paid for by either the 
motorist, or a public agency, or else 
absorbed by the corporation providing 
cellular telephone communication 
capabilities in the region. Finally, there is 
some concern that cellular telephone usage 
while driving may degrade motorist attention 
and operating capabilities. Manufacturers 
have developed "hands-free" telephones that 
allow motorists to listen and talk without 
holding the telephone receiver. 

Commercial Radio 

The public has learned to depend upon the 
media to provide them with "almost" real­
time traffic information. Commercial radio 
has proven to be a good means of providing 
travelers with traffic information both in and 
out of their vehicles. Traffic and roadway 
condition reports have become standard 
programming items on many commercial 
radio stations. Commercial radio has the 
best potential of reaching the greatest 
number of commuters, since most of them 
have radios in the vehicles they drive to and 
from work. 

The primary disadvantage of using 
commercial radio relates to the accuracy of 
the information. Traffic reports often are 
transmitted only when normal scheduling 
permits. This may cause considerable time 
delays between when an incident occurs and 
when it is reported by the media. Often, 
many incidents go unreported or are cleared 
by the time they are reported on the radio 
and television. The accuracy of the 
information provided by commercial radio is 
a function of the time between the 
broadcaster's last communication with the 
incident reporting source and the number of 
incidents that have occurred and/or have 
been cleared during that time. 

Some transportation agencies have made 
substantial efforts to improve coordination 
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and cooperation between themselves and the 
media traffic reporters. For example, some 
agencies allow private traffic reporting 
agencies to place personnel in the traffic 
management center to obtain information on 
traffic conditions and expected agency 
responses in an accurate and timely manner. 

Citizen-Band Radio 

Even though it was once considered an 
excellent means of providing motorists with 
two-way communications from their vehicle, 
Citizen-Band (CB) radio has declined in 
popularity in recent years. However, there 
are still a significant number of vehicles, 
particularly commercial vehicles and trucks, 
equipped with CB radios. In the past, CB 
radios have been used primarily in motorist­
aid systems. A disabled or passing traveler 
broadcasts a request for assistance on 
channel 9. The channel is monitored 24 
hours a day, 7 days a week by a police or 
volunteer organization, which dispatches aid 
to the stranded traveler. The primary 
advantage of a CB radio system is that it 
permits two-way communication between 
the traveler and the response agency. The 
effective range of many CB radios is 
approximately 32 kms (20 mi), depending 
upon geographic conditions. 

Visual In-vehicle Information 
Technologies 

Video Display Terminals 

One of the newer technologies for 
communicating with motorists in their 
vehicles is through a video display terminal 
(VDT) mounted in the dashboard. This is 
primarily a private sector industry, which has 
not been used widely for information 
distribution. These systems can be used to 
provide motorists with route guidance and 
navigational information in one of two 
different formats. One approach is to 



present the driver navigation and route 
guidance information in the form of maps or 
equivalent displays. With these systems, a 
global picture of the traffic network can be 
provided. Recommended routes can be 
highlighted on the video map display as well. 
In another approach, simple symbolic signals 
(e.g., arrows, text instructions, or a 
combination of both) guide the driver along 
a recommended route. Some prototype 
systems use a variety of displays depending 
upon whether or not the vehicle is in motion, 
the functions selected, and level of 
informational and navigational displays 
available. 

In-vehicle VDTs offer a number of 
advantages over available technologies in 
providing information to motorists while 
driving. These include the following: 

• Travel information is more readily 
accessible to the driver (providing 
continuous access to current position, 
routing, and navigational information). 

• Computer-generated navigational maps 
and displays are logical extensions of 
traditional forms of providing drivers 
with route guidance and navigation 
information. 

Information can be displayed in text, 
graphics, or both and tailored to the needs 
and desires of each motorist. 

There are also limitations to in-vehicle 
VDTs. These include the following: 

• Drivers have to take their eyes off the 
roadway in order to receive the 
information. 

• In-vehicle VDTs present the driver with 
complex maps and diagrams that may 
create a potential to overload the driver 
with too much information. 
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• VDTs may also add to the visual clutter 
already inside the vehicle. 

Head-Up Displays 

As technology continues to improve, the 
Head-Up Display (HUD) has become 
another alternative to in-vehicle VDTs for 
presenting visual navigational and route 
guidance information to motorists. 
Although originally developed for the 
aviation industry, several automobile 
manufacturers are beginning to develop 
HUDs for presenting vehicle status and 
navigational information to drivers. 

A wide variety of options for displaying 
information may be available using HUDs. 
Through both icons and alpha-numeric text, 
navigation and route guidance information 
may be projected directly into the driver's 
field of view. This is expected to reduce the 
need for visual scanning between two 
information sources (the inside instrument 
panel and the outside environment), and the 
associated visual accommodation time. 

However, as might be expected, numerous 
concerns exist regarding the safety and 
applicability of using HUDs in the driving 
environment.<23> Currently, most HUDs 
under development and implementation 
provide drivers with only relatively simple 
information, such as speed indications. 

OFF-ROADWAY INFORMATION 

The final type of information systems 
discussed in this module are those that 
drivers access off-roadway, at their homes, 
offices, shopping malls, etc. A major thrust 
of ITS development and implementation 
focuses on putting more information into the 
hands of motorists and passengers so as to 
improve departure time, mode choice, and 
route choice decisions. This emphasis has 
resulted in increased utilization of a number 
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of traditional information technologies, and 
has yielded a number of new off-roadway 
information sources and several new 
dissemination technologies. Off-roadway 
information dissemination technologies 
include the following: 

• Television. 

• Telephones. 

• Pagers. 

• Personal Data Assistants (PDAs). 

• Computers. 

• Kiosks. 

Television 

Television (together with radio) was one of 
the first off-roadway motorist information 
technologies available to motorists. Even 
today, commercial television stations in most 
major cities provide traffic reports to 
viewers as part of their morning programs to 
indicate incident locations, traffic signal 
malfunctions, and other traffic "hotspots." 
These locations are usually shown on some 
type of wall-mounted or computer-generated 
map display. 

Public access television is a means of 
overcoming many of the disadvantages 
associated with privately owned media 
stations. Many city governments are 
responsible for franchising cable television 
service within the corporate limits of the 
city. As part of awarding the franchise to a 
company, many city governments offer their 
own programming on one or more of these 
dedicated channels. Public access channels 
can be used by traffic management agencies 
to broadcast continuous traffic information 
during peak hours. Either "crawl" messages 
across the bottom of the screen or map 
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displays accompanied by voice messages can 
be used to provide users with information. 
Traffic reports can also be provided by 
interrupting normal programming. The 
primary disad-vantage of using public access 
television is that the information is available 
only to cable subscribers. Travelers living 
outside the service area or not subscribing to 
the particular cable company do not have 
access to the information. 

One freeway traffic management center in 
the U.S. has developed the capabilities to 
provide video and digital data directly to 
television signals. <

12
l They broadcast live 

video, a computerized map display, and 
current control and management actions 
being implemented (which DMSs have been 
activated). These signals are scrambled so 
that only those with the appropriate software 
and hardware can properly receive the 
signal. This is believed to reduce the need 
for censoring the images that are being 
presented, since they are not available to the 
public at large. 

Telephones 

As discussed earlier, telephone "hotlines" 
can allow both freeway and transit users to 
obtain pre-trip information via their 
telephones at home or work, or in their car 
if they are willing to pay for cellular airtime 
charges to call the hotline. Information can 
be provided using recorded messages, 
synthesized voice messages, or human 
operators. A touch-tone menu system can 
be used to tailor information to a specific 
route or travel corridor. Telephone calls are 
also a means of developing real-time 
rideshare matching systems that are being 
explored in several U.S. locations. 

Pagers 

A more recent technology now used to help 
disseminate travel information to users away 



from the vehicle are personal pagers. In 
Bellevue, Washington (east of Seattle), 
alphanumeric pagers provide their owners 
with hourly information regarding available 
carpools looking for riders as well as current 
traffic conditions on the Puget Sound-area 
freeway system.<24

l The Genesis project of 
the ITS Guidestar program in Minneapolis, 
Minnesota and TRANSCOM in New Jersey 
also utilize alphanumeric pager technology 
to disseminate travel conditions in real-time 
to its owners. A key constraint of pager 
technology is that broadcast messages are 
limited to a small number of characters. 
Consequently, efforts are underway to 
detennine which infonnation is most relevant 
to pager owners and how to format that 
information succinctly, but accurately.<25

i 

Personal Data Assistants (PDAs) 

Personal Data Assistants (PDAs) are the 
next higher level of sophistication in off­
roadway information dissemination 
technology. PDAs are computer products 
that have enough power to support 
applications such as time management and 
handwriting recognition. By adding radio 
frequency (RF) communications technology, 
PDAs allow users to interact directly with 
travel information systems. This interaction 
allows users to obtain route planning 
assistance, traffic information broadcasts, 
and other pertinent information. Through 
keypad entry, the user can log on to the 
information system, request pertinent 
information, and then log off. PDAs offer 
the user increased communication and 
information transmission/receiving power 
over alphanumeric pagers. However, they 
are more complex to use and expensive to 
purchase. <25l 

Computers (Internet) 

Personal computers, both desktop and 
laptop/notebook, can also be used to 
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disseminate information to travelers. As 
with PDAs, two-way communications 
between the computer user and the travel 
information center can be established by 
telephone modem or an RF communication 
link. This two-way flow of information 
allows the user to request information 
specifically tailored to his or her needs (route 
planning, traffic information on specific 
roadway links, transit bus schedule and 
status, etc.). 

Kiosks 

The last off-roadway information dissem­
ination device to be discussed is the 
information kiosk. Kiosks are video 
monitors mounted on a stand-alone cabinet, 
in a wall, or on a counter-top. They may 
have input devices such as keypads, track­
balls, or touch-screen displays. Kiosks can 
serve as an important point of access to 
travel information networks in a variety of 
public locations, including the following: 

• Hotels. 

• Restaurants. 

• Airports. 

• Gas stations (truck stops). 

• Retail establishments (shopping malls). 

Kiosks are one type of information 
dissemination technology where 
private/public partnerships are particularly 
relevant. For instance, some agencies are 
looking to the private sector (through 
advertising revenue) to help defray the 
operating and maintenance costs of these 
systems.(26

• 
27

) Proper kiosk placement is 
also a critical issue. Many kiosks are not 
well utilized because they are not located 
where they can draw attention and reach 
their intended market. c27i 
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7.4 LESSONS LEARNED 

NTCIP STANDARDS 

Equipment compatibility, especially with 
respect to communications, has long been a 
problem for many transportation agencies 
operating various components of freeway 
management systems. Incompatibilities 
between DMS and HAR hardware from 
different vendors have required the agency 
to have separate systems to communicate 
with each type of DMS or HAR. This has 
made it difficult to operate the equipment 
efficiently and in an integrated manner. 

In response to these and other problems, a 
National Transportation Communications 
Interface Protocol (NTCIP) is under 
development to reduce the difficulties 
associated with developing an integrated 
freeway management system. These 
protocols establish standard communications 
linkages between various types of hardware 
and software used for traffic management 
purposes. This ultimately reduces the need 
for an agency to select and stay with a 
particular vendor or model of equipment. 

In the information dissemination arena 
' 

standards have been proposed, or are under 
development, for DMS and for HAR. 
Standards for other equipment are likely to 
emerge as the need arises. Partners are 
strongly encouraged to utilize NTCIP 
standards where possible. 

INFORMATION MESSAGE DESIGN 

Although traditionally a concern associated 
with public agency information dissemination 
mechanisms such as DMS and HAR, the 
proper design and packaging of the 
information being disseminated is critical to 
successfully meeting the goals and objectives 
for all components of an information 
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dissemination subsystem. Evidence already 
exists on some of the newer A TIS 
technologies that improper message designs 
have an adverse impact upon customer (i.e., 
motorist) interpretation of the worth and 
usefulness of these technologies.c291 

Without proper attention to packaging, the 
intended audience may not be able to 
adequately perceive, interpret, and respond 
to the information. The following factors 
are critical to proper message design: 

• Message load. 

• Message length. 

• Message format. 

Message load refers to the quantity of 
information that is included in a given 
message. Message load is an important 
consideration for DMS operations, because 
the driver must attend to many different 
tasks at the same time, while trying to read 
and comprehend a message. If the message 
presents too much information, message 
overload may occur. Some transportation 
agencies have reported traffic slowing down 
and other adverse operational problems in 
the vicinity of DMSs when messages are too 
long. <1l 

Message length refers to the number of 
words or characters that are displayed on 
one or more lines of a sign or sequence. 
Obviously, message length and load are 
related. However, message length and how 
the message is formatted, or "chunked," 
both affect message load. 

Message formatting is a term that refers to 
the arrangement of message elements ( words 
or lines) on an information dissemination 
device (e.g., a sign) to form a message. Use 
of abbreviations also relates to message 
formatting. Placement of message elements 
on the wrong line or in the wrong sequence 



will result in confusion and increased 
message reading and comprehension times. 

The completed and detailed set of guidelines 
regarding message design from which these 
paragraphs were drawn are available 
elsewhere. <2J 

ENVIRONMENTAL ISSUES 
CONCERNING DMSs 

Because they are located outdoors next to 
the freeway, the effectiveness of OMSs as an 
information source is also affected by 
environmental factors. Two factors that can 
be significant are sun position and 
weathering effects. 

Sun Position 

Both sunlight falling directly upon the face 
of a OMS and sunlight located directly 
behind the OMS adversely affect a driver's 
ability to see the message. Sign positions 
with the rear surlaces oriented west­
southwest and east-northeast should 
therefore be avoided if possible. The west­
southwest orientation is more problematic, 
however, because the setting sun tends to be 
more intense than the rising sun.<ll 

Weathering 

Because of their proximity to freeway travel 
lanes, road grime can be a problem for 
certain DMSs, and significantly reduce the 
distances at which they are legible. 
Consequently, DMS manufacturers often 
place clear Lexan covers over the DMS face 
to protect the sign from road grime and 
other environmental effects. One study 
suggests that legibility distances of a fixed­
grid fiberoptic DMS (a freeway lane control 
signal without a Lexan cover) may be 
reduced by as much as 25 percent after 18 
months in the field. <29

l It appears that these 
losses in legibility can be minimized to a 
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large extent by a regular sign maintenance 
(pixel lens cleaning, light bulb replacement) 
program. 

"AT-REST" DISPLAY CONDITIONS 

Another OMS-specific issue is what to do 
with the signs when there is nothing special 
to report to travelers. There are generally 
two schools of thought regarding when 
information should be provided in 
dissemination devices. c2J One perspective is 
that some type of information such as 
current time and temperature, an agency 
slogan, etc., should be provided at all times. 
Proponents argue that this indicates to 
motorists that the devices are working. The 
other perspective is to display information 
only when there is something new to tell 
travelers. Proponents of this school of 
thought argue that, according to human 
factors principles, trivial or non-traffic 
specific information should be avoided so 
that the devices do not lose credibility with 
the travelers, 

7.5 EXAMPLE OF AN 
INFORMATION 
DISSEMINATION SYSTEM: 
TRANSCOM 

ORGANIZATION 

TRANSCOM (Transportation Operations 
Coordinating Committee) is a consortium of 
14 transportation and public safety agencies 
in the New York, New Jersey, and 
Connecticut area whose goal is to provide a 
cooperative, coordinated approach to 
regional traffic management. TRANSCOM 
is funded, staffed, and governed by its 
member agencies. It has an Operations 
Information Center (OIC) that is staffed 24 
hours per day, 7 days per week. 
TRANSCOM shares incident information via 
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alphanumeric pager, phone, and fax to more 
than 200 highway and transit facilities, police 
agencies, and radio traffic services. It also 
serves as a forum for incident and special 
event management planning, construction 
coordination, and for shared testing and 
implementation of regional traffic and 
transportation management technologies. 

The planning process for TRANSCOM 
began at the end of 1984. TRANSCOM 
began operations in 1986. Originally, the 
Port Authority of New York envisioned 
TRANSCOM as a coordinating mechanism 
to facilitate traffic flow and operations at the 
Hudson River crossings. However, 
TRANSCOM' s focus quickly expanded to 
all traffic facilities in the region. 

TRANSCOM is managed by a steering 
committee made up of senior and mid-level 
managers from each agency. This committee 
directs the technical and operational focus of 
TRANSCOM. Meanwhile, an executive 
committee consisting of the chief executive 
officer from each agency decides major 
policies pertaining to TRANSCOM. 

Although TRANSCOM is a public sector 
information dissemination example, it is 
considering moving towards a public/private 
partnership. Public/private partnerships are 
a much more appropriate example of what is 
likely to occur in the future. 

OPERATIONS 

The TRANSCOM OIC receives information 
regarding incidents and transit facilities from 
all over the metropolitan area. The 
operations personnel in the OIC are 
employees of one of the member agencies 
and generally have some background in 
dispatch, operations, or media reporting. 
The TRANSCOM partnership has allowed 
several projects to be developed and 
implemented to facilitate information 
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dissemination and incident response in the 
region. These include the following: 

• Regionwide initiatives for coordinated 
deployment and operation of VMSs, 
HAR, and enhanced traffic monitoring 
via CCTV. 

• An enhanced traffic advisory/diversion 
system at the intersection of the New 
Jersey Turnpike and Garden State 
Parkway, which will focus on alternative 
routing for New Jersey transit buses. 

• Expansion of traffic monitoring along 
the 1-287 Tappan Zee Bridge corridor. 

• Initiation of the TRANSMIT 
(TRANSCOM' s System for Monitoring 
Incidents and Traffic) Operational Test. 
This project uses vehicles with 
transponders on a highway system 
equipped with readers/antennas. 

TRANSCOM receives information regarding 
incidents and transit facility conditions from 
all over the area. The OIC is normally 
staffed with two operators who receive, 
collate, and disseminate transportation­
related information. The information is 
relayed to the agencies affected by the 
incident via alphanumeric pagers, facsimile 
machines, and voice communications. This 
information is then disseminated by the 
various agencies according to their 
capabilities. In some instances, 
TRANSCOM has been granted authority to 
operate the information dissemination 
technologies for certain agencies. <9J 

TRANSCOM operations are fully funded by 
its member agencies. This funding consists 
of both monetary contributions and in-kind 
services such as providing operators to staff 
the ore. 



FUTURE ACTIVITIES 

The executive and steering committees are 
looking at a number of issues relating to 
future TRANS COM operations. 
TRANSCOM will continue to pursue 
research and testing of advanced 
technologies to help the region more 
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effectively manage travel in the congested 
northeast corridor. The TRANSMIT system 
is an example of this commitment to future 
operations. (3oJ TRANSCOM is participating 
with other agencies in the development of a 
computerized Information Exchange 
Network (IEN) to automate the information 
retrieval and dissemination process. 
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Example of an Incident Response Site. 

8.1 INTRODUCTION 

BACKGROUND 

Congestion occurs when the amount of 
traffic wishing to use a facility (demand) 
exceeds the traffic-carrying capabilities of 
the facility (capacity). There are two types 
of congestion: recurring and nonrecurring. 
Recurring congestion occurs when normal 
demand exceeds the physical capacity of the 
freeway. This type of congestion typically 
occurs during high volume periods (such as 
the a.m. and p.m. peak periods) and is 
predictable in terms of its location, duration, 
time, and effect. Through experience, most 
motorists have learned to deal with the 
effects of recurring congestion by planning 
for it in their daily routines. 
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Nonrecurring congestion, on the other hand, 
is a result of either 1) a temporary reduction 
in capacity of the freeway ( such as an 
accident or a work zone lane closure) or 2) 
a temporary excess of demand ( caused by a 
special event or other similar activity). 
Generally, the activities that cause 
nonrecurring congestion can be either 
unpredictable (as in a stalled vehicle) or 
planned (such as a construction activity). 
The primary factor distinguishing 
nonrecurring and recurring congestion is that 
nonrecurring congestion is unexpected by 
motorists. As a result, nonrecurring 
congestion can be a considerable safety 
hazard and cause excessive delays to 
uninformed motorists. 
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Most of the activities that cause 
nonrecurring congestion can be classified as 
incidents. Incidents are responsible for a 
significant proportion of the delays and costs 
to the motoring public. For example, 
Caltrans estimates that over 50 percent of all 
delays experienced by motorists on their 
freeway system are caused by incidents. <

1
> 

fu Texas, freeway incidents in 1990 were the 
source of over 440,000 hours of delay, 
costing the motoring public approximately 
$2.2 billion. <2> By 2005, the impacts of 
incidents in terms of hours of delay, wasted 
fuel consumption, and excess road user costs 
are expected to increase 5 fold over levels 
experienced just 10 years ago. <3> 

One method for combating nonrecurrent 
congestion problems is to implement an 
incident management program or component 
of a freeway management system. Incident 
management refers to a coordinated and 
planned approach for restoring traffic to its 
normal operations as quickly as possible 
after an incident has occurred. It involves a 
systematic use of human and mechanical 
processes for the following purposes: 

• Detecting and verifying the incident. 

• Assessing its magnitude and identifying 
what is needed to restore the facility to 
normal operation. 

• Providing the appropriate response in the 
form of control, information, and aid. 

MODULE OBJECTIVES 

The goal of this module is to provide 
guidance on how to develop or enhance 
incident management as part of a freeway 
management system. The specific objectives 
are as follows: 

• To illustrate the decision-making process 
associated with developing improved 
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incident management capabilities as part 
of a freeway management system. 

• To describe and provide current 
Sllfillllilly data on the various techniques 
and devices available to facilitate 
freeway incident detection, verification, 
response, clearance, and traffic 
management. 

• To identify and discuss unique issues and 
lessons learned pertaining to the 
planning, design, operation, and 
maintenance of an incident management 
component of a freeway management 
system. 

MODULE SCOPE 

This module is intended to be an overview of 
the incident management development 
process. The reader should note that a 
number of other documents dealing with 
incident management are available, and 
should be reviewed for additional 
information (See references 4,5,6,7.) The 
focus of this module is to present the 
decision-making process to assist in 
identifying, selecting, and implementing an 
integrated package of incident management 
actions that are most appropriate for the 
region of interest. 

8.2 DECISION PROCESS 

Incident management is a coordinated and 
planned approach for responding to incidents 
when they occur on the freeway systems. It 
involves the systematic use of human and 
mechanical processes for detecting, 
responding to, and clearing incidents. In this 
section, the systems engineering process that 
serves as the common thread throughout this 
handbook is applied to the development of 
this incident management module. It is 
important to note that incident management 



is a separate metropolitan component of an 
integrated regional transportation system. It 
is very often implemented with freeway 
management systems. 

IDENTIFY NEEDS 

Before an incident management component 
can be properly designed, it is important to 
have an understanding of the characteristics 
and impacts of incidents on freeway traffic in 
the region. Non-recurrent congestion is 
caused by one of three events: 

• Roadway incidents ( crashes, stalls, 
spilled truck loads, work zones, etc.). 

• Special events. 

• Regional transportation emergencies 
(flooding, hurricanes, chemical plant 
emergencies, etc.). 

All of these events can reduce the amount of 
roadway space available to carry traffic. 
Furthermore, the last two categories can also 
increase traffic demands on a roadway 
segment, causing additional congestion. 

Module 8. Incident Management 

To date, data regarding the frequency of 
incidents remains somewhat limited. Table 
8-1 presents a summary of some of the 
different freeway incident frequencies that 
have been reported, and the units of measure 
utilized to describe these frequencies. 

Rates of between 12 and 125 incidents per 
million-vehicle-kilometers (MVK) have been 
reported in the literature over several 
years.<1.7) Other studies have reported 
freeway incident frequencies as a daily or 
hourly rate per lane-kilometer.<S) Generally, 
these rates represent all reported incidents, 
from very minor vehicle stalls lasting only a 
few moments to major incidents involving 
hazardous materials or fatalities that take 
several hours to clear. Rates of more severe 
incidents that typically involve multiple 
agency response are significantly lower. For 
example, data from Houston indicated that a 
major lane-blocking freeway incident lasting 
more than 45 minutes occurred once every 
137 MVK, or a rate of0.73 per 100 MVK.<9

l 

Undoubtedly, use of local data is the 
preferable method of assessing the severity 
of the incident problem at a location or in a 
given region. 

Table 8-1. Summary of Reported Freeway Incident Rates. 

Unit of Measure Value 

Incidents per million-vehicle-kilometers (l) 12-125 

Incidents per million-vehicle-kilometers(7l 65 

Lane-blocking incidents per hour per lane-kilometer(Bl 0.006-0.023 

Lane-blocking incidents lasting more than 45 minutes per 100 million- 0.68 
vehicle-kilometers<9l 
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Incident severity is also described in terms of 
its capacity-reducing effect on the roadway. 
Generally speaking, an unplanned incident or 
work zone activity will reduce freeway 
capacity by an amount greater than the 
reduction in roadway space due to that 
incident. For example, an incident that 
blocks one lane of a three-lane freeway 
section reduces available roadway space by 
33 percent, yet reduces the capacity of the 
freeway by about 50 percent.0 ) This 
additional capacity loss is due to the 
turbulence caused in the traffic stream as 
drivers attempt to move from the closed 
lanes into open lanes, and from driver 
"rubbernecking." 

Table 8-2 summarizes the effect of stalls and 
accidents on freeway capacity.(!) Data 
regarding roadway capacities for work zone 
lane closures are shown in table 8-3.<1 1

l 

Note the similarity in the estimated 
percentage reductions in capacity for one 
and two-lane blockages on freeway sections 
with three travel lanes per direction. 

Generally speaking, frequencies of special 
events and major transportation emergencies 
are much smaller than those referred to 
above. However, when they occur, they can 
have a severe impact upon mobility and 
traffic conditions in an entire region. 
Fortunately, they are usually confined to a 
specific location and future time period, so 
that more preparation time can be spent 
analyzing and implementing various 
alternatives to help combat any adverse 
impacts expected. 

It is important not only to attempt to 
quantify the overall magnitude of the 
incident problem that must be addressed, but 
also to identify in as much detail as possible 
the types of incidents that are a problem and 
the magnitude of their impacts. The degree 
to which specific problem areas can be 
identified in this step of the process 
determines how effectively possible · 
mitigation alternatives are identified and 
implemented. 

Table 8-2. Typical Capacity Reductions During Incident Conditions. (ll 

Normal Number Lanes Capacity 
Type of Incident Number of Blocked Reduction(%) 

Lanes 

Accident on shoulder 3 0 26 

Vehicle stall 3 1 48 

Non-injury accident 3 1 50 

Accident 3 2 79 
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Table 8-3. Typical Capacities During Work Zone Activities. (Adapted from ll) 

Normal Number of Average Capacity Reduction in Capacity 
Number of Lanes Closed (vph) Roadway Reduction 

Lanes Space(%) (%)a 

2 1 1340 50 63 

3 1 2980 33 45 

3 2 1170 67 81 

4 1 4560 25 37 

4 2 2960 50 59 

5 3 2740 60 70 

a Percent reduction based on an assumed normal vehicle capacity of 1800 vehicles/hour/lane 
vph = vehicles per hour 

As a final note, it is important to limit 
problem identification at this point in the 
process to the symptoms that need to be 
addressed, and not try to attach 
responsibility (or blame) for that symptom to 
an individual or organization. Part of the 
difficulty in establishing effective incident 
management programs is developing the 
lines of communication, cooperation, and 
trust within and between the various 
agencies that need to be involved. These 
cannot be established effectively in an 
environment where affected parties are 
pointing fingers at each other. 

IDENTIFY INCIDENT 
MANAGEMENT PARTNERS 

A key to effective freeway incident 
management lies in the ability of multiple 
agency partners to coordinate and cooperate 
before, during, and after an incident. 
Generally speaking, some or all of the 
following agencies will have a vested interest 
in improving freeway incident management 
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capabilities and procedures within a 
region:<12) 

• Elected officials. 

• State and city/county DOTs. 
• traffic operations. 
• traffic management. 
• maintenance. 
• public relations. 

• Transit operators. 

• State, city/county, and transit law 
enforcement agencies. 

• Fire and emergency medical services. 

• Hazardous 
contractors. 

materials (Hazmat) 

• Other emergency agencies ( office of 
emergency management, etc.). 

• Environmental protection agencies. 
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• Towing services. 

• Corporate service patrol providers. 

• Regional authorities (metropolitan 
planning organizations, council of 
governments, etc.). 

• Media representatives. 

• Special event promoters. 

Depending on the number of agencies 
potentially involved in the incident 
management process, it may be 
advantageous and necessary to establish 
smaller subgroups of partners who must 
interact and cooperate for specific types of 
incidents.03) For example, fire and 
emergency medical services, environmental 
protection agencies, and offices of 
emergency management typically have little 
involvement in the minor accidents and stalls 
that are of concern to police, DOTs, transit 
agencies, towing services, etc. Of course, 
partners such as police and State DOTs will 
be involved in nearly all subgroups. 

BUILD CONSENSUS AMONG 
PARTNERS 

One of the most critical activities that must 
occur early on in the incident management 
development process is consensus building 
among the partners. A consensus is needed 
on both the importance of optimizing the 
incident management process and the 
importance of adopting a "team" approach 
to addressing the need for coordinated 
incident management in a region. 

Consensus-building does not just "happen." 
It must be fostered and developed over time. 
One way to facilitate consensus-building is 
for each partner to develop a true 
understanding of the goals, responsibilities, 
and capabilities that the other partners have 
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within the incident management process. <9) 

Also, a critical review should be made not 
only of what the roles and responsibilities of 
each partner currently are, but also of what 
they could be ( or what the partner wants 
them to be). <5) Finally, legal ramifications 
pertaining to each partner's involvement in 
incident management must be assessed. 
Formal agreements of understanding and 
cooperation may need to be written and 
signed by upper management of each partner 
to further promote a unified team approach. 

Traffic management teams (TMTs), 
established in numerous regions nationwide, 
serve as an excellent beginning of a 
cooperative environment in which to 
improve incident management. Basic 
guidelines for successful TMTs are shown 
below:<ll 

• Regular meetings (monthly or 
bimonthly). 

• Attendance by the same personnel at 
each meeting. 

• Attendance by personnel with authority 
to commit the partner's resources. 

• Informal interaction. 

• Preparation of agenda for each meeting. 

• Focus on reaching verbal consensus on 
issues being discussed. 

It is important that the organization 
responsible for organizing and running the 
TMT meeting make an active, consistent 
effort to identify agenda items and tasks to 
be undertaken by the team. This is essential 
to keeping other partners interested and 
involved. The Pahn Beach and Broward 
TMTs in Florida have hired a consultant to 
run their meetings. The consultant is seen as 
having a more organizationally neutral 



viewpoint on agenda items, and has more 
time to keep the various partners interested 
and involved. 

ESTABLISH INCIDENT 
MANAGEMENT GOALS AND 
OBJECTIVES 

Once a consensus to cooperate and 
coordinate incident management activities 
has been reached among the various 
partners, the goals and objectives that the 
partners wish to accomplish relative to 
improved incident management must be 
defined. As stated in Module 2, goals are 
broad statements about the intent of the 
system or one of its components, whereas 
objectives are specific statements about what 
the system or component of that system will 
attempt to accomplish. A given goal may 
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have more than one specified objective. 
Furthermore, the emphasis at this point in 
the process is on identifying what the 
subsystem or component will accomplish, 
not what technology will be employed. 
Table 8-4 presents examples of some 
possible goals and objectives relative to 
incident management. 

ESTABLISH PERFORMANCE 
CRITERIA 

Performance criteria are used to detennine 
whether the objectives established in the 
previous step are being achieved. For 
incident management, these criteria can be 
both quantitative and/or qualitative. 
Examples of some types of performance 
criteria for incident management are shown 
in table 8-5. 

Table 8-4. Examples of Goals and Objectives of Incident Management. 

Category Examples 

Incident management • Reduce the impact of incidents upon peak-period traffic 
goals • Reduce the potential for injury to motorists stranded by 

disabled vehicles 
• Reduce the freeway congestion that develops at exits to a 

regular special event 

Incident management • Detect all lane-blocking peak-period incidents within 2 
objectives minutes of occurrence 

• Provide first response to an incident within 5 minutes of 
occurrence 

• Reduce the time to clear an incident by 15 minutes 

• Reduce freeway traffic volume approaching a peak period 
lane-blocking incident by 10 percent 

• Detect 75 percent of all disabled vehicles within 20 minutes 
after they have stopped on the shoulder 

• Divert 25 percent of traffic that normally uses a given ramp 
to access a special event facility to other exits 

8-9 



Freeway Management Handbook 

Table 8-5. Examples of Incident Management Performance Criteria. 

Objective Examples of Performance Criteria 

Detect all major incidents within 2 • Average detection time 
minutes of occurrence • Percent of incidents detected within 2 minutes of 

occurrence 

Provide first response to an • Average response time 
incident within 5 minutes of • Percent of incidents responded to within 5 
verification minutes of verification 

Reduce the time to clear an • Change in average clearance time due to 
incident from the freeway by 15 improvements in incident management procedures 
minutes 

DEFINE FUNCTIONAL 
REQUIREMENTS 

Once the goals and objectives for incident 
management have been identified, the 
functions (specific features or activities) that 
are required to achieve the objectives need 
to be defined. As with the objectives, the 
functions should be described independent of 
the technologies that could be used to 
accomplish the objectives (focusing on what 
should be done, not how it should be 
done )_<1 4

) Often, these functional require­
ments can be outlined in a hierarchial order. 
Figure 8-2 provides an example of possible 
functional requirements for the incident 
management component of a freeway 
management system. Note that each of the 
functional elements defines an action that is 
to be performed, and is independent of the 
technology that could be used to accomplish 
that action. 

DEFINE FUNCTIONAL 
RELATIONSHIPS, DATA 
REQUIREMENTS, AND 
INFORMATION FLOWS 

The purpose of defining the functional 
relationships, information flows, and data 
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requirements is to establish an understanding 
of how the various incident management 
functions that are to be accomplished will be 
integrated with each other and among the 
other components in the freeway 
management system. Much of these 
relationships, flows, and requirements have 
been prepared through the National 
Architecture development effort for ITS. 
The National ITS Architecture for incident 
management can be adapted to incorporate 
local issues, concerns, and capabilities. 

Within this step in the decision process, local 
and regional details that further define when 
and how incident management functions will 
be accomplished are established. For 
example, it may be necessary to subdivide 
the freeway or corridor into smaller 
segments because of jurisdictional 
differences, and adjust the design of the 
system slightly for each segment, depending 
on the partners involved, chain-of-command 
for contacting each partner, etc. Special 
legislation may need to be established to 
allow certain incident management tasks 
(such as service patrol operations) to be 
privatized_(5) These and other institutional 
issues identified during problem 
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Identify incident 
• Identify incident location 
• Identify incident characteristics (vehicle types, injuries, etc.) 
• Identify incident impacts upon traffic flow 

Formulate response actions 
• Identify necessary emergency vehicle response 
• Select incident information for dissemination to travelers 

• Notify transit riders at a park-and-ride lot that their bus may be delayed 
• Notify traffic information services of incident location 

• Identify traffic control strategies 
• Increase green time on parallel arterial nearest to the freeway 
• Initiate ramp metering upstream of the incident 

Initiate and monitor response 
• Initiate coordinated response by the appropriate agencies 

• Implement emergency vehicle response 
• Provide incident information to travelers 
• Implement traffic control strategies 

• Monitor response 
• Arrival of emergency vehicles 
• Implementation of traffic control 
• Clearance of incident 
• Clearance of congestion 

Figure 8-2. Examples of Incident Management Functions. 

identification and goal/objective definition 
are resolved during this step of the process. 

IDENTIFY AND SCREEN 
TECHNOLOGY 

After the various institutional issues relative 
to incident management have been 
addressed, the decision process then reaches 
the point where it is necessary to identify and 
screen technologies available to achieve the 
functional requirements and incident 
management architecture defined for the 
freeway management system. A review of 
the various techniques available to facilitate 
incident management is provided later in this 
module. This section provides a review of 
the major issues pertaining to each of the 
basic phases of incident management 
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( detection and verification, response, and 
clearance) as they relate to freeway 
management systems. 

Incident Detection and Verification 

Incident detection and verification requires 
the following:(1) 

• A means of sensing that an incident has 
occurred. 

• A means of verifying the incident's 
existence and location. 

• A focal point for the fusion of data from 
multiple detection sources. 

• Communications links between detectors 
and receivers of incident data. 
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• A means of displaying and recording 
incident information. 

Many different technologies exist which can 
be used for incident detection and 
verification. Incident detection in many 
locations involves a combination of several 
different detection technologies, and appears 
to work quite well. Overall, detection and 
verification technology screening requires a 
consideration of the following issues: 

• Detection speed. 

• Accuracy. 

• Costs. 

• Maintainability. 

• Personnel requirements. 

• Usefulness of data for other freeway 
management purposes. 

• Speed with which the technology can be 
implemented and benefits begin accruing. 

It is the responsibility of the various partners 
involved in incident management to decide 
upon the relative importance of each of these 
items. The last bulleted item is particularly 
relevant to all phases ( detection, verification, 
response, and clearance) of incident 
management. Several agencies have strongly 
recommended initially implementing low­
cost technologies that can provide immediate 
and demonstrable benefits to the general 
public, and then building upon those 
successes to further enhance and improve 
incident management capabilities in an 
incremental fashion.<5

•
12

) For instance, 
cellular phone calls from motorists and CB 
radio reports from truck drivers have 
become very important components of 
incident management efforts in many 
metropolitan areas, and are often the fastest 
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means available for detecting incidents.<15
) 

Methods of incorporating these detection 
sources into incident management efforts 
early on can yield significant benefits ahnost 
immediately. 

Details of various incident detection and 
verification technologies are addressed in the 
Techniques section later in this module, and 
also in Module 3. 

Incident Response and Clearance 

Technology screening relative to incident 
response and clearance will depend on the 
specific types of problems identified initially 
in the process. Certain types of problems, 
such as lengthy clearance delays for large 
truck incidents, can be reduced by making 
sure that specialized response equipment 
(heavy-duty wreckers, inflatable air bag 
systems to upright overturned trucks, etc.) 
are available from private-sector services. 
However, specialized hardware or software 
to assist in incident response and clearance is 
only one part of the overall technology 
screening process. Other focus areas to be 
screened include: 

• Minor geometric modifications to 
enhance response and clearance 
capabilities (i.e., installing or moving 
median barrier gates, constructing 
staging areas for incident management, 
etc.). 

• Institutional arrangements to facilitate 
cooperation and coordination of incident 
response and clearance activities among 
the partners. 

• Legislation supporting vehicle removal 
policies or other clearance activities. 

As with incident detection and verification, 
the screening process for incident response 



and clearance should include consideration 
of the following issues: 

• Costs. 

• Maintainability. 

• Personnel requirements. 

• How quickly the technology can be 
implemented and benefits begin accruing. 

Also, it is important to recognize that the 
technology screening process for incident 
management cannot occur in isolation from 
other ongoing or planned freeway 
management system activities. 
Implementation actions related to ramp 
control, information dissemination, HOV 
treatments, and lane use control all affect 
and tie into incident management efforts and 
initiatives as well. 

Additional details regarding incident 
response and clearance are discussed later in 
the Techniques section of this module. 

DEVELOP PLANS 

This step in the decision process involves the 
development of a plan to implement the 
technologies that have been determined to 
best meet the goals and objectives of 
incident management and that are the most 
feasible for the uruque geographic, 
environmental, and institutional 
characteristics of the region. As discussed in 
detail in Module 2, this plan documents the 
following features of the incident 
management systemY6l 

• Needed legislation. 

• System design (architecture, 
technologies utilized, etc.). 

• Procurement methods. 
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• Construction management procedures (if 
construction is involved). 

• Start-up plan. 

• Operations and maintenance plan. 

• Institutional arrangements. 

• Required personnel and budget 
resources. 

In conjunction with the implementation plan 
( or possibly as a separate development 
effort), an incident response plan can also be 
an important activity to facilitate improved 
incident management within the region. This 
plan is a detailed document which specifies 
the following: 

• Key partner roles. 

• Communication links. 

• Detailed traffic management procedures. 

• Resources (and their locations). 

• Logistics. 

Table 8-6 summarizes the information 
provided for each of the items listed above. 
Commonly, a detailed response plan 
recognizes that traffic demands vary over 
time and location within the region, and so 
the management procedures required to 
effectively accommodate an incident will 
depend upon where and when it occurs as 
well as its severity. Consequently, some 
agencies have found it convenient to develop 
varying levels of incident management 
implementation. These levels may range 
from minor on-site management activities 
during low-volume conditions to a full-scale 
integrated major response effort involving 
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Table 8-6. Information in an Incident Response Plan. <1> 

Section Frmction 

Participating • Lists all participating partners and telephone numbers of the 
Agencies incident management coordinator for each 

• Lists other agencies that may participate (i.e., resource 
locations) 

Summary • Describes major plan elements 

Levels of • Describes the series or levels of incident management intensity 
Implementation and conditions under which each level is to be invoked 

Traffic Management • Describes communications procedures for each roadway 
section, agencies to be informed, diversionary routes, traffic 
control locations, local and regional signing 

Resources and • Lists each partner, contact numbers, key personnel, 
Responsibilities responsibilities, and other pertinent information 

Media Contacts • Lists each media contact, contact numbers, key personnel, 
responsibilities, and other pertinent information 

Team Coordinators • Lists all involved partner coordinators and telephone numbers 

diversion strategies, information 
dissemination efforts, and other techniques.<1) 

IDENTIFY FUNDING SOURCES 

Because incident management is the 
coordination of multiple entities and 
techniques to achieve an overall goal 
(reduced disruptions to travel due to 
incidents), many different funding sources 
can play a part in the development 
and operation of an incident management 
subsystem. Typically, infrastructure-based 
investments ( automated surveillance, 
roadway information dissemination tools, 
traffic signal timing improvements, accident 
investigation sites) have typically come from 
the public agencies (State, local) that have 
direct jurisdiction over the facilities on which 
they are located. 

Initially, courtesy service patrols were 
funded primarily by DOTs, with the agency 
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benefiting both from positive public relations 
and from the improvements in traffic 
operations.<12

l In recent years, though, 
several regions have successfully 
implemented patrols in which different 
funding mechanisms have been used.<17l 

These mechanisms include the following: 

• Additional gasoline taxes. 

• Additional sales taxes. 

• Department of motor vehicle fees. 

• Federal construction funds. 

• Bridge or highway tolls. 

• Congestion Management and Air Quality 
(CMAQ) funds (for start-up and initial 
operating costs). 

• National Highway System funds. 



• Surface Transportation Program funds. 

• Private funds. 

IMPLEMENT 

Experiences from several past incident 
management implementation efforts indicate 
that partners should utilize a building-block 
approach, initiating low-cost components 
first to demonstrate to the public and to 
elected officials the benefits of incident 
management activities.<12) It is then easier to 
"sell" other components ( such as electronic 
surveillance) that are more capital intensive. 

In general, the initiation of service patrols 
should be one of the first incident 
management activities that partners consider 
for their region. Benefit-cost ratios between 
2.3: 1 and 36:1 have been reported_Cl7l 
Again, partners should start small, and 
gradually build upon this service as they 
learn more about its operation and develop 
public and elected official support for it over 
time.02> 

EVALUATE 

Evaluation is a critical component of the 
incident management decision process. 
Evaluation helps to define the benefits of 
incident management in order to maintain 
and improve funding levels. Also, evaluation 
is necessary to assess the extent to which the 
goals and objectives established for incident 
management are being met. Finally, 
evaluation is important in identifying new, 
unforseen difficulties that arise in the 
incident management process, as well as in 
identifying possible solutions for dealing 
with those difficulties. 

Methods of evaluation of an incident 
management program include the 
following:08· 

19
) 
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• Quantifying the impact upon traffic flow 
( delays, fuel consumption, emissions, 
secondary accidents, etc.). 

• Critiquing the program through periodic 
traffic management team reviews or 
special debriefings held after major 
incidents. 

• Staging mock drills or exercises of a 
major incident as a training activity and 
process review. 

• Holding post-incident debriefings to 
review effectiveness of incident 
management activities and identify areas 
of improvement. 

8.3 TECHNIQUES AND 
TECHNOLOGIES 

INCIDENT DETECTION AND 
VERIFICATION 

Rapid detection is a critical element in the 
incident management process. The sooner 
an incident can be detected, the quicker a 
response to clear the incident can be 
initiated. Technologies available for 
detecting incidents range from low-cost non­
automated methods to sophisticated 
automated surveillance techniques requiring 
extensive public agency investments. It 
should be noted that emerging Intelligent 
Transportation Systems (ITS) technologies 
off er promise for dramatically improving 
detection capabilities and reliability. The 
various technologies used by transportation 
agencies to detect incidents are discussed in 
the following sections. 

Non-Automated Detection Techniques 

Whereas most thoughts of incident detection 
for a freeway management system focus on 
the various automated technologies that are 
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available, experience suggests that non­
automated detection methods serve a 
valuable and often primary role in incident 
detection efforts in many instances. These 
methods typically utilize motorist call-in 
technology or manual surveillance methods 
to achieve incident detection. Non­
automated detection methods include the 
following: 

• Cellular telephone calls to 911 or 
incident reporting hotline. 

• Dedicated freeway service patrols. 

• Peak-period motorcycle patrols. 

• Citizen-band radio monitoring. 

• Motorist call boxes. 

• Aircraft patrols. 

• Fixed observers/volunteers. 

• Closed-circuit television. 

• Fleet operators (taxis, transit, delivery 
drivers). 

Table 8-7 summarizes the advantages and 
disadvantages of each of these non­
automated detection technologies. It should 
be noted that the growth of cellular 
telephone popularity has resulted in that 
becoming the most important detection 
technology in most metropolitan areas.°5

l 

Freeway service patrols are able to begin 
incident response and clearance activities 
immediately, · which increases their 
attractiveness from an overall incident 
management perspective. They are also a 
valuable public relations tool for the 
sponsoring agency. oz) Conversely, the use 
of fixed observers is most applicable to 
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short-term needs (during special events, 
major freeway construction activities, etc.). 

Closed-circuit television can serve as a 
manual means of incident detection· by 
having system operators continually watch 
the monitors. However, this technology is 
more commonly used as a verification tool 
for incidents detected via cellular telephone 
reports or automated detection algorithms 
(discussed in the next section). 

Automated Surveillance Techniques 

Technologies 

Most freeway management systems include 
some form of automated surveillance which 
can be used to detect freeway incidents. 
Types of automated surveillance are listed 
below: 

• Inductive loop. 

• Magnetometer. 

•· Microwave/radar. 

• Laser. 

• Infrared. 

• Ultrasonic. 

• Acoustic. 

• Machine vision. 

• Vehicle probes 
identification, 
location). 

( automatic vehicle 
automatic vehicle 

Module 3 presents additional details about 
these detectors. The first two technologies, 
inductive loops and magnetometers, are 
placed within the pavement. The others are 
non-intrusive surveillance technologies, 



Technology 

Cellular telephone calls 
to 911 or incident 
reporting hotline 

Freeway service 
patrols 

Peak-period 
motorcycle patrols 

00 
I --.l 

Citizen-band radio 
monitoring 

Motorist call boxes 

Table 8-7. Comparison of Non-Automated Incident Detection Technologies. u. 5> 

Definition Advantages Disadvantages 

Motorists use their cellular phones Often fastest detection method Dependent upon motorist input. 
or call from a roadside telephone available. Verification needed. May need 
to report incident. additional staff to handle calls. 

Special vehicles circulate to Serves detection, verification, and Congestion reduces circulation 
provide breakdown assistance. response functions. frequency. Labor-intensive. 

Motorcycle police officers patrol Serves detection and verification Congestion reduces circulation 
freeway segments. functions. Already in place as frequency. Labor-intensive. 

part of regular police functions. 
Can travel through stopped traffic 
to get to incident. 

Can establish a special frequency Inexpensive. Generally can be Detection dependent upon number 
for incident reporting. monitored by existing staff. of trucks/CB owners on facility. 

CB owners may need to be trained 
to use. 

Devices located on side of road Incident reporting can occur 24 Start up costs are high. Requires 
which motorists can use to notify hours/day. Citizen acceptance is motorists to walk to activate. 
authorities. high. Potential for vandalism. May 

require additional staff to handle 
calls. 
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Table 8-7. Comparison of Non-Automated Incident Detection Technologies.<1
,
5
> (Cont'd.). 

Technology Definition Advantages Disadvantages 

Aircraft patrols Use of airplanes or helicopters to Can be used to detect and verify Costly, significant delays may 
locate incidents. incidents. Can cover a wide occur between passes over a given 

region, and see things from a segment. May not be useable 
larger perspective ( easier to assess during severe weather, fog, etc. 
impacts of incident). Some areas may have airspace 

restrictions. 

Fixed Observers are positioned on Flexible. Useful as an interim Labor-intensive. Not practical 
observers/volunteers towers or buildings to watch measure such as for special events during severe weather conditions. 

traffic and report incidents. or during roadway construction. 

Fleet operators (taxis, Drivers call in incidents they Large number of observers can be Accuracy, reliability cannot be 
transit, delivery encounter during their normal recruited. Little or no cost to controlled. Limited by fleet size. 
drivers) travels. public agency. 

Closed-circuit Cameras located in traffic Provides detection and Can cause operator boredom 
television (CCTV) management center are verification functions together. problems. Effectiveness 

continuously monitored by system dependent upon camera 
operators. placement. 
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located above the travel lanes or off to the 
side. The first eight technologies typically 
measure speed, volume, and/or occupancy. 
Conversely, vehicle probe detection systems 
monitor vehicle position and elapsed travel 
time. 

Although not listed as an automated 
detection technology, closed-circuit 
television is commonly used with automated 
detection systems to verify that an incident is 
truly present at a location and to begin 
evaluating and anticipating appropriate 
response measures. 

Detection Algorithms 

The effectiveness of automatic detection 
technologies depends in part on the type of 
algorithm used to analyze the detector data. 
Three parameters are generally used to 
monitor the petformance of an incident 
detection algorithm: detection rate, detection 
time, and false alarm rate. <20J Detection rate 
is defined as the percentage of the total 
number of capacity-reducing incidents that 
are detected by the computer algorithm. 
Detection time is defined as the time 
between when an incident occurs and when 
it is detected by the algorithm. The false 
alarm rate is generally used to provide an 
indication of how many times the algorithm 
incorrectly indicates that an incident 
condition exists when, in fact, no incident is 
present. 

As shown in figure 8-3, there is a general 
relationship that exists between detection 
rate, false alarm rate, and detection time. 
With most incident detection algorithms, the 
false alarm rate increases as the detection 
rate increases. Also, the false alarm rate 
increases as the detection time decreases. 
This is because as the sensitivity of the 
algorithm is adjusted to detect less severe 
incidents more quickly, minor fluctuations in 
traffic can trigger the algorithm to signal that 
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an incident is present, when in fact no 
incident exists on the freeway. 

Agencies must decide for themselves what is 
an acceptable balance between detection 
sensitivity and false alarm rate for their 
detection system. False alarms can be 
tolerated in order to achieve a higher 
detection sensitivity, so long as they are not 
too frequent and liable to be ignored by the 
system operator. Evaluation of false alarm 
rates should generally be based on the their 
frequency over a given time period (i.e., 
hourly or peak period). An algorithm may be 
reported as having a very small false alarm 
rate percentagewise (based on the total 
number of detection "checks" it performs), 
but yield a fairly high number of false alarms 
because the total number of such "checks" 
made during a given time period is so high. 

The four general categories of incident 
detection algorithms that rely on volume, 
speed, and or occupancy data include the 
following:C21 l 

• Comparative. 

• Statistical. 

• Time-series/smoothing. 

• Modeling. 

Comparative (or pattern recognition) 
algorithms compare traffic parameters at a 
single detector station or between two 
detector stations against thresholds that 
define when incident conditions are likely. 
Statistical algorithms use statistical 
techniques to determine whether observed 
detector data differ statistically from 
historical or defined conditions. Time series 
and smoothing algorithms compare short­
term predictions of traffic conditions to 
measured traffic conditions. Modeling 
algorithms use standard traffic flow theory 
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DETECTION TIME 

DETECTION TIME 

Figure 8-3. Relationship between Detection Rate; False Alarm Rate 
and Detection Time. czo) 

to model expected traffic conditions on the 
basis of current traffic measurements. Table 
8-8 lists the algorithms available in each 
category. 

A recent review of the algorithms indicated 
that two of the Modified California 
Algorithms (#7 and #8) and the McMaster 
Algorithm rated the highest on the basis of 
reported performance, operational 
experiences, and model complexity. When 
calibrated properly, these algorithms can be 
expected to achieve detect 70 to 85 percent 
of all incidents, while incorrectly triggering 
a false detection alarm about 1 percent of the 
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time or less.(22l Conceptually, these 
algorithms were also judged to be easy to 
understand and implement from an 
operator's perspective. 

Detectors that monitor traffic parameters 
other than volume, speed, and occupancy 
(i.e., travel times, individual vehicle 
movements, queue lengths, etc.) have only 
recently been introduced. Consequently, 
only limited experimental data is available on 
the feasibility of these technologies for 
detecting incidents.<23

• 
24

l More work in this 
area will be needed before A VI/ A VL or 
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Table 8-8. List of Available Incident Detection Algorithms.C22> 

I Algorithm Type I Algorithms I 
Comparative California Modified California 

All Purpose Algorithm (10 different algorithms) 
Pattern Recognition (PATREG) 

Statistical Standard Normal Deviate (SND) Bayesian 

Smoothing/Filtering Exponential Smoothing Low-Pass Filtering 

Traffic Model Dynamic Model 

other non-traditional technologies will be 
viable for incident detection purposes. 

INCIDENT RESPONSE AND 
CLEARANCE 

Response is defined as the activation, 
coordination, and management of 
appropriate personnel, equipment, 
commwrication links, and information media 
as soon as there is reasonable certainty that 
an incident is present. Steps in the response 
process include: 

• Verifying the existence and location of 
the incident. 

• Assessing the incident to determine the 
type of response needed to clear it. 

• Initiating the appropriate response. 

• Removing the incident. 

A quick and timely response by the 
necessary resources to clear the incident can 
significantly reduce its duration. The 
following sections provide a summary of the 
technologies available to facilitate incident 
response and clearance, and thereby reduce 
its total duration and impact upon travel in 
the region. Each category is discussed in 
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McMaster 

terms of equipment, management strategies, 
and operations involved. 

On-Site Response Techniques 

One of the most critical facets of incident 
response is the utilization of equipment and 
management strategies on-site. The 
effectiveness of incident response is a 
function of both the use of appropriate 
techniques for the situation and how well 
these techniques are managed by the 
personnel present. A well managed response 
that utilizes minimal available resources can 
still operate more effectively than a poorly 
managed response that has all of the latest 
and greatest equipment. In the following 
sections, equipment and management 
strategies/operations relative to on-site 
incident response are summarized. 

Equipment 

Several types of equipment are available to 
help with on-site response. These range 
from items that improve the management of 
resources, to special-use equipment items 
that help reduce the response and clearance 
times of certain types of incidents. Some of 
the more effective items are discussed 
below. 
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Identification Arm Bands and Vests. 
These can be used to quickly differentiate 
respondents from members of the public or 
media who may also be at the incident site. 
Specially-designated colors and/or patterns 
can be provided for each of the agencies. 
This can reduce confusion, and help in 
controlling who is allowed within the 
incident site. C5l 

Incident Response and Hazardous 
Materials Manuals. Having adequate 
documentation detailing how to handle an 
incident situation can significantly reduce 
response times. Generally, a transportation 
agency needs to develop two types of 
manuals: a response manual and a hazardous 
materials manual. 

• Response Manual - The response 
manual outlines how to respond to 
specific incident situations and who 
should be contacted. <6) It should list all 
of the resources available for responding 
to an incident regionwide, including both 
public agency and private sector sources. 
This list should include the locations and 
possible operators of large tow trucks, 
special incident handling equipment, and 
equipment suitable for handling 
hazardous materials. 

A key to the effectiveness of these lists is 
a commitment to keeping them current, 
updating them as personnel and other 
resources change within the region. 
Agencies may wish to consider keeping 
the manual on-line in a computer 
database to help keep it current. The 
manual may also include other important 
information such as maps, diagrams of 
selected interchanges, milepost 
identifiers, utility locations, and sensitive 
or hazardous off-freeway facilities. It 
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should be organized to facilitate immediate 
access to specific information or telephone 
numbers. The type of information generally 
included in a response manual is shown in 
table 8-9. 

• Hazardous Material Manual - Although 
the primary rule for responding to 
hazardous materials spills is "leave it to 
the expert," it is necessary to provide 
those agencies who are likely to respond 
first to an incident scene with some basic 
guidelines for when they suspect that 
hazardous materials may be involved.C6} 

These guidelines should be provided in 
the form of a reference manual. Two 
hazardous materials manuals are 
generally developed: one for use by field 
personnel (e.g., police and DOT 
personnel) on the scene, and one for use 
by response dispatchers. The field 
manual should include guidelines on 
identifying types of hazardous materials 
and how to stabilize them at the incident 
scene. In addition to describing who 
should be contacted in case of a 
hazardous materials spill, the 
dispatcher's manual should also include 
more detailed information that can be 
used to consult and advise the field 
personnel as to any situation that may 
occur before a hazardous materials 
response team arrives on the scene. 
Table 8-10 shows potential subject 
matter to be included in a hazardous 
materials manual. 

Total Stations Surveying Equipment. 
This equipment utilizes infrared surveying 
technology to measure distances critical to 
an accident investigation. This technique is 
currently being used by law enforcement 
personnel in several States as an aid in 
investigating major accidents. (Zs. 26l 
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Table 8-9. Example of Resource Material Included in Response Manual. <
6
) 

Police 
State 
Park 
County (including sheriffs) 

City 
Tollway 
Military 

Fire/Rescue 
State 
Airport 
Industrial 

City 
County 
Military 

Local and State Agencies News Media 
Radio stations Newspapers Health Pollution control 
Television stations Agriculture Air control 
Traffic reporting services (Metro, Shadow, 
Smartroutes, etc.) 

Highway Department 
Engineering Maintenance 
Cleanup 
Traffic Management Center 
Tollway or turnpike authority 
Traffic Management Team 

Special Vehicle and Equipment 
Cranes Oversize wreckers 
Tanker trucks Trucking companies 
Local transit service Livestock trailers 
Earthmoving equipment 

Special Hazard Teams 
Chemical Electrical 
Mechanical 
Radioactive 

Federal Agencies 
Department of Energy 

Biological 
Ordinance disposal 

Energy Resources Development 
Administration 

Federal Aviation Administration 
Department of Defense 
U.S. Public Health Service 
Defense Civil Preparedness Agency 
Office of Emergency Transportation 
Environment Protection Agency 
Department of Agriculture 
Postal Service 
Federal Emergency Management Agency 

Emergency Medical Services 
Coroner Red Cross 
Funeral homes Helicopters 
Special medical vehicles Ambulance 
Hospital emergency rooms 
Rescue squads-extrication 

Towing and Road Service 
Auto clubs 
Franchised tow truck operators 
Private-gas stations, garages, junkyards 
Public-police, hwy authority, service patrol 

Utilities 
Telephone 
Gas 
Sewer 

Other 

Electric 
Water 
Cable 

National Guard and Reserve 
Accident investigation teams 
Vehicle rental companies 
Institutions 
Humane society 
Game warden 
Military personnel 
Railroads 
Weather bureau 
Pipeline companies 
Water authorities 
Scuba divers 
Transportation services 
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Table 8-10. Example of Material to Be Included in a Hazardous Materials Manual. (6) 

• INTRODUCTION 
• RESPONSE AT SITE 

o Information to be gathered 
o Specifics of spill 

- Liquid/gaseous 
- Description of leak 

• Rate of flow/quantity spilled 
• Odor 
• Color 
• Density 

- Type of container 
• Box, box trailer 
• Tanker type 

- Precise labels from truck 
• UNnumbers 
• Company name 

o Drainage systems in area 
- Ditches 
- Bodies of water 

o Weather conditions 
o Traffic flow 

- Number of lanes open/blocked 
o Communications 

- Communications with central 
command post 
• Fire 
• Other police 
• Ambulance 
• Environmental protection 
• Other 

o Securing the scene 
- Establish field command post 
- Cordon off area 

• Green zone 
• Yellow zone 
• Hot zone 

- Types of vehicles to position in 
each zone 

- Implement traffic diversion plans 

• RESPONSE AT CENTRAL COMMAND 
POST 
o Query field personnel to obtain all 

relevant information on spill 
o Notify other agencies 

- Environmental Protection Agency 
- Local Boards of Health 

o Notify local contractors if required for 
clean-up 

o Notify personnel on scene as to 
protection required 

o Notify media 
o Utilize available literature and guides 

- US DOT Guidebook Chemtrec Center, 
Washington, D.C. 

o Notify shippers 

• APPENDICES 
o Drills and Training 
o State Regional Coordinators 
o County Offices - Boards of Health 
o Traffic Control Guidelines 
o Blank Forms for Environmental Protection 

Agencies 
o Radiation Accidents 
o References to Laws and Regulations 
o List of References 
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The equipment is used to quickly obtain 
measurements needed to reconstruct the 
accident, and can significantly reduce the 
time required to collect the necessary data to 
reconstruct the accident. It also allows more 
accident-related information to be collected 
with greater accuracy. A supporting 
computer system is required to achieve the 
maximum benefits. In addition, training and 
continued use is required to ensure that the 
officers are using the equipment properly. 
For example, the Maryland State Police have 
three "crash" teams which operate total 
stations equipment and are proficient in its 
use. They are on call 24 hours a day and 
report to an incident within 30 minutes. 

Inflatable Air Bag Systems. These can be 
used to right overturned heavy vehicles.<5

) 

The system consists of several heavy rubber 
inflatable cylinders of various heights. These 
bags are placed under the overturned vehicle 
at strategic locations, and inflated to right 
the vehicle. This system can be used in 
almost any location to right an overturned 
vehicle. Wreckers are still required to assist 
in the process, and, depending upon the size 
and shape of the vehicle, some vehicles can 
puncture the bags. Most large-scale towing 
and recovery specialists in large metropolitan 
areas have this type of equipment available. 
Appropriate contracts may need to be 
established between public agencies and 
these specialists to ensure that the equipment 
is available for use in an incident. 

This type of system is ideal for righting 
vehicles with fragile loads or tankers where 
other means of righting the vehicle may 
rupture or damage the cargo. It is also ideal 
for working in constrained areas, such as 
tunnels, bridges, and overpasses, where 
larger towing or response vehicles may have 
difficulty maneuvering. Figure 8-4 illustrates 
the use of an air bag system. 
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Equipment Storage Sites. These sites are 
key locations, normally suffering from high 
incident rates, where incident response 
equipment is stored (particularly traffic 
control devices). To be effective, they need 
to be easily accessible and used by all 
response agencies. Also, agreements must 
be established as to who will stock and 
maintain the equipment and materials 
contained at the storage sites. cs) 

Tow Truck/Removal Crane Contracts. 
These contracts can achieve minimum 
response times in specific sections of 
freeway. Tow trucks can be summoned to 
an incident location either by using a rotation 
list (in which each wrecker service in a 
specific section of freeway is called in order) 
or by securing a bid contract for service for 
a specific section of freeway. The use of 
tow truck contracts or agreements may 
require local agencies to adopt ordinances 
that ensure that existing wrecker services are 
not adversely affected. It is also essential to 
have a local ordinance providing the police 
with the authority to establish wrecker 
contracts, to lay the ground rules for using 
such contracts, and to determine penalties 
for non-compliance by wreckers with the 
ordinance. Some requirements that are 
commonly used in wrecker contracts include 
the following:<1l 

• Minimums on equipment, storage space, 
insurance, and licensing. 

• Specifications calling for the availability 
of heavy duty towing and recovery 
equipment. 

• Twenty-four hour availability of wrecker 
service. 

• Specified minimum response times (30 
minutes is commonly used). 
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Figure 8-4. Air Bag Use to Overturn Tractor Trailer. 

Management Strategies/Operations 

In addition to special equipment to facilitate 
on-site response, a number of management 
strategies can be developed and invoked, as 
necessary, to assist in the response process, 
as summarized in the following sections. 

Emergency Response Vehicle Parking 
Coordination. Tiris coordination may be 
enacted to help facilitate an "order" as to the 
number of response vehicles parked in travel 
lanes at an incident site and how other 
response vehicles will be parked on the 
shoulder or similar off-roadway location in 
the most efficient manner possible. Tiris 
"order" may differ depending on the type of 
incident.<5

> However, the overall goal is to 
minimize the amount of maneuvering 
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required by the different response vehicles, 
to ensure that no more space is taken up by 
the incident scene than is necessary, and that 
lanes can be reopened with minimal 
movement of response vehicles or disruption 
of incident clearance activities. 

On-Site Traffic Control. This control is 
required to facilitate the orderly movement 
of traffic past the incident site or off of the 
freeway (in the case of a total freeway 
closure). <27

J Channelization of traffic can be 
accomplished with flares or cones, 
depending on the anticipated duration of the 
incident. If the incident is anticipated to last 
several hours or days, a more elaborate 
traffic control plan, similar in content to a 
work zone lane closure set-up, should be 
employed. Figures 8-5 and 8-6 illustrate 



typical set-ups for traffic flow past an 
incident site and diverted completely from 
the freeway, respectively. 

Incident Response Teams. These teams 
are often needed to clear major incidents. 
By assembling a major incident response 
team prior to an actual incident, a faster and 

Module 8. Incident Management 

more coordinated response can be 
provided.°l Most major incident response 
teams are composed of individuals from law 
enforcement, traffic engineering, 
maintenance, and fire and emergency 
services. These individuals should be of 
sufficient rank to make decisions about 
committing the resources of their agencies 
without further approval from their 
superiors. 
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~: Traffic control plan depicted is for illustration purposes only under emergency conditions. 

Figure 8-5. Typical Set-up for Traffic Flow Past a Freeway Incident. CZ7l 

~: Traffic control plan depicted is for illustration purposes unly u11der emergency conditions. 
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Figure 8-6. Example of a Typical Total Freeway Closure at an Incident. <27> 
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At a major incident, the team is responsible 
for assessing the situation and coordinating 
the implementation of a prepared response 
within each member's own agency. The 
team can also make on-site adjustments to 
the plan to conform to the specifics of the 
situation. Examples of the types of decisions 
that will be required by team members 
include:(1J 

• Where traffic will be diverted. 

• How and when the wreckage will be 
cleared. 

• How and when repairs to the roadway 
will be made. 

• When the roadway can be partially 
reopened. 

The most important aspect of a major 
incident response team is that the same 
individuals report to the incident scene each 
time, and are familiar with the personnel, 
authority, and resources of each of the 
responding agencies. The major function of 
the team is to handle all logistical problems 
in support of the incident commander, and to 
smoothly transfer control of the scene from 
one agency to another as the incident 
progresses. Also, the team can be the single 
source for information to the media, so that 
consistent information is given out. One 
means of effecting ongoing improvement in 
incident response team operations is to hold 
post-incident debriefings to evaluate 
procedures and identify areas of 
improvement. 

Vehicle Removal Laws. These laws are 
legislative or administrative policies that 
promote the fast removal of disabled, 
abandoned, or damaged vehicles that 
constitute a hazard to other motorists. Local 
laws or ordinances can be enacted that 
require motorists to move their vehicles (if 
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driveable) off the freeway immediately after 
an incident. These laws can also define the 
maximum time limit for leaving a vehicle 
unattended in the right-of-way, and can 
establish procedures for removing vehicles 
by local authorities with push bumpers or 
tow trucks. To be effective, the enactment 
of these laws must be followed up with an 
extensive publicity campaign informing 
motorists of what to do in case of an 
incident. Local agencies must also translate 
the new laws or policies into effective 
operating procedures and must provide a 
mechanism for enforcing the new law. 

Techniques to Improve Emergency 
Vehicle Access and Traffic Flow 

The next category of techniques to be 
discussed are those related to improving 
vehicle access to, from, and around an 
incident. Whereas the controlled-access and 
barrier-protected designs of freeways 
promote the highest degree of safety 
possible, they are problematic when it comes 
to trying to get emergency vehicles to an 
incident site when traffic has queued behind 
the incident. Equipment and management 
strategies relative to vehicle access are 
discussed below. 

Equipment 

Barrier Openings. These openings can be 
designed into freeway sections with 
inadequate access for emergency vehicles, 
thereby reducing the time it takes for those 
vehicles to reach an incident location. 
However, adequate crash cushion protection 
must be provided for the exposed end of the 
barriers. Also, an improperly designed 
opening can be a temptation to freeway 
motorists to use as a tum-around if they miss 
an intended exit. 



Barrier Gates. These gates have been used 
in some jurisdictions to combat unauthorized 
vehicle use. The gates are kept closed and 
locked until access is needed by an 
authorized vehicle. One of the major 
concerns with previous gate assemblies, 
however, has been with their crash 
worthiness. Houston has recently installed 
new remote-controlled barrier gate systems 
that the developers claim will meet NCHRP 
Report 350 standards for longitudinal barrier 
crash worthiness. (28> Figure 8-7 shows this 
barrier gate. 

Emergency Ramps. As agencies 
reconstruct their aging freeways, entrance 
and exit ramps are often removed or 
relocated to improve freeway operations. 
Unfortunately, this can also reduce the 
ability of emergency vehicles to reach an 
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incident scene. In some instances, 
emergency ramps are employed to maintain 
emergency freeway access. These ramps are 
closed to regular traffic, but can be utilized 
by authorized vehicles through a manual or 
electronic gate system. 

Management Strategies/Operations 

Police Escorts and Wrong-Way Entrance 
of Non-Emergency Response Vehicles. 
This strategy can yield significant incident 
response benefits. Since both towing 
services and most DOT equipment utilize 
yellow flashing lights, it is difficult for them 
to reach an incident scene. Providing for 
police escorts of these vehicles, or allowing 
them to enter the freeway in the wrong 
direction (i.e., from downstream of the 
incident) can reduce access times of these 

Figure 8-7. Example of Crash Worthy Barrier Gate. 
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vehicles. Of course, this strategy must be 
planned beforehand and implemented 
through ongoing training efforts. 

Shoulder Utilization. This management 
technique has been successfully used to 
increase traffic flow capacity around an 
incident site. This is normally implemented 
best by uniformed officers positioned 
upstream of the incident site.. For this 
technique to be effective, a minimum of 3 m 
of clearance is needed from the outer edge 
of the paved shoulder to the incident or any 
emergency vehicles that are needed at the 
response scene. Figure 8-8 illustrates the 
set-up of a shoulder utilization technique at 
an incident site.(28l 

-- ----

Contraflow Diversion. This technique can 
sometimes be used at an incident site that 
will close the entire freeway for several 
hours. This involves getting traffic across 
the roadway median ( or across the concrete 
barrier via a barrier opening or gate as 
described earlier), utilizing a travel lane from 
the opposing traffic direction to bypass the 
incident, and returning the traffic back to its 
original side of the freeway. It also requires 
close coordination between law enforcement 
and transportation personnel, and is 
generally warranted for only the most 
severe, special cases. Figure 8-9 illustrates 
a contraflow diversion set-up at a freeway 
incident site. 
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~: Traffic control plan depicted is for illustration purposes only under emergency conditions. 

Figure 8-8. Example Set-Up for Shoulder Utilization at a Freeway Incident Site. czn 
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Figure 8-9. Example il!lf a C!'.mtraflow Diversion Set-Up at a Freeway Incident. <27) 

Accident Investigation Sites 

Accident investigation sites are special 
designated and signed areas off the freeway 
or roadway where drivers of damaged 
vehicles can exchange information, and 
police and motorists can complete necessary 
accident report forms. These sites can also 
serve as an incident relocation point by 
agency-operated clearance equipment and as 
a media assembly location. In order to 
reduce rubbernecking, accident investigation 
sites are generally located so that motorists 
involved in an accident, the investigating 
police officer, and the tow truck operators 
are out of view from the freeway. The 
benefits of an accident investigation site 
include reduced motorist delays, reduced 
vehicle operating costs, reduced secondary 
accidents, reduced pedestrian exposure, and 
more efficient use of a public agency's 
personnel. Unfortunately, such sites have 
not been well received by the public or law 
enforcement in some instances, due to 
security concerns, poor access, or a general 
lack of awareness about their existence and 
location. 

8-31 

Equipment 

Typical locations of accident investigation 
sites include under a freeway overpass, on a 
side street or parallel frontage road, or in a 
shopping center parking lot out of view of 
the freeway. An accident investigation site 
should have space for parking a minimum of 
five vehicles. This equates to a minimum 
size of 92 square m. Also, there should be a 
minimum of 31 m, longitudinally, to pull 
into and out of curb parking accident 
investigation sites.(29

) Figure 8-10 illustrates 
examples of accident investigation site 
design. 

Management Strategies/Operations 

The criteria for locating an accident 
investigation site includes the following: <291 

• Easy access to and from the freeway. 

• Sufficient overhead lighting and other 
provisions to ensure personal safety. 
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• Concealed from the freeway. 

• Well delineated and signed. 

• Located near a high accident location. 

• Little or no construction required. 

• Access to a public telephone. 

Also, the provision of accident investigation 
sites must be supported by proper vehicle 
removal legislation and by law enforcement 
personnel in order to be effective. 

Freeway Service Patrols 

Freeway service patrols are a major tool for 
combating the effects of incidents in 
metropolitan areas. The primary objectives 
of service patrols are to locate incidents, 
reduce the risks to motorists and patrol 
personnel around the incident, and reduce 
incident duration so that full capacity can be 
restored to the freeway as quickly as 
possible. 

Equipment 

Typical service patrols rely on light-duty 
trucks or vans, equipped with a wide 
assortment of supplies that could be needed 
to assist a stranded motorist. Some 
agencies, such as the Illinois DOT in 
Chicago, use medium-duty wreckers in their 
service patrol fleet to allow them to quickly 
relocate automobiles ans small trucks from 
the freeway lanes. Some of the more 
common supplies include the following: 

• Gasoline. 

• Water. 

• Tools for minor automotive repair. 
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• Jumper cables. 

• Flares. 

• First-aid kit. 

• Warning lights. 

• Push bumpers. 

Access to more extensive and specialized 
equipment may need to be worked out 
through private-sector agreements or by 
other methods. This equipment includes 
such things as heavy-duty tow trucks, 
removal cranes, sand spreaders, and rescue 
and extricator trucks. For large incident 
management operation in a major 
metropolitan area, this equipment will need 
to be accessible 24 hours per day, 7 days per 
week. c3o) 

Management Strategies/Operations 

Freeway service patrols can be operated 
from stationary points to deal with spot 
locations (i.e., bridges, tunnels, construction 
zones, etc.), dispatched on a call-in basis, or 
circulated throughout a coverage area (the 
preferred method for dealing with larger 
freeway sections)Y2

l They can be organized 
and funded by several different 
organizations: c 17> 

• Enforcement agencies. 

• Transportation agencies. 

• Private organizations. 

• Multijurisdictional cooperative 
arrangements. 

• Private sector contracts with public 
agencies. 
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Electronic Traffic Management and 
Control Techniques 

Equipment 

The various traffic management and control 
components of a freeway management 
system are intended to assist in incident 
management activities. These components 
help to warn motorists approaching the 
incident about downstream traffic 
conditions, advise about reduced advisory 
speeds, reduce approaching traffic demands, 
and adjust control settings on other 
roadways that are accommodating increased 
traffic volumes due to diversion from the 
freeway. The management and control 
components that can be used for this 
purpose include ramp metering and 
information dissemination. 

Ramp Metering. Ramp metering can be 
implemented upstream of incidents to reduce 
traffic demands entering the freeway. This 
technique requires metering of all entrance 
ramps along a section of freeway (since 
incident locations vary) and real-time control 
of these ramp meters.c3

i) Ramp metering 
typically operates during peak traffic 
periods, and may be adjusted slightly if an 
incident occurs during these periods. 
However, implementation of ramp metering 
explicitly for incident management during 
off-peak periods (when ramp metering is not 
normally operating) is less common. 
Additional information regarding ramp 
metering can be found in Module 5. 

Information Dissemination Components. 
These components are typically activated to 
warn motorists upstream of an incident 
which travel lanes are closed and to 
encourage motorists to leave the freeway 
early or not enter the freeway at all. 
Notification can occur via any of the 
different information dissemination 
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technologies ( discussed in Module 7) 
present within the region, but must be 
coordinated and managed so that the 
information remains current (particularly 
with respect to location, expected duration, 
and its impact upon traffic conditions). 

Management Strategies/Operations 

Although the exact location, severity, and 
other characteristics of any given incident 
cannot be predicted in advance, some level 
of planning is appropriate for the 
management and operation of both ramp 
metering and motorist information 
subsystems for incident response. Table 8-
11 summarizes some advance planning steps 
to facilitate the use of certain information 
dissemination technologies for incident 
response. 

Alternative Route Diversion Techniques 

Alternative route planning is a systematic 
process that involves examining where and 
how much traffic should be diverted 
whenever an incident or other blockage 
occurs on any section of freeway at any time 
of the day. In effect, alternative route 
contingency plans are developed for various 
levels of freeway incidents anywhere in the 
system. <12i Coordination and cooperation 
with local agencies during alternative route 
plan development is essential for these 
routes to be safely and effectively 
implemented when needed. 

Alternative route planning involves 
determining not only where and how much 
traffic should be diverted, but also when 
diverting traffic would produce positive 
benefits. Since diverting traffic to alternate 
routes is often politically sensitive, how long 
a freeway is to remain closed before an 
official detour route is established is often a 
policy decision. For example, some areas 
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Table 8-11. Advance Information Dissemination Planning 
for Incident Response. (Adapted from l) 

Technique I Planning Required 

Variable Message Signs • If messages are not computer selected, establish 
responsibilities for message selection and display. 

• Establish criteria for message selection/display . 
• If portable, establish dispatch procedures . 

Highway Advisory Radio • If messages are not computer selected, establish 
responsibilities for message composition and 
recording. 

• Establish criteria for message selection/activation . 

• If portable, establish dispatch procedures . 

Private-Sector Information • Information transfer protocols and agreements need 
Service Providers (ISPs) to be established between ISPs and agencies 

providing data. 

Commercial Radio/f elevision • Set up means for transfers of information to 
radio/television stations. 

• Meet with station managers to establish guidelines 
for reporting frequency. 

• If information not transmitted by computer, set up 
procedures and responsibilities for message 
transmissions. 

Print Media • Define formats for press releases . 
• Set up procedures and responsibilities for issuing 

press releases. 

Telephone Hotlines • Set up procedures and responsibilities for message 
updating and recording. 

I 

divert traffic only when an incident is likely 
to last more than one hour. 

Initially, alternative route plans were 
prepared on hardcopy printouts that were 
distributed to law enforcement personnel and 
to the incident response team. An example 
of an alternative route plan is provided in 
figure 8-11. Recently, however, these plans 
have began to be converted to computerized 
format on Geographic Information System 
(GIS) or other platforms to assist in 
organization and retrieval. Methodologies 
are also being developed to computerize 

Equipment 

The information needed on any alternative 
route plan may differ from jurisdiction to 

jurisdiction. Most commonly included are 
specifications about the equipment and 
manpower that will be needed to implement 
the specific plan, such as police officer 
control locations, barricades, signing, etc.<12

) 
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some of the decision-making processes 
involved in alternative route selection. <

32
) 

Management Strategies/Operations 

Planning of alternative routes must be done 
by a team consisting of State and local 
transportation and enforcement agencies, as 
a minimum.<12

) Not all arterials near a 
freeway may be desirable alternative routes. 
Features that make an arterial undesirable as 
an alternative route include the following: 

• Schools. 

• Hospitals. 

• "Sensitive" neighborhoods. 

Work Zone and Special Event Traffic 
Management 

Work zones and special events constitute a 
special type of incident in that the location 
and duration are usually known in advance. 
This allows agencies to analyze beforehand 
the potential impacts of a work zone or 
special event, and if necessary, to develop a 
customized package of transportation system 
improvements to mitigate those impacts. 

Equipment 

General guidelines for traffic control are 
provided in the Manual on Uniform Traffic 
Control Devices. <33

) In addition, various 
state and local agencies adopt their own 
version of these guidelines. These guidelines 
cover appropriate advance signing, 
barricades, channelizing devices (where lanes 
are to be closed) and other approved 
devices. Many of these devices are 
appropriate for site control at and near 
special events as well. 
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Management Strategies/Operations 

The MUTCD also provides guidance on 
appropriate management strategies for 
various types of work zone lane closures, 
indicating such things as minimum cone 
taper lengths, locations of advance signing, 
and proper layout of channelization devices. 
These guidelines are dependent upon the 
duration of the scheduled work activity, the 
time of day, the roadway type, and the 
operating conditions.<32

> 

Major freeway reconstruction activities and 
special events place tremendous demands 
upon the freeway and surrounding surface 
street system to accommodate unusual 
traffic patterns. The planning horizon 
available for these types of activities allows 
for a number of demand management 
strategies to be implemented within the 
freeway corridor, if appropriate. Table 8-12 
summarizes some of the impact mitigation 
strategies that have been implemented at a 
sample of major reconstruction projects and 
special events nationwide. 02J 

8.4 LESSONS LEARNED 

WATER ACCESS 

Not all incident response and management 
activities must involve a high degree of 
technical complexity in order to provide a 
significant benefit to the public and to 
incident response agencies. Often, simple 
low-tech solutions can offer substantial 
benefits to a response agency or to the 
public. 

In San Antonio, for example, officials have 
commented about problems encountered 
when trying to combat vehicle fires on 
elevated freeway sections. Simple standpipe 
assemblies that provide a fire department 
with access to a fire hydrant from an 
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Table 8-12. Traffic Management Actions During Major Freeway Construction 
and Special Events. cizJ 

Types of Actions Actions Implemented 

Actions to Improve Alternative Traffic signal timing adjustments 
Routes Traffic signal equipment improvements 

Left-tum restrictions at critical locations 
Parking restrictions 
Police control of critical intersections 
Reversible lanes 
Implementation of alternating, one-way pairs 
Intersection widening and channelization 
Resurfacing and other pavement repairs 
Signing and lighting improvements 
Use of real-time information systems to encourage 
diversion 
Constructing temporary pedestrian overpasses at 
vehicle/pedestrian conflict points 

Actions to Improve HOV and New or expanded commuter rail service 
Transit Utilization Expanded rapid transit service 

New or expanded bus service 
Implementation of HOV only ramps and lanes 
New or expanded park-and-ride lots 
New or expanded ridesharing programs 
Eliminating or moving single occupant vehicle parking 
locations 
Increasing parking fees for single occupant vehicles 

Actions to Improve Public Traditional P-R tools (press conferences, new releases) 
Understanding, Cooperation, Special publications 
and Acceptance Toll-free hotlines 

Highway advisory radio systems 
Special freeway signing 
Employment of an ombudsman 
Rescheduling event start and end times to avoid peak 
periods 
Developing agreements with trucking agencies to avoid 
peak period deliveries 

elevated freeway section can greatly 
facilitate their response capabilities. In other 
jurisdictions nationwide, the DOTs and fire 
departments have worked together to mark 

the location of hydrants, and to provide 
access doors through noise barrier walls to 
connect to hydrants on the other side. 
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SERVICE PATROL CHARGES FOR 
ASSISTANCE 

A question often arises relative to courtesy 
patrol operations about whether or not to 
charge motorists for "service supplies" 
(typically gasoline) that are provided. For 
years, Chicago requested that motorists pay 
for gasoline provided by its Emergency 
Traffic Patrol; however, auditors recently 
found it more cost effective for them to give 
the fuel away than to try and recoup these 
expenses.<30

) Likewise, a recent analysis of 
the Los Angeles service patrol system 
concluded that charging motorists for 
gasoline by that agency would cost more to 
administrate than would be recouped 
through revenues.en) The differences in 
these two operational philosophies could be 
due to the different administrative structures 
utilized by each for managing service patrol 
operations (see the Examples section at the 
end of this module for a description of 
various service patrol operations). 

TRAINING 

A component of incident management that is 
sometimes overlooked is the need for proper 
training and retraining. This is particularly 
important for dealing with larger-scale 
incidents that involve multiple agencies. 
Because these types of incidents may occur 
very infrequently (hopefully), it is difficult to 
test out the processes and procedures that 
have been · developed for these situations 
beforehand. In addition to working out the 
"kinks" of coordination, training also helps 
to demonstrate to incident response 
personnel the need for, and benefits of, some 
of the procedures and protocols that have 
been established. Methods of training for 
such large events include the following: 0 9

) 

• Workshops. 

• Conferences. 
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• Instructional videos. 

• Mock disaster exercises. 

• Post-incident debriefings. 

It appears that the liability an agency bears 
for failing to properly train its personnel to 
react to normal day-to-day situations is 
slowly being extended in the courts to cases 
involving more dynamic emergency 
situations. C34

> In the future, if it can be 
proven that adequate training to handle 
emergency situations could have prevented 
injuries or damages, an agency may be 
forced to assume at least some liability for 
failing to provide that training. 

Interagency training is also important. Fire 
departments, for instance, can provide 
training for police and DOT personnel in 
hazardous materials identification and 
response. 

8.5 EXAMPLES OF 
FREEWAY SERVICE 
PATROLS 

CHICAGO EMERGENCY TRAFFIC 
PATROL 

The Chicago Emergency Traffic Patrol 
(ETP), also known as the "Minutemen" 
patrol, began operations in 1961 as an 
Illinois DOT effort. This program is an 
example of a completely State-DOT­
operated project. The ETP consists of 58 
drivers, 35 patrol vehicles, 11 light-duty 
four-wheel drive vehicles, three heavy-duty 
tow rigs, a crash crane, a tractor-retriever, a 
sand spreader, heavy rescue and extricator 
truck, and a hazmat response trailer.<17

l 

The ETP patrols 125 centerline kilometers of 
freeway 24 hours per day, 365 days per year. 
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Annually, the patrol assists at over 100,000 
incidents.c3°> The patrol drivers are trained 
to handle most incidents. They also provide 
fuel, water, and minor repairs, and can tow 
or push vehicles to the shoulder or frontage 
road. 

Overall, the Chicago freeway management 
system (including the ETP and other incident 
management activities) have been estimated 
to provide a benefit-cost ratio of 17:l.(30) 

The ETP alone is estimated to provide an 
annual 9.5 million hour reduction in delay, 
for a $95 million delay savings per year.c35

l 

The ETP costs approximately $5.5 million to 
operate annually, equivalent to about $55 
per assist. Funding for the ETP comes from 
State taxes on motor fuel. Additional 
funding is being sought to equip ETP 
vehicles with automatic vehicle locating 
(A VL) systems. 

MINNEAPOLIS HIGHWAY HELPER 
PROGRAM 

The Minnesota Highway Helper program 
began in December 1987. The program 
initiated out of the Minnesota Department of 
Transportation's District Maintenance office, 
and was operated only during peak periods. 
In March 1993, the traffic management 
center in Minneapolis took over management 
of the program and increased operations to 
daytime off-peak hours as well.<17

l 

As of 1994, the Highway Helper program 
patrolled 109 centerline kilometers (68 
centerline miles) of freeway. Seven pick-up 
trucks logged approximately 125,000 
kilometers (78,000 miles) during the year, 
assisting 13,000 motorists.<17> According to 
program logbooks, about 34 percent of 
stranded motorists were assisted within 5 
minutes of disablement. Meanwhile, 26 
percent of motorists were assisted within 5 
to 10 minutes of disablement, and 20 percent 
were assisted within 10 to 20 minutes. (17) 
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Annual operating costs for the program are 
approximately $550,000.<17

> A 1994 
evaluation of the program yielded a 
benefit/cost ratio of 2.3 to 1 .<37> 

LOS ANGELES FREEWAY SERVICE 
PATROL 

Los Angeles is home to the largest freeway 
service patrol in the U.S. The patrol was 
initiated in 1991, and consists of 144 tow 
trucks patrolling 610 centerline kilometers of 
freeway. The Los Angeles program 
contracts out the actual patrol activities to 
private wrecker services. Currently, 20 
different towing companies are participating 
in the program. <17l The program is funded 
and administered through a cooperative 
effort between the following agencies: 

• California Department of Transportation 
Gointly responsible for the overall 
supervision of the program). 

• California Highway Patrol Gointly 
responsible for overall supervision and for 
dispatching patrols). 

• Metropolitan 
(responsible 

Transit 
for the 

Authority 
contractual 

arrangements with the private towing 
companies). 

Patrol routes and vehicle frequency were 
designed so that a patrol vehicle passes each 
point on the route every 15 minutes, which 
was recently verified by an evaluation of 
average response times.'17

l Also, patrol 
vehicles are outfitted with automatic vehicle 
locating (A VL) systems that allow 
dispatchers to know the exact location of 
patrol vehicles and whether or not the unit is 
available to respond to a call. 

On average, the Los Angeles service patrol 
program assists at over 750 incidents per 
day, equaling almost 250,000 assists per 



year. Funding for the Los Angeles service 
patrol program comes from state funds and 
a 0.5 percent local sales tax. Costs of the 
program are estimated to be between $15 
million and $20 million, yielding a per assist 
cost of approximately $80535l 

HOUSTON MOTORIST ASSISTANCE 
PATROL 

The service patrol in the Houston region is 
known as the Motorist Assistance Patrol 
(MAP). This program began operations in 
its current form in 1989, and is an example 
of a cooperative venture between several 
public agencies and private-sector 
companies. Partners in the Houston MAP 
include the following:(36l 

• Texas Department of Transportation 
(supervising dispatch and operations, 
providing space and personnel in the 
interim control center, partially 
supporting MAP personnel salaries, 
supporting necessary equipment 
purchases). 

• Metropolitan Transit Authority 
(supervising operations, partially 
supporting MAP personnel salaries, 
supporting necessary equipment 
purchases). 

• Harris County Sheriffs Department 
(providing deputies to operate the MAP 
vans, maintaining and operating the MAP 
vans). 

• Houston Automobile Dealers Association 
(providing MAP vans). 

• Houston Cellular (providing cellular 
phones, air time, and a toll-free number 
for motorists [CALLMAPJ). 

The program operates between 6 a.m. and 
10 p.m. weekdays, patrolling 240 centerline 
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kilometers of freeway. In 1993, Houston 
MAP assisted at over 25,000 incidents.<36l 

It is estimated that the MAP program saves 
2,376,000 hours of delay on Houston 
freeways annually. The current funding for 
Houston MAP is $1.4 million per year, 
yielding a per assist cost of about $56.<17) 

SAMARITANIA, INC. 

The Samaritan program, operated by 
Samaritania, Inc., is an example of a 
privately financed service patrol. 
Samaritania, Inc., based in Franklin, 
Massachusetts, has established service 
patrols in the following locations:<12

-
17

l 

• Albany. 

• Boston. 

• Cincinnati. 

• Hartford. 

• Indianapolis. 

• Philadelphia. 

• Providence. 

• Washington, DC 

• White Plains. 

• Worchester. 

Samaritania, Inc. seeks out large 
metropolitan areas, typically with 
populations greater than 100,000, that have 
significant incident traffic problems on area 
freeways. Potential corporate sponsors with 
annual receipts of over $200 million are 
contacted about sponsoring a service patrol. 
Samaritania, Inc. demonstrates the 
marketing and public relations benefits of 
such sponsorship. Once a sponsor is 
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obtained, their logo is prominently displayed 
on the side of the service patrol van. 

Local personnel in each area operate the 
patrols, and are trained in basic emergency 
medical procedures, traffic pattern analysis 
and reporting, and emergency vehicle 
reparrs. If the motorist needs more 
assistance than the patrol driver can provide, 
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the patrol driver will contact the appropriate 
organizations for the motorist. 

Samaritania reports that 75 to 90 percent of 
all disabled vehicles encountered on patrol 
are returned to the freeway at no cost to the 
motorist.<17

) Some of the patrols also 
provide traffic information to local radio and 
television stations for dissemination to 
motorists. 
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Figure 9-1. Fiber Optic Cable Installation in 
Fort Worth, TX. 

9.1 INTRODUCTION 

The communications subsystem is one of the 
most critical and expensive elements of a 
freeway management system. The function 
of the communications system is to link the 
devices in the field with the operating 
personnel in the control center. It is the 
backbone of the entire freeway management 
system because it allows the following types 
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of information to be transferred from the 
field co'mponents and the control center: Pl 

• Commands to the various field 
components. 

• Data from the system detectors and 
sensors. 

• Status checks of field equipment to 
detect malfunctions. 
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Typically, the communications system 
accounts for approximately 25 percent of the 
total capital costs associated with a freeway 
management system. Failure to plan, design, 
and properly maintain the communications 
system guarantees the entire freeway 
management system will have problems in 
achieving its operational goals and 
objectives. Poor planning and installation of 
the communication system can also result in 
high operating and maintenance costs. To 
avoid problems with the communications 
system, system planners, designers, and 
operators must be familiar with existing and 
emerging communication technologies and 
system architectures. 

Three general types of communications 
systems are used in a freeway management 
system: 

• A communications system allowing the 
transfer of surveillance data and control 
commands between field devices and the 
control center. 

• A communications system allowing the 
computers within the control center to 
transfer data and displays between each 
other. 

• A communications system allowing the 
operators in the control center to 
exchange data and information with 
other operators and field personnel 
outside the control center. 

This module focuses on the frrst type of 
communications system (i.e., the 
communications system needed to transfer 
surveillance information and data, and 
control commands between the field devices 
and the control center). For information on 
the other types of communications systems, 
the reader is referred to Module 10. 
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MODULE OBJECTIVES 

The objectives of this module are as follows: 

• To outline the process that can be 
followed in planning and designing a 
new freeway management system or 
updating or modifying an existing 
freeway management system. 

• To highlight the different types of 
communication technologies that are 
commonly used in a freeway 
management system. 

• To provide insight into the issues 
associated with planning, designing, 
constructing, operating, and maintaining 
a communications system in a freeway 
management system. 

MODULE SCOPE 

The focus of this module is on the decision 
process for planning, designing, and 
selecting a communications system for a 
freeway management system. It is intended 
to help system designers and traffic 
engineers make informed decisions about 
communications systems. It is not intended 
to provide detailed information about the 
operation of different communications 
systems or technologies. For more detailed 
information about the different 
communications technologies, the reader 
should consult the Communications 
Handbook for Traffic Control Devices and 
the Trafflc Control Systems HandbookY·2

i 

9.2 DECISION PROCESS 

As with the planning and design of the other 
functional elements of a freeway 
management system, a systems engineering 
approach can also be applied to the planning, 
design, and use of a communications system 



for a freeway management system. An 
overview of the systems engineering 
approach is presented in module 2. The 
information in this section highlights some 
important issues that need to be discussed, 
evaluated, and decided upon as part of the 
systems engineering process. The user is 
encouraged to consult other reference 
materials, such as the Communications 
Handbook for Traffic Control Systems for a 
detailed discussion of the technical aspects 
associated with planning and designing a 
communications system for traffic control 
applications. cii 

PROBLEM IDENTIFICATION 

The first step in planning and designing a 
communications system for a freeway 
management system is to identify the 
physical, institutional, and other factors that 
might affect the design of the 
communications system. System designers 
and planners need to collect information on 
the following attributes and characteristics 
about each of the other elements and 
subsystems that will be supported by the 
communications system. The types of 
information that should be gathered include 
the following: 

• The type of data that will be transmitted 
by each field device. 

• The content and format of the data 
transmitted. 

• How much processing of data will occur 
in the field devices and where this 
processing will occur. 

• The total number of field devices and 
where they will be situated. 

• The type and presence of ex1stmg 
communications technologies near the 
freeway management system. 
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• The relative importance of the 
information and how a loss of 
communication from each device would 
affect the overall operation of the 
system. 

Table 9-1 summarizes some physical, 
institutional, and other issues that might 
affect the planning and design of the 
communications system for a freeway 
management system. 

One question that must be addressed in 
planning and designing a communications 
system is the type of data that will be 
transmitted over the communications 
medium: voice, data, video, or a 
combination of all three. A communications 
medium is the pathway over which a signal 
is transmitted (i.e., twisted wire pair, coaxial 
cable, fiber, radio, etc.). "Voice" is the 
chosen term for audio signals, since the 
impetus for modern communications systems 
was the need to transmit vocal messages 
over the telephone. While some freeway 
management applications, such as Highway 
Advisory Radio, still depend on voice 
communications, data is the most general 
type of information transmitted in a 
communications system in a freeway 
management system. Digital data is the most 
common form of transmitted information in 
today's communications systems. With 
digital data, information is represented by a 
combination of bits, where a bit can assume 
one of only two states: "O'' or "l." Digital 
data can be physically transmitted as voltage 
differences between pairs of wires, light 
intensities in an optical fiber, frequencies in 
a transmission line, or phases of a radio 
wave. Video is animated imagery and 
represents the most demanding form of data 
transmission. 

The requirements for sending video signals 
differ significantly from data 
communications requirements. Systems with 
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Table 9-1. Resources and Constraints Considerations in Communication Systems. (3> 

PHYSICAL FACTORS 
• Number and location of field cabinets to be served, and location of control center 
• Location and type of existing communication facilities 

- Cable 
- Conduit 
- Pole lines 

• Nature of terrain to be trenched and backfilled (conduit installation) 
- Roadway 
- Sidewalk 
- Structure 
- Railroad 
- Soil 

• Nature of terrain to be spanned (aerial installation) 
- Wateiway 
- Railroad 
- Elevated roadways 

• Location of utility equipment and underground structures that may interfere with installation 
• Air-path propagation characteristics 

- Trees 
- Hills 
- Buildings 

• Climactic conditions affecting communications 
- Temperature extremes 
- Moisture 
- Lightning 
- Ice storms 

• Planned or current construction activities 
- New conduit installed 
- Existing conduit removed/relocated 

INSTITUTIONAL ISSUES 
• Rights-of-way 
• Franchise agreements between utility companies and government 

- Right of the agency to use utility conduits and pole lines 
- Responsibility of clearing ducts and utility adjustments 

• Franchise agreements with CA TV for government use 
• Telephone company tariffs and policies 
• Other agreements (formal and informal) 
• National and local codes (National Electrical Code) 
• Federal Communications Commission (FCC) rules and regulations 
• Restrictions on work procedures and traffic maintenance 
• Rules regarding different types of conduit, overhead cabling, conduit installation, junction boxes, antenna 

structures, etc. 

OTHER 
• Personnel and skill levels for communications maintenance 
• Other maintenance resources (budget, contract, etc.) 
• Vandalism threat 
• Presence of contractors in area with skill/experience in installation of communication networks 
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video components generally require a greater 
bandwidth, and if transmitted digitally, 
higher signal rates. Bandwidth is the range 
of signal frequencies that a communications 
mediwn ( or channel) will carry without 
excessive loss of signal strength. The 
bandwidth requirements for video 
communications vary depending on the type 
of transmission mode. Generally, three 
modes are available for transmitting video 
images back to a control center: 

• Full motion analog video. 

• Freeze frame/slow scan. 

• Compressed video. 

Each of these techniques for transmitting 
videos images to a control center is 
discussed in more detail in the Techniques 
and Technologies section below. 

Another critical piece of information that 
needs to be determined before a 
communications system can be designed is 
the type of data that will be transmitted. 
Examples of the type of data carried by the 
communications system for freeway 
management purposes include the following: 

• Volume, speed, and occupancy from 
field detectors. 

• Alphanumeric messages for DMS 
displays. 

• Codes to select/implement stored 
messages or control strategies. 

• Device status and malfunction reports. 

• Weather/environmental sensor data. 

• Video control. 
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Another issue that affects the design of the 
communications system is how much 
processing of the data will occur in the field. 
Generally, those systems where most of the 
processing occurs at a central location have 
greater communications needs than those in 
which the processing of the data is 
distributed between the field devices and the 
control center. Generally, those systems 
where most of the data processing occurs at 
a central location require shorter polling 
cycles (the time required to communicate 
with all the field devices on a 
communications line once). Those systems 
that distribute the data processing generally 
have long polling cycles and more robust 
field storage capabilities. The advantages 
and disadvantages of having longer polling 
cycles are listed in table 9-2. 

The total number of field devices, and their 
location also influences the overall design of 
the communications system. Generally, the 
more devices that need to transfer data and 
information within a freeway management 
system, the greater the communications 
requirements. Also, the type of 
communications architecture can change 
dramatically if the devices are dispersed over 
a wide geographic region. For example, 
using a wireless communications architecture 
may be more economical where few field 
devices are widely dispersed throughout an 
area. If, on the other hand, all the devices 
are found in close proximity, a wire-type of 
architecture may be more suitable. 

Another important factor and/or constraint 
that may influence the architecture design 
and medium selection is the presence of 
existing communications systems. Often, in­
place, usable cable, conduit, and field 
equipment can be used in a new design. 
Since the conduit/cable is often the major 
cost in a system, a plan to use existing 
equipment can become the least expensive 
communications alternative. 
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Table 9-2. Advantages and Disadvantages of Longer Polling Periods. <1> 

Advantages 

• Usually results in lower data rate 
requirement for each field unit to 
perform the same functions. 

• Enables more field units to be serviced 
by a communication channel of given 
bandwidth or data rate. 

• Enables higher resolution surveillance 
data to be communicated. 

• A voids use of data overflow schemes. 

The relative importance of the information 
( and the impact the loss of the information 
has on the operation of the system) can have 
a significant impact on the type of 
transmission medium and architecture used 
in a system. Through policy, some 
jurisdictions may place certain constraints on 
the types of communications media or 
architectures possible. Examples of these 
constraints include the following: <

1
) 

• Rejection of radio-based technologies. 

• Preference for owned communications 
media over leased media. 

• Avoidance of communication designs 
containing points of single failure that 
disrupt communication to many devices. 

Maintenance of the system is also an 
important issue that needs to be considered 
in the initial planning and design of a 
communications system. The increasing 
sophistication of many newer 
communications media may require a level of 
maintenance experience and capability 
beyond what many local agencies may be 
willing to supply. Maintenance issues that 
need to be considered during the initial 

Disadvanta2es 

• Requires more extensive processing of 
data for the field devices. 

• Requires large field data base. 
• Delays transmission of data. 
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planning and design phases include the 
following: 

• Who will maintain the communications 
(i.e., in-house forces, contract forces, or 
a combination of both)? 

• How will maintenance of the 
communications system be funded? 

• Can a simpler technology that can be 
maintained using in-house forces be used 
and still provide the same functionality 
as a more sophisticated technology? 

• What kind of leased-line service can be 
used to reduce the need for in-house 
maintenance forces? 

IDENTIFICATION OF PARTNERS 
AND CONSENSUS BUILDING 

A final issue is what other organizations/ 
agencies will want, or if they would be 
willing to share resources in constructing 
and maintaining a communications system. 
Traditionally, transportation agencies have 
wanted to own and operate their own 
communications systems for traffic 
management purposes; however, the cost of 



installing and maintaining these systems can 
be substantial. As a result, many agencies 
are looking for methods to share the cost of 
installing, operating, and maintaining their 
communications systems. Some agencies 
are discovering that leasing their 
communication needs is the most cost­
effective method. System planners and 
designers should attempt to identify other 
organizations and agencies that also need to 
install communications systems as potential 
cost sharing partners. However, along with 
sharing resources among agencies and 
organizations comes the need for building 
coalitions and consensus on the design of the 
system. Potential agencies and organizations 
that should be considered in the initial 
planning and design of a communications 
system include the following: <3l 

• Other TM Cs in the area. 

• Media. 

• Emergency service providers. 

• Private communications providers. 

The maintenance responsibilities of these 
agencies should also be defined during the 
initial planning and design of the system. 

ESTABLISH SYSTEM GOALS AND 
OBJECTIVES 

The next step is to establish goals and 
objectives for the system. The goals and 
objectives of a communications system are 
influenced by the goals and objectives of the 
other functions and systems included in the 
freeway management system. For example, 
an objective of an incident management 
subsystem might be to detect all incidents 
within two minutes of their occurrence. The 
goal of the communications system should 
be to make sure the control center has all 
the data it needs to detect incidents on the 
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freeway two minutes after they occur. In 
this example, a communications media and 
architecture that results in a five-minute 
polling cycle of all the field detectors does 
not allow the incident management system to 
ac~eve its stated objective. 

Agencies should develop both technical and 
nontechnical goals and objectives for 
evaluating the performance of 
communication alternatives. Technical goals 
and objectives relate to criteria that establish 
the effectiveness and efficiency of the 
communications system. Examples of 
nontechnical goals and objectives include the 
following: <3l 

• The ability to provide and/or the 
potential for providing intra- and inter­
agency data sharing. 

• The potential for expanding the 
communication system to permit future 
growth and adding functions to the 
freeway management system. 

• How much redundancy or reliability is 
built into the system. 

• The life-span of the system (i.e., whether 
the system is permanent or temporary), 
and the potential for installing the system 
in phases. 

ESTABLISH PERFORMANCE 
CRITERIA 

Establishing . performance criteria and 
measures of effectiveness is extremely 
important in the initial planning stages of a 
communications system. The criteria can be 
used not only to evaluate different design 
alternatives, but also to measure the 
reliability and expandability of the system. 
Agencies need to decide up front what 
represents a "good" level of operation for 
the communications system. 
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Most agencies use system reliability as the 
primary measure of performance for their 
communications system. System reliability 
is measured in two ways: 

• Transmission errors. 

• System uptime. 

Transmission errors are primarily caused by 
noise in the communications system. Noise 
is any unwanted signal or disturbance of a 
signal that interferes with or distorts the 
original communication signal. Noise causes 
the receiver to produce incorrect outputs 
and errors in the bit stream that transmits the 
information. Noise can be caused by many 
factors including the following: (l) 

• Temperature extremes. 

• Natural radio or other electronic signals 
( such as lightning or cosmic/solar 
bursts). 

• Human-made electrical signals (such as 
motors, car ignitions, power lines, etc.). 

• Signals from another communication 
channel (i.e., crosstalk:). 

Transmission errors are measured in Bit 
Error Rate (BER). BER is the ratio of 
incorrectly transmitted bits to correctly 
transmitted bits. Values of about 10 6 or 
better for end-to-end communications 
represent an acceptable BER for most 
computer and traffic control communications 
systems. <1) 

Most systems have processes to detect 
errors in communication signals. Table 9-3 
describes the error detection techniques 
commonly used in traffic control systems. 
When an error in a message is detected, 
most systems either ignore the message until 
the next polling cycle, or request that the 
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device retransmit the message. In either 
case, transmission errors reduce the effective 
throughput of the communications channel. 

System uptime is also another common 
measure of performance of a 
communications system. System uptime 
represents the portion of the normal 
operating time of the system during which a 
link or the entire communications system is 
functioning properly. System uptime can be 
used to identify problem locations that might 
need special communication considerations 
(e.g., a link susceptible to outages due to 
construction activities or environmental 
conditions). 

It should be noted that bandwidth is NOT a 
measure of system performance. Bandwidth 
is the range of signal frequencies that a 
medium or channel will respond to, or carry 
without excessive attenuation. (l) It is a 
measure of the characteristics of a system 
and does not tell anything about the 
performance of the system. 

FUNCTIONAL REQUIREMENTS 

The purpose of a communications system is 
to transfer information and data from one 
freeway management function to another 
with no loss in accuracy. Therefore, the 
functional requirements of the 
communications system need to describe 
how it can help the other elements of the 
system achieve their goals and objectives. 
For example, a functional requirement of a 
communications system might be to ensure 
that the volume, occupancy, and speed data 
are transported to the incident detection 
algorithm every 20 seconds. Likewise, if an 
objective of an incident management system 
is to ensure that appropriate aid is 
dispatched to an incident scene in response 
to any detected incident, a functional 
requirement of the communications system 
might be to have video images transmitted 
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Table 9-3. Commonly Used Error Detection Techniques. <
1
) 

Techniques Description 

Parity ( also An additional bit is added to each data byte or character. The sum of 
known as the ls in the byte and the additional bit must be an odd or even 
vertical parity) number as specified. This technique detects an odd number of bit 

errors in the byte. 

Longitudinal An additional byte is provided after an entire message or portion of a 
Redundancy message (block). A bit in the new byte is computed from the 
Check corresponding bit in each data byte in a way similar to the parity 

check. An odd number of bit errors is again detected. When used in 
conjunction with parity this is a powerful technique. 

Checksum An additional byte or character is added at the end of the message or 
block. An algorithm is used which computes the checksum byte as a 
function of the message bytes. The receiving station performs a 
similar computation and determines whether the checksum byte is 
consistent with the received data. 

Cyclic An additional two or more bytes are added to the message or block. 
Redundancy Algorithms are used to compute these bytes which provide 
Code (CRC) protection, particularly against bursts of errors. 

Repeat The entire message is repeated. At the receiving station the messages 
Transmission are compared and an error is detected if they are not identical. 

directly to emergency service providers and 
police dispatchers. 

• The type of messages being transmitted 
(i.e., traffic flow data, text messages, 
video images, device commands, etc.). 

The communications functional requirements 
need to be developed for every element in 
the system. The information that should be 
specified in the functional requirements for a 
communications system includes the 
following: 

• The type of data required by each 
element in the system (i.e., voice, data, 
video, or a combination of all three of 
these). 

• The need for one-way versus two-way 
communication between the element and 
the control center. 
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• The frequency at which information is 
being transmitted or required (i.e., 
continuously, once every second, once 
every 20 seconds, once every minute, 
etc.). 

• The desired level of control (e.g., 
monitoring traffic conditions vs. full 
operational control through field 
devices). 

• The importance of the information (i.e., 
critical, important, non-critical). 
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DEFINE FUNCTIONAL 
RELATIONSHIPS, DATA 
REQUIREMENTS, AND 
INFORMATION FLOWS 

Once the functional requirements of the 
communications system have been identified, 
the functional relationships, data 
requirements, and information flows also 
need to be identified. Generally, these 
relationships and requirements can be 
grouped in two categories: logical and 
physical. 

Logical 

The logical relationships and requirements of 
a communications system defines what 
information flows from one element to the 
next in the system. Generally, they can be 
represented by a series of data flow diagrams 
and process specifications that illustrate 
what type of information is used by each 
element in the freeway management system. 
Identifying the logical requirements and 
relationships requires that all the functional 
requirements of the system be broken down 
into smaller and smaller subfunctions until 
each process in the system can be specified. 
Process specifications describe the following 
in detail: 

• The type of information needed to 
execute a process. 

• How the information is processed or 
manipulated. 

• What information or action is produced 
by the process. 

The data flows is constructed by combining 
the data flows of the various elements (e.g., 
the incident management subsystem, the 
ramp control subsystem, the information 
dissemination subsystem, etc.) that are being 
installed in the freeway management system. 
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The data and information flowing out of the 
elements are what needs to be transported by 
the communications system. Figure 9-2 
illustrates, at a high level, a logical 
architecture for a typical freeway 
management system. 

Once the logical relationships have been 
mapped out, the transmission mode (i.e., the 
direction of flow over a communications 
channel) can readily be determined. The 
following are the transmission modes 
commonly used in communications systems: 

• Simplex. 

• Half Duplex. 

• Full Duplex. 

Table 9-4 summarizes the characteristics and 
applications of each of these transmission 
modes. Most systems use either a half 
duplex or a full duplex transmission mode so 
that the status of the field devices can be 
checked and transmission errors corrected. 

Physical 

Once the logical relationships of the 
communications system has been identified, 
the physical design can be established. The 
physical design highlights how information 
flows from one element of the system to the 
next. It forms the basis for selecting the 
transmission media used to connect the 
different elements in the system. Factors 
affecting the selection of the physical 
architecture include the following: 

• The number and location of the field 
devices. 

• Distance between field devices and 
control center. 
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Figure 9-2. High Level Logical Architecture for a Communications System. 

• Type and frequency of data being 
transmitted. 

• Availability of right-of-way for placing 
communication media. 

• Proximity of existing communications 
systems, including private 
communications systems. 

• Presence of geologic or manufactured 
features that might prevent wireline 
connections. 

The type and importance of the data have an 
impact on the design of the system and the 
type of error correction technique used. For 
example, with a centralized system using 
once-per-second communications, a single 
undetected error in detector data represents 
only one second' s worth of sampling time. 
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To discard this information would not be 
critical, since new information will be 
provided during the next polling cycle. If, 
on the other hand, the error occurred in a 
command to operate a dynamic message sign 
or other traffic control device, it might cause 
an unsafe condition on the freeway, or 
reduce credibility of the system. A 
distributed system having longer periods 
between updates (typically one minute for 
detector data, and possibly hours for 
controller information) requires more 
elaborate error correction techniques to 
avoid losing information caused by 
communication errors. 

The physical architecture of most 
communications systems used in traffic 
management applications fall into the 
following five major categories: Ct) 
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Table 9-4. Characteristics of Transmission Modes. <1) 

Mode Data Flow Characteristics Comments 
Direction 

Simplex Data flow in one • Does not provide verification • Commercial radio and 
direction only. that data were received and television are examples. 

acted upon. • Traffic control systems which 
• Does not provide answer-back, provide no return information 

status reporting, or validity to a master controller or traffic 
checking. operations center use this mode. 

Half Duplex Data flow in • Requires modem at each end • In a copper wire transmission 
(HDX) either direction, of the line. medium, HDX requires two 

but only in one • Requires control capability to wires but may be used with four 
direction at a assure proper operation. wires (four wires provide 
time. • Uses latency time or improved intetference 

turnaround time (the time characteristics). 
period required to turn the line 
around) for the process in 
which the direction of data 
transmission is reversed, 
which can be time consuming. 

Full Duplex Data flow • Acts like two simplex channels • In a copper wire transmission 
(FDX) possible in both in opposite directions. system, some FOX modems 

directions at the • Permits independent, two-way, require four wires while others 
same time. simultaneous data transmission require only two wires: In the 

• May raise cost of channel. latter case, the modem divides 
• Reduces the one-way capacity the channel into two 

if frequency multiplexing is subchannels to achieve 
used on a single channel. simultaneous bidirectional 

service. 

• Central . Central 

• Distributed . 

• Trunked . 

• Backbone . 

• Multimedia. 

Characteristics of these communications 
architectures are summarized in table 9-5. 

A Central communications architecture is 
one that possesses only one level of 
communication before the signal reaches the 
field controller. In other words, all of the 
field devices link directly to the control 
center. Because data flows directly from the 
field devices to the control center, it is not 
processed along the way. As a result, only 
one data rate exists between the field 
controller and the control center. Because 
the field devices and the control center are 
linked directly, central communications 
architectures require only one 
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Table 9-5. Common Applications of Communications Architectures. <1J 

Traffic System 
Communications 

Architecture Common Application Examples 

Central Communication requirements • Traffic signal systems controlled 
limited to a small number of by computer at traffic operations 
field controller and video center. 
channels at each field 
location. • Small or medium sized freeway 

surveillance systems with limited 
video. 

Distributed Traffic control system • Closed loop traffic signal control 
computations performed at systems. 
locations other than traffic 
operations center and field 
controllers. 

Trunking Achieves economies by • Large freeway surveillance 
concentrating data onto high systems with long runs to traffic 
speed channels for long runs operation center. 
to traffic operations center. 

Multimedia Geometrics and/or • Signal systems and freeway 
Channel economics render single surveillance systems with no 

medium impractical. right-of-way connection to traffic 
operations center requiring leased 
media to access control center. 

• Change from land line to wireless 
medium to cross a physical 
obstacle. 

Backbone and Very heavy communication • Large area-wide freeway 
Distribution requirements (usually surveillance systems and 
System including video) that make corridors. 

the use of high speed 
channels economical for the 
longer transmission links. 
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Figure 9-3. Illustration of a Central Communications Architecture. <1) 

communication protocol. The primary 
advantage of this type of communications 
architecture is that a direct link is provided 
between each individual field device and the 
control center; therefore, if a link fails, 
communications are cut only to that one 
device. Figure 9-3 illustrates the concept of 
a central communications architecture. 

Distributed 

A Distributed architecture is generally used 
as follows: 

• Where multiple levels of computations 
occur between the field devices and the 
control center. 

• Where changes in the data rate occur 
between the field devices and the control 
center. 

This type of architecture commonly uses 
field master controllers to collect data from 
many of the local control units, processes the 
data, and then transmits the processed 
information back to the control center (see 
figure 9-4 ). 
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Trunking 

A special type of distributed architecture is 
a Trunking architecture. A communications 
system is trunked if the following holds 
true: Ol 

• The communications system collects 
information from, and distributes it to 
several field controllers. 

• At some field location, the data rate or 
bandwidth of the communication channel 
increases to require fewer channels for 
communicating with the control center. 

Figure 9-5 shows an example of a trunked 
type of communications architecture. 

Backbone 

Another form of distributed communications 
architecture using multiple data rates is a 
Backbone type of architecture. This type of 
architecture is characterized by a high data 
rate backbone connected to a series of field 
communications hubs or nodes. Equipment 
at each hub transforms these high data rate 
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Figure 9-4. Illustration of a Distributed Communications Architecture. (ll 
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Figure 9-5. Illustration of a Trunked Communications Architecture (t) 

channels into many separate low data rate 
distribution channels. Figure 9-6 shows an 
illustration of a backbone type of 
architecture. 

Although it can be used with other high 
bandwidth communication media, the 
backbone type of architecture is commonly 
used with fiber optic networks. The four 
common types of topologies (i.e., network 
configurations) used with backbone 
architectures for fiber optic systems include 
the following: 
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• Unprotected Ring - Each node (i.e., a 
communications hub or field device) is 
connected to two others by 
unidirectional transmission links, 
creating a "closed" loop. 

• Protected Ring - Two rings are used 
instead of one, thereby providing two 
unidirectional transmission paths that 
may run in opposition directions. 
Redundant opposite direction paths 
allow each node to communicate with 
every other node, even if the 
communication media is cut. 
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Figure 9-6. Illustration of a Backbone Communications Architecture. O) 

• Linear Drop - Nodes are connected in 
a string or chain, with transmission data 
being "dropped" at a designated node. 

• Star - Communication links emanate 
from a source node (e.g., traffic control 
center) to multiple secondary nodes 
(e.g., a communication hub or field 
device). 

Figure 9-7 illustrates each of these backbone 
architecture topologies. 

Multimedia 

Although not a communications architecture 
per se, planners and designers need to be 
aware of the impact changing 
communication media has on the 
architectural design of the communications 
system. A multimedia communication 
channel occurs where more than one 
mediwn is used to transmit data and 
commands to and from the control center 
and the field devices without altering the 
data rate and transmission protocol. This 
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type of communication channel is generally 
used to breach natural or manufactured 
impediments (i.e., mountains, valleys, etc.) 
to provide wireline type of communication. 
Figure 9-8 illustrates the general concept of 
a multimedia communication link. 

IDENTIFY AND SCREEN 
TECHNOLOGIES 

After the functional requirements and system 
architecture have been established for a 
communications system, the next step is to 
identify and screen alternative 
communications technologies. The 
Communications Handbook for Traffic 
Control Systems describes a process for 
identifying, screening, and selecting the 
communications technologies in a freeway 
management system. (ll The steps in this 
process include the following: 

• Identify generic or typical links 
consistently used through the 
communications architecture. Figure 9-9 
illustrates some generic links that occur 
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Figure 9-9. Illustration of Generic Communication Links. <
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in communications systems, while table 9-6 
summarizes the characteristics of these links. 

• Using tables 9-7 and 9-8, identify 
candidate media for each generic 
communications link. 

• Conduct a preliminary screening of the 
media to eliminate any that are 
impractical or unavailable in an area. 
The preliminary screening should also 
eliminate those media and technologies 
that are not compatible with institutional 
goals and policies. 

• Estimate the data rate requirements for 
the communications channel serving 
each field device. 
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• Eliminate those media and technologies 
that cannot meet the data rate 
requirements of the field devices. 

• Assess the potential for satisfying the 
communications requirements via leased 
communications systems. 

• Assess the remaining technologies to 
decide the following: 

Whether or not they satisfy the 
functional requirements of the 
system. 

The interface requirements of the 
field controllers and other field 
equipment in relation to the 
communications media. 
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Table 9-6. Attributes of Generic Links in a Communications System. <
1
) 

Type of Generic 
Commrmication Link 

Control Center to 
Field Controller 
(CCFC) 

Control Center to 
Field Master (CCFM) 

Field Master to Field 
Controller (FMFC) 

Control Center to 
Field Multiplexer 
(CCFX) 

Control Center to 
Media Converter 
(CCMC) 

Communication Hub 
to Communication 
Hub (CHCH) 

Field Node to Field 
Controller (FNFC) 

Attributes 

The type of connection between a control center and field 
controller where no computation or change in data rate occurs. 

The type of connection between a control center and a field 
master that provides supervisory control to a group of local 
controllers. The master controller generally does not provide 
direct control over the site, but rather processes data and adds 
information and/or control commands. 

The type of connection between a field master and local field 
controller. The local field controller provides direct control 
and collects information from the specific devices at a site. The 
master controller processes data from a group of field 
controllers. 

The field multiplexer site provides higher data rates to the 
control center link than does the field controller. While the 
data rates differ, the multiplexer performs no processing related 
to traffic system functional requirements. 

The type of communication that occurs between a control 
center and a device that converts the communication channel to 
a different type of media (e.g., from twisted pair to fiber optic). 

This type of connection occurs between two communication 
hubs. This type of connection typically represents a high data 
rate backbone link. 

The field controller connects to a field node for either of the 
following purposes: 

• To provide a higher order of multiplexing by means of 
trunking or backbone systems between the control center 
and field node (CCFX, CHCH) by means of a field 
multiplexer. 

• To use a medium more suitable for communication to the 
control center while retaining essentially the same 
communication channel capacity (CCMC). The field 
node in this case consists essentially of back-to-back 
modems to service each medium. 
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Table 9-7. Relationship of Communication Technology to Generic Communication. 
Link for Data Transmission. OJ 

Generic Communication Link 
Communication 
Technology CCFC CCFM FMFC CCFX" FNFC CCMC CHCH., 

Twisted wire pair voice ✓ ✓ ✓ ✓ ✓ ✓ 
grade channels 

Leased voice grade channels ✓ ✓ ✓ ✓ 

Switched voice grade ✓ 
channels 

Fiber optics channels ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

CA TV channels ✓ ✓ 

Leased digital channels ✓ ✓ ✓ 

Area Radio Networks ✓ ✓ ✓ ✓ ✓ 
(owned) 

Terrestrial Microwave ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Spread spectrum radio ✓ ✓ ✓ 

* Trunking Link **Backbone Link 

CCFC = Control Center to Field Controller CCMC = Control Center to Media Converter 
CCFM = Control Center to Field Master CHCH = Communication Hub to Communication Hub 
FMFC= Field Master to Field Controller FNFC = Field 
CCFX = Control Center to Field Multiplexer 

- The types of controls needed to 
provide adequate environmental 
protection. 

• Examine the feasibility of providing a 
backbone or trunking architecture for the 
field devices. 

• Isolate those links where geometric or 
physical situations require a change in 
the communications media. 

• Identify multiplexing strategies for each 
communications media. 
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• Develop life-cycle cost estimates for the 
alternative communications technologies 
for each system link. Cost estimates 
should include not only capital cost but 
also operating and maintenance costs. 

• Using the estimate of the link costs, 
estimate the total communications 
systems costs. 

• Assess the impact of the non-cost related 
factors on the total system costs. 
Examples of the non-cost related factors 
include the following: 
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Table 9-8. Relationship of Communication Technology to Generic Communication 
Link for Video Transmission. <

1
l 

Generic Communication Link 

Communication Technoloizy CCFC CCFx• FNFC CCMC CHCH .. 

Twisted wire pair voice grade channels 

Leased voice grade channels 

Switched voice grade channels 

Fiber optics channels ✓ ✓ ✓ ✓ ✓ 

CA TV channels ✓ ✓ ✓ ✓ ✓ 

Leased digital channels ✓ ✓ ✓ ✓ 

Area Radio Networks (owned) 

Terrestrial Microwave ✓ ✓ ✓ ✓ ✓ 

Spread spectrum radio ✓ ✓ 

• Trunking Link .. Backbone Link 

CCFC = Control Center to Field Controller CCMC ;;;; Control Center to Media Converter 
CCFM ;;;; Control Center to Field Master 
FMFC= Field Master to Field Controller 
CCFX ;;;; Control Center to Field Multiplexer 

CHCH = Communication Hub to Communication Hub 
FNFC =Field 

The risk of the leased 
communication costs escalating in 
the future. 

The differences in service reliability 
between owned lines, leased 
services, and radio communications. 

The ease of maintaining each 
communication alternative. 

• Select the "best" communications system 
alternative. 

• Review assumptions and iterate the 
process if necessary. 

The Communications Handbook for Traffic 
Control Systems or similar references should 
be consulted for a detailed explanation of the 
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analyses involved in each step, and example 
applications of the evaluation process.<1l 

IMPLEMENTATION 

National ITS Standards 

In the past, some agencies have experienced 
problems maintaining and expanding their 
systems because they used communications 
equipment that did not conform to standard 
equipment interfaces and protocols. One 
method of ensuring maintainability and 
expandability is to specify communications 
equipment and system designs that use 
common standards. System planners and 
designers must recognize the importance of 
standards during the design process. The 
designer must prepare specifications in 
sufficient detail to ensure the desired level of 
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standardization of field equipment functions 
and communication interfaces and protocols. 
Standards are available for the following 
elements in a communications system: (I) 

• Serial data interfaces. 

• Modems. 

• Voiceband channels. 

• Digital signals. 

• Fiber optics. 

• Integrated services digital networks. 

• Compressed video. 

• Local area networks. 

The reader should consult the 
Communications Handbook for Traffic 
Control Systems for more details about the 
specific standards that relate to these 
elements.(!) 

The advantages and disadvantages of 
incorporating standards into the design of a 
communications system are summarized in 
table 9-9. 

Beginning in 1995, a group composed of 
infrastructure operators, manufacturers, 
system integrators, and representatives from 
the FHW A began developing a national 
communications standard. Communications 
standards were needed to ensure 
interoperability and interconnectivity of 
traffic control and ITS devices such as 
variable message sign control, camera 
control, vehicle classification, and general 
purpose data collection and device contro1.<4l 

This standard is known as the National 
Transportation Communications for ITS 
Protocol (NTCIP). It is designed to provide 
a communications interface that allows 
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hardware and software products from 
different manufacturers to be connected in a 
traffic management system. The potential 
benefits of adopting the NTCIP standards 
for use in designing freeway management 
systems include the following: <

5
l 

• Reduction in warehousing requirements 
and costs. 

• Reduction m training needs for 
personnel. 

• Improvement of staffing effectiveness if 
same personnel are used predominately 
for repairs and operations of unique 
equipment. 

• 

• 

Reduction in 
devices if 
procurement 
reductions. 

product costs of some 
a more competitive 

environment yields cost 

Mitigation of 
associated with 
spares. 

procurement issues 
system expansion and 

• Reduction in downtime. 

• Enhancement of interjurisdicational 
coordination and integration. 

• Shared use of the communications 
network, providing the opportunity to 
share the costs of communications with 
other agencies ( or at least avoid the cost 
of dedicated parallel communications 
systems). 

For more information about NTCIP, the 
reader should consult the Lessons Learned 
section at the end of this module. 

In addition, the National Architecture effort 
also spurred development of standards for 
other freeway applications, such as the 
following: 
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Table 9-9. Advantages and Disadvantages of Using Communications Standards. (l) 

Advantages 

• Ensures the availability and compatibility 
of equipment spares for repairs and 
future expansion. 

• Allows system to be expanded to 
locations not contiguous to the existing 
system and accessible by land line. 

• Ensures the compatibility of test 
equipment. 

• Supported by a wide body of literature 
describing the functions of ports and 
modems designed to common 
communications standards. 

• Transit Communications Interface 
Protocols (TCIP). 

• Dedicated Short Range Communication 
(DSRC). 

• Location Referencing. 

• ITS Data Bus. 

• FM A TIS Broadcasting. 

• Navigation Messages. 

• MayDay Reporting. 

• Navigation Human Interfaces. 

• A TIS Message Set 

The technical edition of the ITS Deployment 
Guidance for Freeway Management Systems 
lists possible standards for the following 
different applications within Freeway 
management systems: 

• GIS Applications 

Disadvantages 

• Some existing system architectures are 
incompatible with accepted standards. 

• May result in higher system costs since 
equipment with less than optimum data 
rate may be required to conform to 
standards. 

• May require higher level of maintenance 
personnel. 

• DMS Applications 

• CCTV Applications 

• ETTM Applications 

• ATIS Applications 

• Center-to-Center Communications 

• Center-to-Roadside Communications 

• Roadside-to-Vehicle Communications 

• Vehicle-to-Vehicle and In-Vehicle 
Communication 

• Center-to-Remote 
Communication 

Access 

• Center-to-Vehicle Communication 

If circumstances dictate the use of 
nonstandard equipment, agencies should 
procure sufficient spare devices for use well 
into the future. Agencies should also 
consider acqumng an inventory of 
specialized parts (e.g., custom integrated 
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circuitry) that may become difficult to 
purchase in the future. Ol 

Installation 

The use of proper installation techniques and 
procedures is critical to installing a 
successful and functioning communications 
system. Failures and unreliable performance 
in a communications system commonly 
occur because proper installation procedures 
were not followed. Examples of improper 
installation techniques associated with 
wireline communications systems that can 
affect overall performance include the 
following: <Il 

• hnproperly installing fiber optic cable 
and coaxial cable connections. 

• Exceeding the maximum pulling tension 
on the cable. 

• Using a tighter radius than recommended 
by the manufacturer when bending a 
cable. 

• Improperly splicing cables. 

Installation and construction inspection 
personnel should receive appropriate related 
training before starting installation. 

Three basic methods of installing cable are 
commonly used to connect devices in a 
freeway management system: 

• Cable in Conduit. 

• Direct Burial. 

• Aerial Mounting. 

Table 9-10 summarizes the advantages and 
disadvantages of each of these installation 
options. 
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9.3 TECHNIQUES AND 
TECHNOLOGIES 

This section discusses the transrmss10n 
media that are commonly used in 
communications systems for traffic 
management applications. This section also 
discusses some options available for 
transmitting video images to a control 
center. This section is intended only to 
highlight several major characteristi~s and 
issues associated with these media. For 
more detailed information on any ofthese 
media, the reader should consult the 
Communications Handbook for Traffic 
Control Systems or similar references.<1J 

Communication media can be divided into 
the following two categories: 

• Land-Line. 

• Wireless. 

The media contained in each of these 
categories are discussed below. 

LAND-LINES 

Land-lines (i.e., wire cable), whether leased 
or owned, are by far the most prevalent form 
of traffic control system communication 
media.<1

) The three primary land-line 
transmission media commonly used in 
freeway management systems include the 
following: 

• Twisted Wire Pair. 

• Coaxial Cable. 

• Fiber Optic. 

Table 9-11 provides an overview of the land­
line communication technologies that will be 
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Table 9-10. Advantages and Disadvantages of Installation Methods for Land-Line 
Communications Media. 

Installation 
Method Advanta,?es Disadvantll!!es 

Cable in Conduit • Most secure because cable is placed • Frequent junction boxes required, 
in conduit that is buried especially when bending cable. 
approximately 1 m underground. • Can be damaged by excavation or 

• Requires the least maintenance if installation of sign posts, guard rail 
adequately protected by markouts posts, etc. 
and tight permitting process. • Relatively more expensive than other 

• Access to cable provided through installation methods. 
junction boxes. 

Direct Burial • Cable, which is protected by extra • Greater susceptibility to damage by 
insulating jacket, is buried directly excavation. 
in the ground. • More difficult to maintain and repair. 

• Eliminates need for conduit and • Requires good control of excavations 
junction boxes. through permitting process. 

• Easier to install than conduit and 
aerial methods. 

• Suiti3,ble for use where roadside 
development is limited. 

Aerial Mounting • Cable hung from existing utility • Normally requires yearly rental fee 
poles in or near right-of-way. on utility poles. 

• Least expensive installation method • May also be assessed fee for 
(often¼ the cost of installing cable relocating existing utilities on poles. 
in conduit or direct burial). • Because sun can deteriorate cable, it 

• Not susceptible to damage by must be replaced approximately 
excavation. every 15 years. 

• Relatively easy to repair . • Susceptible to damage from tree 
limbs, etc. during wind storms. 

discussed and some of their notable features. 
Each of these media is discussed below. 

9-10 provides an illustration of one 
conductor in a twisted-wire pair cable. 

Twisted-Wire Pairs 

Twisted-wire pairs are the most prevalent 
type of communications media used in traffic 
control applications. A twisted-pair cable 
consists of sets of two wires wrapped 
around each other. The twisting of each pair 
reduces interference from external sources 
because the pairs of conductors carrying the 
signal are always immediately next to each 
other in the cable. Therefore, the induced 
signal from the interfering source will affect 
each conductor of the pair similarly. Figure 
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Since the receiver is measuring only the 
difference in voltage between the 
conductors, the fact that both conductors 
have the same induced voltage will not be 
noticed. The design of the cable also 
reduces crosstalk between lines, because the 
same current is flowing in opposite 
directions in each conductor ( see figure 
9-11 ). Therefore, the electric field radiates 
from the two conductors in opposite 
directions (radially around each wire). This 
results in the two fields canceling each other 
out. (t) 
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Table 9-11. Summary of Land-Line Technologies and Their Features. <2·
6
l 

Features Twisted-Wire Pairs Coaxial Cable Fiber Ontics 

Transmission Media Copper Wires Center conductor is copper Glass or plastic fibers 
clad aluminum 
Outer conductor uses 
aluminum 

Transmission Range 14 to 24 km (8.7 to 14.9 Commercial subscriber Rarely a limitation when 
miles) with repeaters network repeaters at 0.5 km drop/insert units used at 

(0.31 mi); 1 km (0.62 mi) or communications hubs or drop 
more on dedicated systems; points 
maximum of approximately 60 
repeaters 

Principal Time Division Multiplex Frequency Division Time Division 
Multiplexing/ (FSK) Multiplexing to divide channel Multiplex (FSK) 
Modulation bandwidths; Time Division 
Technique Used Multiplexing to communicate 

data 

Carrier Frequency 300 to 3000 Hz 5 MHz to 350 MHz 850 to 1,550 nanometers 
Band 

Bandwidth/Channel Will exceed 2.7 Hz for 6 MHz/channel Various 
Bandwidth most systems 

Data Rates per 1,200 to 3,100 bps Higher Up to 7 .5 Mbps based on Up to 2.4 Gbs 
Channel rates possible with different channel subdivision 

modulation techniques 

Government None May require licensing from None 
Regulation of local and state authorities, FCC 
Channel or Service provides legislation 

Types of Information Data, voice, Data, voice, video Data, voice, 
Supported slow scan TV analog TV, Codec 

Owned or Leased Owned Either Owned 

STRANDED OR 
SOLID COPPER MYLAR TAPE 

\·~~~fi1 

~------------

POLYETHYLENE 
INSULATION 

PROTECTIVE JACKET 

Figure 9-10. Illustration of a Twisted-Wire Pair Cable. 
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MAGNETIC FIELD 

MAGNETIC FIELD 

Figure 9-11. Crosstalk Reduction by a Twisted-Wire Pair. <1
) 

Most twisted-wire pair cabling used in traffic 
control systems is usually of the voice-grade 
type. This means the usual bandwidth (the 
range of signal frequencies a medium or 
channel will respond to, or carry without 
excessive loss in signal strength) ranges from 
300 Hz to 3000 Hz, the audible frequency 
range of the human voice. Twisted-wire pair 
cabling is commonly used in voice telephone 
communications. A voice-grade cable will 
accommodate a data transmission rate of 
1,200 bits per second (bps), which is 
adequate for transferring small amounts of 
data (i.e., loop detector data). When higher 
data transmission rates are required (for 
trunking applications), the twisted-pair cable 
must be conditioned by adding electronic 
equipment, such as loading coils, to improve 
the transmission characteristics of the line. 

Twisted-wire pair technology consists of 
two insulated copper wires wrapped around 
each other and used to convey signals. 
Twisted wire is manufactured in standard 
numbers of pairs (6, 12, 18, 25, 50, 75, 100, 
150, 200, 300, 400, 600, and 1200) in wire 
gauges 19, 22, 24, and 26 American 
Wire Gauge (A WG). <2) The maximum 
number of twisted pairs of wires 
manufactured in a single cable is 2600. <7l 
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The advantages and disadvantages of 
twisted-wire technology are summarized in 
table 9-12. 

Twisted-wire pair technology is an 
inexpensive communications medium whose 
acquisition cost is lower than that of both 
coaxial and fiber-optic technologies; 
however, long term operating costs are 
dependent on installation considerations and 
are higher when life-cycle costs are 
considered. <6) The extent of such costs will 
vary greatly with the different installation 
and maintenance procedures required to 
support the installation method used and the 
terrain covered. For example, aerial 
installations can be damaged or links 
severed by sources ranging from falling 
trees to storm related damage. By 
comparison, buried cable affords protection 
from those threats, but may be subject to 
construction-related severance and will 
reflect higher installation costs. <1J 

Twisted-wire pairs can be stranded together 
to form color coded binder groups that can 
then be wrapped around a common axis to 
increase the number of conductors in a given 
cable. 'The amount of twist in a given binder 
group is used to control how much crosstalk 
occurs.<1l A cable consisting of multiple 
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Table 9-12. Advantages and Disadvantages of Twisted-Wire Pairs. <1,
6

•
7
) 

Advantae:es 

• Represents a low cost form of • 
transmission. • 

• Easy to splice . 
• Requires no special interface equipment. 
• Electrical characteristics are very 

favorable to basic analog transmission. 

twisted-wire pairs can transmit several 
channels of data. In a full-duplex network, 
every two pairs can provide one channel. 

The electrical characteristics of twisted-pair 
copper strongly support basic analog 
transmissions; however, its capability to 
transmit digital information at high data rates 
is limited by attenuation of high-frequency 
electrical signals. <7l The attenuation of high­
frequency signals increases with increased 
cable length and decreased diameter. Ol 

Noise can be a source of problems with 
some twisted-pair cable communications 
systems. Most modems used with twisted­
pair systems, however, can filter out signals, 
many sources of noise below 750 Hz, but in 
noisy high frequency environments, other 
types of communications media may be more 
appropriate. Sources of potential noise in a 
twisted-pair communications system include 
lightning, high voltage power lines, and large 
electric motors. (l,6l 

• 

• 
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Disadvanta~es 

Data cable splicing is not recommended. 
There is a bandwidth limitation in that 
twisted-wire pair tends to attenuate 
high-frequency electrical signals, 
thereby limiting the ability to transmit 
digital information at high data rates. 
Bandwidth limitation prevents 
transmission of live television images, 
though recent developments permit · 
transmission of slow-scan television. 
(Prototype equipment is available for 
transmission of full-motion television 
over twisted-pair copper wire.) 
Low security . 

The use of equipment from multiple vendors 
can increase the difficulty in separating a 
given signal and transmission noise. <6l Noise 
may also rise if the twisting of the wire pair 
does not completely cancel the induced 
electrical fields. Moisture in twisted-pair 
cable networks can also lead to increased 
crosstalk and cable noise by introducing 
signal reflections ( cable splices are the 
primary source of moisture entry). <1l 

Several features of twisted wire pair 
communications should be considered during 
the design process. Fundamental concepts 
that should be considered by system 
designers include the items summarized in 
table 9-13. Besides those items listed in 
table 9-13, other items that should be 
considered during the design and installation 
processes including the following: <1

,
2i 

• Maximum allowable transmitter power. 

• Signal level expected at the receiver. 



• Limitations on the number of drops on a 
multipoint line. 

• Wire gauge. 

• Environmental effects, such as moisture 
entry, noise, and transients. 

• Aspects involving the number of 
repeaters, special functions of the 
system, and testing. 

• Susceptibility to inadvertent electrical 
surges resulting from maintenance 
activities (consideration should be given 
to the provision of transient protection 
for sensitive electrical devices connected 
to the cable). 

• Installation should not exceed the 
maximum pulling strength of the cable. 
Installation specifications should require 
either hand-pulling or tension monitoring 
using a strain gauge. 

• Consideration of the use of existing 
facilities should take into account the 
limitations of the system, potential to 
expand, and physical plant 
responsibilities. 

Finally, it should be noted that this 
transmission medium offers little security. It 
may be easily tapped and the 
electromagnetic field it radiates can be read 
by sensitive electronic devices. <

6
l 

Coaxial Cable 

Coaxial cable technology can transmit either 
data or video via several communications 
channels. <

2
l Its name is derived from its 

characteristic shape, essentially a set of two 
concentric circles. As shown in figure 9-12, 
the cable consists of an unbalanced pair 
made up of an inner conductor within an 
outer conductor held in a concentric 
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configuration by a dielectric material that 
separates the two conductors. <7) Physical 
structure characteristics typical of coaxial 
cable include the following: (tl 

• A center conductor composed of copper 
clad aluminum. 

• An outer conductor composed of 
aluminum as a braided metal fabric, 
corrugated semi-rigid metal, or a rigid 
metal tube. 

• A dielectric composed of solid 
polyethylene or polyvinyl chloride, foam, 
Spirafil, or inert gas (when gas is used, 
the center conductor is kept in place by 
spacers or disks). 

• An outer jacket 
density, high 
polyethylene. 

composed of low 
molecular weight 

• Optional armor for use in direct burial in 
gopher areas. 

• Cables that vary greatly in size and 
construction. Typical traffic control 
applications commonly use a 19.05 mm 
semi-rigid coax for trunk lines, with 
smaller diameters used for connections 
between the trunk and field drops. 

Table 9-14 summarizes the major advantages 
and disadvantages of coaxial communication 
technology. 

A coaxial cable system uses frequency­
division multiplexing (FDM) and time­
division multiplexing (TDM) to 
fit all traffic control signals on a single 
conductor. FDM is used to subdivide the 
cable bandwidth into appropriate channels 
for data, video, and voice transmission, and 
TDM is then used to communicate the 
data.Pl 
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Table 9-13. Design and Installation Considerations Relating to Twisted-Wire Pairs. <
1
,
2
) 

Consideration Design Factors/Options 

Number of wire pairs required for • Total number of field drops 
startup and expansion • Maximum number of drops allowed on each channel 

• Network configuration 

Cable routing and installation • Field drop locations 
techniques • Existing communication facilities 

• Cable termination requirements 
• Cost 

Installation methods • Underground, in conduit 
• Underground, by direct burial 
• Aerial, using existing/new utility poles 
• Support of cable or conduit by bridges, overpasses, and other 

structures 
• Need for submarine cable 

Cable size • Minimum bending radii 
• Cable weight 

Cable size affect on conduit design • Available conduit and pole spacing 
• Size of manholes and junction boxes 
• Required bend of conduit at entry to cabinet/junction box 
• Aerial cable weight 

Attenuation levels • Signal frequency 
• Conductor size 
• Cable length 
• Number of splices and connections 

Susceptibility to electrical transients • Storm frequency 
from natural phenomena such as • Terrain 
lightning • Type of cable 

Moisture prevention • All splices on telephone terminal blocks should be inside 
weatherproof cabinets, or in waterproof splice enclosures for aerial 
installations 

• Installation must be performed such that the cable does not drag on the 
pavement or rub against jagged conduit ends causing cuts or abrasions 

• Be aware of cable jacketing imperfections 
• Seal cable ends during pulling operations to prevent moisture entry 

Thorough testing after installation • End-to-end continuity for each pair 
including at least: • The insulation resistance for each conductor (to ground and to the 

paired-conductor) 
• Attenuation 
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OUTERJACKET--------~ 

Figure 9-12. Illustration of Coaxial Cable Design. 

Table 9-14. Advantages and Disadvantages of Coaxial Cable. o,6
,
7l 

Advantages 

• Because of its physical structure, coaxial 
cable is more immune to electromagnetic 
interference and has a much higher band­
width than twisted-pair cable. 

• Minimal signal losses. 
• Low signal leakage. 
• Higher bandwidth allows for transmission 

of video signals ( cable television using 
coaxial cable can transmit as many as 75 
independent video signals) and for the 
transmission of digital data at very high 
rates. 

• Bandwidth of coaxial cable permits 
theoretical transmission rates as high as 
700 million bits per second (Mb/s). 
These rates are more favorable than 

typical twisted-pair rates that are limited 
to less than 24 Mb/s for short distances. 

Disadvantages 

• Splice connections are susceptible to 
noise and transient problems. 

• Cannot be spliced together by manual 
strip and twist method. Inherent nature 
of cable, and the importance of 
conductor alignment, make the coaxial 
cable much more difficult to splice. 

• Lower communication reliability than 
fiber optic. 

• Higher maintenance and adjustment effort 
required compared to fiber optic. 

• Low security. 
• Cannot be conventionally "tapped." 

Requires termination. 
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The typical coaxial communications system 
can be used for two-way communications by 
dividing the frequency spectrum into two 
parts. The upstream channels (generally 
inside the control center) use one range of 
frequencies to transmit data, while the 
downstream channels transmit in the 
opposite direction (from the field to the 
operations center). Filters and amplifiers are 
used at the repeater locations to carry the 
signals simultaneously in both directions. <

2J 

The coaxial network branches out from the 
operations center via a series of splitters, 
directional couplers, taps, and repeaters. 
Splitters are used to divide and combine 
signals within the tree-like network 
depending on their destination. Directional 
couplers are used to combine signals onto 
cables by direction. Taps are then used to 
divert signals to and from the trunk line at 
field drops. Repeater amplifiers are supplied 
to boost the signal along the system based 
on transmission frequencies, cable size, 
number of connectors, and design tolerances 
of the system. <

1> 

Coaxial cable's physical structure is less 
affected by electromagnetic interference than 
twisted wire pairs. <

7
> Repeater amplifiers 

have low noise levels and can deliver strong 
signals over a wide range of output levels; 
however, coaxial cable does experience 
moderate signal attenuation losses. Coaxial 
systems amplify the signal at each repeater, 
instead of regenerating it. As a result, 
background noise is also amplified at each 
repeater. This phenomenon limits the 
number of repeaters that can be placed in 
series to approximately 60 (this limit has not 
been reported to have affected traffic control 
systems using this technology). <IJ 

The attenuation in a given coaxial cable 
varies as a function of frequency, 
temperature, and cable size. Attenuation 
levels roughly double each time the bandpass 
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frequency quadruples. Temperature 
variations can also degrade performance. 
For example, every 10-degree increase in 
temperature above 68 degrees results in 
approximately a 1 percent increase on 
attenuation. c6i Amplifiers are designed to 
compensate for the effects of temperature, 
though technicians must occasionally retune 
them. Unfortunately, the modems that are 
commercially supplied for coaxial systems 
often have temperature settings that fall 
below NEMA specifications. Use of these 
modems can result in interference with 
adjacent channels and the disruption of 
system communications if their temperature 
limits are exceeded. Cil 

While only one cable may be required in a 
coaxial system, the design of a coaxial 
network is more complex than that of a 
twisted pair network. The higher 
frequencies and lower tolerances associated 
with noise and interference among coaxial 
cables translate to both higher skill level and 
test equipment requirements to support a 
coaxial network. CI) As indicated in 
describing the previously cited potential 
modem problems, it is essential that the 
designer have a thorough understanding of 
the equipment required by these systems. 

Similar to twisted wire pairs, coaxial cable 
may be installed underground in a conduit, 
by direct burial, or overhead on utility poles. 
Generally, coaxial network connections can 
be spliced using press-fit connectors that 
clamp over the ends of the wires and are 
then screwed together. Many alternative 
connector and splicing arrangements can be 
employed for inserting tabs at midpoints in 
the cable and for ending cable runs. Given 
these factors, a design must consider the 
following: <1l 

• The placement of amplifiers, couplers, 
splitters, and pilot generators. 



• Provision of power for the amplifiers 
(repeaters). 

• Compensation for temperature extremes 
and rate of change. 

• Minimization of electromagnetic 
interference (EMI) and radio-frequency 
interference (RFI). 

• Allocation of frequencies to the 
channels. 

Contingent on the method of installation, the 
installer must ensure the following: <1

l 

• All conduit has gentle bends between 
pull boxes. (Severe bending of the 
conduit may cause the outer conductor 
to collapse and/or the inner conductor to 
permanently shift.) 

• The maximum pulling tension specified 
by the manufacturer is not exceeded. 

• All splices and connections are made in 
waterproof cabinets to reduce exposure 
to moisture and noise ingress. 

During the installation process, care should 
be taken to ensure good quality control. 
Adequate construction supervision and 
thorough testing of the entire installed 
network are needed to maintain good quality 
control. Testing should consist of an end-to­
end examination conducted under various 
weather conditions that exemplify operations 
at different temperatures. 

Fiber Optic 

Fiber optic communication provides a high 
volume, cost-effective means of transmitting 
either data or video via several 
communications channels with immunity to 
electrical interference. <

1
> Its name is derived 

from the medium's use of an optical fiber to 
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transmit light by means of internal reflection 
off the surrounding surf ace cladding. 
Essentially, light impulses are coded and 
transmitted into a glass fiber structure. The 
fiber itself confines and guides the beam of 
light between origin and destination points. 
Upon reaching its destination, the light signal 
is detected, converted to electrical pulses, 
and decoded to an appropriate output. <7l 

The advantages and disadvantages of fiber 
optic communications media are summarized 
in table 9-15. 

Fiber optic technologies are more expensive 
to acquire than comparable metallic 
transmission media; however, fiber optic 
cable has a reduced life-cycle cost when 
compared with copper transmission media, 
and is increasingly being used to replace 
coaxial cable systems. <7l Because of the 
high cost of fiber optic systems as compared 
with copper transmission, they are typically 
used for trunking applications in which large 
amounts of information must be transmitted 
over long distances or for high-speed local 
area networks that are to be distributed over 
a campus area. <2l 

Fiber optic communications rely on light to 
act as a signal carrier within an optical fiber 
composed of a core region, cladding, and a 
coating. To transmit video, voice, and other 
data, the information is converted to a coded 
pulse of light, and introduced into the optical 
fiber, and is transmitted by internal reflection 
of the light wave within the fiber. 
Depending on the entry angle of the light 
into the fiber, the light will travel different 
distances. (2l Light waves that enter the core 
at an angle greater than the critical angle 
reflect and propagate within the core. Those 
light waves that enter at less than the critical 
angle refract into the cladding and 
attenuate.<1

J As the light travels through the 
fiber, its bandwidth changes due to the 
spreading of the light pulses. As the pulses 
spread, they overlap and may interfere with 



Freeway Management Handbook 

Table 9-15. Advantages and Disadvantages of Fiber Optic ComrnunicationsY•7
) 

Advantae:es Disadvantae:es 

• A pair of light tubes can support many • Designing a fiber optic network tends to 
more circuits than a metallic path. require substantial engineering effort due 

• Immunicty from electromagnetic to complexity of networks, light 
interference (EMI) and radio-frequency distribution characteristics and medium, 
interference (RPI). and other factors. 

• High integrity for data transmission. • Splicing tends to require elaborate 
• Emits no radiation and it is difficult to equipment and expertise. 

tap a fiber tuve without detection of the 
resulting signal loss, thus represents a 
highly secure means of communication. 

• Use of small cable diameters and low-
weight cable. 

• Small bending size, small bending radius, 
and light weight. 

• Safety in hazardous environments. 
• Extremely flexible - can be installed to 

support a low-capacity (low-bit-rate) 
system and, as the system's requirements 
expand, can use broadband capabilities of 
optical fibers and convert to a high-
capacity (high-bit-rate) system simply by 
changing the terminal electronics. 

each other. <2) This dispersion effect limits 
the transmission speed and, if the pulse 
spreads so that the last portions of one pulse 
arrive after the first portions of the 
following pulse, may diminish the signal to a 
point that the receiver can no longer 
distinguish individual pulses.°) 

Several supplementary equipment items are 
needed with fiber optic communications 
systems. These items include modems, 
multiplexors, and repeaters. Fiber optic 
modems transmit data over a dedicated pair 
of fibers (e.g., between a controller and a 
traffic operations center) by converting an 
electrical signal to an optic signal and vice 
versa. This technology allows for full duplex 
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communications over one or two fibers. 
Conversely, multiplexors transmit voice, 
data, and/or video over a fiber backbone 
network. Ol 

Multiplexors combine many low- to 
medium-speed digital data channels into 
high-speed channels. In fiber optic systems, 
two types of multiplexors are used: electrical 
and optical. As implied by the name, 
electrical multiplexors combine signals 
electronically, and result in a combined 
electrical signal that drives the fiber optic 
transmitter. Single fiber optic channels can 
be used to carry multiple signals, using 
wavelength-division multiplexing. This 
technique is useful for long distance 



backbone and trunk lines, but is not cost­
effective for local distribution uses. (lJ 

After entering a fiber, a pulse is carried by 
the optical fibers to the receiving station, 
where it is either received or regenerated. 
At the final receiving station, the light pulses 
are converted to electric signals, decoded, 
and converted to the original form of 
information. To correct pulse dispersion, 
fiber optic repeaters convert the optical 
signal back to its original form and then back 
to an optical signal. <1i 

In systems with multiple drops placed in 
series, common practice uses drop/insert 
units, which perform the following 
functions:(ll 

• Interception of the optical signal. 

• Conversion of the signal fo an electrical 
form for use by the device. 

• Injection of a response if necessary. 

• Modulation of the electrical signal back 
to an optical signal. 

• Retransmission of the optical signal. 

In a daisy-chain multiple drop configuration, 
the failure of any drop/insert unit results in 
the loss of all the remaining units beyond 
that point. This situation can be avoided by 
using units that contain a passive transfer 
feature. <1> The passive transfer feature uses 
a separate battery back-up for each unit 
which provides continued communication to 
the downstream units in case of an electrical 
power failure in the controller. <2) 

Fiber optics can also be used to transmit 
video signals in one of three manners: <2i 

• Baseband - transmits unmodulated 
video signals. 
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• Modulated - extends the transmission 
range, using amplitude modulation or 
frequency modulation. 

• Multiplexed - enables transmission of 
several video signals on the same fiber. 

Because of its dielectric nature, fiber optic 
communication medium is unaffected by 
electrical signals. As a result, many 
problems such as radiative interference, 
ground loops, and lightning-induc!;!d damage 
(when fiber optics have been installed in a 
cable without metal) can be avoided with 
fiber optic technology. This property makes 
fiber optics an ideal communication medium 
in a noisy electrical environment. 

Fiber optics is, however, affected by 
dispersion and attenuation. The negative 
impacts of these two factors increase with 
the number of modes, and limit the length of 
a given fiber optic link. To limit the effects 
of dispersion, graded-index fiber can be 
used. Graded-index multimode fiber design 
limits the dispersion created by multiple 
modes by permitting light waves traveling 
different length paths to travel at similar 
axial speeds. Attenuation is caused by the 
following factors: (lJ 

• Absorption - where propagating light 
interacts with impurities in the silica 
glass. 

• Scattering where geometric 
imperfections in the fiber cause light to 
be redirected out of the fiber. 

• Microbends - which may occur during 
fiber or cable manufacture. 

• Macrobends - which can result from 
improper installation practice (e.g., 
exceeding the minimum bending radius). 
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The extent of the effects of dispersion and 
attenuation vary depending on the baud rate 
transmitted. Typical multimode fibers have 
a bandwidth of 400 MHz-km at a 
wavelength of 1300 nm. Such a fiber can 
sustain a baud rate of 400 MHz over a 
distance of 1 km (0.6 mi) but only 100 MHz 
over a distance of 4 km (2.5 mi). Traffic 
control systems that use multimode fiber at 
the low baud rates typical of distribution 
channels for small signal control systems will 
typically be limited by attenuation 
considerations. (I) 

As with the other land-line transmission 
media, fiber optic cables may be installed 
underground in a conduit, by direct burial, or 
overhead on utility poles. Recent traffic 
control system designs have specified 
conduit installation of the fiber cables. (I) 

The proper design of a fiber optic 
communication system requires a knowledge 
of the transmission characteristics of the 
optical sources, fibers, and other devices 
(such as connectors, couplers, and splices, 
etc.). Transmission criteria that affect the 
choice of fiber type used in a system include 
the following: <7> 

• Signal attenuation. 

• Information transmission capacity 
(bandwidth). 

• Source coupling. 

• Interconnection efficiency. 

Interconnection efficiency is usually 
measured by signal attenuation, the loss of 
signal strength within the fiber, plus the loss 
of signal strength in the splices and 
connectors. <7) 

Fiber optics can be installed using single or 
multimode technology. Single mode fiber 
boasts higher capacities than multimode fiber 
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and is preferred for long-distance 
communications. <7l As a result, single mode 
fiber is recommended over multimode fiber 
for any communications link that serves as, 
or could evolve into, part of a backbone 
network; (I) however, multimode fiber optic 
systems are sufficient for most transportation 
related applications. <7> 

Splices or connectors are commonly 
interconnection devices used to install fiber 
optic systems. To reduce attenuation, 
interconnection must result in a highly 
accurate alignment of the fibers so that light 
can be successfully transmitted between 
them. Two tools exist for interconnection 
purposes: splices and connectors. Splices 
are used to join lengths of fibers together 
permanently, while connectors are temporary 
devices that can be disconnected and 
reconnected as needed. Designs must 
compensate for the losses introduced by 
splices and connectors used for 
interconnection purposes. They also need to 
provide a closure system that offers 
environmental protection and mechanical 
support. 0 > 

Field splicing of fiber optics is grouped into 
two methods: fusion and mechanical. Fusion 
splicing yields lower losses but also requires 
more time to complete. <

2l For temporary 
connections of individual fibers in controlled 
environments, connectors and distribution 
systems are used together. Inexpensive 
interconnection cables (patch panels) can be 
used to end the distribution cable. Within 
these cabinets, small fiber counts of 12 to 48 
fibers can be spliced, ended, and stored. 
Larger distribution frame shelves can be 
used to end as many as 144 fibers at major 
hubs. For traffic applications, fibers can be 
pulled into a breakout box and cable 
assembly with factory-installed jumper cables 
on one end and distribution cables on the 
other. Up to 24 fibers can then be connected 
from the equipment cabinet to a pull box. <1

l 



WIRELESS 

Several forms of wireless communications 
technologies commonly used in freeway 
management systems include the following: 

• Areawide radio networks. 

• Terrestrial microwave links. 

• Spread spectrum radio. 

• Cellular radio. 

• Packet radio. 

• Satellite transmission. 

Table 9-16 summarizes the characteristics 
and features of the wireless communications 
technology used in freeway management 
systems. The first three of these 
communication media are generally owned 
by the public agency while the last three can 
generally be leased from commercial 
providers. 

In general, owned communication 
technologies off er several advantages and 
disadvantages as compared with 
commercially leased wireless communication 
technologies, as summarized in table 9-17. 

Area Radio Network 

Area radio networks derive their name from 
their ability to broadcast signals to an area as 
opposed to a specific location. <2l Table 9-18 
summarizes the advantages and 
disadvantages of area radio networks applied 
to traffic control systems. <

1> 

Area Radio Networks operate in the 150 
MHz to 960 MHz bands; the 450 to 470 
MHz and 928 to 960 MHz bands are the 
most commonly used. C

4
) Bandwidth 

channels in the 25 KHz range are often used 
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for data transfer and can support a signal 
rate of 9.6K bits/second; however, they will 
not support video transmission. <1> 

Depending on antenna location, the signals 
generally radiate uniformly in all directions 
and rely on the scattering and reflection 
properties of the signal to propagate 
throughout the area. During propagation, 
signals may "bend" slightly over changes in 
the ground surface, reflect off buildings or 
other obstacles, or penetrate into buildings.0 > 

Because of potential signal degradation, 
repeaters are sometimes used. <2) 

In most applications, radio transmitters use 
the same transmit and receive channels. 
Voice communications use receivers all 
tuned to the same broadcast channel, and 
users respond only to the messages directed 
to them. This feature represents a potential 
limitation in data transfer applications and 
requires that protocols be established to 
permit multiple transfers of data on one 
communication channel. The protocols 
available vary and include both polling 
techniques (each data source receives 
exclusive use of the transmitted channel for 
a short period) and multiple access 
contention techniques (compensation is 
provided for collisions caused by 
simultaneous transmissions). <1

> 

While the scattering and reflection of radio 
signals allow the signal to propagate into 
built up areas, they also reduce the signal 
strength. Terrain barriers and weather 
factors can also interfere with the 
performance of area radio networks. 

Operation of area radio networks requires an 
FCC license. The design of radio 
communication systems is complex and often 
requires special expertise. It is 
recommended that, if a preliminary study 
shows the usefulness of a radio network, an 
engineer with the necessary background be 
retained to evaluate system needs further. 



\0 
I 

..J::,. 
0 

Technolol?V 

Area 
Radio 
Network 

Microwave 

Spread 
Spectrum 
Ratio 

Cellular 
Radio 

Packet 
Radio 

Satellite 
Transmission 

Table 9-16. Wireless Communication Technologies and Their Associated Properties. 

Principal Transmission 
Multiplexing/ Carrier Bandwidth/ Data Rates Range or Government Types of Owned 
Modulation Frequency Channel per Repeater Regulation of Information or 

Technique Used Band Bandwidth Channel Spacini Channel or Service Suooorted Service 

Time Division 15-174MHz 25KHz 9.6 Kbps Several FCC licensing of Data Owned 
Multiplex, Modulation 405-430MHz channels kilometers channels for each 
technique varies 450-470MHz network 

928-960MHz 

Time Division 928 MHz to40 Various Up to 7.5 Varies, may FCC licensing of Data, voice, Owned 
Multiplex, Modulation GHz Mbps extend several channels except for analog TV, 
technique varies depending kilometers channels in 31 GHz Codec 

on channel band for each 
allocation installation 

Time Division 902 to 928 Various 200 Kbps 0.8 km (0.5 mi) No license in the 902- Data, Codec Owned 
Multiplex, Modulation MHz (typical) to several km 928 MHz band for the 
technique varies network 

Because of narrow 825-845 MHz 30 KHz per 1.2 to 14.4 3.2- 16 km FCC has divided U.S. Voice, data Service 
channel width, usually for mobiles, channel kbits/sec, (2-10 mi) per into 734 service areas, 
only simple polling or 870-890MHz depending sector or "cell" two cellular operators 
other multiple access for base on modem licensed/area 
techniques stations, 20 type used 

MHz in reserve 

Multiple access protocol 800and 900 12.5 and 25 4.8 to 8 16 - 32 km Data Service 
MHz bands KHz channel kbits/sec; (10-20 mi) per 

widths 19.2 base station 
kbits/sec in 
major cites 

Frequency Shift Keying, C Band Various Various, Essentially FCC allocates Data Service 
Minimum Shift Keying, (4-6 GHz) depending unlimited, frequencies for fixed 
Phase Shift Keying on system based on satellite 

Ku Band complexity coverage area communication 
(2-4 GHz) 

Constraints on 
Use 

Channel 
availability, line 
of sight in 900 
MHz band, 
multipath 
sensitivity, 
geometries 

Channel 
availability, line 
of sight 
availability, 
multipath 
sensitivity, 
geometries, 
weather 

Line of sight, 
geometries, 
protocol 
compatibility 

Transmission cost, 
data transfer 
limitations 

Service limited to 
major cities, time 
delay in delivery 

Availability in 
some geographic 
areas, cost 

~ 
(1) 
(1) 

~ 

~ 
§ ...... 

~ 
§= 
0 

~ 
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Table 9-17. Advantages and Disadvantages of Owned Radio Communications. <1) 

I Advantages I 
• No need for physical medium since signal 

propagates through the atmosphere. 
• No cost of major land-line installations and 

maintenance. 
• Used to span natural barriers or provide 

communications link between points where 
rights-of-way are not available. 

• Flexible implementation. 
• Commercial off-the-shelf equipment 

available. 
• Used in a number of traffic control 

systems. 

System designers should consider the 
following items when installing an area wide 
radio network: cii 

• Maximum distance to be covered. 

• Antenna requirements, including line-of­
sight requirements. 

• Transmitter power requirements. 
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Disadvantages I 
• Relatively complex design (compared 

to land-line communication systems) 
since the local operating environment 
(e.g., terrain, potential sources of 
interference, available frequencies, etc.) 
must be investigated and taken into 
account for the design process. 
(However, a variety of theoretical 
models can be used to predict radio 
wave propagation for a given set of 
conditions.) 

• Limited choices of operating 
frequencies based on regulatory issues. 

• Path line of sight constraints (e.g., in 
the microwave region of 900 MHz and 
above, line of sight to the receiving 
antenna(s) generally required). 
Propagation relationships govern the 
actual obstacle and adjacent structure 
clearance required. 

• Fading considerations. 
• Turnaround time considerations. 
• Limited bandwidth. 
• Requires external antennas and cable. 
• May require repeaters. 
• Specialized maintenance. 

• Operating frequency characteristics. 

• Receiver sensitivity. 

• Line losses at the antenna. 

• Required polling intervals. 

• Radio transmission considerations such 
as bending, clearance of obstacles, 
propagation over bodies of water; and 
the effects of weather. 
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Table 9-18. Advantages and Disadvantages of Area Radio Networks. <
1
} 

Advanta~es 

• Can operate traffic controllers or other 
traffic control devices. 

• Can provide voice communications to 
highway maintenance vehicles. 

• Can propagate into built up areas and 
buildings. 

• Can support 9600 baud data rate. 
• Can prove cost effective depending on 

application. 

Microwave 

Microwave systems convey point-to-point 
messages at very high frequencies that allow 
for reuse at small distances. <

7
l The 

advantages and disadvantages of terrestrial 
microwave links are summarized in table 
9-19. 

Microwave systems are expensive due to the 
infrastructure costs required to interconnect 
communications. <6) These infrastructure 
requirements are directly attributable to the 
operating frequency in use. Higher 
frequencies require smaller antennas that in 
tum have fewer extensive infrastructure 
needs; however, the larger antennas typically 
required by 2 GHz and 6 GHz systems cost 
more to purchase, are more difficult to 
install, and require stronger support 
structures due to their higher wind loads. <

1
l 

In terrestrial microwave technology, 
microwave signals are radiated through the 
atmosphere along a line-of-sight path 
between highly directional microwave 
frequency transmitting and rece1vmg 
antennas. Use of microwave radio allows 
transmission in both directions 
simultaneously. <11 
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Disadvanta~es 

• Terrain may limit range. 
• Limited channel availability in 

metropolitan areas. 
• Requires antenna at each controller 

site. 
• Turnaround time excessive for some 

applications. 
• Service reliability may limit use of 

some applications. 

To convey signals, microwave systems use 
both analog and digital transmission 
techniques. The analog systems typically use 
frequency modulation techniques to 
manipulate the available bandwidth into 
channels for multiple voice, data and/or 
video communications. Conversely, digital 
microwave systems require the use of other 
modulation techniques including Amplitude 
Key Shifting, Frequency Shift Keying, and 
Phase Shift Keying. (l) These techniques do 
not afford secure transmissions. <7> 

Microwave-based "line-of-sight" systems 
rely on radio waves that travel in paths 
approximating a straight line. Because of 
this routing technique, microwave 
communications are limited by both the 
effects of the curvature of the earth and the 
local topography. Interference problems can 
be overcome to some extent through 
modification of antenna heights and relative 
positions. How much compensation can be 
applied to sources of interference depends 
on the nature of the interference. For 
example, as the length of microwave paths 
increases, the effects of fading also increase 
due to factors such as atmospheric 
conditions, ground reflections, and water 
reflections along fue propagation pafu. 



Module 9. Communications 

Table 9-19. Advantages and Disadvantages of Terrestrial Microwave Links. O) 

Advantai?es 

• Useful as a point-to-point trunk. 
• Can transmit data and a limited number of 

full motion video channels. 
• Can control groups of traffic control 

devices. 
• Can use both analog and digital 

transmission. 

Rainfall, heavy fog, and other atmospheric 
factors can reduce the power of the signal 
below a usable level. This type of fading 
affects a wide band of frequencies and may 
last several hours. <7) 

Other types of interference vary by season. 
For example, multipath fading occurs when 
there is no wind to break up the atmospheric 
layers. Such conditions are typical of early 
mornings and nights during the summer 
season. This type of fading is typically 
experienced over a limited frequency range 
and recurs frequently, but lasts only a few 
seconds. It can be reduced by either 
"frequency diversity" or "space diversity" 
techniques, depending on the severity of the 
problem. <7l 

Several aspects of microwave 
communications should be considered during 
the design process. The fundamental 
concepts include the items summarized in 
table 9-20. 

Spread Spectrum Radio 

Spread spectrum radio systems operate by 
transmitting a signal bandwidth over a wide 
range of the frequency spectrum. To receive 
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DisadvantaR.es 

• Require line of sight path. 
• In most cases, require FCC license. 
• Channel availability limited. 
• May have little choice in operating 

frequency. 
• Possible interference due to rain, snow, 

and atmospheric conditions. 
• May require antenna tower. 
• Available bandwidth usually limited. 

such a broadband transmission, the signal is 
compressed to the original frequency range 
at the receiver. The major advantages and 
disadvantages of spread spectrum radio are 
summarized in table 9-21. 

The infrastructure equipment necessary to 
operate an . unlicensed spread spectrum 
communication system is readily available. 
Local area traffic control uses will require 
equipment levels very similar to land-line 
systems. In contrast, vehicle-to-vehicle 
communications have no infrastructure 
requirements. Because of the low-power 
requirements and general availability of 
required system components, this 
communications medium is considered a 
low-cost technology. <6l 

Spread spectrum radio relies on low-power 
transmitters to provide short-range 
communications by spreading a signal's 
transmission spectrum, an application of 
code division multiplexing. Such systems 
operate by transmitting a signal bandwidth 
over a wide range of frequencies and then 
compressing the signal to the original 
frequency at the receiver. Each network in 
an area is operated using a different code, 
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Table 9-20. Microwave Communication System Design and Installation 
Considerations. C

2
,
3

) 

Consideration Desi1m Factors/Options 

System selection factors • Spectral efficiency requirements. 
• Performance requirements. 
• Equipment complexity economics. 

Transmission beam is • Requires precise location of the transmitting and receiving 
narrowly focused devices. 

• Antenna towers must be rigid enough to withstand high 
winds without excessive antenna deflection. 

Frequency availability • FCC allocates a portion of the radio frequency bands of 
the electromagnetic spectrum for government and public 
service use. 

• Most civil government and industrial microwave radio 
systems operate in the 6, 11, 18, and 23 GHz bands. 

• Some bands require site licensing, others do not. 
• Bands above 6 GHz are the easiest to obtain and least 

costly, but are subject to power fading capabilities. 

Repeater spacing • Geography of a given radio route. 
• Terminal equipment technology. 
• Can use point-to-point communications in a daisy chain 

fashion; path availability and network geometry must be 
carefully considered. 

• Transmitter power permitted by the FCC. 
• Typical repeater spacings in the 6 GHz spectrum are 32 to 

40 km (20 to 25 mi), and 1.6 to 4.8 km (1 to 3 mi) in 
the 23 GHz spectrum; longer spacings are possible when 
the effects of fading are expected to be minimal. 

thereby permitting different networks in the 
same area to use the same frequency band. <5) 

transmissions carried on different frequencies 
ranging in number from a few hundred to the 
thousands. <1> 

Pseudorandom noise direct sequences (PN) 
and frequency hopping techniques (FH) are 
used to provide the necessary expansion of 
the signal. <6> The PN spreading technique 
relies on a wide baseband signal to modulate 
the original baseband signal while the 
wideband signal's amplitude is continually 
changed between two states. In contrast, 
the FH technique uses very short 
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Spread spectrum technology was originally 
developed by the military to resist enemy 
radio interception and jamming during 
World War II. Spread spectrum broadcast 
techniques allow receivers to decode spread 
spectrum signals even if background noise 
levels exceed the signal level and they can 
resist the effects of multipath interference. 
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Table 9-21. Advantages and Disadvantages of Spread Spectrum Radio. <1
) 

I Advantages I 
• Very flexible installation. 
• Does not require cable installation and 

maintenance. 
• Does not require FCC channel use 

approval in 902-928 MHz band. 
• Works extremely well in a high-noise 

environment. 
• Currently in use for many industrial 

process control applications. 
• Uses low transmitter power. 
• Can be used in a mixed system of wired or 

radio interconnected controllers. 
• No land-line interconnect required. 
• Relatively low equipment cost. 
• Potential for broad range of traffic control 

system applications. 

This technology is considered to have a 
security advantage over similar wireless 
transmission techniques; intentional 
interference with spread spectrum 
communications is extremely difficult unless 
the transmission technique is known. <6) 

Severe electrical storms have the potential to 
cause sporadic interference, but the 
effects are generally short-term. C

6
l Line-of­

sight obstructions can affect transmissions, 
though obstacles in the 902-928 MHz band 
generally can be avoided through bending. 
Though spread spectrum radio itself is noise 
resistant, it can cause significant 
interference with other communications 
systems using the same broadcast 
frequencies. (ll 

Spread spectrum radio currently permits 
digital communications between equipment 
in the 200 to 300 Kbps range. This allows 
uses including communications between a 
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Disadvantages I 
• New technology for traffic control and 

surveillance applications. 
• Uncertain range 0.48 to 9.7 km (0.3 to 

6 mi); function of area topography. 
• Higher bandwidth than radio fixed 

frequency transceivers. 
• Requires external antenna and cable. 
• Requires more sophisticated equipment 

and specialized technicians. 
• Unprotected channel space. 

field master and local controllers in closed 
loop systems, communications between field 
points and field controllers, and transmission 
oflow-end compressed video. CJ) Vehicle-to­
vehicle communications can also be 
supported with this technology. <6l 

Fundamental design and installation 
considerations that should be kept in mind 
when using Spread Spectrum Radio 
communications have been summarized in 
table 9-22. 

Cellular Radio 

Cellular radio is a new data transmission 
medium that has grown rapidly since its 
introduction in 1983. The Federal 
Communications Commission has designated 
666 channels in the 800 MHz band for 
cellular service purposes. Cellular 
communication systems are small radio 
sectors, or "cells" that provide 
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Table 9-22. Spread Spectrum Radio Design and Installation Considerations. <1
•
6

) 

Consideration DesiRn Factors/Options 

System selection and • Maximum peak output power. 
implementation factors • Maximum effective radiated power. 

• Maximum antenna height. 
• Minimum processing gain. 
• Favor line-of-sight alignments. 

Frequency availability • Must ensure compliance with FCC regulations. 
• Potential interference with/from other licensed 

services. 

Operating range • Varies by application but typically ranges from 0.8 km 
(0.5 mi) to several kilometers. 

• Generally used for short-range communications with 
multiple users. 

• Repeaters may be required. 

Potential for expansion • Number of users in code division multiplexing systems 
can be increased by increasing the code length. 

• Limitations to number of users based on noise levels at 
receiver. 

• In PH systems, increasing bandwidth will increase 
system capacity. 

communications coverage in a series of 
small, slightly overlapping areas. <7) The cells 
are sized to reflect the density of users in a 
given area, and typically cover between 0.8 
and 8 km (0.5 to 5 mi) each. (G) An antenna 
is placed in each cell so that, within a given 
system of cells, antennas relay signals 
through the system via a series of 
communications with their closest 
counterparts. The frequencies used for 
transmission in one set of cells can be reused 
in another set of cells by keeping the two 
signals far enough apart to avoid 
interference. <7l 

With mobile cellular units, the mobile unit 
establishes a communications link with the 
closest antenna, and commences 
communications through that link. The 
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cellular service provider then monitors the 
strength of the signal link via a mobile 
telephone switching office (MTSO). The 
original link antenna will typically be used 
until the signal power diminishes due to 
increasing distance and/or interference 
between the mobile unit and the antenna. 

Once the MTSO determines that the signal 
power has diminished to an established 
level, the link will shift to the next closest 
antenna, if that level can better support the 
link. The communications link then transfers 
to the antenna closest to the mobile unit. 
This process of transferring and switching 
frequency assignments typically requires only 
milliseconds to complete and often remains 
undetected during voice communications. <7l 

In some instances, this transfer process may 



result in a "click" that users can hear. In 
other instances, the system may drop a call if 
no other antennas are available to support 
the link. 

The advantages and disadvantages of cellular 
radio are summarized in table 9-23. 

The cost for cellular "airtime" varies widely, 
depending on the provider's service plan and 
the area of concern. Additional variability in 
operating costs arises in transmitting data by 
cellular means and is dependent on the type 
of modem used. (l) Cellular service can be 
expensive, depending on usage. Basic 
service charges apply no matter whether a 
cellular telephone user originates a call or 
receives an incoming call. The specification 
of additional service features beyond the 
basic operating programs will result in 
additional fees being assessed. 

The costs associated with the use of cellular 
technology for communications between 
permanent installations is much higher than 
those of other communications media. 
However, it should be noted that cellular 
radio technology can significantly improve 
the efficiency of personnel who spend 
substantial periods traveling in vehicles, and 
it can be the most cost-effective alternative 
for temporary communication purposes. <

7
) 

Early cellular communications were handled 
through analog technology. Currently, 
conversion programs are underway to 
transfer operations to digital operating 
systems to achieve enhanced system quality 
and capacity. Additional details are offered 

in reference 8. 

In general, noise and interference levels 
associated with cellular communications 
typically increase as the distance between the 
communications source and the nearest 
receiving tower increase. One major 
shortfall of cellular technology rests in the 
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fact that it was not originally designed to 
support data transfer. The switching process 
historically has caused interruptions that 
require retransmission of the entire message. 
Problems with data transmission become 
especially apparent when operating in the 
overlap area between two cells. Within this 
area of overlap, cellular communications 
may begin "hopping" between the 
frequencies of the two cells, potentially 
resulting in data link severance. (S) 

Consequently, cellular providers often 
suggest that cellular users do not transmit 
data via cellular networks while they are in 
motion. <6l Voice communications are less 
affected by this form of interference; the 
audible effects often remain unnoticed. 
Noise and interference can be reduced 
through selection of appropriate modems 
and the use of digital transmission 
technology. An in-depth analysis of the 
cellular technologies available is contained in 
reference 8. 

Cellular technology is not currently 
appropriate for continuous communication 
service, due to the service costs involved; 
however, applications that require 
communications at infrequent intervals or to 
some remote locations may prove ideal for 
cellular use. Areas that do not have owned 
land-line service, those where provision of 
land-line service is cost prohibitive, and 
locations of temporary installations may be 
candidates for communications systems that 
use cellular technology. Cl) Potential traffic 
control applications include the following: <

6
l 

• Communications with hazardous­
materials teams. 

• Control of remote equipment. 

• Communications with traffic signal/ 
ramp meter repair crews. 
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Table 9-23. Advantages and Disadvantages of Cellular Radio. <1l 

Advanta2:es 

• May prove cost effective for infrequent 
communications. 

• Eliminates need to connect to a telephone 
company service point or provide owned 
land-line. 

• Effective for controlling portable 
variable message signs. 

• May prove effective for temporary 
installations. 

• Network covers 93% of U.S. population. 

• Communications with motorist call 
boxes. 

• Transmission of dispatch data. 

. • Control of portable variable message 
signs/highway advisory radio units. 

• Communications with management and 
other staff members. 

During the design and installation process, 
consideration should be given to the 
following attributes associated with cellular 
telephone technologies: 

• Local service concerns such as coverage 
and cost. 

• Available data transmission options. 

• Compatibility with other equipment 
(especially important for data transfer). 

• Security implications of this 
communications medium. 
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DisadvantaS:?;es 

• "Airtime" cost excessive for 
continuous communication service. 

• Actual data throughput reduced due to 
protocol overhead. 

• Remote areas may not have service. 

A recent report noted that some features of 
cellular technology as used in portable CMS 
and HAR applications can be exploited. To 
prevent the exploitation of portable cellular 
units, call-back diagnostic features that 
require the cellular phone on field units to be 
continuously transmitting should not be 
used. Continuous monitoring of the 
telephone bill for each unit (often 
automatically done by cellular phone 
companies) is strongly recommended. 
Further details are offered in reference 9. 

Packet Radio 

Packet radio services were designed for the 
transmission of data via wireless means. The 
distinction between packet radio and the 
evolving cellular packet data technology is 
becoming increasingly blurred, except that 
packet radio does not support voice 
communications. Table 9-24 summarizes 
the advantages and disadvantages of packet 
radio service. 

Packet radio operates in the 800 and 900 
MHz bands and relies on a system of base 
stations placed between user tenninals to 
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Table 9-24. Advantages and Disadvantages of Packet Radio Service. cii 

Advantaees 

• Designed for data transmission. 
• Cost effective for short messages. 
• Can eliminate need for leased or owned 

land-line. 
• At least two major providers. 

convey communications from ongm to 
destination. Radio base stations are 
positioned on towers or other large 
structures so that they provide coverage 
areas of 16 to 32 km (10 to 20 mi). The 
base stations are connected to backbone 
communications networks through which 
they can direct packets of information over 
one or more frequency pairs. OJ 

This technology permits remote tenninals to 
use the same frequency pair for transmitting 
and receiving data. Multiple access protocol 
algorithms are employed to reduce the 
probability of collisions between 
transmissions from remote tenninals. <1

> 

Packet radio technology is expensive and is 
not cost effective for file transfers or 
continuous communication purposes. 
Specific costs will depend on the service 
provider and will likely include an initial 
subscription fee, monthly service fees, and 
modem and terminal charges. <1l 

Noise and interference levels will vary 
depending on the access protocol used and 
the provider's quality of service. The packet 
radio system itself monitors noise and/or 
interference problems. For example, the 
ALOHA algorithm transmits data and then 
waits for the destination base station to 
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Disadvanta1?es 

• Not cost effective for continuous 
communications. 

• Not cost effective for lengthy file 
transfers. 

• Service currently limited to major 
cities. 

• Time delay in delivering packet. 

confirm that it has received the signal. If the 
transmission is not acknowledged, the signal 
transmission is repeated and confirmation is 
again sought. OJ 

The destination of communications can also 
affect performance issues. Some packet 
radio service providers offer service 
adequate for mobile purposes, while their 
service inside buildings has been 
characterized as inferior. <BJ 

The best source of design and installation 
considerations can be found in project 
specifications and information available 
through local packet radio providers. At a 
minimum, the following factors should be 
considered in evaluating the feasibility of 
using packet radio in a freeway management 
application: (tl 

• Number of channels available. 

• Channel width. 

• Radio frequency protocol. 

• Coverage area. 

• Raw data transfer rates. 

• Modem and terminal requirements. 
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Satellite Transmission 

Satellite communications make use of space­
based equipment to relay signals transmitted 
from earth. Unlike other means of 
communication, because of the relay 
equipment's location in space, satellite 
transmission technology is less dependent on 
the relative location of transmitters and 
receivers. C

7
) Table 9-25 surrrmarizes the 

basic advantages and disadvantages of 
satellite corrrmunications. 

The cost of making frequent satellite 
transmissions is generally considered 
excessive in comparison with that of other 
technologies. As with the other technologies 
examined, advances in the satellite industry 
will continue to enhance the economics of 
communications via satellite transmission. <1

> 

Satellites in orbit are used to convey signals 
between earth stations. To transmit a signal, 
an earth station first receives the data from 
its source (such as a telephone network) and 
converts it to a form suitable for radio­
frequency transmission. The signal is then 
amplified to power levels of between one 
watt and several kilowatts, and is sent to an 
antenna where it is directed toward the 
satellite. After being received by the 
satellite, this signal is then shifted to a down­
link frequency band, amplified, and 
reradiated toward earth. Antennas at 
various earth stations within the intended 
coverage area can then receive the 
transmission from the satellite and, after 
converting the signal to a usable form, 
transfer it to other communication media for 
distribution. C7) 

Table 9-25. Advantages and Disadvantages of Satellite Communications. <1,7i 

Advanta!!es Disadvantae;es 

• Cost of circuits independent of their • Not proven cost effective for local 
length. communications. 

• Cost effective for long-haul circuits. • Limited number of service providers. 
• Downlink signals can be received over a • Channel leasing costs subject to 

wide area. increases. 
• Cost effective for point-to-multipoint • Most transportation agencies have no 

distribution applications (e.g., cable TV). need for the frequent long distance 
• Uplink signals can originate over a wide transmission capabilities of satellite 

area. technology. 
• Flexibility for "quick setup" or mobile 

applications. 
• Provides option to links that cannot be 

achieved by earth-based communication 
media. 
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Satellites receive signals transmitted from 
earth (up-link) on frequencies in one band 
and then retransmit them back to earth 
(down-link) on frequencies in a different 
band. Currently, the C band (5.925-6.425 
GHz uplink and 3.7004.200 GHz downlink), 
and the Ku band (14.0-14.5 GHz uplink and 
11. 7-12.2 GHz downlink) are designated for 
use by the FCC. O) 

Satellite access is dominated by two types of 
networks: preassigned access and demand 
assigned access. Preassigned access 
networks, which are best suited to heavy 
volume trunk service, assign fixed subsets of 
telephone channels to various destination 
points. This type of hierarchy is desirable if 
large subsets are used and load variations 
among destinations are small. In contrast, 
demand assigned access is more appropriate 
for use in communication systems where the 
demand volumes are lower. This approach 
makes uses of a pooled collection of 
channels assigned and used on an as needed 
basis. (7> 

Satellite systems are generally considered to 
support all-weather operations; however, 
very severe weather may affect earth-based 
equipment and interfere with operations. 
Potential interference problems also exist 
between some mobile satellite systems and 
use of the Global Positioning System, and 
should be investigated for a given 
application. <6> 

Long-haul trucking companies are currently 
using mobile satellite technology for 
dispatching purposes. Using inexpensive 
transmission and reception equipment, 
messages can be relayed between individual 
trucks and their dispatching centers, and the 
truck's location can be monitored. Such 
technology can also be used for dispatching 
transportation maintenance crews and 
emergency equipment from freeway 
management centers. Unfortunately, these 
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technologies are still being refined and their 
usefulness in metropolitan areas has been 
limited due to interference from buildings, 
trees, and power lines. <7> 

Several aspects of satellite communications 
should be considered during the design 
process. Table 9-26 illustrates some 
fundamental concepts that should be 
considered. 

9.4 LESSONS LEARNED 

DESIGN PRINCIPLES 

Four fundamental principles that should be 
followed in the design of a communications 
system for freeway management applications 
include the following: 

1. Design for "Understandability" 
The communications system should be 
designed so that its functions, 
specifications, and processes are easily 
understood by those who will be 
responsible for operating and 
maintaining the system. The underlying 
principle for achieving understandability 
is to "Keep It Simple." Simpler designs 
are easier to operate and maintain. 
Another general rule-of-thumb is to stay 
in the mainstream of communications 
design and not pioneer anything unless it 
is clearly on the horizon for common 
communications carriers. 

2. Design for Redundancy - Many 
operational problems experienced by 
existing freeway management systems 
are caused by communication failures. 
Designing a communications system 
where individual field devices or 
communication hubs can be reached 
even when a link has been disrupted can 
help maintain system performance and 
credibility. Redundancy can be provided 
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Table 9-26. Satellite Communication System Design and Installation 
Considerations. 0,7} 

Consideration Desim Factors/Options 

System selection and • Long distance communications more cost effective than short distance 
implementation factors • High data rates demand strong signal levels at satellite. Requires either: 
including data rate and - Low earth orbits; 
type of satellite - Higher antenna gain at satellite; or 

- Higher radiated power transmission level from earth. 
• Low earth orbits require more satellites to cover a given area continuously 
• Geosynchronous satellites have lower data transmission rates 
• Geosynchronous orbits have potential access problems due to local geography 
• Short transmissions efficiency can be enhanced by using data networks that are 

better suited than standard gateway connections 

Operating frequency • Availability of desired frequencies 
• Frequency characteristics vary with propagation effects and equipment 

performance 
• FCC regulations govern 

Potential for expansion • Can be achieved by adding satellites 
• Feeder link traffic limited by FCC transmitter power restrictions 

in a system by using dual ring and self­
healing types of system architectures. 
Examples of functional specifications that 
can improve the reliability of the 
communication system include the following: 

• Provide a redundant communication 
backbone. 

• Limit the number of controllers on 
one communication channel. 

• Provide adequate power margins to 
account for component degradation 
without adversely affecting the 
performance of the system. 

• Provide adequate environmental 
controls (i.e., ventilation, heating, 
humidity control, pest control, etc.) 
in field cabinets. 

• Provide adequate lightning 
protection. 
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• Provide adequate power surge 
protection. 

3. Design for Maintainability - An 
agency can take several steps during the 
initial planning and design of a 
communication system that will enhance 
an agency's ability to maintain the 
system, including the following: 

• Critically assess the agency's 
capability to provide timely 
maintenance of communication 
equipment and lines. Either a less 
complex technology or leased 
communication channels may be 
preferred if adequate support cannot 
be provided. 

• Establish a maintenance plan well 
ahead of the installation of the 
system. In preparing construction 
bidding documents for installing the 
system, specify the type and level of 



training that will be provided to the 
personnel responsible for maintaining the 
communications system. The training should 
be specified to occur during the installation 
of the system. 

• Ensure that adequate documentation 
on the design and operations of the 
communication system is provided. 
The documentation should include 
all communication line connection 
and controller and field device 
channel communication assignments. 

• Obtain the appropriate quantity and 
type of communication testing 
equipment. 

• Establish a mechanism to coordinate 
the use of the right-of-way by utility 
companies so that construction and 
maintenance activities do not present 
a threat to the communication cable 
and conduit. 

4. Design for Expandability-Ability to 
expand the system to meet future growth 
is a critical feature that can only be 
incorporated at the initial design phase. 
Several items that system planners and 
designers can use to ensure expandability 
include the following: 

• Use standard design, equipment, and 
protocols (such as NTCIP). 

• Provide spare communications 
channel capacity. 

OWNED VERSUS LEASED 
COMMUNICATIONS 

Using a leased communications network is 
an alternative to owning the infrastructure of 
a communications system. Several forms of 
leased communications systems are 
commonly used in freeway management 
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systems, including services available through 
Local Exchange Carriers (LEC' s ), cable TV 
providers, and metropolitan area network 
providers. Ol Leased telephone services fall 
into three categories: terminal equipment, 
switching equipment, and transmission 
facilities. These categories encompass such 
leased services as office communications 
service, analog and digital point-to-point 
services, foreign exchange service, wide area 
network service, broadband video 
transmission service, switched digital data 
service, and channel bank termination service 
within central offices. C7l Several aspects of 
leased operations should be considered when 
evaluating their potential use. 

Usually, the transmission characteristics and 
performance of telephone company channels 
are equivalent to those of a twisted-pair 
cable network. Because the lessor is paying 
for a dedicated communications system, they 
do not have to be concerned with the 
engineering aspects of the facility. For 
example, the distance of the transmission 
line, amplification needs, and other issues 
should all meet preestablished specifications 
and tolerances, thereby releasing the lessor 
of responsibility to maintain the required 
infrastructure. <

7
l Table 9-27 compares user­

owned and leased wire-pair cable. These 
findings can be easily extrapolated to other 
means of communication. 

The use of leased telephone company 
channels is most appropriate in areas where 
a high volume of voice or data 
communication is required between separate 
facilities. They may be used in areas where 
it is not cost-effective to locate other forms 
of communication technologies (due to 
physical or political constraints), or in 
temporary applications. C

7
l 

Leased services may also encompass the use 
of coaxial cable communication systems 
through cooperation with community 
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Table 9-27. Comparison of User-Owned and Leased Wire-pair Cable. 

I Feature I User-Owned 

Capital Cost High - especially when 
installed underground in 
new conduit. 

Ongoing Reasonable - owner has full 
(Maintenance) maintenance responsibility. 
Cost 

Response to May be better or worse 
Maintenance than leased line service 
Requirements depending on jurisdiction's 

capability. 

Maintenance Always borne by the 
Responsibility owner. 

Control of Excellent - owner is user 
Communication and can fully control. 
Network 

Design of Completely flexible since 
Communication designer/owner starts from 
Network scratch. 

System Cost determined by 
Expansion location of expansion. 

Reliability Excellent - with proper 
maintenance procedures. 

antenna television (CATV) providers. 
Franchise agreements sometimes require 
CA TV suppliers to provide such services. <2) 

Several features of CA TV result in both 
advantages and disadvantages, as 
summarized in table 9-28. 

9-54 

I Leased I 
Reasonable - involves connection 
from access points to cabinets and 
from central facility to manhole(s) or 
other cable access. 

High - lease costs almost always tied 
to general service rate increases. 
Agency must maintain connection 
described above. 

In some cases can be specified. 

Sometimes difficult to determine 
whether problems are the 
responsibility of the lessor or lessee. 

Less control - communication traffic 
requirements and limitations on leased 
channel may impede use. 

Constrained by telephone company 
cable network. In most cases it is 
generally compatible with signal 
system requirements. 

Accessibility to expansion site usually 
available. 

Good to poor - depends upon lease 
contract terms and level of owner's 
maintenance function. 

After deciding on the requirements of the 
leased system, various configurations can be 
explored to evaluate system cost. Typical 
cost evaluations will include providers' fees 
and charges, costs associated with 
constructing any connections between the 
provider's termination point and the lessor's 
equipment, and any special hardware costs 
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Table 9-28. Advantages and Disadvantages of CATV. 

Advanta}?es 

• Single 6 MHz channel adequate for data 
transmission. 

• Network already in place. 
• Design efforts and initial installation cost 

much lower than a dedicated coax system. 
• Franchise agreement may provide for 

government use of CA TV cable and 
bandwidth at reduced rates or free, reducing 
recurring costs. 

• Second separate coax institutional network 
(I-net) may exist for the express purpose of 
providing bi-directional services to 
commercial subscribers. 

• I-nets generally provide good levels of 
service to subscribers. 

required for interfacing with the provider's 
equipment. <1) 

To illustrate the items that must be 
evaluated, consider leased telephone lines. 
These lines typically have a low initial 
installation cost as compared to an owned 
network of similar size, especially if 
underground installation is required. 
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Disadvanta~es 

• Most CATV networks designed and 
installed with emphasis on downstream 
transmission of video signals to cable 
subscribers. 

• Video channels take up most available 
bandwidth. 

• Bandwidth available to traffic control 
may be very narrow, ranging from a 
single 6 iv1Hz channel to 4 or 5 channels. 

• Single 6 MHz channel does not support 
full motion video transmission in 
addition to data communications. 

• Frequencies of available channels often 
least desirable in susceptibility to noise 
and interference. 

• Quality of video signal required for 
CA TV considerably less than required 
for data. 

• CA TV subscribers sometimes 
concentrated in residential areas. 

• Service to CBD and industrial areas 
sparse or nonexistent. 

• Area of coverage and network layout 
may not coincide with cont:tol 
equipment locations. 

• Traffic control system may have to 
compete with other public I-net users for 
more desirable channels. 

However, the monthly lease cost may be 
much higher than the recurring costs of an 
owned network. Furthermore, because 
telephone company rates and charges are 
established by tariff and are subject to 
approval by State regulatory agencies, future 
costs cannot be guaranteed by the telephone 
company. 
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The leasing tariffs and the method by which 
they are calculated vary from State to State. 
Some tariffs are based on the "drop-to­
central office mileage" (the distance from 
one drop [traffic signal controllers, a ramp 
meter, etc.] to the telephone cqmpany 
central office). Other tariffs use "drop-to­
central office fixed," in which a fixed charge 
per drop is assessed, whatever the distance. 
Additional charges are usually assessed when 
communications between central offices are 
required in the path from field to central 
equipment. These charges may be the most 
significant element of the total cost. 
Alternatives to leasing communication lines 
for great distances through multiple central 
offices should be explored. <

3l 

The transmission technique in use depends 
on the communication medium that is being 
leased. Local telephone companies ( often 
called local exchange carriers, or LECs) 
offer both voice grade service and digital 
private line data services. Such systems 
support communications between control 
centers and field devices or maintenance 
shops through synchronous transmission 
speeds of 2.4, 4.8, 9.6, or 56 Kbps. LECs 
also provide coded video transmission 
capabilities via higher capacity digital 
transmission channels such as Tl. C

2> Most 
digital transmission facilities provided by 
telephone companies are based on the use of 
digitized voice channels. These providers 
typically do not use the same conversion 
process as modems to transform voice 
information· to digital transmissions. 
Reference 2 provides additional details 
concerning this subject. Other 
communications vendors offer leased 
transmission techniques including high 
capacity DSl and DS3 circuits, voice grade, 
digital data service, and fractional Tl 
circuits. <2> 

In certain circumstances, leasing fiber optic 
networks should also be considered. 
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Leasing of fiber optic technology would be 
most appropriate for traffic control 
applications that require high-capacity 
links.<2l 

Interference encountered in leased systems 
varies depending on the communications 
medium used and the service provider. 
Specifications should be made in the lease 
contract about how much noise and 
interference are permissible. 

The limit of the potential traffic control 
applications for leased technologies is 
dependent on the technology that is being 
used. Leased twisted-pair telephone lines 
are frequently used for traffic surveillance 
and control system applications such as the 
interconnection between a central computer 
and remote field equipment ( e.g., traffic 
signal controllers, variable-message signs, 
freeway ramp meters, traffic counting 
equipment, etc.). C

7
) Other potential 

applications information can be found listed 
under each of the technology sections 
presented in this module. 

Leased communications require agreement 
on a contract between the lessor and the 
service provider. The development and use 
of a leased communication system require 
close cooperation with the service provider 
at all levels of personnel including 
engineering, sales, and data transmission 
representatives. <

7
l At a minimum, the 

concerns summarized in table 9-29 should be 
addressed. 

NTCIP 

The National Transportation 
Communications for ITS Protocol (NTCIP) 
is a standard communication protocol for 
transmitting data and messages between 
electronic devices used in ITS, freeway 
management systems, and arterial traffic 
control systems. It uses the OSI (Open 
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Table 9-29. Leased Communications Service Design and Installation Considerations. 

Consideration Desi.l!n Factors/Options 

Desired system • Data characteristics including desired transfer rates and 
features bandwidth required. 

• Acceptable level of noise and interference. 
• Operational aspects of the system (e.g., once-per-second/dial-

up communications, full/half duplex, etc.). 
• Number of field drops and their locations (e.g., controller/ 

ramp meter cabinets). 

Characteristics of • Type and number of channels to be provided (insure both up and 
the leased channels downstream channels are provided for CATV applications). 
and equipment • Data transfer rates. 
restrictions • Transmission characteristics and quality . 

• Frequency allocations. 
• Any system limitations. 

Availability of service • Time required to initiate service. 
• Facilities the provider will use to supply service to field locations. 
• Future expansion capability. 
• Location of the nearest access point to the provider's 

transmission line from each of the lessor's field locations. 

Understanding of • Rules regarding leased circuit terminations at the central facility, 
contract including any equipment which the jurisdiction must furnish. 
requirements • Division of work between the provider and user in connecting to 

field locations (i.e., is complete service connection provided or 
will lessor need to make connections to the provider's 
equipment). 

• Respective maintenance responsibilities of the provider and the 
jurisdiction. 

• Maintenance response priorities. 
• Testing criteria and requirements prior to acceptance. 
• Rates and charges; both one-time charges and monthly fees. 
• Pending rate increase requests, if any, and an estimate of expected 

increases in leasing rates. 
• Expiration/renewal terms. 

Systems Interconnection) Reference Model 
for providing communications links between 
devices. (JO,ll) The OSI Reference Model is 

Model because it deals with connecting 
systems that are "open" for communications 
with other systems. The OSI model consists 
of seven hierarchical layers. Each layer 
performs a related subset of the functions 
required to talk with another system. Each 

based on a concept developed by the 
International Standards Organization (ISO). 
The model is called the ISO OSI Reference 
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layer relies on . the next lower layer to 
perform other functions and to conceal the 
details of those functions. It in turn provides 
"services" to the next higher layer. Thes.e 
layers are defined in such a manner so that 
changes in one layer do not require changes 
in the other layer. Table 9-30 identifies each 
layer and gives a brief description of the 
functions associated with each layer. 

NTCIP is a common set of codes, 
procedures, and relative timing relationships 
(i.e., communications protocols) that follow 
the OSI model to allow different types of 
field devices to communicate with one 
another without the need of a physical 
conversion box or reliance on a single 
vendor to supply all the equipment in the 
system. 01 -

12
} Rather than defining a unique 

format for each combination of data items 
that need to be communicated, the NTCIP 
defines a structure that uses a modular 
approach for delivering generalized 
messages. By defining a series of message 
pieces that can be collected into groups of 
data items, system software designers can 
create virtually any useful message structure 
without requiring new programming in the 
field device. NTCIP promotes two 
important features that could not previously 
be provided in traffic control systems: 

• Interoperability- the ability to connect 
devices of different types to the same 
communications medium. 

• Interchangeability-the ability to 
exchange devices of the same type, but 
from different vendors, without any 
lossof functionality or modification to 
the rest of the system. 

To date, four profiles have been developed 
for different traffic management 
applications.<10

-
12

> A profile defines the 
standard communication protocols that are 
appropriate for the different types of traffic 
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management applications. The Class A 
profile allows messages to be routed from 
one device to the next. The Class B profile 
allows devices to talk with one another over 
a low speed, low capacity communications 
system where routing is not required. Class 
B can be used where legacy communications 
exist, typically twisted-pair copper wire. 
The Class C profile supports file transfer and 
sequencing and routing, while the Class E 
profile provides routing, sequencing and file 
transfer capabilities over a point-to-point 
communications link. 

Table 9-31 shows the specifications 
applicable in each layer of the OSI for the 
different classes. Additional NTCIP 
profiles will be developed to satisfy various 
system architectures and communications 
media as the need arises. 

Besides defining how communications 
between devices will occur, the NTCIP also 
defines what information is contained in a 
data stream (i.e., object definitions). The 
NTCIP uses a hierarchical method of 
addressing where data elements are stored in 
a database, similar to that used widely on the 
Internet. <12

> The hierarchical method allows 
data to be grouped into logically related data 
elements. Each of these logical groupings 
can be expanded over time as new elements 
are added to the group, without running out 
of addresses in the group or limiting other 
groups to fewer addresses. Currently, object 
definitions have been developed for traffic 
signals, but object definitions for other traffic 
management elements (i.e., variable message 
signs, CCTV camera controls, ramp meters, 
vehicle detection/count stations, highway 
advisory radio, etc.) are under 
development. 0 3) 

More information about NTCIP can be 
obtained through the Internet at http://www­
atms.volpe.dot.gov/ntcip/. 
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Table 9-30. Layers of Open Systems Interconnection Reference Model. <
10

l 

OSI Laver Description 

Layer 7: Defines procedures for file transfers, access methods, and management 
Application of messages. 

Layer 6: Defines the syntax and semantics of transmitted information. It 
Presentation provides services such as encryption, text compression, and 

reformatting. 

Layer 5: Defines the procedure for different communications equipment to 
Session establish dialogues. Provides the control structure for communication 

between applications. It establishes, manages, and terminates 
connections (sessions) between cooperating applications. 

Layer 4: Defines the organization of data passing to and from the lower layers. 
Transport Involves breaking longer messages into packets for transmission. 

Layer 3: Defines how packets of data are routed from source to destination. 
Network Provides upper layers with independence from the data transmission 

and switching technologies used to connect systems. It is responsible 
for establishing, maintaining, and terminating connections. 

Layer 2: Defines methods for ensuring data integrity such as error correction. It 
Data Link sends blocks of data (frames) with the necessary synchronization, error 

control, and flow control. 

Layer 1: Defines the mechanical, electrical, and procedural characteristics used 
Physical to establish, maintain, and deactivate the physical link. 

SHARED RESOURCE PROJECTS providing telecommunications capacity 
and/or services to the public agency, they 
receive access to the right-of-way for 
installing their own capacity. In cash 
arrangements, private parties install the 
telecommunications system, receiving access 
to the right-of-way in return for monetary 
compensation to the public agency. Hybrids 
of the barter and cash alternatives can also 
be created in which in-kind (communications 
capacity) and monetary compensations are 
combined as consideration for private access 
to right-of-way for private sector use. <14i 

The need for increased communications 
capabilities has led many agencies to 
consider shared resource projects. Shared 
resource projects refer to those projects 
where the private sector would use public 
highway rights-of-way, previously viewed as 
entirely within the public domain, to install 
telecommunications hardware (principally 
fiber-optic lines, but also including cellular 
towers). In return, the private sector would 
"compensate" the public sector, either 
through barter or cash. In barter or in-kind 
arrangements, private parties install the 
communications system. In return for 
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At the outset, potential shared resource 
partners must address the threshold legal and 
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Table 9-31. Specified Protocols for NTCIP Profile Classes. ooi 

OSI Layer Profiles 

Class A Class B Class C Class E 

Application STMF STMF Telnet Telnet 
Ffp FrP 

SNMP SNMP 

Presentation Null Null Null Null 

Session Null Null Null Null 

Transport UDP Null TCP TCP 

Network IP Null IP IP 

Data Link PMPP PMPP PMPP PPP 

Physical EIA 232E EIA 232E EIA232E EIA 232E 
FSK FSK FSK FSK 

STMF = Simple Transportation Management Framework IP = Internet Protocol 
SNMP = Simple Network Management Protocol PP= Point-to-Point Protocol 
FTP = File Transfer Protocol PMPP = Point-to-Multipoint Protocol 
UDP= User Datagram Protocol EIA 232E = standard modem interface 
TCP = Transmission Control Protocol FSK = Frequency shift keying 

political issues that, if unresolved, can 
preclude shared resource arrangements. 
Some of these issues are summarized in table 
9-32. In some situations, new statutes or 
regulations will be required to permit private 
sector access to right-of-way or to conduits 
in the right-of-way. In other cases, careful 
contractual arrangements can ensure 
effective private sector longitudinal access 
without violating legal or regulatory 
constraints; for example, using leasing rather 
than easements to convey rights. <

14
l 

Most other issues can be addressed without 
resorting to legislative or regulatory 
changes. For example, the issue of bond tax 
exemption can probably be addressed 
through attention to the ways that bond 
issues are structured and bond proceeds are 
used. In some cases, the number of options 

9-60 

available is limited by regulation, resulting in 
little ( or even no) choice but to pursue 
legislative changes (e.g., where cash 
compensation is precluded by statute). Even 
under these circumstances, shared resource 
projects can be effective without legislative 
initiatives so long as the potential partners 
are willing to accept an option that is within 
currently accepted boundaries. 0 4l 

Often, the choice made among ways of 
addressing these issues is based on 
preferences and an evaluation of the pros 
and cons of each option. The choices 
between exclusivity and multiple partners, 
allocation of infrastructure relocation and 
liability for repairs, and selection of barter 
over cash compensation are often based on 
preference rather than necessity. 0 4l 
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Table 9-32. Issues Associated with Shared Resource Project Development. <14l 

Public sector authority to 
receive and/or earmark 
compensation 

Authority to use public right­
of-way for 
telecommunications 

Authority to participate in 
public-private partnerships 

Political opposition from 
private sector competitors 

Inter-agency and political 
coordination 

Lack of private sector 
interest in shared resources 

FINANCIAL ISSUES 

Valuation of public 
resources 

Tax implications of shared 
resource projects 

Valuation of private 
resources 

Public sector support costs 

The public sector may be precluded from receiving cash payments, but may still be free to engage in 
barter arrangements, particularly if they are structured as procurements. In general, state departments 
of transportation (DOTs) have less flexibility; municipalities and authorities such as turnpike and 
transit agencies have greater flexibility in dealing with cash flows. 

Shared resource arrangements may be precluded if state law mandates free access for utilities or if 
pubic agencies are not allowed to discriminate among utilities (e.g., permit access for 
telecommunications but disallow access for gas and sewerage). 

Because shared resource ammgements are a form of public-private partnering, legal authority to enter 
into such agreements is a basic requirement. In some cases, "implied authority" is not considered 
sufficient and specific legislation or "express authority" must be passed. 

Shared resource arrangements may trigger political opposition, though not necessarily prohibition, 
from private sector companies resisting the establishment of bypass networks that they perceive as 
competing with the services they offer. Opposition may be slight when the bypass system is limited to 
transportation needs, but it is likely to be stronger if the system supplies a greater range of public sector 
communications needs. 

Ia addition to investing effort in coordination among agencies in the same political jurisdiction, the 
lead pubic agency may also have to orchestrate agreements between geographically proximate political 
jurisdictions to ensure continuity for fiber for their private partner(s). 

At its core, shared resource arrangements depend on private sector interest in expanding 
telecommunications infrastructure. Reluctance to enter into partnerships with pubic agencies for 
access to right-of-way may stem from insufficient market demand for increased communications 
capacity, cost factors such as more stringent installation specifications along roadway right-of-way, 
and administration or managerial burden of compliance. 

Before entering into shared resource agreement~, the public sector needs to have some idea of the value 
of the assets it brings to the partnership; that is, continuous or sporadic access to its right-of-way for 
placement of private (communications) infrastructure. 

Partnerships between public and private entities may pose unique tax issues, particularly bond 
eligibility for tax-exempt status when proceeds may benefit profit-making private organizations. 

Valuation of the private resources provided in barter arrangements helps the public sector determine 
whether it is recei~ing a fair market "price" for its resource. 

Although shared resource arrnngements provide cash revenue or telecommunications infrastructure 
without public sector cash outlays, such compensation is not without cost since the pubic sector must 
use agency labor hours for administration, coordination, and oversight. 

PROJECT STRUCTURE ISSUES 

Exclusivity Shared resource arrnngements may limit access to pubic right-of-way to a single private sector partner 
in any specific segment, that is, grant exclusivity. From the public sector point of view, exclusive 
arrangements have both advantages (administrative ease) and disadvantages (potential constraints of 
competition among service providers, lower total compensation received by the public sector). 

Form ofrcal property right Shared resource arrangements can be structured in any of several legal formats (easement, lease, 
franchise, license) with variations in the property rights conveyed. Moreover, the property right may 
involve access to the right-of-way it~elf for privately owned infrastructure, or be limited to access to (or 
use of) publicly owned infrastructure. 

Type of compensation Compensation to the public sector may be in the form of goods (in-kind), cash, or combinations of 
both. Moreover, in-kind compensation can include not only basic fiber-optic cable but also equipment 
to "light"* fiber, maintenance, and even operation and upgrading. 

Geographic scope Projects can he extensive in scope, covering long segments of roadway, or more focused on specific 
areas. The option that is best in any individual context depends on other factors, such as considerations 
of administrative burden, service interests of potential bidders, an l private willingness to install 
infrastructure in an area larger than their primary area of interest. 

*"Light" fiber refers to fiber opucs supported by eqmpment for transm1ss1on and receipt of commumcauons signals; "dark" fiber refers to 
physical fibers devoid of supporting telecommunications equipment. 
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Table 9-32. Issues Associated with Shared Resource Project Development (Confd). <14> 

Relocation 

Liability 

Procurement issues 

System modification 

Intellectual property 

Social-political issues 

1. Determine 
Applicability 

• Investigate 
existing authority 

• Analyze market 
influences 

• Evaluate 
institutional factors 

Allocation of responsibility for infrastructure relocation in case of roadway improvements affects 
private partner willingness to pay for right-of-way insofar as it carries a financial responsibility as 
well. 

Similarly, allocation of legal liability among partners affects the financial risks asswned by each one. 
Liability includes responsibility for system repair, consequential damages (economic repercussions), 
and tort actions. 

Shared resource arrangements face many of the same issues a~ other procurements regarding selection 
and screening of private vendors or partners. 

Shared resource arrangements may or may not include explicit provisions for system modification; 
that is, technological upgrading to keep abreast of technical improvements and expansion of capacity 
to meet subsequent needs. 

Intellectual property involves intangible components (e.g., software programs) of the operating system 
that might not be available to the public sector partner when the partnership is dissolved after the lease 
period unless specifically addressed in the contract. 

Social-political issues involve equity among political jurisdictions or population segments within the 
right-of-way owner's domain. More specifically, two issues may affect how shared resource 
arrangements are structured: most-favored community issues -comparable compensation for all 
communities engaging in shared resource arrangements, and geographic and social equity - equitable 
access to and benefit from shared resource arran ements. 

........._ 2. Determine.......__ 3. Refine 

..,....-- Options for ..,....-- Partnership 
Compensation Structure 

• Estimate public 
telecom needs 

• Address legal 
authority relating 
to compensation 

Estimate ROW value 

• Analyze types of 
considerations 

• Examine tradeoffs 
among partnership 

• Determine geographic 
scope 

• Address contract 
issues 

Figure 9-13. Key Decisions and Supporting Information in Evaluating 
the Need for a Shared Resource Project. 0 4

) 

Although shared resource projects have been 
heralded as an innovative approach to 
satisfying public sector needs, they are only 
one of several ways to provide for these 
communications needs. They are hardly the 
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universal solution. Before initiating a shared 
resource project, public agencies must 
evaluate their telecommunications needs 
(mclucling private sector-supplied services), 
and then evaluate the appropriateness of 



each alternative in light of specified needs. 
Figure 9-13 graphically summarizes the basic 
stages in developing a shared resource 
project. <14l 

In addition, the public sector needs to realize 
that shared resource partnering is market­
driven. Because it is market-driven, an 
upper limit exists to how much 
compensation will be paid. Furthermore, 
private agencies will not wait extended 
periods for access rights to a public agency's 
right-of-way. Therefore, public agencies 
must be ready to act when the opportunities 
present themselves. 

The highway right-of-way has no "inherent" 
value. Concerning telecommunications 
access, value is derived from the potential 
revenue telecommunications companies can 
gain by using the right-of-way as tempered 
by the cost of other rights-of-way that might 
be available at that time.°4

l 

Similarly, market conditions dictate response 
time for prospective partnering. As market 
forces and technology change, demand for 
access to highway rights-of-way may also 
change. In fact, timing can be a critical 
factor in the choice among options in 
structuring a shared resource project. 
Because the window of opportunity is often 
narrow and because private sector partners 
can have access to non-highway right-of­
way for infrastructure, public agencies 
interested in effecting shared resource 
partnerships must address the associated 
issues in a timely fashion; otherwise, a public 
agency may have to wait until market 
expansion or industry restructuring generates 
new demand for right-of-way use.° 4

l 

For more information about the issues 
associated with shared resource projects, the 
user should consult Shared Resources: 
Sharing Right-of-Way for Tele­
communications. 0 4l 
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TRANSIENT PROTECTION 

Electronic traffic control equipment is 
subjected to a wide range of electromagnetic 
threats, including lightning, electrostatic 
discharge, internally and externally generated 
inductive switching transients, and radiated 
electromagnetic interference (EMI) from 
radio, TV, radar, and mobile communication 
transmitters. Lines providing electrical 
power and cable interconnecting equipment 
to sensors, communications systems, or 
peripheral hardware provide a direct path for 
the conduction of disruptive and damaging 
electrical transients and other EMI into 
traffic control equipment. In general, traffic 
control and communications systems can be 
protected against transients through the 
following mechanisms: OS) 

• Proper grounding of power supply and 
communications systems. 

• Adequate shielding of equipment and 
interface cables. 

• Proper bonding and corrison control. 

• Use of terminal protection techniques 
such as amplitude limiters and filters. 

• Good interface designs that use balanced 
line inputs and fiber optics. 

The most severe electromagnetic threat to 
traffic control equipment is lightning. To 
determine the level and extent of protection 
required against lightning-induced transients, 
the traffic control professional must know 
the lightning threat levels at traffic controller 
inputs, the rates-of-occurrence of lightning 
transients, and the effects of the lightning 
discharges on electronics within traffic 
control equipment. The lightning levels will 
vary depending on the type of interface, the 
length of the interconnecting lines or cables, 
and whether the lines are shielded or not. 
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NCHRP Report 317 Transient Protection, 
Grounding, and Shielding of Electronic 
Traffic Control Equipment describes 
techniques for protecting against transient 
and electromagnetic interference.05) 

COMMUNICATIONS WITHIN THE 
CONTROL CENTER 

Providing adequate communications 
systems within the control center is critical 
to the success of the control center. In 
general, the types of communications 
systems implemented in a control center 
need to allow operators to communicate 
with the following personnel: 

• Other control center operators. 

• Supervisory personnel. 

• Maintenance dispatchers/forces. 

9-64 

• Computer system operators/ maintainers. 

• Incident management personnel. 

• Public relations personnel. 

• Media. 

In general, the types of communication 
systems that need to be included in the 
design of the control center include the 
following: 

• Local area computer networks where 
information and data can be transferred 
from one computer terminal to another. 

• Voice communications systems 

Module 10 provides more information about 
these types of communications systems. 
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The Control Center of the TranStar Freeway Management System 
in Houston, TX. 

10.1 INTRODUCTION 

The control center is the hub or nerve center 
of a freeway management system. It is 
where data about the freeway system is 
collected and processed, and fused with 
other operational and control data to 
produce "information." The information is 
then used by system operators to monitor 
the operations of the freeway and initiate 
control strategies to affect changes in the 
operations of the freeway system. It is also 
where agencies can coordinate their 
responses to traffic situations and incidents. 
Furthermore, the control center is also the 
focal point for communicating traffic flow 
information to the media and the motoring 
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public. Because of its critical role in the 
successful operation of a freeway 
management system, it is essential that the 
control center be designed to allow 
operators to control and manage the 
functional elements of the freeway 
management system. 

All too often, system designers have viewed 
technology and/or automation as the design 
goal for the control center. Unfortunately, 
this view is not supported by experience, and 
can cause operational problems when it is 
allowed to bring undue influence on the 
design of the control center. In one 
operational control center, for example, 
expert design resulted in an automation 
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scheme in which the support system would 
detennine the "best" pattern of variable 
message signs to present motorists with 
warnings of wrong-way drivers in the travel 
lanes. Under the design principle, the 
operator would review the automatic 
decisions and could change them after they 
were initiated, if necessary. After the system 
became operational, however, it was found 
that the surveillance system could not detect 
the difference between roadway maintenance 
equipment working in a closed lane and 
wrong-way drivers in the travel lane. The 
error resulted in the automatic closure of a 
large area of a freeway. This problem arose 
from a faulty allocation of functions to a 
higher level of automation than was feasible, 
a common design flaw. Its primary cause 
was that the design emphasis was on 
technology rather than on the p~tformance 
of the total system. <1> 

One way to avoid such design problems is to 
begin with a user-centered approach to 
designing a control center. O) A user­
centered approach applies system 
engineering and human factors principles to 
developing a system design that focuses on 
what the system is supposed to accomplish 
rather than on technology. The 
distinguishing features of a user-centered 
design philosophy as compared with other 
approaches include the following: <1l 

• The design focus is on the operator, 
not the designer. In the user-centered 
design, the user (i.e., the operator) is 
viewed as a critical system component. 
The characteristics, capabilities, and 
limitations of the user need to be defined 
and considered during the requirements 
analysis and design of the system. 
Ideally, the user should be involved in 
the design process at its earliest stages 
and this involvement should continue 
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throughout the design and testing 
phases. 

• The selection and acquisition of 
system components are based on 
validated functional requirements. 
Many control centers have been 
designed adhering to a technology­
centered design approach where the 
focus in designing the system has been 
on hardware and software. The user­
centered design focuses on what needs 
to be accomplished by the system, not 
how. Therefore, system components are 
selected on the basis of an analysis of the 
functional re.quirements of the system. A 
validated requirement is a functional 
capability (e.g., identify sensor locations 
at which occupancy exceeds 30 percent 
during a 2-minute period) that has been 
formally stated and objectively 
evaluated. 

• The process is iterative. Systems are 
best developed through an iterative 
process, in which a design is tested and 
validated in a series of stages. This is 
particularly important in control center 
design, where the multiple iterations can 
uncover problems - and opportunities 
- that are not apparent until they are 
viewed in the total system. 

• The process extends throughout the 
life cycle of the control center. The 
fact that a new control center has been 
built and put into operation does not 
suggest that it is "complete." As the 
managers and operators of the control 
center become familiar with the system, 
they will make recommendations for 
adding many excellent design features 
and procedural changes to improve their 
abilities to control traffic on the freeway. 



A user-centered design approach applies 
system engineering principles to develop a 
system that views the user (i.e., the 
operator) as critical to the overall success of 
the system. Figure 10-2 illustrates how the 
user-centered design process can be used to 
identify the elements of a control center. 
The first step in the design process is a 
mission analysis, which uses the goals and 
objectives of the system to define what it is 
the control center is supposed to do. After 
the mission analysis, a functional analysis 
identifies which functions will be performed 
by various elements (both human and 
technological) in the control center. Once 
the functional analysis has been completed, 
the tasks needed to accomplish each function 
can be analyzed. The task analysis involves 
breaking tasks down into their individual 
element<; to include a detailed description of 
both manual and mental activities that the 
operators must do, and their duration, 
frequency, and complexity. The task 
analysis leads directly to defining operational 
characteristics and needs for the control 
center. 

MODULE OBJECTIVE 

The goal of this module is to identify some 
major factors and issues that should be 
considered in the planning and design of a 
control center. The specific objectives of 
this module are to identify the some major 
issues that must be considered designing, 
operating, and maintaining a control center 
for a freeway management system. 

MODULE SCOPE 

The purpose of this module is to help system 
planners and designers identify some major 
issues and factors affecting the design and 
operations of a control center for a freeway 
management system. It focuses on how the 
characteristics, capabilities, and limitations 
of the operators should be accounted for in 

10-5 

Module 10. Control Center 

the design of the control center. This 
module is not intended to be a detailed 
discussion of the human factors requirements 
affecting the design of the control center. 
For detailed information about the human 
factors requirement, the user should consult 
the Hwnan Factors Handbook for Advanced 
Traffic Management Center Design (First 
Edition) or other references. 0 ·2•

3l 

10.2 DECISION PROCESS 

PROBLEM IDENTIFICATION 

The first step in the design process for a 
control center is to identify its purpose or 
role in the overall freeway management 
system. The functions of a control center 
can vary from location to location, 
depending upon the local operating goals 
and philosophies for the freeway 
management system. For example, some 
agencies may be more interested in 
disseminating information about traffic and 
travel conditions to travelers, while other 
agencies may want to influence traffic 
behavior through control mechanisms, or to 
manage incidents by closely interacting with 
other agencies. The design of the control 
center needs to support the desired operating 
philosophy. An agency whose primary goal 
is information dissemination may want to 
design a control center that allows easy 
access to the information in the system by 
users outside the control center. An agency 
that wants close interaction with other 
operating agencies (fire, police, emergency 
services, etc.) may want to provide a 
physical location in the control center for 
those agencies to dispatch their emergency 
responses. Common roles/functions of a 
control center in freeway management 
systems include the following: 
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C MISSION ANALYSIS.::>--~·, 

NUMBER OF OPERATORS 
CANDIDATE WORKSTATIONS 
LIGHTING REQUIREMENTS 
VIEWINGMSIBILITY NEEDS 
OPERATIONAL GROUPING 
INGRESS/EGRESS 
SUPPORT EQUIPMENT 

TASK ANALYSIS 

NUMBER OF CONSOLES 
TYPES OF PERSONNEL 
BRIEFING NEEDS 
PERSONNEL FLOW 
MAINTENANCE ACCESS 
STORAGE AREAS 

Figure 10-2. A User-Centered Design Approach. <I) 

• A location for coordinating and 
implementing freeway management 
strategies and controls. 

• A dispatching center for incident 
management and maintenance forces. 

• A location for doing maintenance and 
repairs of malfunctioning or damaged 
field equipment. 

• A central location for distributing 
freeway traffic and travel information to 
travelers, elected officials, and the 
media. 

• A command post for coordinating the 
response to major emergencies. 

Designing and constructing a control center 
can be costly (often millions of dollars). In 
the past, some agencies have found that their 
control center facilities have been inadequate 
to satisfy future growth. Planning 
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accordingly for system expansion is 
important for agencies. Systems can expand 
their operations in many ways, including the 
following: 

• Increase the number of freeways and/or 
roadway facilities covered. 

• Add new freeway management functions 
to the existing functions of the system. 

• Permit joint or cooperative operations of 
several agencies from one location. 

• Serve as command post for major 
emergencies. 

With these potentials in mind, agencies can 
plan for future expansion in the control 
center by providing the following: 

• Adequate space in the operations room 
to install additional operator consoles/ 
workstations. 



• Sufficient space and capacity to install 
additional computers and peripherals. 

• Spare or expandable communications 
capabilities. 

• Additional office space for operations 
and maintenance personnel from 
different operating agencies. 

IDENTIFICATION OF PARTNERS 
AND CONSENSUS BUILDING 

Regardless of whether the control center will 
be operated by a single agency or by several 
agencies in a joint operation, agencies need 
to identify potential partners, and build 
consensus and support within these 
organizations. A big question that must be 
addressed in the initial planning . stages is 
who needs to be in the control center. 
Depending upon local needs and operating 
philosophy, operating personnel can come 
from the following agencies: 

• State transportation agencies. 

• Local transportation agencies. 

• Police and emergency service providers. 

• Local transit authorities. 

• Private media and traffic reporting 
services. 

Joint operations can be structured 
administratively to occur in different ways, 
such that varying levels of functional and 
management control are centralized or 
individual control is maintained. Joint 
operation can be structured through the 
following: C

4
l 

• Sharing physical resources that are 
common to each agency's operation, but 
operating each system or agency 
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component individually. This could 
occur through use of a common 
communications system (e.g., the 
TranStar System in Houston, TX). 

• Operating individual or multiple systems 
under one designated management 
structure where operational control is 
centralized. This could occur by time of 
day where peak periods are under central 
control and off-peak is under local 
jurisdictional or functional agency 
control. Typically, the participating 
parties establish operating guidelines that 
are carried out by an individual agency 
or group, with the goal being to establish 
coordinated ongoing operations. 

• Delegating day-to-day operations to 
another agency or group (including a 
private entity). This type of operation 
could entail turning the operations and 
maintenance of individual devices over 
to another agency under a defined set of 
conditions (e.g., Transcom operation of 
certain DMSs and HARs in the region 
surrounding New York City). 

The ability to engage in joint operations is 
not an easy objective and usually occurs 
from ongoing relationship building. While a 
variety of strategies can be undertaken to 
foster cooperative joint operations, no single 
technique or action is always appropriate. 
Each community must assess its unique 
situation and develop a specific strategic 
plan that conforms to that situation. <

4
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ESTABLISH GOALS AND 
OBJECTIVES 

Before beginning on the actual design of the 
control center, participating agencies need to 
establish common goals and objectives for 
the control center. These common goals and 
objectives are used to develop principles for 
designing the functional and physical 
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components of the control center. Examples 
of the types of issues that agencies need to 
address in establishing goals and objectives 
for a control center include the following: 

• The functions to be carried out in the 
control center (e.g., traffic management, 
dispatching, incident management, etc.). 

• The degree to which various elements in 
the system can be accessed and 
controlled by potential users of the 
system .. 

• The level of automation and the role of 
the operator in the system. 

• The level and types of access that users 
outside the system (e.g., media, 
administrative, traffic reporting services, 
etc.) have to the information (i.e., 
databases, video, incident reports, etc.) 
produced by the system. 

• The amount and type of customized 
equipment and software that will be 
permitted in the design of the control 
center. 

• The level and manner in which existing 
and planned elements of the system will 
be integrated. 

• The types of operator interfaces (i.e., 
displays, data entry screens and devices, 
etc.) that will be provided. 

• The hours and operating conditions 
under which the control center will be 
staffed. 

DEFINE FUNCTIONAL 
REQUIREMENTS 

After establishing design goals and 
objectives, the functional requirements of the 
control center can be defined. Functions are 
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broad statements that describe every 
operation and activity required to meet the 
defined objectives. Table 10-1 lists some 
possible generic functions of freeway 
management control centers. Note that 
these functions describe what it is the system 
does, and do not define whether activities 
are done by humans, by automated 
equipment, or by a human using a computer. 

A Mission Analysis is an exercise that may 
be useful to agencies in identifying the 
functions of a control center. A mission 
analysis is used by system planners and 
designers to identify the operational 
capabilities required in the control center. 
Traditionally, two methods are used to 
conduct a mission analysis: a mission profile 
and scenario development. A mission profile 
is a detailed description of normal system 
operations that occur during a given system 
activity or over a given interval of time. It 
consists of listing all the activities to be done 
by various elements in the total system­
operators, supervisors, automated 
subsystems, sensors, etc. The list also 
includes any activities done simultaneously 
(e.g., automated tasks done by system 
hardware, operator assessments, operator 
decisions). Activities are described at a high 
level and no attempt is made to define the 
roles of the operators or automated system 
in doing them. This technique provides an 
organized, high-level framework of system 
requirements that will support subsequent, 
detailed design analysis. <

1J 

With the scenario development technique, 
descriptions of specific scenarios­
nonroutine but typical situations that would 
burden (challenge) the capabilities of the 
control center-are sometimes useful in 
providing an understanding of the control 
center's functions. The scenarios should 
describe what actions and information are 
needed to manage traffic during different 



Table 10-1. List of Possible Generic Functions Performed in Freeway Management Control Center. <1) 

I In:eut I Through:eut I Out:eut I Su:e:eort 

• Detect vehicle locations • Assess current load • Control railroad crossings • Store electronic network 
• Detect vehicle speeds • Anticipate near-term traffic • Post route advisories on data 
• Detect vehicle types conditions information outlets • Retrieve electronic 
• Sense roadway surface • Select best traffic control • Provide route advisories network data 

conditions option to other users • Store electronic incident 
• Receive BIT reports • Determine need for ITMS • Post speed advisories on data 
• Receive ad hoc component support information outlets • Store hardcopy of incident 

status reports • Track special vehicles • Provide speed advisories reports 
• Sense visibility conditions • Predict traffic conditions given to other users • Retrieve electronic incident 
• Verify incident data options • Post travel advisories on data 
• Monitor incident clearance • Determine remedial information outlets • Retrieve hardcopy of -0 

I 
• Receive traffic volume reports maintenance needs • Provide travel advisories incident reports 

\0 • Receive probe vehicle reports • Assess predicted traffic to other users • Perform database 
• Receive ad hoc travel time conditions given options • Post mode selection management 

reports • Assess traffic management advisories on information • Provide traffic 
• Receive ad hoc roadway effectiveness outlets management training 

condition reports • Determine software upgrade • Provide mode selection • Provide maintainer training 
• Receive O-D Data needs advisories to other users • Provide incident 
• Receive commercial rail traffic • Determine hardware upgrade • Transmit electronic management training 

data • Determine personnel upgrade maintenance requests • Provide special events 
• Receive ad hoc commercial needs • Issue special maintenance training 

rail traffic reports • Determine preventative requests • Develop strategic traffic 
• Receive weather service maintenance needs • Issue upgrade requests management plans 

data • Determine source of anomalies • Transmit electronic • Develop special event 
• Receive ad hoc weather • Identify anomalies in traffic incident services requests traffic management plans 

reports patterns 

I 
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Table 10-1. List of Possible Generic Functions Performed in Freeway Management Control Center (Cont.). <1> 

In~ut I Through~ut I Out~ut I Su~~ort 

• Receive interagency • Predict multimodal demand • Issue special incident • Develop traffic management 
incident data given options services requests contingency plans 

• Receive ad hoc incident • Determine ITMS • Issue requests for • Receive directives 
response reports responsibilities information • Develop policy 

• Receive interagency • Determine need for incident • Issue requests for on-site • Specify procedures 
emergency response data services traffic control • Implement policy and 

• Receive ad hoc emergency • Determine appropriate • Transmit electronic incident procedures 
response data ITMS responses reports • Perform fiscal planning 

• Receive interagency data • Assess multimodal demand • Issue special incident • Perform budget tracking 
from alternate and capacity reports • Perform evaluations 
transportation modes • Identify demand regulation • Transmit electronic incident • Perform personnel selection 

• Receive ad hoc reports options management reports • Maintain personnel records 
from alternate • Assess predicted multimodal • Issue special incident • Maintain communications 
transportation modes demand management reports with incident responders 

• Receive interagency special • Monitor compliance with • Provide historical traffic • Coordinate multi-agency 
events reports other advisories data incident response 

• Receive ad hoc special • Monitor general compliance • Provide simulation reports • Coordinate multi-agency 
event reports with advisories and recommendations response to other 

• Receive public comments • Assess survey data • Provide public relations emergencies 
• Receive requests for public • Assess ad hoc public information • Coordinate multi-agency 

relations activities comments transportation planning 
• Receive requests for • Plan public confidence 

historical data enhancements 
• Receive requests for 

simulation studies 
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operating situations such as · freeway 
incidents, major traffic stressors (e.g., large 
athletic events, inclement weather), or 
strategic planning episodes. 

DEFINE FUNCTIONAL 
RELATIONSHIPS, DATA 
REQUIREMENTS, AND 
INFORMATION FLOWS 

In defining the functional relationships, data 
requirements, and information flows for a 
control center, the following three tasks 
must be done: 

• Allocating control center functions the 
operators, computer/machine 
components in the system, or a 
combination of both. 

• Analyzing the tasks required to complete 
each function. 

• Establishing how data flow from one 
function to the next. 

Each of these tasks is discussed below. 

Function Allocation 

In the design of the control center, function 
allocation involves assigning system 
functions to machine components, human 
operators, or a combination of human and 
machine component<;. Using criteria similar 
to those shown in table 10-2, each function 
( or process) is assigned to a human or 
machine component. Properly allocating 
functions is critical to ensuring that 
operators in the control center perform tasks 
that are within their capabilities and do not 
become overloaded. The Human Factors 
Handbook for Advanced Traffic 
Management Center Design (First Edition) 
presents techniques for allocating functions 
to human operators and machine 
components. The reader is ref erred to this 
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document for details on the allocation 
procedures. <1l 

The allocation of functions in the control 
center is usually the first point in the design 
process at which critical decisions must be 
made about the role of the operator. It is 
also a point at which mistakes, if not 
identified and corrected in design iterations, 
can cause serious design deficiency. One 
common misconception that occurs in 
allocating functions is that . designers 
presume that a single set of functions should 
be handled solely by an operator and another 
set should be handled solely by machines. In 
fact, many critical functions in the control 
center can best be handled by the integrated 
efforts of humans and machines. Identifying 
these partly automated tasks requires 
detailed study and analysis. Failing to 
identify them properly and assign proper 
interface strategies causes serious 
operational problems. General guidelines 
and design considerations for allocating 
functions in a control center include the 
following:(ll 

• If environmental constraints limit human 
performance, the function should be 
allocated to a machine. 

• Events that cannot easily be perceived by 
humans (such as changing levels of 
traffic moving past a point on a freeway) 
should be allocated to machines. 

• When a function requires a response that 
is beyond the speed or accuracy of 
human capabilities, it should be allocated 
to a machine. 

• If the speed and volume of information 
derived or needed by a function is 
beyond the capabilities of a human, it 
should be allocated to a machine. 
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Table 10-2. Criteria for Assigning Functions to Humans and Machines. <0 

I Humans Excel in ... 

Detection of certain forms of very low 
energy levels 

Sensitivity to an extremely wide variety of 
stimuli 

Perceiving patterns and making 
generalizations about them 

Ability to store large amounts of 
information for long periods - and 
recalling relevant facts at appropriate 
moments 

Ability to exercise judgement where events 
cannot be completely defined 

Improving and adopting flexible 
procedures 

Ability to react to unexpected low-
probability events 

Applying originality in closing problems 
(i.e., alternative solutions) 

Ability to profit from experience and alter 
course of action 

Ability to perform fine manipulation, 
especially where misalignment appears 
unexpectedly 

Ability to continue to perform when 
overloaded 

Ability to reason inductively 

• If the information produced by a 
function is beyond the memory 
capabilities of a human, it should be 
allocated to a machine. 

I Machines Excel in ... I 
Monitoring (both men and machines) 

Performing routine, repetitive, or very 
precise operations 

Responding very quickly to control signals 

Storing and recalling large amounts of 
information in short time periods 

Performing complex and rapid 
computation with high accuracy 

Sensitivity to stimuli beyond the range of 
human sensitivity (infrared, radio waves, 
etc.) 

Doing many different things at one time 

Exerting large amounts of force smoothly 
and precisely 

Insensitivity to extraneous factors 

Ability to repeat operations very rapidly, 
continuously, and precisely the same way 
over a long period 

Operating in environments that are hostile 
to man or beyond human tolerance 

Deductive processes 

• If a function is to be performed 
continuously, it should be allocated to a 
machine. 

• If the interruption of, and response to, 
unusual or unexpected events are 
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required, the function should be 
allocated to a human. 

Following is a list of additional guidelines 
that can be used to help in allocating 
functions in a control center:<1

> 

• Allocate functions so that they make the 
best use of human abilities. 

• Avoid decisions based solely on the ease 
or difficulty of automation; consider how 
allocating different functions between 
humans and machines affects total 
system performance. 

• Avoid allocating functions in such a way 
that both humans and machines are 
forced to work at their peak limits all or 
most of the time. 

• Allocate functions to humans so that 
they can recognize or feel that they are 
making an important and meaningful 
contribution to the performance of the 
system. 

• Allocate functions between humans and 
machines so that a natural flow and 
processing of information can occur. 

• Assign tasks that require extremely 
precise manipulations, continuous and 
repetitive tasks, or lengthy and laborious 
calculations to a machine. 

• Design human/system interfaces on the 
presumption that the human might at 
some point have to take control of the 
system. 

• Use hardware and software to aid the 
operator; do not use the operator to 
complement a predetermined 
hardware/software design. 
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Task Analysis 

After functions have been allocated to 
human operators and system components, 
the next step in designing a control center is 
to identify the tasks that make up system 
functions. Each function includes one or 
more tasks. A task is an independent action, 
carried out either by an operator or by a 
machine, that results in an identifiable 
outcome. Tasks can frequently be 
decomposed into discrete subtasks that 
represent activities that are distinct enough 
to be analyzed separately, but are clearly 
contributing to the completion of an 
identified task. ci l 

Once the tasks have been identified, they can 
be grouped to form operational flow or 
process diagrams. The operational flow 
diagrams allow designers to identify the 
actions, information requirements, processes, 
and decisions that need to be made to 
accomplish a function. Figure 10-3 
illustrates an operational flow diagram for 
dealing with traffic incidents. Operational 
flow diagrams are useful tools in the design 
process, because they allow designers to 
identify the following elements easily: 

• The types of data and communications 
requirements in the control center. 

• The decision-support aids needed to 
complete operational tasks. 

• The data-storage requirements of 
various processes and tasks in the 
control center. 

• The types of outputs and decisions 
produced by each task. 
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Data Flows 

Establishing data flows is a critical step in 
designing a control center. Data flows 
describe the type and frequency of data 
needed to execute each function of the 
control center. This step in the design 
process is important because it allows 
system designers to assess the 
communications requirements of each 
component in the control center. 
Establishing the data flows also helps to 
identify the structure of the data streams 
needed to operate each function of the 
system. 

One way to depict data flow is through data 
flow diagrams. With data flow diagrams, 
large circles are used to represent sources 
and destinations of data. The sources/ 
destinations can be either subsystems or 
functions within subsystems. Lines 
connecting data sources and destinations are 
used to represent the type of data that flows 
between two elements of the system. Each 
data type is labeled so that designers know 
what information is flowing between 
components. An example of a typical data 
flow is provided in figure 10-4. Data flow 
diagrams need to be prepared for each level 
of design detail and for each subsystem 
within the control center. 

IDENTIFY AND SCREEN 
TECHNOLOGIES 

Only after the functions of the control center 
have been identified and the data flow 
requirements have been assessed should 
designers begin designing the physical layout 
and the support elements and related 
technologies of the control center. In 
planning the control center, system designers 
need to be concerned with the following 
elements: 
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• The physical environment in which the 
operators and equipment will function. 

• The design and operations of the 
operators' workstations. 

• The design of the controls and displays 
that the operators will use to operate the 
system. 

• The design of the interfaces through 
which the operators will be presented 
with information and initiate control 
decisions. 

The following sections relating to these 
issues were extracted from the Human 
Factors Handbook for Traffic Management 
Center Design (First Edition).<1

) 

Physical Environment 

The control center's physical environment 
consists of design elements that allow the 
system - both human and machine 
components - to function effectively. The 
following lists some physical elements that 
designers must consider: 

• Atmospheric (heating, ventilation, and 
air conditioning). 

• Visual (primary and supplementary 
lighting). 

• Acoustic (background noise and interior 
acoustical properties allowing operators 
to communicate). 

• Physical design of the work space 
(access, dimensions, and fixtures). 

The requirements for some of these elements 
are mandated by public law (e.g., access for 
the disabled). The design of other features 
of the control center should be based on 
established design practices ( e.g., lighting 
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standards for designated work areas). The 
Human Factors Handbook for Advanced 
Traffic Management Center Design (First 
Edition) provides guidelines and 
requirements that can be used to design the 
physical environment of a control centerY) 

Workstations 

· At the same time the design team is 
considering how the control center work 
space will be used, it should begin designing 
and specifying the workstations that will be 
used in the control center. A typical 
operator workstation is shown in figure 
10-5. 

When workstations are to be configured 
from commercial off-the-shelf components, 
this task will require catalog searches and 
negotiations with vendors. Sometimes­
when, for example, the control room is too 
small to hold separate workstations­
customized fixtures designed specifically for 
the control center under development may 
be required. The layout of workstations and 
other furniture and fixtures should be 
specified as part of the overall work space 
design. In designing workstations, comfort 
and suitability should be considered as 
separate issues, both of which are supported 
with many experience-based guidelines. The 
Human Factors Handbook for Traffic 
Management Center Design (First Edition) 
summarizes many of these guidelines. Ol 

Poorly designed workstations and 
supplemental furnishings (e.g., chairs) can 
cause discomfort and perhaps occupational 
injuries (e.g., back strain, cervical stress 
disorder, carpal tunnel syndrome, and 
repetitive stress disorders). Poor 
workstation design can also limit 
productivity. A good design will contribute 
to productivity and employee health and 
morale. Designing the workplace to , 
accommodate the characteristics and 
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capabilities of human operators is sometimes 
called ergonomics. The strong movement 
toward ergonomic suitability has created 
many sources of information that support 
proper workstation design; however, an 
experienced ergonomist or human factors 
engineer should be consulted before a large 
investment is made in workstations.<1l 

Controls and Displays 

Integral to any control center workstation 
are the means by which operators enter and 
retrieve information. Controls allow the 
operators to guide certain traffic parameters 
(e.g., traffic flow) within the limits of the 
center's nuss1on. Displays provide 
information that operators need to monitor 
the status of the system and make control 
decisions. Several methods used to display 
information to operators in a control center 
including the following: 

• Static display boards. 

• Video/CRT monitors. 

• Projection television systems. 

• Video walls. 

Advantages and disadvantages of each of 
these display devices are discussed in the 
section 10.3 of this module. 

Poorly designed controls and displays can 
affect the operations of the control center 
and the operators themselves. Inadequate 
controls and displays can cause cognitive 
information processing deficiencies, faulty 
situation assessments and decisions, 
inaccurate data and command entry, 
occupational stress, and a general loss of 
operating efficiency. 



Freeway Management Handbook 

Figure 10-5. Typical Operator Workstation in the Houston TranStar Freeway 
Management Control Center. 

Activities associated with the design and 
specification of controls and displays are 
actually subprocesses of the workstation 
design effort. Controls and displays are 
considered separately because of the 
established body of knowledge and standards 
associated with each of them. 

Control center controls and displays should 
be designed according to (1) the type and 
quantity of information that they must 
process and (2) the capacities and demands 
of the operators who will use the 
information they provideY> Results of a task 
analysis will suggest information 
requirements. In turn, these requirements 
will drive control and display designs. 

Once display types have been determined, 
the guidelines and standards presented in the 
Human Factors Handbook of Advanced 
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Traffic Management Center Design (First 
Edition) can be used to specify display 
quality.Cl) Emphasis should be placed on the 
development of display performance 
standards. Brightness, contrast, and 
resolution of visual displays, for example, 
should satisfy operators' requirements for 
clarity and visual comfort. Designers should 
be aware, however, that designing controls 
and displays is an iterative process. A given 
display, although acceptable when viewed on 
its own merits, may represent an 
inappropriate design solution when it is 
integrated into the control center. 

User Interfaces 

If the smooth execution of system functions 
is desired, interfaces between operators and 
computers must be designed properly. The 
guidelines and standards for user-computer 



interlace design are relatively new, and less 
stable than designers typically prefer. The 
status of these standards and guidelines will 
present the most significant challenge to the 
control center configuration effort.<1J 

Many troublesome human factors problems 
existing in operational control centers are 
derived from poor user interface design. 
One common problem is the use of 
command line interfaces that require 
operators to memorize commands that have 
little, if any, inherent meaning. Another 
common interface problem can be attributed 
to "error traps" - procedures that carry an 
unacceptable risk of user errors. Some of 
these errors may have negligible effects, 
while others may be devastating to the 
performance of the system. The steps 
involved in designing acceptable user 
interfaces include the following:<1

> 

• Develop an interlace concept. This 
concept should be based upon a 
knowledge of the types of interfaces 
available, and their strengths and 
weaknesses. The types of tasks to be 
performed through user interfaces should 
be considered and should be what drives 
the design process, rather than 
technology. 

• Develop criteria to govern the design 
and evaluation of the interface. These 
criteria include design requirements, 
dialog strategies, and training 
requirements. The criteria should also 
be verified by experienced operators, 
traffic engineers, and others who have 
experience in interface design. 

• Develop a "look and feel" of the user 
interface and conduct initial testing of 
the interlace, using simulations of 
various levels of realism. (The level of 
realism associated with a given 
simulation is also called fidelity.) This 
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type of simulation activity provides an 
excellent opportunity to incorporate 
rapid prototyping. Rapid prototyping 
involves using special software tools to 
develop and evaluate interface 
prototypes. Rapid prototyping 
techniques offer speed, flexibility, and 
realism to the design effort. 

• Develop user interface for full 
implementation. 

• Conduct user acceptance testing of the 
interface. User expectations and 
perceptions do not always agree with 
those of the developers. Rigorous 
evaluation procedures must be employed 
during acceptance testing. Preliminary 
tests of training plans, user aides, and 
user documentation should also occur. 

• Incorporate the user interface into the 
control center design. Design 
consistency and suitability should be 
assessed. Final development of a 
training plan, a training implementation 
plan, and user documentation should 
also be completed. 

EVALUATION 

As different elements of the control center 
are installed, they need to be evaluated to 
ensure that they meet generally accepted 
principles of human factors engineering. 
Human factors testing and evaluation should 
not be a one-shot, pass-or-fail activity 
conducted near the end of the design or 
implementation phase. Instead, human 
factors testing and evaluation should occur 
throughout the design and implementation 
process. The most important principle to 
follow in testing and evaluating the human 
factors elements of the design is to test early 
and often.<1l 
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Testing should be conducted by someone 
who has experience in conducting human 
factors evaluations. Through human factors 
evaluations, system operators can be assured 
of the following:<1

) 

• The design of the control center will 
meet accepted standards of human 
factors engineering and will be tailored 
to the specific requirements of the 
system. 

• Mistakes and problems in the design of 
the control center will be detected and 
corrected early, without compromising 
the budget or schedule. 

• Operators will be more easily trained. 

Hwnan factors testing and evaluation should 
be both formative and summative. 
Formative evaluations result in an iterative 
process where various levels of design are 
evaluated and modifications to the design are 
made on the basis of the results of the 
testing. Summative evaluations produce a 
formal pass/fail judgement of design 
features. The Human Factors Handbook for 
Advanced Traffic Management Center 
Design (First Edition) provides more 
detailed information on how to conduct 
these evaluations.<1l 

In conducting human factors evaluations of 
control center design, obtaining opinions 
from the following individuals is 
recommended:0 l 

• The control center operators themselves. 

• The operators of control centers in other 
cities. 

• The managers and supervisors of the 
control center. 
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• Representatives from other agencies who 
will be operating in the control center or 
have experience with control centers 
(i.e., fire/police dispatchers, air traffic 
controllers, etc.) 

• Independent human factors specialists. 

10.3 TECHNIQUES AND 
TECHNOLOGIES 

PHYSICAL DESIGN 

The size of control centers varies 
considerably, depending on the design 
objectives and functions performed by the 
system. A functional analysis is needed as 
part of designing the control center. Factors 
that affect the design of the system include 
the following: 

• The hours and days of operation. 

• The types of information displays that 
will be used in the center. 

• The types of monitoring and control 
strategies in the system. 

• The desirability of interagency staffing. 

• The need for media and public access to 
the control center. 

• Whether the control center will function 
as a communications or dispatching 
center. 

• Whether the control center will also 
function as an emergency operations 
center. 

The size of traffic control centers varies 
widely throughout the United States. Some 
control centers, such as TransGuide in San 



Antonio, Texas, and Transtar in Houston, 
Texas, occupy as much as 4,800 m2 

(52,000 ff); however, many more successful 
control centers occupy less space. For 
example, the control center in Minneapolis, 
Minnesota occupies only approximately 
950 m2 (10,000 ft2). Generally, most traffic 
control centers are between 1,600 m2 

(18,000 ff) to 2,300 m2 (25,000 ff). 

A typical traffic control center has the 
following work areas within the building: (6) 

• Operations room. 

• Computer and peripheral area. 

• Communications area. 

• A gallery for viewing and training. 

• A conference room. 

• System support offices. 

• A break room. 

• A media room. 

An example of a typical floor plan for a 
control center is shown in figure 10-6. 

The operations room is the hub of the 
control center. It houses the operators' 
workstations and display boards/video 
terminals used to display information about 
conditions in the network to the operators. 
The size of the operations room is dictated 
by the number of operator workstations that 
will ultimately be in the control center, and 
the type and location of the information 
displays. 

The computer/peripheral area houses the 
computers needed to run the freeway 
operations center. The size of the computer 
room depends upon system design decisions 
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regarding how much computer capability 
will be based at the control center as 
compared with that installed at hub locations 
in the field. Often these rooms require strict 
environmental controls (i.e., heating and air­
conditioning). Many locations also have 
strict access control for this area. Figure 10-
7 is an example of a typical computer/ 
peripheral area in a freeway management 
control center. 

The communications area can be a stand­
alone area or can be combined with the 
computer/peripheral area. The 
communications area is the terminus for data 
entering and exiting the control center from 
the field. It also serves as the distribution 
point for transmitting data to the rest of the 
system (i.e., the computer and video control 
systems). 

Many locations like to provide a gallery or 
viewing area of the operations room. From 
this area, tours of the control center can be 
conducted without interrupting the 
operations in the control center. This area 
can also be used as a training center where 
trainees can monitor the operators without 
disturbing them. 

Many control centers also have an area set 
aside for the media (see figure 10-8). Some 
control centers use the gallary area to service 
this function, but others have set aside a 
separate area as a media area. From this 
area, the media can watch what is going on 
in the operations center without interrupting 
the operations. Often, these areas have 
several telephones and video terminals that 
are available for use by the media during 
incidents or emergencies. 

One unique feature of the Houston TranStar 
System is a media cabinet located in the 
foyer of the building. As shown in figure 10-
9, the cabinet contains power, video, and 
audio jack that can be used by the media 
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Figure 10-6. Floor Plan of the TransGuide Control Center in San Antonio, TX. 
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Figure 10-7. Example of a Computer/Peripheral Area in a Control Center. 

Figure 10-8. Example of Media / War Room in a Freeway Management Center. 

10-23 



Freeway Management Handbook 

Figure 10-9. Media Cabinet in Houston 
TranStar Center. 

when conducting interviews or reporting on 
traffic situations. Cables run from the 
cabinet in the foyer to a cabinet located in 
the parking lot, where similar connectors are 
provided for the crews to tie into their 
respective vans. 

Besides these common areas, office space 
should be provided to those working in the 
control center. The number of office spaces, 
again, depends upon what functions will be 
carried out in the control center. Generally, 
office space is required for the operations 
supervisors, the system support staff, the 
maintenance supervisors, and the 
engineering and administrative staffs. 

Some agencies have included space for their 
system maintenance personnel at their 
control centers. If maintenance operations 
will be based at the control center as well, 
the space provided at the control center is 
based on the number of electrical 
maintenance personnel that will be stationed 
there. In addition, if the control center is 
also expected to serve as an Emergency 
Operation Center (EOC), then additional 
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space is needed for such items as 
dormitories, a large kitchen, and showers. 
Some locales may have mandated structural 
requirements for an EOC that are more 
stringent than for regular commercial office 
space. 

Lighting 

Lighting is an important consideration in the 
design of a control center. Viewing a large 
situation map with LED signals or a bank of 
CCTV monitors, for example, is not 
compatible with high levels of general 
illumination. On the other hand, many 
operators' tasks cannot be performed in low 
levels of illumination. The lighting scheme 
and choice of luminaries must be viewed as 
an integrated whole, and not designed 
piecemeal. <

1> 

The greatest challenge in designing the 
lighting in the control center revolves around 
the need to provide dim general illumination 
and higher levels of local illumination. 
Usually, a low level of illumination is 
provided in the operations room because of 
the nature of the tasks and displays used. 
Most centers provide supplemental lighting 
at each operator console. Some general 
recommendations related to lighting in 
control centers are as follows:<1

) 

• Indirect lighting should be employed to 
provide overall illumination for the 
control room. 

• Canister fixtures should be employed to 
provide supplementary illumination over 
work areas. 

• Adjustable fixtures should be used in 
work areas where more intense 
illumination is required. 

For more detailed recommendations on 
lighting issues, the reader is referred to the 



Human Factors Handbook for Advanced 
Trafflc Management Center Design (First 
Edition).(!) 

Acoustics 

Communications between operators can be 
critical, especially in emergencies. Common 
sources of noise in a control center include 
the following: 

• Alarms. 

• Radio/telephone communications. 

• Operator conversations. 

• Data processing equipment. 

Overall, the noise level in a control center 
should not be high enough to interfere with 
normal speech between operators. The 
objective in designing for noise is to balance 
the different sound sources so that local 
speech is unaffected, but is sufficient to mask 
intrusive noise from adjacent spaces. Some 
general recommendations for reducing the 
impact of noise in the control center include 
the following:0 > 

• Identify possible noise sources (including 
machines, telephones frequently in use, 
loudspeakers, and radios with speakers) 
during the design phase and eliminate 
them. 

• If noise sources cannot be eliminated, 
consider strategies for reducing noise 
level, including textured or sound­
deadening wall and ceiling materials. 

• Consider placing noisy functions that are 
not tied to normal operator activity in a 
separate room or in an area enclosed by 
acoustic partitions. 
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The Human Factors Handbook for 
Advanced Traffic Management Center 
Design (First Edition) should be consulted 
for more detailed recommendations and 
specifications for accounting for noise in 
control centers. (l > 

Heating and Cooling 

Operator comfort and performance can be 
affected by temperature and air quality. In 
designing a control center, designers must be 
concerned about two issues related to the 
thermal environment of the control center: 
the general heating, ventilating, and air 
conditioning (HV AC) standard and the 
effects of local thermal conditions related to 
special equipment such as computers and 
video display units. Sometimes, special 
rooms in the control center, such as the 
computer/peripheral room or the 
communications area, may require separate 
heating and cooling standards. The Human 
Factors Handbook for Advanced Traffic 
Management Center Design (First Edition) 
summarizes the heating and cooling 
standards applicable to control centers. 
General standards that should be considered 
in the design of the heating and cooling 
system for control centers include the 
following:C1) 

• Actual ventilation should be ensured by 
introducing fresh air into any personnel 
enclosure. 

• Within permanent structures, effective 
temperature shall be maintained at not 
less than l8°C (65°F), and not greater 
than 29.5°C (85°F). 

• Approximately 45 percent relative 
humidity should be provided at 21 °C 
(70°F). The humidity should decrease 
with rising temperatures, but should 
remain above 15 percent to prevent 
irritation and drying of body tissues. 
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• The temperature of the air at floor level 
and at head level should not differ by 
more than 5.5°C (10°F). 

• The exhausting of air from 
instrumentation (video display units, 
system units, etc.) should be so 
accomplished as to avoid discomfort to 
users and others close to the equipment. 

• Units should be designed so that forced­
air exhausts are not directed toward the 
operating position, or toward other 
workers in their work positions. 

• External surf aces that can be touched 
during operation shall have a surface 
temperature that does not exceed 50 ° C 
(122°F). Surfaces intended to be 
touched during normal operation should 
not exceed 35°C (95°F). 

• Heat build-up from equipment under the 
work surface (around the operator's 
knees and legs) greater than 3 ° C ( 5 .5 ° F) 
above ambient should be avoided. 

INFORMATION DISPLAYS 

A dominant feature in nearly every control 
center is a large information display board or 
screen. These devices are used to provide a 
broad overview of the status of the system to 
both operators and visitors in the control 
center. Three different kinds of information 
displays are generally used in control 
centers: static wall maps, projection 
television screens, and video walls. (?) 

Static Wall Maps 

Static wall maps were used extensively in 
systems designed in the 1960s and 1970s. 
These types of displays provide the 
geographic layout of the roadway system 
and show the location of the system's 
resources, such as detector stations, signals, 
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signs, and cameras. Tiny light bulbs or light­
emitting diodes (LEDs) connected to sensors 
in the field are used to display information 
about the status of the system. In some 
freeway management centers, different 
colored lights are used to depict various 
traffic flow conditions (e.g., green for free 
flow, yellow for moderately congested, red 
for congestions, and flashing red for incident 
location). Since these displays are generally 
large painted maps, making modifications to 
these displays as the infrastructure changes 
is difficult and costly. Figure 10-10 shows a 
typical static wall map used in a freeway 
management center. 

Projection Television Systems 

Projection television systems have also been 
used to display traffic information in control 
centers. The primary advantage of this type 
of system over static wall maps is that they 
are extremely flexible as to what can be 
displayed to the operator. Besides showing 
status information on computer-generated 
maps, operators can also display live video 
from CCTV cameras and television images 
on the screen. Because the images are 
usually generated by computer, the operator 
can zoom to various levels of detail on the 
display. The primary disadvantage of 
projection television, however, is that the 
resolution can sometimes make the image 
become blurry. Furthermore, because of its 
sensitive optics, it frequently requires 
realignment and adjustments. Figure 10-11 
shows an example of a control center with a 
projection television map display. 

Video Walls 

Video walls are being used almost 
exclusively in new freeway management 
control centers. A video wall is a matrix of 
television monitors used as a single display. 
Each individual monitor can be used to 
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Figure 10-10. Example of Static Wall Map. 

Figure 10-11. Example of a Projection Television Display. 
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display a single image or can be used to 
compose part of a larger display. By using 
a video wall, the operators in the control 
center have the flexibility of customizing the 
presentation of the information as conditions 
warrant. 

Design Guidelines and Recommendations 

The following guidelines and 
recommendations are provided to help in 
designing visual displays in control centers:(!) 

• A void too much detail on large maps or 
status boards. 

• Limit the number of colors for maps, 
target symbols, alphanumeric headings, 
etc. 

• If moving objects are displayed on a 
map, keep the number at a minimum and 
display only those that move slowly. 

• If the display area must have a low 
ambient illumination in order for 
individual operator displays to be used 
effectively, use white or luminescent 
markings against a dark background for 
maps as status boards to help operators 
maintain dark adaptation. 

• If color-coded object information is to 
be used on a large map display, use only 
a neutral color, such as gray, for the map 
background; this allows the color targets 
to have maximum effect (contrast). 

• When front projectors are to be used to 
project information on a large map 
display, ensure that the projectors are 
positioned so that they are not readily 
visible (i.e., causing obstructions and 
glare) to the operating personnel. 

• Determine and provide the properly 
sized alphanumeric characters and/or 
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symbols on the large-screen displays for 
the maximum viewing distances at which 
each set of characters and symbols must 
be read. 

• Consider using unambiguous coding 
techniques to help operators in 
discriminating between old and new 
data. 

• Orient maps with north to the top. 

• Color codes should agree with 
commonly accepted practices: 

Flashing Red: Emergency. 

Red: Alert. 

Yellow: Caution, recheck. 

Green: Safe, go ahead. 

\IVhite: Used when no right or wrong 
entry or condition exists. 

Blue: Can be used to denote 
advisory, but use should be avoided. 

OPERATOR WORKSTATION DESIGN 

Considerable changes in workstation design 
have occurred as freeway management 
systems have evolved over the last three 
decades. In the past, most control centers 
were designed with multiple workstations, 
each with a specific function. For example, 
one workstation controlled the video 
surveillance system, another controlled the 
variable message signs, another controlled 
the ramp metering system, etc. This type of 
design required the operators to move 
between a series of workstations to 
implement a control strategy in a specific 
situation. Today, most control consoles are 
being designed so that a single operator can 
operate all of the subsystems from a single 



workstation. This generally results in better 
operational control over the system; 
however, in some situations, two or more 
operators may be competing for control of 
the same camera or monitor. Methods of 
setting priorities whereby multiple functions 
can be performed at a single workstation 
need to be established in a control center. 

The design of individual workstations in a 
control center varies depending upon the 
functions to be performed by the operators. 
All workstations should be designed to 
anthropological standards. The placement of 
video display monitors and input devices 
(e.g., keyboards, mouse, trackballs, 
switches, etc.) should also conform to 
recognized standards and guidelines. Many 
centers have poor ergonomic designs that 
contribute to operator stress and discomfort. 
Common ergonomic design problems 
include the following:C7l 

• Monitors placed above operators' seated 
line of sight. 

• Operators having to look over consoles, 
monitors, and other equipment to view 
monitors on the wall. 

• Inadequate or improper labeling of 
control features. 

• Console heights not adjustable to 
extremely short or extremely tall 
operators. 

Glare is one of the most common problems 
with video display units incorporated into 
workstations. Glare is generally caused by 
either lighting sources at the workstation or 
at other nearby video display units. Glare 
problems can be eliminated by the following 
means:(7l 

• Provide glare shields between video 
display units and light sources. 
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• Cover light sources, including windows. 

• Use task lighting. 

The Human Factors Handbook for 
Advanced Traffic Management Center 
Design (First Edition) provides detailed 
standards and recommendations that should 
be followed in the design of operator 
workstations.<1> 

COMMUNICATIONS SYSTEMS 

In general, system designers need to be 
concerned with three types of 
communications systems when designing a 
freeway management system: 

• The type of communications system that 
links the field devices with the control 
center and permits the transfer of data 
and commands. This type of system 
generally requires a high speed, high 
capacity type of transmission medium. 

• The type of communications system that 
links the computer systems inside the 
control center that are responsible for 
processing information and commands, 
generating displays and reports, and 
interfacing with the control center 
operators. Most freeway management 
systems in operation today use local area 
networks (LANs) to connect their 
computer and display equipment in the 
control center. 

• The type of communications system that 
permits operators in the control center to 
converse with other personnel (and also 
the public) by voice. 

Because of the costs and criticality of the 
first type of communications system, it is 
covered in Module 9. 
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Local Area Networks 

The term Local Area Network (LAN) is 
commonly used to describe the type of 
communications system that links the digital 
computers internal to the control center. By 
definition, an LAN is any 
telecommunications system that serves a 
limited geographic area (typically a single 
building or campus). The term "network" 
refers to the fact that multiple users are 
interconnected. cs) 

No single LAN design is ideal for use in a 
control center. The design of the LAN 
needs to support the functions and the types 
of data exchanges in the control center. The 
simplest type of LAN pemrits the exchange 
of information between computers and 
computer-like devices (such as word 
processors, operator workstations, database 
managers, etc.). More complex forms of 
LANs are required to support the 
transmission of video and audio information 
besides data. 

Components 

While the complexity of the LAN varies 
depending on the type of data being 
transmitted, every LAN has the following 
basic components:C8

) 

• User workstations. 

• Supporting processing equipment. 

• Peripheral equipment. 

The user workstations are the most visible 
component of the LAN. In control center 
applications, workstations may consist of 
conventional PC computers, intelligent 
workstations, or terminals. All these devices 
have the following common functions:<8

l 
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• Display output to users, usually using a 
device such as a video display monitor. 

• Receive data from users entered from a 
keyboard, mouse, or other input device. 

• Interface with the communications 
medium, a function that includes 
formatting and transmitting data at the 
appropriate time and rates. 

• Processes data, depending upon the 
LAN design, the capabilities of the 
workstation, and the type of software 
used. 

Supporting processors, known as servers, 
are connected to the LAN to execute 
functions that cannot be provided by 
individual workstations. Generally, servers 
are used for the following applications:<8l 

• Execute large computer programs that 
exceed workstation capacities. 

• Provide centralized data storage and 
retrieval functions (file servers). 

• Interface with external communication 
facilities ( communications servers). 

• Interface with peripheral devices. 

The capacity of the supporting processors 
can vary from that of a PC to that of a large 
mainframe computer. The number and type 
of supporting processors depend on several 
factors including the following:<8

l 

• The design of the LAN. 

• The number of users sharing the 
supporting processors. 

• The functions being performed by each 
processor. 



In most control centers, a variety of 
peripheral devices are supported on the 
LAN, including the following:<8) 

• Printers. 

• Plotters. 

• Telex. 

• Fax machines. 

• Modems. 

• Optical character readers. 

• Scanners. 

In some systems, the LAN is also used to 
support video and voice transmissions via 
connections to television equipment and the 
telephone system. (B) 

In larger LAN s, a special processor, known 
as the network control station, is often used 
to monitor the communications traffic on the 
LAN continuously, and to accumulate 
statistics on workstation usage, transmission 
quality, and network configuration.<8

> 

Planning for an LAN 

Quite often, LAN s are selected more on the 
basis of vendor recommendations than on 
technical or application requirements; 
however, when planning an LAN system, the 
first consideration should be the selection of 
the type of system or topology that is most 
appropriate for the application requirements. 
Generally, three types of topology (i.e., 
physical shape) are commonly used in 
designing LANs: a star topology, a bus 
topology, and a ring topology. Figure 10-
12 illustrates each of these topologies. 
Advantages and disadvantages of each 
topology are summarized in table 10-3. 
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For simple system requirements, such as a 
few PCs and a file server, an Ethernet type 
of system may be quite appropriate. 
However, for large numbers of PCs with 
large data-transfer volumes, a token ring 
system is more likely to be the best selection. 
A rule-of-thumb is to use a baseband LAN 
for small office systems requirements and a 
token ring for large or host computer­
oriented (mini/mainframe) systems. 

Connections between LAN nodes can be 
established over twisted-pair cable, thin 
coaxial cable, standard coaxial cable, or 
optical fiber. Each of these alternatives has 
increasing capacities. Twisted-pair 
(telephone) cable is smaller and cheaper than 
other communications media, but is subject 
to electrical and radio interference. Coaxial 
can carry higher frequencies and data rates 
than twisted-pair but is more difficult to 
manipulate physically. Optical fiber is 
popular because of its small cable diameter, 
protection against electromagnetic or radio 
interference, low attenuation, and large 
bandwidth, but is generally more expensive 
to install than the other media. Factors that 
influence the selection and implementation of 
communications media used in the LAN 
include the following:<81 

• The amount of data being transferred 
between devices (i.e., capacity levels). 

• The potential for external interference. 

• The physical distance between devices. 

• The potential for future expansion. 

The ability to diagnose and predict its own 
failure is an important factor in designing an 
LAN. Simple layouts and well-established 
procedures should facilitate quick repair.<81 

In addition, system planners should 
anticipate expansion needs in the design of 
the system. The internal design of the 
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Bus Topology -Decentralized control 

Star Topology 

Bus Topology -Centralized control Ring Topology -Centralized control 

Figure 10-12. Examples of Popular LAN Topologies. (S) 

building should incorporate adequate routing 
ducts and conduits to hold all future growth 
needs. In addition, access rooms should be 
provided to ease the job of adding and 
maintaining an LAN.cs) 

Voice Commwtications 

Systems within the control center are also 
needed that allow operators to talk with 
individuals outside the control center. The 
types of voice communication systems 
needed in a control center depend primarily 
upon the functions to be performed by the 
system, existing communications systems, 
local availability, and agency preference. 
Common types of voice communications 
systems included in the control centers 
include the following: 
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• Intercom. 

• Direct line telephone connects. 

• Switching telephone systems. 

• Radio. 

• Cellular telephones. 

Figure 10-13 shows some of the voice 
communications devices used by operators 
at a control center. 

Voice communications are commonly being 
used in control centers for the following 
purposes: 
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Table 10-3. Advantages and Disadvantages of Common LAN Topologies 

I Attributes I Advantages I Disadvantages 

• Communication protocols. • Permits purchase of lower- • All workstations disabled in 
generally controlled by central cost user workstations. event of central computer 
processor. failure. 

• Polling techniques used to • System expansion costly. 
initiate data transfers. 

• Used by popular computer 
operating systems ( e.g., UNIX 
and OS/2). 

• Topology on with both the • Network growth can be • Each processor must provide 
Ethernet and token bus readily accommodated. the capacity required to 
protocols based. execute the user's application 

• Individual workstations initiate software. 
data transfers. • Generally results in more 

expensive workstations. 

• Each node receives "token" • "Tokens" can be passed in • Limited exclusively to token 
transfer data. either direction around the passing techniques. 

• A token is a digital code that ring. 
allows workstation access to 
the network. 

• Each node transfers data in 
tum. 
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Figure 10-13. Typical Communications Devices Used by Operators in a Control Center. 

• Communications with incident response 
teams (including fire, police, emergency 
medical service providers, hazardous 
material teams, etc.). 

• Control of remote and portable 
equipment (e.g., highway advisory 
radios, and variable message signs). 

• Communications with operations and 
maintenance field personnel. 

• Communications with motorist call 
boxes. 

• Transmission of dispatch information, 
data, and calls. 

• Communications with management and 
administrative staff, both internally and 
with outside agencies. 
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STAFFING 

No rigid rules exist for determining the 
number of operators in a control center. The 
number of operators in a control center 
primarily depends on the functions that are 
being performed, the number of facilities 
covered, and the operating objectives and 
philosophy of the center. Table 10-4 shows 
the ultimate staffing requirement of a traffic 
operations center in Orange County. The 
primary function of this traffic control center 
is to detect and clear incidents from the 
freeway at all hours of the day. It also 
supports those individuals involved in the 
continued planning and operation of the 
system, and houses the staff responsible for 
developing operational strategies for special 
events, providing lane closure 
recommendations for construction contracts, 
and responding to major traffic incidents. It 
also houses maintenance dispatching 
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Table 10-4. Staffing Plan for Orange County Traffic Operations Center. (9) 

!Function I Number I 
CALTRANS 

TOC System Manager 1 

Assistant Manager 1 

Receptionist/Clerical 1 

Area Traffic Engineer 5 

Area Traffic Technician 10 

TOC System Operators 9 

Software Support Programmer 1 

Electronic Maintenance 1 
Specialist 

Maintenance Dispatch 1 
Supervisor 

Maintenance Dispatcher 6 

Assistant Maintenance 2 
Dispatcher 

CALIFORNIA HIGHWAY PATROL 

System Coordination Officer 1 

Duty Officer 6 

Media Information Officer 2 

functions for all of the Orange County 
Caltrans District offices_(9l 

Generally, the types of personnel needed in 
the control center of a freeway management 
system include the following:no) 

• Electronic/maintenance technicians. 

• Control center technicians. 

• Communications specialists/operators. 

Hours I Grade I 
0700-1600 M-F Senior Engineer 

1000-1900 M-F Associate Engineer 

0800-1700 M-F Receptionist 

0700-1600 M-F Assistant Engineer 

0700-1600 M-F Engineering Technician 

3 Shifts, 7 Days/\Veek Engineering Technician 

0700-1600 M-F Assistant Engineer 

0700-1600 M-F Electrical Leadworker 

0700-1600 M-F Maintenance Supervisor 

3 Shifts, 7 Daysi\¥ eek Maintenance Man II 

2 Shifts, M-F Student Assistant 

0700-1600 M-F Lieutenant 

3 Shifts, 7 Days/\Veek Traffic Officer 

2 Shifts, M-F 
Media Information 

Officer 

• Software programmers. 

• Computer system operators. 

• Operations supervisor or director. 

Generally, those centers whose functions 
include significant interaction with police 
officers in the field should consider including 
a police liaison officer on their staffs. A 
police liaison officer fosters stronger 
interagency cooperation and can aid in 
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dispatching appropriate police responses to 
incident scenes. 

Qualifications 

Overall, the level of qualifications for control 
center operators should be directly related to 
the design of, and functional allocation 
within, the center. If the operators' 
functions are repetitive, predictable, and 
non-critical, operators with low 
qualifications can be used; however, if 
unique problems are frequent, rapid 
reactions are required, and/or criticality is 
high, operators need to have higher levels of 
training and expertise. As a rule, operators 
must possess good verbal skills, a degree 
of computer literacy, and good reasoning 
skills. Some agencies also require operators 
to have a good working knowledge of the 
freeway system and some dispatching 
experience. C7> 

The qualifications for control center 
operators also vary from center to center. 
For example, some locations employ part­
time students as operators. These students 
are under the supervision of a manager or a 
senior operator. Some control centers use 
operators taken from the agencies' technical 
staff of traffic engineers or computer 
scientists. Often, these operators have other 
assigned technical duties, or may be given 
special projects to work on along with their 
duties in the control center. A few centers 
require their operators to have college 
engineering or technical degrees. Operators 
should possess the following characteristics 
no matter how much education and 
experience they have:(IO) 

• Ability to make good judgment calls 
quickly and accurately. 

• Ability to handle stressful situations. 
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• Good oral and written communication 
skills. 

• Good understanding of the 
transportation language. 

• Good technical skills and good 
interpersonal skills in dealing with 
nontechnical personnel. 

• Ability and willingness to follow 
standard operating procedures. 

• Initiative to learn more about the 
operations of the other functions in the 
control center. 

• Willingness to provide suggestions/ideas 
to promote a more efficient operation. 

• Computer literacy. 

Training 

The training of operators is critical to the 
success of a freeway management system. 
Operators need to be provided with three 
levels of training: technical, operational, and 
managerial. Both formal and informal 
training is needed before the system becomes 
installed, as the system goes on-line, and 
after the system has been operating for some 
time.°0

) 

How much training is required by operators 
in a control center depends on the functions 
to be performed and the level of technical 
competence of the operations staff. 
Technical training is required in a variety of 
areas associated with system operations and 
maintenance, including diagnostic 
procedures for all hardware as well as for 
new upgrade procedures. 

The basic level of training needed by system 
operators includes the following:(7l 



• General principles, operating 
philosophies, and concepts of freeway 
management. 

• An overview of the system, including the 
system schematics, field subsystems, 
communications, central subsystems, and 
proposed or planned system functions to 
be added. 

• Operation and interpretation of system 
software and displays. 

• Basic radio and communications codes 
and procedures. 

• Standard operating procedures. 

• Communicating with other agencies such 
as fire, police, etc. 

At most control centers, new operators 
generally receive one-on-one, on-the-job 
training with an existing operator. 

Besides basic training, operators need to be 
provided with continuous advanced training. 
This advanced training can be adaptable to 
specific issues and needs of the operations 
and maintenance staff. Areas in which 
advanced training may be provided include 
the following:0 ·10J 

• Emergency response procedures. 

• Hazardous material spills procedures. 

• Major accident and disaster clearance 
procedures. 

• Roadside fire response. 

• Multijurisdictional extended pursuits. 

• Release of information to the media. 
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Methods of providing advanced training 
include the following:<7l 

• Lectures or short-courses. 

• Videotape. 

• Simulated events or table top exercises. 

• Computer simulators. 

• Site visits to other control centers. 

Sufficient training should also be provided 
when a new element or application is added 
to an ex1stmg system. This is usually 
accomplished through contract specifications 
with training line items. ClOl In preparing 
contract specifications for training, the 
following should be specified:C11

l 

• The maximum number of persons to 

attend each formal training session. 

• The minimum number of days for each 
training program. (Defining what a day 
is may also be important.) 

• Who will develop and supply all the 
necessary manuals, displays, class notes, 
visual aids, and other instructional 
materials for the training program. 

• Outlines of lectures and demonstrations, 
and samples of all training materials. 
These materials should be submitted to 
the agency for review some specified 
time before their proposed use. Agency 
approval should be specified before the 
training courses can be scheduled. 

• Where training is to be conducted (e.g., 
at a local site designated by the agency 
or at the contractor's facility). If the 
training is to be provided at the 
contractor's facility, the specifications 
also need to define who is responsible 
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for paying the transportation and subsistence 
costs of the agency personnel. 

• All training should be conducted during 
normal business hours of the agency and 
the training site. 

Staffing Sources - Agency versus 
Outsourcing 

Being able to attract and maintain qualified 
control center personnel can be difficult for 
many agencies. Agencies have two basic 
options for staffing their control center: with 
personnel from with the agency, or by 
outsourcing. A pure agency staff has the 
advantage that managers and team leaders 
have a single personnel management system 
to deal with, and team cohesiveness is easier 
to establish and maintain. Outsourcing 
involves hiring private personnel to perform 
some or all of the functions in the control 
center. The primary advantage of 
outsourcing is the immediate availability of 
highly-qualified personnel. Seasonal and 
special events can be adequately staffed with 
limited training and start-up time. In 
addition, private employment agencies are 
not subject to the civil service regulations 
and policies that public agencies must 
follow. Private agencies can be more 
competitive and can pay the market salary 
rates that make it easier to attract and retain 
qualified people. To some degree, many 
agencies already employ outsourcing 
techniques to perform some functions in the 
control center ( such as computer 
maintenance, software development, etc.). 
Those types of positions that can potentially 
be outsourced include the following: 02> 

• Field and electronic technicians with 
communications 
experience. 

or electronics 

• Team managers or leaders from a variety 
of backgrounds. 
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• Control center and communications 
technicians with knowledge, experience 
and training from other private sector 
hardware and software systems. 

• System programmers and computer 
systems analysts with knowledge and 
familiarity of control algorithms. 

SECURITY 

Security surrounding control centers largely 
depends on the nature of the center and its 
objectives. Because of the vast differences 
in the purposes and capabilities of these 
centers, the appropriate levels of security to 
protect them vary widely, as do the 
perceptions of security risk. Many original 
freeway management control centers around 
the country were developed strictly as a 
traffic control measure and, as such, their 
operators did not see any particular threats 
to the facility. This stemmed from a 
perception that there would be little intrinsic 
value in attempting to attack or otherwise 
break into such a facility. In contrast, many 
facilities currently being brought on-line 
incorporate police, transit, emergency 
management, and traffic operations. These 
facilities are perceived to represent a much 
more likely target for computer hackers, 
theft of data, and even potential terrorist 
activities.(13l 

Several generic security measures can be 
taken to limit physical access to 
facilities.° 4

'
15

> A recent article in an 
architectural magazine notes that "effective 
security is an interplay of three elements: 
natural and architectural barriers, including 
anything from landscaping strategies that 
discourage access, to the number, location, 
size, and type of doors and windows; human 
security, including the protection provided 
by guards and other personnel; and 
electronic security, provided by any one of 
the array of systems now available."C15l 



Obviously, location of the facility will play a 
central role in determining what security 
measures are appropriate. Here again, the 
needs of staff should be considered in 
selecting what countermeasures are 
employed.04) Communication systems, 
power supplies, access points, physical 
integrity of the building, and several other 
issues are all directly affected by security 
considerations. In addition, what 
countermeasures can be used is affected by 
building codes regarding access and egress 
during emergencies such as fires. Yet 
another layer of regulatory codes is 
associated with the Americans with 
Disabilities Act, which can affect aspects 
ranging from physical security barriers to 
systems that must accommodate both the 
blind and deaf. 0 5

> Security systems also 
must be designed so that they are not too 
obtrusive, intrusive, or otherwise 
intimidating to employees. 

Computers in the control center are also a 
source of security concern for many 
operating agencies. According to one 
source, the majority of all computer security 
losses have been attributed to errors or 
omissions. Major sources of other computer 
security losses include dishonest and 
disgruntled employees, and external threats 
such as disasters. Only a small percentage of 
security losses were credited to outside 
sources, such as hackers.<16

> The point was 
thus made that "the two most heavily 
publicized types of security problems, 
hackers and viruses, are among the least 
serious threats to most systems." The threat 
from viruses ( on a percentage basis) was 
also apparently small. As much as 80 percent 
of all computer-related damage was 
estimated to be caused internally. 
Nevertheless, because of the publicity 
surrounding hackers and viruses, an undue 
amount of attention is often focused on 
protecting against external threats.c16J 
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The extent of the risk to computer systems 
will vary greatly from agency to agency. 
The determination of how much security is 
necessary reverts to the need for risk 
assessment. Multiple layers of firewalls and 
other security measures may be warranted in 
some systems. Several publications are 
available that offer further detailed 
exploration of computer security measures 
that can be implemented. c16

•
18

•
19

•
20l 

AUTOMATION 

The acceptable level of automation varies 
from site to site. In some locations, the 
long-term goal for their systems is to be fully 
automated while, at other locations, the goal 
is for the operator to continue to be a critical 
element in the operation of the system. Each 
philosophy has significant implications with 
regard to the overall design of the control 
center. 

The role of the operator in a system can be 
defined in terms of whether a human or a 
machine makes the decisions (i.e., closes the 
loop) in a task or process. The role of the 
operator in the decision-making process can 
be placed into four categories:0 1 

• Direct performer. 

• Manual controller. 

• Supervisory controller. 

• Executive controller. 

Under direct performer control, the human 
operator performs all the functions of the 
system. In manual control, the machine 
components are heavily involved in the 
decision-making process as sensors and 
effectors, but the actual loop-closing aspect 
of the function is solely the responsibility of 
the human. In supervisory control, a 
machine component is allowed to close the 
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loop under supervision of a human operator 
who may intervene and adjust or override 
the machine's decision. With executive 
control, the machine is totally responsible for 
performing all functions of the system-the 
operator is only there to keep the machine 
operating. 

A continuum of operator roles exists that 
defines how much automation is needed to 
accomplish a function. At one end of the 
continuum, a function is allocated solely to 
the human, and at the other end, solely to the 
machine. In between, performance of the 
function is shared by human and machine 
components. As shown in figure 10-14, the 
continuum can be divided into four major 
regions; each region defines a generic 
operator role in relation to automation. 
Because it is a continuum, how much 
automation occurs varies within each region. 

How much automation is acceptable in a 
control center varies from center to center, 
depending upon the experience of the 
operators, the operational goals and 
philosophy of the agency, and the 
sophistication of the system. In many 
locations, routine functions in the control 
center can be automated. For example, 
different control centers use different 
methods for generating messages for display 
on variable message signs, including the 
following: 

• Messages are entered manually. 

• Messages are entered manually with 
computer assent. 

• The operator chooses from selection of 
canned messages. 

• The computer determines a response 
plan with the assistance of an operator. 
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• The computer determines and carries out 
a response plan. 

With the current state of technology, it is 
recommended the operator al ways remain 
"in the loop." Automation systems should 
be designed to help and support the 
operators. Operators should be fully aware 
of what information the system software has, 
what the automated systems is doing, why it 
is doing it, and what it is going to do next. 
At a minimum, the operator should be able 
to switch off the automated system to 
prevent future problems or to correct 
improper decisions. 

If automated systems are to be used, the 
level of automation should be gradually 
increased throughout implementation. 
Initially, an operator should be present in the 
control room to review and approve all 
automated system actions. A detailed log of 
automation failures should be kept. As 
failures are eliminated, the role of the 
operator in the decision-making process can 
be reduced. 

JOINT OPERATIONS 

Joint operation can be structured through the 
following: <

4
l 

• Sharing physical resources that are 
common to each agency's operation, but 
operating each system or agency 
component individually. 

• Operating individual or multiple systems 
under one designated management 
structure where operational control is 
centralized. 
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NO EQUIPMENT INCREASING USE NO OPERATOR 
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• CONTROL LOOP 
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•CONTROL LOOP 
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MACHINE ONLY 

•HUMAN MAY START OR 
STOP FUNCTION 

Figure 10-14. Continuum of Operator Roles in Relation to Automation. <7) 

• Delegating day-to-day operations to 
another agency or group (including a 
private entity). 

The ability to engage in joint operations is 
not an easy accomplishment and usually 
occurs because of ongoing relationship 
building. A variety of strategies can be 
undertaken to foster cooperative joint 
operations. No one individual technique or 
action is appropriate for all areas; instead, 
each community must assess its own unique 
situation. Strategies that can be employed to 
foster cooperative and joint operations in a 
control center include the following: <

4
l 

• Ensure that each agency is represented in 
the initial stages of the design and 
program development of the control 
center. 

• Emphasize how projects and programs 
can affect/address needs and problems of 
each agency throughout the development 
process. Look for ways to widen the 
focus of the initial goals of the system to 
help other agencies improve their 
operations. 

• Approach joint operations with an open 
attitude about how overall results can be 
enhanced by sharing resources. 
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• To facilitate sharing and build trust 
among agencies, start joint operations 
with a relatively small and noncritical 
task. Building confidence and trust 
around these smaller elements will 
facilitate the accomplishment of larger 
tasks in the future. 

• Develop an open-ended and flexible 
system architecture such that new 
systems and changes in hardware and 
operating procedures can be 
accommodated easily. 

• Add functions and responsibilities under 
joint operations at a manageable rate. 

• Develop standard operating procedures 
for how the devices in the system can be 
used by each agency in the control room. 
These operating procedures should be 
scenario-based and describe the roles 
and responsibilities of each agency in the 
scenario. 

• Cross-train the staff from each agency so 
that they can do the jobs of the other 
agencies' staffs, and so that each 
operator has an understanding of the 
roles, responsibilities and limitations of 
each agency in the control center and 
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can serve as a backup or substitute in 
crises. 

• Provide a mechanism for positively, 
reviewing and debriefing each others' 
operations with the idea of improving 
the overall operations and capabilities of 
the system. 

10.4 LESSONS LEARNED 

SYSTEM CAP ABILITIES 

It is important to consider system balance 
when deploying a freeway management 
system. System balance is achieved when all 
of the elements of the system are operating 
at their optimum, designed operating levels. 
A system becomes unbalanced when one of 
its elements is forced to operate beyond its 
capabilities. System operators should not 
be expected to do more to manage traffic 
than what the system was designed to do. 
Information should not be distributed and 
strategies should not be employed that are 
beyond the capabilities of the system to 
monitor and carry out. Erroneous 
information, and inappropriate and/or 
inadequate strategies erode public and 
political support for the system. 

OPERATIONS MANUAL 

Even though Federally funded projects 
require an Implementation Plan prior to 
actual system implementation, preparing an 
Implementation plan is a good professional 
practice, regardless of the funding source of 
the project. The plan defines system 
objectives, deployment elements to achieve 
those objectives, a general operations plan of 
how the elements will work together, a 
staffing plan for operations and maintenance 
of the system, and a commitment of 
resources for operation and maintenance of 
the system. The Operations Manual will 

define in more detail the actual day-to-day 
operations in the control center. It is 
essential that the manual be prepared in 
advance of system turn-on and used in the 
training of operators. In addition to the 
control console operation (the physical 
operation and adjustment of hardware and 
software), the Operations Manual must 
provide consistent and appropriate responses 
to similar traffic situations. Consistency can 
be provided by developing response plans 
for different levels of incidents, congestion, 
and traffic situations. The response plans 
should indicate what actions should be taken 
by elements of the system for a given traffic 
situation. Response plans should be well 
documented and placed in an Operations 
Manual. The Operations Manual also 
identifies who is responsible for carrying out 
specific actions. Figure 10-15 outlines the 
basic areas and topics to be included in the 
Operations Manual. 

EFFECTIVE USE OF SYSTEM 
OPERATORS 

Operators can be valuable in assessing the 
quality of operations, and in identifying 
potential operational and design changes in 
a system. The system should be designed to 
support operators and their task of 
maintaining traffic flow. Because they deal 
with traffic situations on a daily basis, they 
are often in a position to know what works, 
what does not work, and what needs to be 
done to improve the system. They can 
provide valuable insight into not only what 
additional hardware and functions are 
needed at the center, but also ways to 
improve the effectiveness and efficiency of 
the overall operation of the system. 

In existing practice, the skills level of the 
individuals staffing and operating freeway 
management centers varies widely from 
system to system. Some agencies use 



General Information About the TMC 
• Mission and functions of the TMC 
• Relationship of the TMC to other transportation 

agencies 
• Organizational relationship of the TMC within 

the agency responsible for administration 
• Diagrams depicting the physical layout of the 

TMC 
Policies and Procedures on Internal Operations 
and Maintenance of the TMC 
• General information on items such as address, 

main telephone number, fax number, 
e-mail, etc. 

• Hours of operations 
• Contact procedures in the case of emergencies 

involving the TMC 
• Telephone procedures 
• Personnel 

- Organizational chart 
- Description of duties for each position 
- Training (required classes and training manuals) 
- Rules of conduct 

• Equipment 
- Authorized use 
- Maintenance 

• Facility management 
- Security procedures and authorized access 
- Backup power 
- Custodial services 

• Software 
- Backup procedures 

•Media 
- Access to center 
- Media guidelines 
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• General public, transportation professionals, and 
VIP's 

- Access to center 
- Conduct of tours 

• Disaster recovery plan 
Policies and Procedures on Traffic Management 
• Incidents (accidents, stalled vehicles, spilled 

loads, etc.) 
- Identification (vehicle detection, 911 calls, 

traffic reporters, etc.) 
- Verification (CCTV cameras, police, or DOT 

personnel) 
- Response plans (ramp metering, traffic signals, 

VMS,HAR) 
- Documentation of incidents 

• Congestion 
- Monitoring 
- Response plans 

• Planned events (including roadway closures and 
maintenance) 

- Obtaining necessary information on planned 
events 

- Response plans 
• Field equipment malfunctions 

- Dispatching of repair crews 
- Documentation 

• Interjurisdicational coordination 
- OtherTMCs 
- Transit agencies 
- Other agencies (highway patrol, police, fire, 

etc.) 
• Information distribution 
- Media 
- Value-added packages of transportation 

information 
- General public 

Figure 10-15. Recommended Topics to be Covered in Operations Manual. <
21
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students as operators, others use 
maintenance personnel, and still others use 
engineers. The key to operation of a 
successful freeway management center is to 
have highly qualified and motivated 
individuals who are both knowledgeable 
about traffic operations and technically 
competent. 

SYSTEM MAINTENANCE 

System maintenance is often overlooked by 
agencies. The performance of any 
operational traffic control system, whether a 
traffic signal system or a freeway 
management system, depends on the 
commitment of the operating agency to 
provide effective maintenance for the 
system. Agencies should not underestimate 
the budgetary or staffing requirements to 
properly maintain the control center and the 
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system as a whole. Agencies must recognize 
that it takes highly skilled individuals to 
maintain today's complex systems. Public 
agencies should be aware of the costs 
associated with attracting, training, and 
retaining individuals with the requisite skills. 

All personnel needed to operate and 
maintain the system should be placed under 
the management of the same individual in the 
agency's administrative hierarchy. The 
individual having the administrative 
responsibility for the control center should 
report to the same individual who has overall 
authority for traffic operations and 
maintenance functions of the agency. This 
individual may be the Head of Traffic 
Operations in larger agencies, the Head of 
Traffic Operations and Maintenance in 
medium-sized agencies, and the Head of 
Transportation in smaller agencies. This 
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administrative structure will aid in 
accomplishing the following: 

• Achieving a balance between funds to 
operate and maintain the system. 

• Effectively addressing conflicts between 
operations and maintenance personnel. 

• Developing a high level of technical 
expertise in operating and maintenance 
personnel. 

• Facilitating interaction and opening lines 
of communications between operations 
and maintenance personnel. 

• Facilitating interagency and intraagency 
communication and sharing of data and 
information. 



Module 10. Control Center 

10.5 REFERENCES 

1. Human Factors Handbook for Advanced Traffic Management Center Design (First 
Edition). Prepared for FI-IW A, U.S. Department of Transportation by the Georgia Institute 
of Technology, Georgia Tech Research Institute, Atlanta, GE, October 1995. 

2. Huchinson, RD. New Horizons for Human Factors in Design. McGraw-Hill Book 
Company, New York, NY, 1981. 

3. Wickens, C.D. Engineering Psychology and Human Performance. Harper Collins 
Publishers, New York, NY, 1992. 

4. Wiersig, D.W. White paper on Joint Operations. Prepared for the National Conference on 
Operating and Maintaining Advance Traffic Management Systems (ATMS) Centers. 
Institute of Transportation Engineers, Washington, DC, 1996. 

5. System Design Specifi.cations for the Regional Integrated Transportation Management 
System. Prepared for the Greater Houston Transportation and Emergency Management 
Center by LORAL Space Information Systems, Transportation Systems Programs, Houston, 
TX, 1995. 

6. Kay, J. Planning a Trafflc Operations Center. FHW A Freeway Surveillance and Control 
Course. California Polytechnic State University, San Luis Obispo, CA, 1993. 

7. Kelly, M.J., Gerth, J.M., and Whaley, C.J. Comparable Systems Analysis: Design and 
Operation of Advanced Control Centers. Report No. FHWA-RD-94-147. FHWA, U.S. 
Department of Transportation, 1995. 

8. Tarnoff, P.J, and Pugh, T. Transportation Telecommunications. NCHRP Synthesis of 
Highway Practice 165, NCHRP, TransportationResearch Board, Washington, DC, 1990. 

9. Orange County SOC Study Site Selection. Prepared by JHK & Associates for District 12 
of the California Department of Transportation, 1993. 

10. Mona, J.A. White Paper on Training. Prepared for the National Conference on Operating 
and Maintaining Advance Traffic Management Systems (ATMS) Centers. Institute of 
Transportation Engineers, Washington, DC, 1996. 

11. Neudotff, L.G. GuMelines for Successful Trafflc Control Systems: Final Report. Report 
No. FHWA-RD-88-014. FHW A, U.S. Department of Transportation, Washington, DC, 
1988. 

12. McMichael, L.N. White Paper on Staffing. Prepared for the National Conference on 
Operating and Maintaining Advance Traffic Management Systems (ATMS) Centers. 
Institute of Transportation Engineers, Washington, DC, 1996. 

10-45 



Freeway Management Handbook 

13. Brehmer, C.L. Addressing Security Issues in ITSIATMS, Compendium: Graduate Student 
Papers On Advanced Surface Transportation Systems, Texas Transportation Institute, 
Report Number SWUTC/96/72840-00003-1, August 1996. 

14. Cooper, W., and DeGrazio, R. Building Security: An Architect's Guide. Progressive 
Architecture, Vol. 76, No. 3, March 1995, pp. 78-81. 

15. Aarons, S. Access Control Systems. The Architect's Journal. Vol. 201, No. 15, April 13, 
1995, pp. 35-36. 

16. Securing Client/Server Computer Networks. McGraw-Hill Series on Computer 
Communications. McGraw-Hill, New York, 1996. 

17. Waller, D. Onward Cyber Soldiers. TIME Magazine. Vol. 146, No. 8, August 21, 1995, 
pp. 38-44. 

18. Olnes, J. Development of Security Policies. Computers & Security, Vol. 8, No. 8, 1994, 
pp. 628-636. 

19. Cohen, F.B. Protection and Security on The Information Superhighway. John Wiley and 
Sons, Inc., New York, 1995. 

20. Sydmonds, I. Security in Distributed and Client/Server Systems-A Management View. 
Computers & Security, Vol. 13, No. 6, 1994, pp. 473-480. 

· 21. Rowe, E. White Paper on Administration. Prepared for the National Conference on 
Operating and Maintaining Advance Traffic Management Systems (ATMS) Centers. 
Institute of Transportation Engineers, Washington, DC, 1996. 

,..-,.-, ... • ,...-,,,.. •• ,,.-, 0 • ".,,,,.., •• ,,....,,. • ..,..,,-,-..-.., ,. ' '" '•~"' ""n ·r--·•" ""~'-ZJ ·,z,,,.,,, l"'"' D""T r-··.,, •~ ... ,.,..,., ·"·'' . ,.~, '"'"'" ~ . .., ... ··• "''"' "·:: ., ....... , . ., ..... .,.. r-•-·· ..... , .. t' '"T" 



Module 11. Economic Ana~ysis 

MODULE 11. ECONOMIC ANALYSIS 

TABLE OF CONTENTS 

11.1 INTRODUCTION ......................................... 11-3 
PURPOSE AND SCOPE ............................................. 11-3 
SYSTEM GOALS AND OBJECTIVES ................................. 11-4 
INTERRELATIONSHIP OF SYSTEM ELEMENTS . . . . . . . . . . . . . . . . . . . . . . . 11-4 
STRUCTURE OF MODULE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-4 

11.2 ESTIMATING COSTS AND BENEFITS ................ 11-4 
SYSTEM COSTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-4 

Types of Costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-4 
Sources of Cost Information ........................................ 11-5 

SYSTEM BENEFITS ............................................... 11-5 
Types of Benefits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-5 
Sources of Benefit Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-6 

IMPORTANCE OF LIFE CYCLE COST CONSIDERATIONS . . . . . . . . . . . . . . . 11-6 

11.3 SYSTEM EVALUATION ................................. 11-7 
DEFINITION OF SYSTEM ALTERNATIVES/COMPONENTS . . . . . . . . . . . . . . 11-7 
ASSIGNING BENEFITS TO ALTERNATIVES .......................... 11-8 
ESTIMATING LIFE-CYCLE COSTS ................................... 11-9 
ANALYSIS TECHNIQUES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-9 

Net Present Worth ............................................... 11-9 
Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-9 
Example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-9 
Other Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-9 

Benefit-Cost and Incremental Benefit-Cost Analysis ..................... 11-11 
Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-11 
Example ................................................... 11-11 
Other Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-12 

Utility-Cost Analysis ................ ~ ........................... 11-13 
Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-13 
Example ................................................... 11-13 
Other Considerations ......................................... 11-14 

Value Engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-14 
Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-14 
Example .. ................................................. 11-14 
Other Considerations ......................................... 11-16 

......... ,. ·-· .,, .. ,, ..... ,._ .• • ...... c-"'C-C'"'" "Si i.i ........ , .... I'···-····• , •• ,. ·r ..... "·. 'I 



Freeway Management Handbook 

Sensitivity Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-17 
Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-17 
Example . .................................................. 11-17 
Other Considerations ......................................... 11-18 

11. 4 REFERENCES .......................................... 11-19 
REFERENCES ................................................... 11-19 
SUGGESTED READING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-20 

11-2 



Module 11. Economic Analysis 

MODULE 11. ECONOMIC ANALYSIS 

Figure 11-1. An Economic Analysis Has Many Components. 

11.1 INTRODUCTION 

Since freeway management systems are 
designed, constructed, and operated and 
maintained with public funding, it is critical 
that economic analyses are conducted to 
ensure that public funds are spent prudently. 
In addition to being used to determine which 
alternative system offers the most potential, 
economic analyses serve to justify the cost­
effectiveness of system installations to 
elected officials who oversee public funding, 
as well as to the public whom these elected 
officials serve. If funding for new freeway 
management systems, or funding for 
operating and maintaining existing systems is 
to continue, it is critical that elected officials 
and the public be made aware of the benefits 
of the freeway management system. 
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PURPOSE AND SCOPE 

This module serves to give guidance to 
planners and designers responsible for the 
economic justification of freeway 
management systems. Planners and 
designers must be familiar with the costs and 
benefits expected from freeway management 
systems in order to justify the installation 
and continued operation of these systems. 
This module provides typical capital costs 
associated with the design and construction 
of freeway management systems, as well as 
typical continuing costs associated with their 
operation and maintenance. Also provided 
in this module are typical quantifiable and 
nonquantifiable benefits that can be expected 
from the implementation of freeway 
management systems. 
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SYSTEM GOALS AND OBJECTIVES 

The primary function of freeway 
management systems is the real-time 
management of recurrent and nonrecurrent 
congestion. It is the goal of planners and 
designers to provide efficient, cost-effective 
freeway management systems that meet 
defined system goals. A successful freeway 
management system meets or exceeds 
defined system goals, thus producing 
benefits such as delay reductions and 
increased safety to freeway users that 
outweigh the system's initial capital costs 
and its associated lifetime operating and 
maintenance costs. 

INTERRELATIONSHIP OF 
SYSTEM ELEMENTS 

Costs associated with freeway management 
systems, whether capital costs or operation 
and maintenance costs, are readily available 
and easily measured in monetary terms. 
However, benefits accrued from various 
freeway management system elements are 
sometimes more difficult to quantify, due to 
the interrelationships that exist among the 
various system elements. For example, 
dynamic message signs (Module 7) and 
ramp meters (Module 5) both contribute to 
reducing freeway congestion. The benefits 
of each of these elements could be measured 
(via travel time studies, vehicle counts, etc.) 
if they were implemented alone within the 
freeway section. However, the benefits of 
stand alone systems are not necessarily 
additive. Rather, the effects of these 
components interact with each other. In the 
above example, the provision of real-time 
information via dynamic message signs might 
cause some drivers normally intending to 
enter the freeway to utilize another route to 
their destination. This would reduce the 
traffic demands at the entrance ramps, and 
influence the magnitude of benefits that 
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would be achieved with a ramp metering 
system that was also implemented in the 
freeway corridor. 

STRUCTURE OF MODULE 

The next section of this module, Estimating 
Costs and Benefits, describes the types of 
costs and benefits normally associated with 
freeway management systems. The section 
that follows, System Evaluation, describes 
the different economic analysis techniques 
that are available to evaluate and justify 
freeway management system expenditures, 
and to compare various system alternatives. 
Using the cost and benefit estimating 
procedures described subsequently, 
designers and planners can utilize their cost 
and benefit data to conduct economic 
analyses. 

11.2 ESTIMATING COSTS 
AND BENEFITS 

SYSTEM COSTS 

Types of Costs 

Costs associated with freeway management 
systems can be classified as follows: 

• Capital costs. 

• Continuing costs. 

Capital costs include all costs associated 
with the design and construction of freeway 
management systems ( or component 
thereof). Items classified as capital costs 
include: 

• Design costs. 

• Right-of-way costs. 

• Equipment costs. 



• Construction costs. 

• Software development costs (including 
system integration). 

Continuing costs are those associated with 
ongoing operations of the freeway 
management system. These costs include 
the following: 

• Equipment and infrastructure 
maintenance costs. 

• Equipment replacement costs. 

• Staffing costs to operate the system 
( operations personnel, clerical personnel, 
public information personnel, etc.). 

• Utilities costs. 

• Leasing costs ( communications, control 
center space, etc.). 

Sources of Cost Information 

Each freeway management system is 
(presumably) a compilation of components 
and techniques designed to meet specific 
goals and objectives of the region. 
Technology used for freeway management is 
constantly being improved. In addition, the 
unique characteristics of each system (the 
components employed, the method of their 
integration, etc.) heavily influence the costs 
of previous systems. Consequently, 
"typical" costs associated with freeway 
management systems are generally not 
available. 

Those involved in the planning, design, and 
evaluation of such systems are well-advised 
to communicate directly with vendors of the 
various system components to obtain the 
most recent cost estimates. As an 
alternative, personnel in other locations who 
have recently implemented freeway 
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management systems with components of 
interest can serve as a source of cost 
information. However, the reader must be 
cautioned that these cost experiences can be 
heavily influenced by site-specific factors, 
and so may have little (if any) relevance to 
the freeway management system project of 
interest. 

SYSTEM BENEFITS 

Types of Benefits 

An economic analysis requires the 
measurement of the benefit of a new or 
improved system relative to the existing 
system. To do this, the analysis compares 
existing conditions with those anticipated 
from the improvements. It must always be 
remembered that a freeway management 
system can produce a number of benefits, 
some of which can be quantified ( e.g., the 
reduction in total system delay) and some of 
which cannot (e.g., improvement in driver 
perception of the transportation agencies in · 
the region). Furthermore, while some of the 
quantifiable benefits can be converted to 
monetary value (e.g., a reduction in fuel 
consumption and motorist delay), other 
benefits do not easily lend themselves to 
monetary conversion ( e.g., the reduction in 
vehicle emissions). 

Traditionally, benefits analyses for traffic 
operations projects such as freeway 
management systems have typically focused 
on the reduction in road user costs, which 
can be categorized as follows:(l) 

• Reductions in motorist travel time. 

• Reductions in vehicle operating costs. 

• Reductions in accident costs. 

Vehicle operating costs typically are broken 
down as follows: <2) 



Freeway Management Handbook 

• Fuel consumption. 

• Lubricants. 

• Vehicle maintenance (labor and parts). 

• Vehicle depreciation. 

• Interest on loans. 

• Other wages. 

• Overhead. 

In many instances, analysis of alternative 
accident costs is problematic because of a 
lack of available data. Consequently, an 
evaluation may be limited to travel time and 
vehicle operating costs only. <3, 

4
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Although not easily quantifiable in terms of 
dollar benefits, the effect of a traffic control 
system on vehicle emissions is typically a key 
issue. Improved traffic control systems 
often provide the potential for emission 
reductions. Fortunately, most traffic 
simulation models available for evaluating 
traffic control systems include vehicle 
emissions estimates as part of the measures­
of-effectiveness outputs. Because of the 
complexities and variabilities associated with 
vehicle emissions, these values should be 
used primarily for order-of-magnitude 
comparisons between the various 
altemati ves. 

Sources of Benefit Information 

As with cost estimates, estimates of benefits 
of a freeway management system cannot 
simply be obtained from the literature. 
Existing traffic conditions before system 
implementation, the existence and stability of 
working relationships between agencies, the 
specific combination of subsystems 
incorporated into the overall freeway 
management system all contribute to its 
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overall success and impact in the region. 
Experiences with past projects indicate that 
benefits of freeway management may be 
quite substantial. <5,

6l However, the analyst 
should focus his or her attention on 
identifying recent projects that bear some 
resemblance to his or her own situation. 

Generally speaking, traffic simulation 
analyses provide an objective mechanism to 
help assess the traffic impacts of certain 
combinations of freeway management 
subsystems (traffic simulation models are 
discussed briefly in Module 2). 
Unfortunately, one of the major limitations 
of most of these models is the limited 
representation of how drivers actually 
respond to the introduction of these 
subsystems with respect to their route, 
departure time, and mode choice decisions. 
These limitations should be taken into 
consideration when interpreting the outputs 
of simulation. Again, sensitivity analyses are 
important to developing an understanding of 
how reasonable the simulation estimates are, 
and how much confidence the analyst should 
place in them accordingly. 

IMPORTANCE OF LIFE CYCLE 
COST CONSIDERATIONS 

Frequently,, in efforts to secure capital 
funding for freeway management systems, 
the continuing costs associated with 
operating and maintaining these systems. are 
not given proper consideration. Continuing 
costs are just as important as, if not more 
important than, capital costs. Adequate 
funding for operations and maintenance, 
including funding to replace system 
components when their useful lives have 
expired, is essential for successful freeway 
management. 

When conducting economic analyses for 
freeway management systems, a system's 
continuing costs must be accounted for 



along with its capital costs. Along this note, 
capital cost savings resulting from low bid 
procurement procedures can often result in 
greater continuing costs down the road. 
Capital cost savings associated with 
installing equipment that is inferior in terms 
of constructability and design features may 
ultimately increase the system's costs over 
its useful life, due to a reduced capability to 
handle future technology advances, more 
frequent replacement of equipment, etc. 

Another reason for using life-cycle costs is 
to account for the fact that different system 
components often have quite different useful 
service lives. For example, Table 11-1 
presents estimated service lives of some 
common freeway management system 
components. As the table illustrates, 
component service lives can range from 5 
years or less to as much as 20 years. (S> 

11.3 SYSTEM EVALUATION 

The evaluation of the economic viability of 
the alternatives selected for consideration 
provides an objective basis for deciding 
which alternative, if any, should be funded. 
It also provides information that can be used 
to gain political and public support of the 
alternative determined to be the most 
beneficial (indicating the expected reduction 
in motorist costs or burdens for the money 
that will be invested). The alternatives 
evaluated represent a trade-off between 
various combinations of system components 
or subsystems, and can become quite 
complex. 

A number of different considerations are 
required in any economic analysis of a 
freeway management system. The analysis 
itself can involve one or more of the analysis 
tools available. Some of the major 
considerations and analysis tools available 
are discussed in the following sections. 
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DEFINITION OF SYSTEM 
ALTERNATIVES/COMPONENTS 

The decision process described in 
Module 2 and emphasized in each of the 
other modules in this handbook is intended 
to provide an objective, systematic method 
of determining appropriate analysis 
alternatives. Once again, it is worth 
reiterating that the analyst and/or designer 
must base alternatives on the goals, 
objectives, and functions that the freeway 
management system is intended to achieve. 
The development of alternatives for analysis 
then evolves naturally from these intended 
functions. One of the options that should be 
evaluated is the "do nothing" alternative. 
This is an important benchmark to be used 
for evaluating the benefits of investments in 
freeway management alternatives. 

As indicated earlier in this module regarding 
system benefits, a key consideration during 
this alternative development phase is to fully 
recognize the synergies that can develop 
from implementing certain combinations of 
components or subsystems of a freeway 
management system. For example, the 
implementation of closed-circuit television 
may not only assist in the detection and 
verification of an incident, but also prove 
useful to agencies in verifying whether a 
real-time traffic message is properly 
displayed on a nearby changeable message 
sign. At the same time, it is important to 
realistically assess how certain components 
or subsystems will actually perform, given 
the presence of other components in the 
system. For instance, it may be 
inappropriate to consider a series of 
inductive loop detectors installed over a 
section of freeway as detecting X number of 
incidents per day ( estimated from previous 
incident experiences elsewhere) when a toll­
free telephone hotline has also been 
established for cellular telephone users in the 
region to call in and report incidents. 
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Table 11-1. Selected Freeway Management System Component Service Lives (BJ 

Freeway Management System Component Estimated Service Life (yrs) 

Surveillance: 
Inductive Loop Detectors 
Automatic Vehicle Identification 
Automatic Vehicle Location 
Video Imaging/Closed Circuit Television 
Vehicle Emissions 
Call Boxes 

Toll Facilities: 
Plazas 
Readers 

Ramp Control: 
Ramp Meters 

Information Dissemination: 
Dynamic Message Signs 
Highway Advisory Radio 
Information Kiosks 

Communications 
Wireline 

Transportation Management Center 
Computer Hardware 
Computer Software and Intearation 

Experience suggests that the vast majority of 
incidents will likely be detected from the 
hotline, rather than from the loop 
detectors.(7) Additional information 
concerning incident detection technologies is 
presented in Module 8. 

ASSIGNING BENEFITS 
TO ALTERNATIVES 

Also, as stated earlier in this module, it is 
sometimes very difficult to properly assess 
the benefits associated with the 
implementation of a freeway management 
system, when the system is comprised of 
several different components which interact 
and affect traffic in some unknown manner. 
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The possible interrelationship between 
dynamic message signs and ramp metering 
subsystems was offered as one example. On 
the other hand, truck lane restrictions and a 
ramp metering subsystem could generate 
possibly adverse interactions (e.g., by having 
all trucks in the lane where ramp vehicles 
were attempting to merge). 

Unfortunately, no hard and fast rules are 
available to determine how the introduction 
or elimination of specific components or 
subsystems affects the impact of other 
components in a freeway management 
system. The analyst must rely on judgement 
and experience to generate a best-guess in 
these instances. The uncertainty inherent in 



the analysis of benefits is why sensitivity 
analyses are so important to include as part 
of the analysis plan. (Sensitivity analysis is 
discussed briefly later in this module.) 

ESTIMATING LIFE-CYCLE COSTS 

When estimating the costs of a freeway 
management system alternative, it is critical 
to include not only the capital costs 
associated with designing, purchasing, 
and/or constructing the system alternative, 
but also the ongoing operating and 
maintenance costs that will be required to 
keep the alternative operational until it 
reaches the end of its useful life cycle. These 
life-cycle costs are the most appropriate way 
to evaluate freeway management system 
components. 

Data from vendors or other operating 
agencies should be consulted when 
attempting to identify the various costs 
associated with a particular freeway 
management system alternative. In the 
absence of available data, some analysts have 
taken a percentage of the capital costs of a 
component as a measure of the operations 
and maintenance costs. The recent ITS 
Architecture Cost Analysis, for example, 
estimates operations and maintenance costs 
for many of the ITS technologies to be 
implemented in the future as between 2 and 
10 percent of expected capital costs of those 
technologies. <Sl 

ANALYSIS TECHNIQUES 

Net Present Worth 

Description 

Computation of an alternative's net present 
worth involves a conversion of all costs and 
benefits of an alternative that are incurred at 
the alternative's initiation and throughout its 
useful life (life-cycle) to an equivalent 
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current value.<9l The current value of the 
equivalent costs is subtracted from the 
current value of the equivalent benefits of 
the alternative. If the benefits exceed the 
costs, the alternative can be justified 
economically. Furthermore, comparisons 
among alternatives are straightforward; the 
alternative that provides the greatest 
additional benefits over costs (sometimes 
referred to as "excess benefits") is said to 
have the greatest net present worth. 

Example 

An analysis of alternative communication 
systems for a traffic control system in a 
central business district provides an excellent 
example of the application of the net present 
worth method to alternatives evaluation.<10) 

Alternatives considered included installed 
twisted-wire pair (TWP), lines leased 
through the telephone company (TELCO), 
or installed fiberoptic lines. Table 11-2 
summarizes the estimated capital and 
maintenance costs for each alternative over 
its 15-year lifespan. As the table illustrates, 
the TWP alternative provides the lowest net 
present worth of costs to the agency 
($1,925,764). 

Other Considerations 

This analysis approach is perhaps the 
simplest to explain and the most 
understandable to the general public. 
Unfortunately, the net present worth method 
does not necessarily convey the relative 
economic merits of various alternatives as 
compared to the risk associated with the 
investment in that alternative. Most freeway 
management systems must compete for 
limited funds with other types of 
transportation improvement projects. Two 
alternatives may be capable of generating the 
same amount of excess benefits over their 
costs. However, if one alternative requires 
only a fraction of the cost of the other 
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Table 11-2. Example of a Net Present Worth Evaluation (Adaptedfromio) 

Annual Main- Maintenance Net 
Alternative Capital Costs($) tenance Costs($) Present Worth ($l 

Twisted-Wire Pair (TWP) 
Conduit: 15,600@$50 780,000 39,000 367,501 
RCU: 196@$1,200 235,200 23,520 221,631 
Modems: 33@$180 5,940 594 5,597 
Cable: 76,000@$1 76,000 3,800 35,808 

1,600@$1.50 2,400 120 1,131 
2,000@$2 5,000 250 2,356 

Prep: 62,400@$3 187.200 0 0 
TOTALNPW 1,291,740 634,024 

Leased Telephone Lines (TELCO) 
Conduit: 3,920@$50 196,000 9,800 92,346 
RCU: 196@$1,200 235,200 23,520 221,631 
Modems: 33@$180 5,940 594 5,596 
Cable: 3,920@$1.80 7,056 353 3,326 

3,920@$3.30 12,936 647 6,096 
Other: 196@$143 28,028 0 0 
Annual Lease Charges: 0 138,336 1.303.553 

TOTALNPW 485,160 1,632,548 

Fiberoptic Lines 
Conduit: 15,600@$50 780,000 39,000 367,501 
RCU: 196@$1,500 294,000 29,400 277,039 
Modems: 33@$415 13,695 1,370 12,910 
Cable: 78,000@$3 234,000 11,700 1010,250 
Prep: 62,400@$3 187.200 0 0 

TOTALNPW 1,508,895 767,700 

a Annual Maintenance Costs multiplied by present worth factor (7%, 15 years) of 9.4231 
RCU = Remote Communications Unit 

Total Net 
Present Worth ($) 

1,925,764 

2,177,708 

2,276,595 

~ 
(1) 
(1) 

~ 
-<: 

~ 
Qi 
1Q s 
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~ 
§: 

~ 



alternative, the partners receive a better 
return on the investment by choosing the 
lower-cost alternative (and are risking a 
lower amount of capital in so doing). 
Consequently, a benefit-cost analysis, as 
described in the next section, provides a 
more accurate picture of the relationship 
between the potential benefits and costs of 
freeway management system alternatives. 

Benefit-Cost and 
Incremental Benefit-Cost Analysis 

Description 

The Benefit-Cost (B/C) analysis technique is 
perhaps the most widely accepted 
methodology for evaluating transportation 
improvement alternatives. The B/C ratio is 
simply the equivalent benefit of an 
alternative divided by the equivalent cost of 
that alternative: 

B/C = (benefits of alternative i) 
(costs of alternative i) 

Benefit-cost comparisons are possible when 
the benefits of an improvement can be 
assigned a monetary value. If the benefits of 
an alternative exceed its costs, the 
improvement is economically justifiable. 
Furthermore, the ratio of each alternative 
provides a convenient basis for comparison, 
providing a measure of the dollars of 
expected benefit of an alternative for each 
dollar spent on that alternative. 

If system alternatives being analyzed build 
upon each other in terms of the costs, 
quantities, complexities, etc. of components 
that meet the system goals and objectives, it 
may be more appropriate to consider an 
incremental benefit-cost analysis. For this 
approach, the benefits and costs considered 
for each alternative are not the totals, but 
rather the additional benefits achieved and 
costs incurred over the next expensive (and 
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presumably effective) alternative. This 
analysis considers, in effect, whether an 
investment necessary to achieve the next 
incremental step in the system can be 
justified in terms of the incremental benefits 
that would be achieved. 

Example 

Table 11-3 presents the results of a benefit­
cost sketch-planning analysis of alternatives 
to address mobility and congestion problems 
in Salt Lake City, Utah.<11

) Analysts 
identified five alternative improvement 
categories: 

• Highway capacity expansion (HWY) to 
add freeway lanes. 

• Transportation system management 
(TSM) actions (enhanced bus service in 
the corridor). 

• HOV lane addition. 

• Light Rail Transit (LRT) addition to the 
corridor. 

• Travel Demand Management (TDM) 
action to collect tolls within the corridor. 

Capital, operation, and maintenance costs 
for both the highway and transit agencies 
were calculated for each alternative, based 
on available literature. Benefits estimated 
for each alternative consisted of estimated 
travel time savings, vehicle operating cost 
reductions, reduced vehicle emissions, 
accident cost reductions and other external 
benefits, and revenues generated through 
additional parking fees. Based on the 
assumptions made, some of the alternatives 
were estimated to experience negative 
benefits (sometimes referred to as dis­
benefits) in one or more of these categories. 
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Table 11-3. Example of a Benefit-Cost Analysis <11l 

Benefits and Costs (in millions of dollars) 

HWY TSM 

Benefits 
User 22.5 21.8 
Revenues 0.0 0.0 
External -21.0 2.0 
Emissions -0.9 0.6 
TOTAL 0.6 24.4 

Costs 4.7 5.9 

B/C Ratio 0.12 4.14 

As table 11-3 illustrates, the TSM alternative 
was estimated to provide the highest B/C 
ratio (4.14). This indicates an expected 
$4.14 benefit to be received for every $1 
spent by the public agency on the alternative. 
The HOV and TDM alternatives also 
provided a reasonable B/C ratio, returning 
$3.45 and $3.01, respectively, for every $1 
invested on that alternative. 

The HWY and LRT alternatives, however, 
resulted in B/C ratios less than 1. This 
indicates that these alternatives are not 
attractive investments, providing only $0.12 
and $0.64 benefits per $1 invested. It should 
be noted that significant external disbenefits 
(expected accident increases due to 
increased vehicle demand on the facility) 
caused the relatively poor result for the 
HWY alternative. For the LRT alternative, 
the high capital cost required was the main 
factor causing the low B/C ratio. 

As an example of the incremental B/C 
analysis, suppose that the TSM alternatives 
described above had initially consisted of 
potential bus service improvements on four 
different routes in the corridor. Estimated 
benefits and costs for each route might have 
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HOV LRT TDM 

24.1 20.6 -16.6 
0.0 2.5 33.1 
4.3 5.7 22.7 

_u _L2 ~ 
30.6 30.7 44.2 

8. 48.1 14.7 

3.45 0.64 3.01 

been as shown in table 11-4. Examining the 
economic viability of each route separately 
clearly shows that the expenditures on routes 
1 through 3 would be justified (B/Cs for 
each greater than 1 ), whereas those for route 
4 would not (B/C less than 1 ). Furthermore, 
if the analyst had only considered the four 
routes together without analyzing them 
incrementally (using the numbers in the last 
column of table 11-4), he or she would have 
incorrectly concluded that the TSM 
improvements should be made to all four 
routes. 

Other Considerations 

The benefit-cost (or incremental benefit­
cost) analysis methodology provides an 
objective means of comparing the 
quantifiable and monetarily-based benefits of 
an alternative to the costs of that alternative. 
Unfortunately, not all quantifiable benefits 
are easily converted to a monetary value (the 
reduction in vehicle emissions, for example). 
Likewise, some benefits are not easily 
quantified (e.g., the improvement in public 
perception of a transportation agency due to 
improving the availability of traffic 
information in the freeway corridor). 
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Table 11-4. Example of an Incremental Benefit-Cost Analysis 

TSM Components (Bus Service Improvements) 

Route 1 Route 2 

Benefits 7.1 10.0 

Costs 1.0 2.0 

B/C Ratio 7.1 5.0 

Because of this, alternative analyses are 
often needed to help assess which alternative 
systems or subsystems meet their objectives 
in the most economical manner. The utility 
cost analysis, described below, is one such 
analysis approach. 

Utility-Cost Analysis 

Description 

Although a benefit-cost ( or incremental 
benefit-cost) analysis is a direct method of 
determining whether a freeway management 
system alternative is economically viable, 
such an analysis can be performed only if the 
benefits to be accrued can be estimated in 
monetary terms. For many goals and 
objectives of freeway management, this is 
not possible. In these cases, a utility-cost 
analysis approach is commonly utilized. The 
term cost-effectiveness is sometimes used 
interchangeably with the term utility-cost 
analysis.02) 

In a utility-cost analysis, utility measures of 
performance goals or objectives are created 
to estimate system benefits. Typically, a 
project team or expert panel subjectively 
rates (from O to 10 or on a similar scale) 
how well an alternative is expected to 
achieve each of the objective or performance 
criteria. Weighting factors (summing to 
unity) are also estimated for each of the 
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Route 3 

7.3 

2.9 

2.5 

objective or performance criteria, and 
multiplied by the rating given to that 
objective/criterion. These "utilities" of each 
of the objective/criteria are then summed to 
determine the total system utility. Dividing 
the system utility by total system cost 
represents the utility-cost factor for a 
particular system. The basic steps in a 
utility-cost analysis are as follows: <4• 9) 

• Define goals and subgoals (done as part 
of the decision process). 

• Weigh each goal. 

• Weigh each subgoal. 

• Rate the utility of each goal/subgoal. 

• Compute utility-cost ratio. 

Example 

Figure 11-2 illustrates a computational 
procedure presented elsewhere, that rates 
each alternative of a traffic control project 
against the specified requirements for that 
project. CI

3
> The ability of each alternative 

system to meet each requirement is rated 0 
to 10. Zero indicates that the system does 
not satisfy the requirement at all, while 10 
indicates total satisfaction. This internal 
rating scale measures how well an alternative 
system satisfies a requirement. Multiplying 
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the individual rating by a relative weight 
creates the utility value for that requirement. 
The sum of individual utility values gives an 
overall utility rating for each alternative. 

Other Considerations 

It is tempting to use the utility cost ratio only 
to compare alternative system designs, 
selecting the one with the greatest ratio. 
However, this conclusion may prove faulty 
because a simple, inexpensive system with 
low utility and low cost may have the same 
ratio as a sophisticated, but more expensive 
system with high utility and satisfying all 
defined requirements. The analyst must also 
assess whether the low-cost option satisfies 
all of the system objectives and functions. 
Conversely, the analyst must determine if 
funds are available to implement the more 
expensive alternative. If the alternative 
exceeds available funds, one or more of the 
components may need to be removed or 
modified, leading to a new rating of 
expected performance and a new utility cost 
ratio. 

Value Engineering 

Description 

Value engineering is an organized effort 
directed at analyzing the function of an item 
with the purpose of achieving the required 
function at the lowest overall cost.<1 4

l The 
relationship between value and function is 
expressed as follows:< 15l 

Value = (Functional Performance )/Cost 

From this equation, it is evident that value is 
increased in one of two ways: 

• Value is increased by reducing costs, if 
performance is maintained. 
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• Value is increased by increasing 
performance (but only if increased 
performance is needed and the user is 
willing to pay for it). 

A critical step in any value engineering is to 
identify and assess the function(s) of the item 
or service under study. These functions are 
categorized as basic or secondary. Basic 
functions are those which are absolutely 
essential in order for the item or service to 
perform its purpose. Secondary functions 
are those related to esteem, appearance, or 
convenience. Finally, the basic functions are 
organized into a logical, hierarchial 
sequence. This makes it possible to identify 
the principle function(s). It is these principle 
function(s) which are used to judge value.<16l 

Example 

An evaluation of candidate channelizing 
devices to be used during a work zone lane 
closure on a section of freeway are presented 
in tables 11-5 and 11-6. Six alternative 
channelizing devices are considered: 

• Type I Barricades. 

• Type II Barricades. 

• Vertical Panels. 

• Cones. 

• Tubes. 

• Drums. 

Key measures of functional performance to 
be included in the analysis are mean 
detection of an array of each type of device 
at the closure. and the mean distance at 
which drivers change lanes upstream of the 
closure when each device is present. Table 
11-5 summarizes these distances.°6l Table 
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Ablllty of Alternative Syll'l•m• 
ta M..t Elloh Requlnim•nt 

Rating (0 'to 10, 

-~ 

Relative 
lmportanoa 

of Each Alternatlvw Altamatlva Alternatlvlt 

............ t Raqulran-,t Syatam Systam Syatttm 
Sum= 100 , 2 3 

Intensity of CCTV coverage 25 4 100 7 175 10 250 

Spacing of mainline monitoring 25 2 ~ 6 150 8 200 
station 

B 5 40 4 32 7 56 

4 10 40 6 24 6 24 

16 10 160 7 112 7 112 

etc, 

-- -- -- -
100 390 493 642 

• Relative weight scale 

..... ,... 

.... 

How important is this requirement in this jurisdiction? The 
total of these values must equal 100 . 

Internal rating scale 
How well does this alternative system satisfy this require­
ment? The range of this value is between O and 10 where 0 
means the system cannot accomplish this function, and 10 
means the requirement is totally satisfied. 

Utility value 
Obtained by multiplying the internal rating scale by the rela­
tive weight of each requirement. These values are summed 
to determine the total utility of each alternative. 

Figure 11-2. Example of Utility Cost Analysis. <13
) 
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11-6 then provides the costs and resulting 
value estimates for each device. 

Engineering judgement must be used to 
some degree in value engineering analyses. 
As can be seen in table 11-6, no one device 
provides the best value for both functional 
performance measures in both day and night 
conditions. In this analysis, vertical panels 
and drums were said to be "good values" 
( entailing lower costs for unit functional 
performance) for combined day and night 
use at freeway work zones. They were at or 
near the bottom of cost per unit of detection 
distance or lane change distance for both day 
and night conditionsY61 

Other Considerations 

A project team or expert panel approach is 
used in this analysis process, just as for a 
utility-cost evaluation. The principal 
difference between value engineering and 
utility cost evaluation is in how item 
performance is accounted for in the analysis. 
Whereas the utility cost approach assigns a 
subjective measure of utility to otherwise 
nonquantifiable performance measures, the 
value engineering approach depends on the 
ability of the analyst (or project team) to 
define a quantifiable measure of performance 
for the primary function(s) of the alternative 
being evaluated. 

Table 11-5. Mean Detection and Lane Change Distances for Channelizing Devices. CI&J 

Mean Array Detection Mean Lane Change 
Distance (ft) Distance Before Taper (ft) 

Device Type 
Day Night Day Night 

Type I Barricades 4,250 3,150 640 660 

Type II Barricades 4,100 2,800 400 810 

Vertical Panels 4,400 3,300 370 500 

Cones 4,400 1,450 460 250 

Tubes 3,200 1,900 620 350 

Drums 4,200 3,000 540 560 
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Table 11-6. Example of Alternative Channelizing Device Values. (lG) 

Device Cost Per 100 ft Array Cost Per 100 ft Mean 
Array Detection Distance ($) Lane Change Distance ($) 

Device Type Cost($) 
Day 

Type I Barricades 

Type II Barricades 

Vertical Panels 

Cones 

Tubes 

Drums 

Sensitivity Analysis 

Description 

40 

45 

22 

18 

22 

25 

Uncertainty is a part of most economic 
analyses of freeway management system 
alternatives. Quickly changing technology 
results in cost estimates during construction 
and operations that may cliff er from those 
obtained during the data collection phase of 
the analysis. Estimates of benefits are 
commonly based on simulation analyses or 
upon documented experiences of other 
agencies that have implemented similar 
alternatives. The extent to which these 
experiences will be realized in the project of 
interest are generally not known until after 
implementation. 

It is always tempting to avoid an explicit 
evaluation of uncertainty by basing the 
analysis on a "conservative" estimate of the 
uncertain variables. Unfortunately, the 
analyst may not always know whether a 
conservative estimate-in the sense that it is 
supposed to lead to an underestimate of net 
benefits-requires a value that is higher or 
lower than the most likely estimate. (lZ) The 
simplest way of allowing for uncertainty is 
by means of a sensitivity analysis: 

0.94 

1.10 

0.50 

0.41 

0.69 

0.60 
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Night Day Night 

1.27 6.25 6.06 

1.61 11.25 5.56 

0.67 5.95 4.40 

1.24 3.91 7.20 

1.16 3.55 6.29 

0.83 4.63 4.46 

systematically varying the value of key 
assumptions and parameters to objectively 
evaluate their importance. A sensitivity 
analysis is appropriate for any type of 
economic analysis (net present worth, 
benefit-cost, utility-cost, or value 
engineering). 

Example 

The example presented earlier for the 
benefit-cost analysis provides an excellent 
example of the importance of conducting 
sensitivity analyses in economic evaluations. 
The results presented in table 11-3 indicated 
that bus scheduling improvements (labeled as 
the TSM category) provided the best 
benefit-cost ratio, followed closely by the 
addition of an HOV lane and transportation 
demand management (TOM) alternatives. 
Building additional freeway capacity (HWY 
alternative) and a light rail transit (LRT 
alternative) were computed to have benefit­
cost ratios less than 1. However, these 
results assumed that a significant increase in 
vehicle demand would be generated by the 
addition of freeway capacity, and that this 
would increase accident rates and costs 
significantly. Likewise, TDM actions were 
assumed to result in significant decreases in 
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travel demand, significantly reducing travel 
demandsY'l 

Analysts tested the sensitivity of the results 
to this assumption by computing a benefit­
cost ratio for each alternative without 
assuming significant changes in demand. In 
other words, they evaluated the effects of 
these alternatives upon existing travel 
demand patterns. The results, shown in 
table 11-7, indicate extreme sensitivity to the 
assumption about changes in future demand. 
Whereas the HWY alternative was not viable 
(benefit-cost ratio less than 1) when 
significant accident cost increases were 
assumed to occur, the alternative becomes 
the most attractive alternative (benefit-cost 
ratio of 4.60) when accidents are not 
assumed to increase significantly over the 
existing levels.°0 

Other Considerations 

The range of variation of key assumptions 
and parameters in a sensitivity analysis can 
either be a specified amount, say 10 percent 
above and below the central estimate, or can 
be related to the inherent uncertainty 
associated with the central estimate itself. In 

the latter case, the ranges would represent 
best-guess estimates of possible "high" and 
"low" values of the parameters, not 
necessarily uniformly distanced from the 
most likely value. 
A properly conducted sensitivity analysis 
quickly shows which estimates are most 
important and gives the engineer a general 
idea of the following: (2) 

• Those aspects which justify further work 
to narrow the range of uncertainty. 

• The qualitative uncertainty associated 
with the scheme as a whole. 

When a quantitative evaluation of 
uncertainty about benefits associated with 
freeway management is required, traffic 
simulation may be useful (although it is 
possible to evaluate uncertainty using 
mathematical expectations, this approach is 
usually too complicated for all but the 
simplest applications). The analyst can vary 
each of the parameters systematically, and 
determine the influence of that parameter 
upon the overall estimates of performance 
obtained with simulation. 

Table 11-7. Example of Sensitivity Analysis of Benefit-Cost Ratios. (AdaptedfromHl 

Benefit-Cost Ratio 

HWY TSM HOV LRT TDM 

Benefit-Cost Ratio (with accident 
increases) 0.12 4.14 3.45 0.64 3.01 

Benefit-Cost Ratio (without 
accident increases) 4.60 4.42 4.25 0.74 3.94 
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Acoustic detector: Detects vehicles by 
using microphones along with signal 
processing technology to listen for sounds 
associated with vehicles. 

Active infrared detector: Detects vehicle 
by transmitting electromagnetic energy. 

Add-a-lane: A general implementation 
approach whereby an HOV facility is created 
by adding roadway capacity to an existing 
freeway facility, usually by widening the 
freeway or modifying the median or outside 
shoulder. This is the primary way HOV 
facilities have been created. 

Add-drop (multiplexer, unit): A device 
connected to a time division multiplexed 
channel which obtains data from the channel 
and provides data to the channel. 

Address: The identification code for a 
specific drop on a multidrop line so the unit 
alone will respond to a transmitted message. 

Aloha: A contention technique channel 
access control scheme. 

Amplitude: Tue maximum value of a sine 
wave. 

Amplitude Modulation (AM): A method 
of transmitting information by varying the 
strength of a carrier waveform in accordance 
with the instantaneous value of the 
intelligence-bearing signal. 

Analog: Information represented by 
continuous and smoothly varying signal 
amplitude or frequency over a certain range; 
such as in human speech or music. 
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Area radio network: A point-to-multipoint 
radio communication system. 

Articulated bus: An extra-long, high­
capacity segmented bus that has the rear 
portion flexibly but permanently connected 
to the forward portion with no interior 
barrier to hamper movement between the 
tow parts. The seated passenger capacity is 
60 to 80 persons with space for many 
standees, and the length is from 60 to 70 
feet. The turning radius for an articulated 
bus is usually the same or less than that of a 
standard urban or inter-city bus. 

Asynchronous data transmission: A mode 
of data transmission in which the time 
between sequential message characters is 
unpredictable. 

Attenuation: The loss in signal strength 
(weakening of power) associated with the 
transmission process. Attenuation is usually 
expressed as the ratio of received signal 
strength to transmitted signal strength. This 
ratio is often expressed in decibels, a 
logarithmic unit for expressing dimensionless 
ratios. 

Attenuation distortion: The distortion of a 
transmitted signal caused by the nonuniform 
loss or gain at different frequencies. 

Automatic gain control: A circuit which 
enables a communication receiver to provide 
a steady level of output when the carrier 
level of the input signal varies. 

Automatic Vehicle Identification (A VI) : 
Vehicles equipped with transponders are 
identified when they come within range of a 
roadside communication unit. Most 
common application is for automatically 
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collected tolls on tollways; however, system 
is also used as a means of automatically 
collecting travel time information along 
freeways. 

Automatic Vehicle Location (AVL): 
Enables the approximate location of a 
vehicle to be determined and tracked as it 
traverses the transportation network. 
Commonly used by emergency services and 
transit agencies to track location of vehicles. 
Also can be used to monitor traffic 
conditions by obtaining probe reports from 
vehicles traveling in the network. 

Avalanche photodiode: A highly sensitive 
detector device used in . fiber optic 
communication systems. 

Average vehicle ocrupancy: The number of 
persons divided by the number of vehicles 
traveling past a selected point over a 
predetem1ined time period, usually expressed 
to two or three significant figures (e.g., 1.2 
or 1.26). 

Backbone: A high capacity communication 
system to which a number of drops are 
connected. The drops may service lower 
capacity distribution systems. 

Bandwidth: ( 1) The range of signal 
frequencies that a medium or channel will 
respond to, or carry, without excessive 
attenuation. (2) The amount of green time 
available to a platoon of vehicles in a 
progressive signal system. 

Barrier-separated HOV facility: An HOV 
lane that is physically separated from 
adjacent general purpose traffic by some 
type of barrier. A concrete barrier is the 
most commonly used approach, but wide 
buffers, moveable barriers, and pylons may 
be used. A barrier-separated HOV lane may 
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be a one direction/reversible facility or a two 
lane bi-directional facility. 

Barrier separation: A physical barrier 
(either concrete or guard-rail) that is used to 
separate an HOV facility from general 
purpose freeway traffic. 

Baseband: A method of communication in 
which a signal is transmitted at its original 
frequency without being impressed on a 
carrier. 

Baud: A unit of signal speed equal to the 
number of signal symbols per second, which 
may or may not be equal to the data rate in 
bits per second. 

Benefit-cost ratio: The ratio of the dollars 
of benefits achievable for a given outlay of 
costs, both of which have been adjusted to a 
common time increment. 

Binary: A number system using the base 2~ 
it is commonly used in computers and data 
communication. 

Bit: A binary digit, the smallest element of 
information in a binary system. A "1" or "O" 
of binary data. 

Bit error rate: The ratio of incorrectly 
transmitted bits to correctly transmitted bits. 

Bit rate: The speed at which bits are 
transmitted, usually expressed in bits per 
second. 

Broadcast: The simultaneous transmission 
of a message to all receivers on the channel. 

Buffer-separated lane: A HOV lane that is 
separated from the adjacent mixed-flow 
freeway lanes by a designated buffer. 
Different widths of buffers are currently in 
use with various HOV lanes. 



Buffer strip, HOV buffer separation: A 
roadway area that is used to physically 
separate an HOV lane from a regular use 
lane. Generally, no vehicles are allowed in 
this area, but if the buffer is sufficiently wide 
(more than 14 feet), it may be considered a 
refuge for disabled vehicles. The buffer strip 
is not considered a safe enforcement area. 

Bus and carpool lanes, preferential lanes, 
or HOV lanes: A form of preferential 
treatment in which lanes on streets and 
highways are reserved for the exclusive use 
of high occupancy vehicles, transit buses, 
carpools, vanpools, or all of the above. 

Bus lane (bus primary lane, preferential 
bus lane): A lane reserved primarily for 
buses, during at least portions of the day. 

Bus priority system: A means by which 
transit buses are given an advantage over 
other traffic (e.g., preemption of traffic 
signals or bus priority lanes). 

Busway: A separated roadway designed for 
exclusive or predominant use by buses in 
order to improve bus movement and travel 
times. 

Bypass lane: See queue bypass (HOV) 

Byte: A sequence of adjacent bits used to 
represent a single character of information. 
The most common byte sizes are 8 bits and 
16 bits. 

Cable loss: The loss or attenuation of signal 
power in a cable as a result of its electrical 
or optical properties. 

Call box: Located at given locations along 
the side of a freeway. Motorist can request 
various services (such as police, fire, or 
ambulance) by pressing certain buttons. 
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Capacity: The maximum number of vehicles 
(vehicle capacity) or passengers (person 
capacity) that can pass over a given section 
of roadway or transit line in one or both 
directions during a given period of time 
under prevailing roadway and traffic 
conditions. 

Carpool: Any vehicle, usually an 
automobile, carrying two or more occupants, 
including the driver, or a group of people 
sharing automobile transportation. 

Carrier: A signal compressed of a single 
frequency. A characteristic of this signal is 
changed (modulated) in accordance with the 
information being transmitted. 

Carrier detect: Indicates to the sender that 
the receiving modem has received the 
transmitting modem's carrier. 

Carrier sense multiple access: A 
contention technique channel access control 
scheme. 

Cellular radio: A communication technique 
using low power transmitters to service 
geographical areas or cells. Frequencies may 
be reused for other messages in non-adjacent 
cells. 

Cellular telephone tracking: Uses radio 
frequency receivers and triangulation 
techniques to determine a vehicle's location 
by measuring signals resulting from cellular 
phone usage within a vehicle. 

Central Business District (CBD): That 
portion of a city which serves as the primary 
activity center. Its land use is characterized 
by intense business activity that serves as a 
destination for a significant number of daily 
work trips. 
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Central communication unit: A unit 
commonly used at the traffic operations 
center coordinating the operation of time 
division multiplexed communication with 
field controllers. 

Changeable message sign (CMS): See 
Dynamic message sign 

Channel capacity: The maximum signal 
rate which a communication channel can 
sustain. It is usually measured in bits/sec. 

Channel throughput: See "channel 
capacity." 

Channel: A path of communication from a 
transmitter to one or more receivers over a 
path. A frequency band or type of 
transmission is also a characteristic of a 
channel. 

Checksum: A communication error 
detection technique. 

Clear to send: The signal sent to the 
transmitting computer that both modems are 
ready to perform their functions and that 
transmission may begin. 

Closed-Circuit Television (CCTV): Uses 
video cameras to provide visual surveillance 
of the freeway system. 

Coax: See "coaxial cable." 

Coaxial cable: A cable with a single central 
conductor having a common axis with a 
second outer cylindrical conductor. 

Code division multiplexing: A multiplex 
technique commonly used in spread 
spectrum radio communications which 
selects the appropriate signal from others in 
the same frequency band by means of a 
unique code. 
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Codec: A coder decoder. The terminology 
is commonly use for equipment which 
transmits and receives coded video 
information. Coding compresses the video 
information so that it may be transmitted 
over a digital channel with a lower 
bandwidth than would otherwise be required 
to carry the signal. 

Collision: The simultaneous transmission 
and reception of signals by elements of a 
communications system based on contention 
techniques. 

Coded TV: Signals encoded in connection 
with codecs. See "codec." 

Communication: Transfer of information 
from one location to another so that meaning 
is understood. 

Communications architecture: An 
organization of communications channels 
and communication terminals. 

Communications buffer: A register in a 
communications terminal which interfaces 
with a computer and provides temporary 
storage for data passing between these units. 

Communications hub: A location at which 
data is transferred between backbone and 
distribution communications systems. 

Communication medium: The composition 
of the path along which a communications 
signal is propagated, such as wire pair, 
coaxial cable, optical fiber, or airpath. 

Communication overhead: That portion of 
the communication character stream which 
is provided for identification of the drop, 
control of symbol transmission and 
detection, and correction of errors. 



Compliance rate: The number of eligible 
HOVs on an HOV facility divided by the 
number of total vehicles on the HOV facility 
( eligible and ineligible), expressed as a 
percent. 

Concurrent-flow lane: An HOV lane that is 
operated in the same direction as the 
adjacent mixed-flow lanes, and is designed 
for use by HOV s during all or portion of the 
day. The lane is separated from the adjacent 
general-purpose freeway lanes by a standard 
lane stripe or a buffer. Concurrent-flow 
HOV lanes are ususally found on the inside 
lane, but may also be on the outside lane. 

Conduit: A cylindrical structure, usually of 
steel of polyvinyl chloride, which provides 
protection for communication cable. 

Conditioned line: A communications cable 
specially compensated to provide improved 
transmission characteristics. 

Connector: Hardware installed on cable 
ends to provide physical connection between 
electrical devices. 

Contention: Communication systems which 
permit more than one transmitter to send 
simultaneously. Message interferences are 
detected and the signal is retransmitted at a 
later time. 

Contiguous flow lane: A non-separated 
concurrent flow lane (also see non-separated 
lane). 

Contraflow lane: A lane on which, during 
certain hours of the day, HOVs operate in a 
direction opposite to that of the normal flow 
of traffic ( commonly the inside lane in the 
off-peak direction of travel). For freeway 
applications, the lane is typically separated 
from the opposing direction travel lanes by 
pylons or movable concrete barrier. 
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Crosstalk: Interference or presence of 
unwanted signals from one transmission 
channel, detected on another (usually 
parallel) channel. 

Cyclic redundancy code: A commonly 
used error detection code included in the 
transmitted signal. 

Decibel: A logarithmic unit for the ratio of 
two powers. 

Delay: The time lost by a person or a vehicle 
during travel due to circumstances which 
impede the desirable movement of traffic. It 
is the travel time difference between 
congested and free-flow travel times. 

Demodulation: The process of extracting 
transmitted information from a modulated 
carrier signal. The opposite of modulation. 

Diamond: A uniform traffic control symbol 
used on signing and pavement markings to 
designate the restricted usage on preferential 
(HOV) facilities. 

Dielectric: An insulator occupying the space 
between two conductors such as the inner 
and outer conductors of coaxial cable. 

Digital: Information in discrete or 
quantized form; not continuous. 

Directional coupler: Combines signals 
propagating in one direction on a cable onto 
another cable while substantially isolating 
signals from the opposite direction. 

Dispersion: A general term for those 
phenomena that cause a broadening or 
spreading of light as it propagates through 
an optical fiber. 

Distortion: An unintended modification to 
the wave form of a communications signal 
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caused by the media or by devices in the 
transmission path of the signal. 

Distribution system: The portion of the 
communication system which services the 
field traffic controller. 

Download: The transmission of messages 
from the control center or field master to a 
local controller for intermediate or long term 
storage in the local controller. 

Drop: Receiver on a transmission line. A 
drop may also act as a transmitter in a two­
way communications network. 

Dynamic message sign (DMS): Signs that 
use electronics or mechanics to vary the 
visual word, number, or symbolic display as 
traffic conditions warrant. The term is used 
interchangeably with changeable message 
signs and variable message signs. 

Dynamic range: The range of signal levels 
for which a receiver function properly. The 
lowest signal level is determined by noise 
level considerations and the upper level is 
determined by detector or receiver 
distortion, saturation, or power level 
limitations. 

Earth station: The terrestrial equipment 
component of a satellite-based 
communication system. 

Electromagnetic spectrum: The entire 
available range of sinusoidal electromagnetic 
wave frequencies. 

Electromagnetic wave: Electric and 
magnetic waves are time varying electric and 
magnetic fields in a volume of space which 
are related by Maxwell's equations. 
Electromagnetic fields provide the basis for 
the wire line, wireless, and optical 
communication technologies. 

Embedded detector: Traffic detector 
system that consists of sensors in or below 
the surface of the roadway. 

Emergency telephone: Located at given 
locations along the side of a freeway. 
Motorists can contact a dispatcher to report 
conditions and request help. 

Enforcement: The function of maintaining 
the rules and regulations to preserve the 
integrity of a preferential (HOV) facility. 

Enforcement area: A dedicated space in 
which enforcement can be performed. 
Enforcement areas can be delineated within 
an available shoulder or provided at specific 
locations. 

Environmental detectors: Used to detect 
adverse weather conditions such as ice, fog, 
or flooding. 

Error control: The methodology of 
detecting communication system errors and 
responding to this information. 

Error detection: The process by which 
sufficient redundant or check information is 
included with data that are transmitted so 
that the receiver can, within certain ranges of 
error, identify erroneously received data. 

Exclusive facility, freeway right-of-way: 
An HOV roadway or lane(s) located within 
a freeway right-of-way that is physically 
separated from the general purpose freeway 
lanes and designated for HOVs for all or 
portions of the day. Physical separation is 
usually via a concrete barrier, but separation 
can also be via a wide painted buffer. 
Examples include those located in Hartford, 
Connecticut and on the Shirley Highway in 
northern Virginia. (See also barrier­
separated facility and buffer-separated 
facility). 



Exclusive facility, separate right-of-way: 
An HOV roadway or lane(s) located in a 
separate right-of-way that is usually, but not 
always, designated for the exclusive use by 
buses. The facility is typically operated two­
way and includes two lanes. Examples of 
this facility are located in Ottawa, Ontario 
and Pittsburgh, Pennsylvania. (See also 
busway). 

Exclusive lane: A preferential lane 
separated by a wide buffer or physical barrier 
form general purpose lanes. (see also 
barrier-separated lane and buffer-separated 
lane) 

Express bus service: Bus service with a 
limited number of stops, either from a 
collector area directly to a specific 
destination or in a particular corridor with 
stops en route at major transfer points or 
activity centers. Express bus service is 
usually routed along freeways or HOV 
facilities where they are available. 

Fading: Variation in the field strength or 
other properties of a received radio wave 
signal as a result of changes in the 
electromagnetic field propagation 
characteristics of the transmission path with 
time. 

Fiber optics: Technique for the transmission 
of light from a transmitting source through a 
bundle of tiny and flexible glass fibers. 

Forward error control: A form of error 
detection and control which uses codes in 
the transmitted message to correct the 
errors. It is useful for certain types of 
errors. 

Freeze frame video: A transmission process 
for video signals over voice grade channels. 
Periods of time extending from several 
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seconds to approximately one minute may be 
required. Also known as "slow scan" video. 

Frequency: The number of oscillations of a 
signal per unit of time: usually expressed in 
cycles per second (cps) or Hertz (Hz). 

Frequency band: The range of frequencies 
occupied by a signal or which can be 
transmitted by a communication channel. 

Frequency division multiplexing: Divides 
the total channel bandwidth into a series of 
subchannels, each of which occupies a 
subband of frequencies. 

Frequency Modulation (FM): A method of 
data transmission whereby the frequency of 
a sinusoidal waveform (carrier) is changed in 
accordance with the information that is to be 
transmitted. 

Frequency Shift Keying (FSK): The binary 
form of frequency modulation, in which a 0 
is represented by one frequency and a 1 
represented by another frequency. 

Full duplex: A transmission link providing 
simultaneous transmission and reception in 
both directions. 

Gas discharge tube: A device used to 
protect electronic field devices from 
electrical transient<. on the communication or 
power lines. 

General purpose, mixed-flow, mixed-use 
lane: Lanes adjacent to or affected by an 
HOV facility that are available for use by all 
vehicles (i.e., single-occupancy vehicles, 
HOVs transit, trucks, etc.). 

Graded index fiber: An optical fiber whose 
core has a nonuniform index of refraction. 
The core is composed of concentric rings of 
glass whose refractive indices decrease from 
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the center axis. The purpose is to reduce 
dispersion and thereby increase fiber 
bandwidth. 

Guard band: A region of unused 
frequencies that separates the different 
frequency regions within: an FDM 
trans1TI1ss1on system. The guard bands 
facilitate the separation of the signals. 

Half duplex: A transmission link providing 
both transmission and reception in both 
directions, but not simultaneously. 

Half power point: The upper and lower 
frequencies which identify the bandwidth of 
a communication channel or receiver. The 
power level of the channel or amplification 
of the receiver at these frequencies is at 50 
percent of the highest value. 

Harmonic: Frequencies other than the 
fundamental basic frequency of a repetitive 
wave. When the waveform of the 
fundamental departs from a sine wave, 
harmonics are introduced at integer multiples 
of the fundamental frequency. 

Headway: The time or distance spacing 
between successive vehicles in a given traffic 
lane measured from the front of the vehicles. 

Hertz (Hz): A measure of frequency. One 
Hertz equals one cycle per second. 

Highway Advisory Radio (HAR): A low­
powered radio (generally AM) station 
devoted to presenting travel-related 
information to the public. 

High Occupancy Vehicle (HOV): Motor 
vehicles carrying at least two or more 
occupants including the driver. An HOV 
could be a transit bus, vanpool, carpool or 
any other vehicle that meets the minimum 
occupancy requirements, usually expressed 
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as either two or more, three or more, etc., 
persons per vehicle. 

High-Occupancy Vehicle (HOV) lane: A 
preferential lane that is reserved for the use 
of high-occupancy vehicles. 

High-Occupancy Vehicle (HOV) system: 
The collective application of physical 
facilities to support HOV operations, 
including HOV lanes, park-and-ride lots, 
park-and-pool lots, and/or other supporting 
facilities that are administered so as to 
effectively integrate all physical elements 
into a unified whole. 

Hub: See "Communication hub." 

Incident detection algorithm: Computer 
software developed to automatically identify 
incidents on the basis of field data received 
from detection equipment. 

Index of refraction: The ratio of the 
velocity of light in free space to the velocity 
of light in a given material. 

Inductive loop detector: Coil of cable 
embedded in the pavement surf ace that 
creates a magnetic field. Vehicle is detected 
when this magnetic field is disturbed. 

Information theory: a mathematical 
treatment of the generation of information 
and the limitations on its transmission rate 
over communication channels. 

Injection laser diode: An electronic 
transmitting device used for fiber optic 
communication. 

Input/output unit: That portion of an 
electronic communication unit which 
interfaces with a digital computer. 



Insertion loss: The loss of power that 
results from inserting a component, such as 
a connector or splice, into a previously 
continuous path or at its termination. 

Interference: A disturbance that changes 
the shape of a communications transmission 
wave. 

Junction box: A mechanical unit, usually 
installed in the ground, which provides an 
enclosure for connection at cable junctions. 

Kiosks: Video monitors mounted on a 
cabinet, in a wall, or on a counter top which 
travelers can access and request travel­
related information 

Kiss-and-ride: An access mode to transit 
whereby passengers (usually commuters) are 
driven to a transit stop and left to board the 
vehicle, then met after their return trip. 

Land-line: A communications medium 
consisting of twisted-wire pairs, fiber optics 
or coaxial cable. 

Lane: A portion of a street or highway, 
usually indicated by pavement markings, that 
is intended for one line of vehicles. 

Leased channels (also leased lines): 
Communication channels which are leased 
from a communications service carrier or 
supplier such as the telephone company. 
The lessee has the full time use of these 
channels during the lease period. 
Maintenance of the channels is petformed by 
the communications service carrier. 

Level of Service: A descriptive measure of 
the quality and quantity of transportation 
service provided the user that incorporates 
finite measure of quantifiable characteristics 
such as travel time, travel cost, number of 
transfers, etc. Operating characteristics of 
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levels of service for motor vehicles can be 
found in the latest edition of the Highway 
Capacity Manual, Transportation Research 
Board Special Report. 

Light Emitting Diode (LED): A solid state 
device with illumination properties similar to 
that of a low power incandescent lamp. 

Linear drop: Nodes connected in a string or 
chain with transnuss10n data being 
"dropped" at a designated node. 

Link control signals: Modem control 
signals which control or identify modem 
states to establish the need for 
communication, its direction, and the 
readiness state of the modem. 

Local exchange carrier (LEC): The seven 
Regional Bell Operating Companies and 
independent telephone companies which 
provide "local" telephone service. 

Longitudinal redundancy check: A 
communication error detection technique. 

Magnetometer: Small cylinders containing 
sensor coils that operate in a manner similar 
to inductive loops. Developed as alternative 
to loop detectors for special situations. 

Medium: See "Communications medium." 

Messenger cable: A structural cable used to 
support communication cable installed on 
poles or bridges. 

Microwave: Electromagnetic energy 
occupying the frequency band ranging from 
approximately 225 Mhz to 100 Ghz. 

Microwave radar: Transmits 
electromagnetic energy toward vehicles on 
roadway. Traffic parameters are calculated 
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by measuring the return signal frequency 
from vehicles. 

Mixed-flow, mixed-use: See general 
purpose. 

Mode: A particular form of travel (i.e., 
walking, bicycling, traveling by bus, 
traveling by carpool, traveling by train, etc.). 

Mode shift: The shift of people from one 
mode to another (i.e., non-separated single­
occupancy vehicles to HOVs or vice versa). 

Modem: A device used at both ends of a 
communications channel to transmit and 
receive data. Contraction of Modulator 
Demodulator. 

Modulation: The process by which a 
characteristic of one wave (the carrier) is 
modified by another wave (the signal). 

Multimode fiber: A type of optical fiber 
that supports more than one propagating 
mode. 

Multipath transmission: Rapid 
transmission along a path other than the 
direct path between transmitter and receiver, 
often used by reflection and by various 
atmospheric effects. It may result in facing 
or interference. 

Multiple access contention: See 
"contention." 

Multiplexing: A communications technique 
which allows more than one item of 
information to be transmitted or received 
over the same channel. 

NEMA controller: A traffic signal 
controller conforming to the NEMA TS 1 or 
NEMA TS2 standard specification. NEMA 
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is the abbreviation for National Electrical 
Manufacturers Association. 

Node: See "Communications hub." 

Noise: Unwanted signals not present in the 
original transmitted information; 
disturbances that tend to interfere with 
normal operations of the communication 
system. 

Nonintrusive detector: Traffic detector 
system that consists of sensors mounted on 
a structure above the pavement. 

Non-proprietary protocol: A 
communication protocol available to all 
prospective users and for which technical 
information is available. 

Nonrecurring congestion: Caused by a 
random event (e.g., incident, maintenance 
activity, special event, etc.) and has the 
effect of reducing capacity on a specific 
section of freeway. 

Nonseparated (HOV) lane: An HOV lane 
that is not separated from adjacent mixed­
flow freeway lanes (i.e., delineation is via a 
standard dashed pavement stripe). 

Ocrupancy: Percent of time a given section 
of roadway is occupied. 

Off-peak direction: The direction of lower 
demand during a peak commuting period. In 
a radial corridor, the off-peak direction has 
traditionally been away from the CBD in the 
morning and toward the CBD in the evening. 

Packet radio: A radio data transmission 
technique based on sending data in defined 
groups or "packets." This technique is often 
used to provide all transmitters on the 
channel the opportunity to access the 
channel when they have data to transmit. 



Parallel data transmission: A method of 
simultaneously transmitting all of the bits 
that make up a digitally encoded character. 
Parallel transmission requires a separate wire 
for carrying each bit. 

Parity: A communication error detection 
technique. 

Park-and-pool lots: Facilities where 
individuals can rendezvous to utilize 
carpools and vanpools except the lot is not 
served by public transportation. 

Park-and-ride lots: Facilities which serve 
as a transfer terminal for automobiles and 
bikes and which are normally served by 
public transportation. They can include 
spaces used by persons transferring to 
carpools or vanpools whether officially 
designated for that purpose or not. 

Passive infrared detectors: Do not transmit 
energy, but detect vehicles by measuring the 
amount of energy emitted by objects in the 
field of view. 

Peak hour: That hour during which the 
maximum amount of travel occurs. It may 
be specified as the morning peak hour or the 
afternoon or evening peak hour. 

Peak period: The period during which 
traffic levels rise from their normal 
background levels to maximum levels. 
These periods are for morning, evening, and 
mid-day peaks and include the appropriate 
peak hours. 

Personal Data Assistants (PDAs): 
Computer products with radio frequency 
communications to allow users to obtain 
various types of travel information. 
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Phase: The fractional part of the period of 
sine wave which has elapsed since the wave 
had the value of zero. 

Phase Modulation {PM): A technique to 
transmit information using a sine wave 
carrier. The sine wave has its phase changed 
in accordance with the information to be 
transmitted. 

Pixel: The smallest area on the screen of a 
graphics CRT display that can be discretely 
displayed. 

Polarity: The sign of the voltage rise from a 
reference point (usually ground) to a point in 
a circuit. 

Polling: A centrally controlled technique of 
sequentially calling a number of drops to 
permit them to transmit information back to 
a field master or to the traffic operations 
center. 

Polling cycle: The time period required to 
poll all of the drops on a channel one time. 

Power budget: A convenient methodology 
for analyzing the power reception and signal 
to noise ratio capability of a communication 
link. 

Power fading: See "fading." 

Power margin: The difference between the 
power received and the power required for 
reception. 

Preferential parking: Parking lots or 
spaces reserved exclusively for HOVs only 
as a means to encourage ridesharing. They 
are usually located closer to a terminal or 
building entrance than other vehicle spaces 
and may also enjoy a reduced parking fee. 
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Preferential treatment: In transportation, 
giving special privileges to a specific mode 
or modes of transportation (e.g., bus lanes or 
signal preemption at intersections). 

Presence: Detection mode in which signal 
from traffic detector is sent as long as the 
vehicle is in the detection area. Used to 
measure volume and occupancy. 

Present worth factor: A coefficient used in 
engineering economics which relates a 
uniform series of end of period payments to 
value of those payments at the present time. 
Also known as ''uniform-series present 
worth factor." 

Private line: See "leased channel." 

Protessing gain: In spread spectrum 
communications, processing gain is a 
measure of the additional noise penetrability 
achieved by the use of additional bandwidths 
and coding schemes. 

Proprietary protocol: A communication 
protocol which is the intellectual property of 
a communication manufacturer or supplier 
and which is not available for use by others. 

Protected ring: Two rings used instead of 
one, thereby providing two unidirectional 
transmission paths that may run in opposite 
directions. 

Protocol: A set of codes, procedures, and 
relative timing relationships by which data 
are transmitted over a communication 
channel, such as a twisted pair wire, fiber 
optic, etc. 

Pulse: Detection mode in which a short 
signal from the traffic detector is sent when 
a vehicle is detected, Typically used to 
provide volume counts. 
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Pulse dispersion: See "dispersion." 

Queue: A line of waiting vehicles or 
persons, e.g., traffic at a bottleneck location 
or signal, or buses at a park-and-ride facility, 
or persons in line to board a bus. 

Queue bypass: An HOV facility that 
provides a bypass around a queue of vehicles 
delayed at a ramp meter, toll plaza, bridge, 
tunnel, ferry landing, or other bottleneck 
location. 

Queue bypass lane: See queue bypass. 

Ramp metering: A system used to reduce 
congestion on a freeway facility by managing 
flow from on-ramps. An approach ramp is 
equipped with a metering device or a traffic 
signal that allow the vehicles to enter a 
facility at a controlled rate. 

Ramp meter bypass: A form of preferential 
treatment in which bypass lanes are provided 
at a ramp meter for the exclusive use of 
high-occupancy vehicles. 

Real-time expert system: Software that 
provides decision support for operations 
personnel. 

Receiver: A part of the communication 
system which accepts and translates 
(decodes) signals into commands or data 
functions. 

Receiver sensitivity: The minimum optical 
power required to achieve a specified level 
of performance, such as a Bit Error Rate. 

Recurring congestion: Typically 
predictable and occurs at locations where 
demand exceeds capacity, or at geometric 
bottlenecks (e.g., lane drops, high-volume 
entrance ramps, etc.). 



Refraction: The change in direction of an 
electromagnetic wave resulting from changes 
in the velocity of propagation of the medium 
through which it passes. 

Regeneration: The process of demodulating 
and remodulating a digital signal for 
retransmission. 

Remote Communication Unit (RCU): A 
field receiving and field equipment interface 
commonly used for traffic system 
communications. It converts communication 
signals into signals which are used by field 
equipment such as controllers and converts 
detector and controller state data into 
communication signals. 

Repeat transmission: A communication 
error detection technique. 

Repeater: A device used to amplify and/or 
regenerate attenuated signals. 

Repeater amplifier: A device used to 
amplify attenuated signals. 

Request to send: A signal from the 
computer indicating it wants to send data. 

Reversible-flow lane: A lane on which the 
direction of traffic flow can be changed to 
match the peak direction of travel during 
peak traffic periods. 

Reversible lane: See lane, reversible flow 

Ridesharing: The function of sharing a ride 
with other passengers in a common vehicle. 
The term is usually applied to carpools and 
vanpools. 

Rodding: Use of a probe to test or clean 
communication conduits or duct 
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Separated roadway, barrier separated 
facility: A physically-separated, access­
controlled, HOV facility. It is usually located 
in the median of an urban freeway and 
separated from the regular travel lanes with 
a barrier. They can be used either as single­
lane, reversible flow facilities or as two-way, 
single ( or multiple) lane facilities. 

Serial data transmission: A method of 
digital data transmission whereby the bits 
that represent an item of information are 
transmitted sequentially over a single 
channel. 

Serial port: A portion of a computer, 
modem, or device which is used to interface 
the serial communication bit stream with the 
functional circuitry of the device. 

Service patrol: Utilize public or private 
vehicles (i.e., pickup trucks, vans, or tow 
trucks), and operate on mobile patrol or on 
standby to handle incidents and provide 
motorist assistance. 

Settling time: The time required to reverse 
the direction of transmission in a half duplex 
system. 

Shoulder lane: An HOV lane that is created 
on an existing median or outside shoulder of 
a freeway. 

Signal: The physical form of the data or 
message carried by the communication 
channel. 

Signal preemption: A technique for altering 
the sequence or duration of traffic signal 
phasing using vehicle detection in order to 
provide preferential treatment for buses and 
emergency vehicles. 
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Signal-to-Noise-Ratio (SNR): The ratio of 
signal power to noise power at a 
communication receiver. A measure of the 
quality of a communications channel that 
regulates the received signal strength to the 
strength of the unwanted signals (noise) that 
combine with the desired signal during 
transmission. 

Simplex: A transmission channel capable of 
transmission and reception in one direction 
only. 

Single mode fiber: An optical fiber that 
supports only one mode of light 
propagation. 

Slotted aloha: A contention technique 
channel access control scheme. 

Slow scan video: See "Freeze frame video." 

Speed: Rate of motion. Ratio of travel 
distance and travel time. 

Splice: An interconnection method for 
joining the ends of communication cables. 

Splitter: A device for bifurcating a wrreline 
communication channel into separate 
physical paths. 

Spread spectrum radio: A technique for 
spreading the power of a radio channel over 
a bandwidth which is many times the 
bandwidth required to communicate at the 
signal rate. The transmitted power density 
(watts per cycle) is low. 

Star: Communication links emanated from 
a source node (e.g., traffic operations center) 
to multiple secondary nodes. 

Start bit: A flow control bit forming a 
portion of the communication protocol. 
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Stop bit: A flow control bit forming a 
portion of the communication protocol. 

Study period: The time during which a 
study is being conducted which could be one 
or more parts of a day, all day, or more than 
a day. 

Support facility: A facility that enhances 
HOV operation, including park-and-ride 
lots, park-and-pool lots, transfer terminals, 
or other physical improvement that is 
considered a supporting element of the 
operation. 

Support program: Any of a number of 
services that enhance the public acceptance 
or usage of the HOV system, including 
ridesharing, employer-sponsored programs, 
public information, and marketing. 

Surveillance, Commwrlcations and 
Control (SC&C): A remotely operated 
system of monitoring and managing the 
operation of an HOV and/or freeway facility 
to better assure acceptable traffic operation 
and improved responsiveness to incidents. 
Major elements are (a) Surveillance -
collection and processing of data by 
detectors and visible verification by closed 
circuit television; (b) Communications -
presentation of operational information to 
motorists through signs, delineation, signals, 
and/or auditory means; and (c) 
Control-application of traffic restraints or 
direction of flow by signs, barrier gates, and 
signals. 

Switched telephone line: A commercially 
available telephone channel providing dial-up 
service. 

Symbol: A single unit communication 
transmission format. 



Synchronization: In synchronous data 
transmission, the process by which a 
transmitter and a receiver coordinate their 
operation so as to properly identify the bits 
and characters that make up a digitally 
transmitted message. 

Synchronous data transmission: A type of 
data transmission in which there are no start 
and stop bits. Timing is derived through 
synchronizing characters at the beginning of 
each message or block of data. 

Tl (system): A standard digital signal 
transmission hierarchy which permits signals 
to be sent at the various rates described in 
the standard. 

Take-a-lane: A general implementation 
approach whereby an HOV facility is created 
by consuming or borrowing use of a mixed­
flow lane on a freeway facility, usually by 
pavement markings and signing. This 
approach has rarely been applied. 

Tap: A signal splitting device which permits 
a small amount of power to be siphoned 
from a communication line for use at a local 
drop point. 

Telco central office: A location which 
terminates communication lines to 
customers. A switched or leased line is 
routed from the customers' facility to a 
central office. Connections are made 
between central offices before the line is 
routed to its destination. 

Telephone central office: See "Telco 
central office." 

Terrestrial microwave link: A microwave 
link with both termini on the earth (as 
compared with a satellite). 
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Thermal noise: Thermal agitation of 
electrons in the load resistance of the 
receiver. 

Time division multiplexing: Shares time on 
a channel and enables a traffic operations 
center or field master to communicate at 
different times with each controller on a 
communication channel. 

Traffic Management System (TMS): Any 
of various measures to improve the 
operation of a facility without construction 
of additional roadway lanes, such as: 
dynamic message signs (DMS), ramp 
metering and closed-circuit camera 
surveillance, and loop detection to detect 
and respond to emergencies. 

Transient: A voltage of short duration. 
Of ten used to describe extraneous voltages 
appearing on the signal lines resulting from 
lightning and similar disturbances. 

Transmitter: A part of the communication 
system which provides the transmission 
signal power to the modulated waveform. 

Transportation Demand Management 
(TDM): The operation and coordination of 
various transportation system programs to 
provide the most efficient and effective use 
of existing transportation services and 
facilities. TDM is one category of traffic 
system management actions. 

Transportation System Management 
(TSM): Actions that improve the operation 
and coordination of transportation services 
and facilities to effect the most efficient use 
of the existing transportation system. 
Actions include operational improvements to 
the existing transportation system, new 
facilities, and demand management 
strategies. 
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Trunk: A transmission link joining two 
points, which is distinguished by its large 
information carrying capacity and by the fact 
that all signals go from point to point 
without branching off to any separate drops 
except at the end points. 

Turnarowid time: See "settling time." 

Two-way HOV facility: An HOV facility in 
which both directions of traffic flow are 
provided for at least during portions of the 
day (see also bi-directional). 

Ultrasonic detector: Transmits sound 
waves and detects vehicle by measuring 
return waves. 

Unprotected ring: Each node (i.e., 
communications hub or traffic control 
equipment) is connected to two others by a 
uni-directional transmission link, creating a 
"closed" loop. 

Upload: A periodic transmission of data 
from the field controller to the traffic 
operations center or field master. 

Vanpool: A prearranged ridesharing 
function in which a number of people travel 
together on a regular basis in a van, usually 
designed to carry six or more persons. 
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Variable message signs (VMS): See 
Dynamic message signs 

Vehicle probes: Vehicles on given freeway 
section act as moving sensors ( or probes) to 
provide information about traffic conditions. 

Video compression: The processing of 
video data by codecs to achieve lower 
communication signal rates. See "codec." 

Video grade channel: A communication 
channel which transmits signals with the 
approximate frequency range of 300 Hz to 
3000 Hz. 

Video image processing: Image processors 
receive information from video cameras and 
use algorithms to analyze the video image 
input. 

Violation: An infraction of the rules and 
regulations for roadway use. In an HOV 
context, a violation can include vehicle and 
occupancy eligibility. 

Violation Rate: The total number of 
violators divided by the. total number of 
vehicles in an HOV lane or lanes. 

Volume: Number of vehicles passing a given 
point over a period of time. 

Wavelength: The physical length of an 
electromagnetic wave. 



ABBREVIATIONS 

AASHTO: American Association of State Highway and Transportation Officials 
CBD: Central Business District 
DOT: Department of Transportation 
FHWA: Federal Highway Administration 
FT A: Federal Transit Administration (formerly UMTA) 
ITS: Intelligent Transportation Systems 
LOS: Level of service 
LRT: Light rail transit 
MUTCD: Manual on Uniform Traffic Control Devices 
MPH: Miles per hour 
P&P: Park-and-pool 
P&R: Park-and-ride 
ROW: Right-of-way (also R.O.W.) 
RRT: Rapid rail transit 
TDM: Transportation demand management 
TSM: Transportation system management 
UMT A: Urban Mass Transportation Administration 
VPH: Vehicles per hour 
VPHPL: Vehicles per hour per lane 
3+: Three or more persons per vehicle 
2+: Two or more persons per vehicle 
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A GUIDE FOR HIGHWAY TRAFFIC REGULATION IN .<\N EMERGENCY 

Chapter I.---INTROOOCTION 

That highways are the indispensable arteries of our 
national economy and defense, of our regional and local. 
agriculture, industry, and cozmnerce, and of our individual 
livelihood, social interchange, and recreation, is a 
universally accepted commonplace. The following brief 
statistics attest to that fact. In the United States, the 
103 million registered drivers among our 200 million total 
population drove our 94 million motor vehicles more than 
930 billion miles on our 3.7 million miles of roads and 
streets in the single year 1966. Put in a more homely 
fashion, four out of five Americans old enough to drive 
have a driver's licecse. There is a vehicle for every two 
persons (almost); 26 vehicles for every mile of road; and 
a mile of road for every square mile of lend. The average 
passenger car travels nearly 10,000 miles a yee:r. The 
average truck-trailer travels over 41,000 miles a year. 

In times of peace, this tremendous volume of travel 
is rolled up because the full extent of our Nation's road 
and street network is available for the general use of the 
public, unrestricted by controls save those, of relatively 
minimum kinds and degrees, effected for the protection of 
the public's health and its social and economic welfare. 

The problems of disaster 

In times of catastrophe, occasioned by floods, 
earthquakes, hurricanes, blizzards, and similar violent 
phenomena of nature, highways have themselves suffered 
severe physical damage. The remaining available highways 
have served invaluably in the immediate efforts to save 
periled lives and in the rehabilitation period that is 
catastrophe's painf'ul aftermath. Not a yee:r passes but 
one or more regions of our country suffers nature's 
buffetings. And because of this very frequency, we, as a 
Nation, are by experience competent in coping with them. 

The experience of war on our own soil has not been 
faced by this Nation for more than a century. In that 
unfortunate internal strife that lasted four weary years, 
adequate tre.nsportation--or more commonly, lack of it--
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was frequently an important factor in the tide of battle. 
More recently, that "last" great general war, World War II, 
again demonstrated the vital essentiality of transport both 
in and near theaters of military operation and to them from 
distant sources of production and supply. In our own 
country, highways are undamaged by attack although they 
suffered from neglectv Shortages and rationing brought 
about a 12 percent decline in motor-vehicle registrations. 
Traffic volumes dropped 42 percent on rural roads and 33 
percent on city streets. But necessary travel continued. 
Intercity bus travel more than doubled. City bus and rail 
traffic increased 6o percent. Truck-trailer travel, which 
accounts for the bulk of intercity highway freight movement, 
declined only 7 percent. 

So we have seen and weathered natural catastrophes, 
and the strains of large-scale warfare as it has been 
waged in the past, But in a time of disaster following an 
enemy nuclear bomb attack, should it come, past experience 
will stand us in small stead. Not one locality, but many, 
may be devastated simultaneously. Physical destruction 
within and near them may be awesomely intense or total. 
And over and beyond these target areas, in vast and inter­
lacing patterns, will be the unseen, deadly danger of 
radioactive fallout, constantly shifting with the weather, 
terrain, and time. 

Some highway sections will be physically destroyed or 
obstructed beyond immediate repair, Many more and longer 
sections will be invisibly rendered impassable, or passable 
only under limiting conditions, by radioactive fallout. 
Heavy demands may be placed on the surviving and untainted 
usable roads and streets: first, for rescue, first-aid, 
evacuation, firefighting, demolition, and similar civil 
defense activities; later, for the movement and care of 
the surviving population, the restoration of industry and 
commerce, end military operations. Highways may face 
further abnormal strain in the postattack and recovery 
periods, since they are likely to be called upon to supple­
ment or even supplant damaged rail, water, and pipeline 
transport. 

Thus, for !:lD extended period, in time of national 
emergency following an enemy attack, normally available 
highway capacity may be greatly reduced in many areas• At 
the same time the usage demand for essential needs may 
increase. Some routes will be blocked or closed. Some 
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maybe wholly reserved for civil defense or military 
operations. And, on some, rationing of road space will 
probably be required in order to give appropriate priority 
to traffic movements essential to sustenance of the 
population and to =estoration and maintenance of industry 
and the national economy. 

Some indication of the effects of a nuclear attack on 
our highway network, and the regulation that would be 
required to meet traffic needs, is illustrated in figure 1. 

Highway regulation in an emergency 

In recognition of this vital and complex problem, the 
U.S. Bureau of Public Roads, at the direction of the 
President, has been charged with the responsibility of 
arranging to safeguard and facilitate public highway travel 
in time of national emergency. One specific charge (among 
others) is to develop plans and procedures for emergency 
highway traffic regulation in cooperation with appropriate 
Federal, State, and local agencies and organizations. 

In this undertaking, Public Roads has consulted with 
and had the advice of both civil defense and military 
authorities. It was early evident that detailed plans for 
emergency highway traffic regulation could best be 
formulated and put into operation individually by each 
State. Accordingly, in developing a general concept and a 
basic plan for emergency highway traffic regulation, Public 
Roads has worked closely with the States through their 
State highway departments and the American Association of 
State Highway Officials; with the police through the 
International Association of Chiefs of Police; and with the 
organized highway users through the National Highway Users 
Conference. 

A plan of operation 

Briefly, the plan envisions, in the postattack period, 
an immediate survey of the road and street network both for 
physical damage and for radiation hazard. Barricades and 
warning signs will be placed where needed. Estimation of 
the traffic capacities of facilities remaining available 
for use and of possible traffic demand, would follow. If 
traffic regulation is found necessary, road space permits 
will be issued for priority traffic movement on routes 
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which would be otherwise heavily congested. These 
activities will be conducted at a State center and at 
subordinate district and sector centers as needed. Actual 
traffic regulation on the road will be at strategic check­
points (posts) set up on each regulated route section. 

It will be a basic principle in the operation to 
permit as much unregulated traffic as possible. Regulation 
will be instituted only where and for as long as is 
necessary. The organization will necessarily continuously 
adapt and modify its operations to meet the constantly 
changing situation. 

The emergency highway traffic regulation operation 
will involve a close-working, three-party team: the State 
highway departments, aided by local highway departments 1 to 
assess damage and estimate capacity of usable highways; 
representatives of the organized highway users_, to estimate 
probable traffic movement and issue trip permits for 
priority shipments; and the State police, assisted by local 
police, to actually control regulated traffic movements. 
This is admittedly an over-simplification; much of the work 
will be a joint endeavor. 

In close associa~ion with the three-party team will be 
liaison representatives of the civil defense organization 
and of the military command. The Bure au of Public Roads: 
wh1le playing an important role in the development of 
emergency highway traffic regulation plans and prepa-redness, 
would have limited functions in the actual operation; 
probably only that of coordination among the States where 
and when needed. 

It is important to emphasize at the outset that the 
emergency highway traffic :,:egulation organization is not 
responsible for the provision or allocation of motor 
vehicles to shippers; nor for designating priorities of 
cargo movements. These are the assigned functions of other 
emergency transportation agencies. The emergency highway 
traffic regulation organization will accept the priority 
certificates of such agencies without question; and it will 
have the responsibility, in issuring trip permits, to 
accommodate all priority shipments. But the organization 
will have to balance these traffic needs against limiting 
highway capacities. Sometimes, even for priority shipments, 
decisions may have to be made as to who goes first and who 
waits or takes a longer route. 
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Even from this brief introductory resume, it will be 
evident that highway traffic regulation in a national 
emergency, in these United States, may indee~ be a 
herculean undertaking. Under extreme conditions brought 
about by a massive nuclear attack, it is possible that as 
many as 100,000 persons might be engaged, during a consider­
able period of time, in the struggle to keep essential 
highway transportation from costly congestion and complete 
stagnation. The real eventuality, if it should come, may 
not attain the maximum possible anticipated scale but 
prudence dictates that· planning, organization, preparation, 
and the recruitment and training of personnel for emergency 
highway transportation regulation must be rapidly under­
taken ann carried forward unremittingly until we have 
reached a full state of readiness. The only and avesome 
alternative is chaos. 

Scope of this guide 

The nature, scope, and operation of emergency highway 
traffic regulation in time of emergency brought about by 
an enemy nuclear attack are discussed at some ~ength in 
this guide, which the Bureau of Public Roads has prepared 
in collaboration with representatives of the civil defense 
and military authorities, the State highway departments, 
the police, and the organized highway users. The guide is 
neither a full-fledged plan of preparation and operation, 
nor a detailed training manual. Rather, it is the founda­
tion upon which each State can build its own plans for its 
own organization, 

In essence, the function of this guide is to help 
insure that all State plans will work effectively, 
individaully and collectively, For in times of catastrophe, 
even more than in peacetime, the needs of the Nation and 
its people know no political boundaries or highway 
jurisdictions. All available roads and streets must be 
used to best advantage as a continuous, coordinated trans­
portation network. If highways are the arteries of our 
Nation in time of peace, they are more so in time of war. 
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Chapter IL---WHO'S WHO IN EMERGENCY HIGHWAY TRAFFIC REGULATION 

Since this guide is addressed to a diverse audience of 
varied background, it seems appropriate at the outset to 
name and describe briefly the several agencies and organize­
tions that are concerned with emergency operations, 
especially as related to emergency highway traffic regula­
tion. Some of them are often referred to by their initials, 
which are given here in parentheses after their full names. 

And speaking of initials, for the sake of convenience 
and brevity in this guide,the long phrase "emergency highway 
traffic regulation'' "'ill often be shortened to "EHTR." 

Much of the responsibility for transportation and 
traffic regulation in a national emergency "'as originally 
assigned to the U.S. Departnent of Commerce, in which were 
lodged the Bureau of Public Roads and the Office of 
Emergency Transportation. These agencies and their respon­
sibilities have now been transferred to the new U.S. 
Department of Transportation, which was created late in 
1966. Working arrangements within the new Department are 
being effected just as this guide reaches its final stages 
of preparation. However, the planning and preparation for 
emergency highway traffic regulation that have been 
developed heretofore should be affected but little, if at 
all, since the Bureau of Public Roads, prime mover in the 
work, and the Office of Emergency Transportation are being 
transferred essentially intact from the Department of 
Commerce to the Department of Transportation. 

Office of Emergency Planning (OEP) 

This agency, which is a part of the Executive Office 
of the President, advises and assists the President in 
coordinating and determining policy for all emergency pre­
paredness activities of the Federel Government, including 
development and planning the emergency use of resources such 
as manpower, materials, industrial capacity, transportation, 
and communications; planning government organization in an 
emergency; preparing for stabilization of the civilian 
economy in an emergency; planning for rehabilitation after 
enemy attack; and developing plans and coordinating rrepara~ 
tions for the continuity of Federal, State, and local 
governments under emergency conditions. Thus the OEP gives 
overall policy direction to all other emergency planning 
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agencies. It is assisting the States to develop plans for 
management of resources, including transportation and 
construction, in time of emergency; and in a national 
emergency period OEP would move from planning and policy 
fonnulation to operations 1 changing its title to Office of 
Defense Resources. The Office of Emergency Planning has 
eight regional offices across the country. 

Office of Civil Defense (OCD) 

This agency, which is in the Department of Defense, 
is engaged in a wide range of activities related to 
national emergency problems. It is responsible for 
programs for emergency civilian shelter; for radiological, 
chemical, and biological warfare defense; for communica­
tions, including a national warning network; for emergency 
assistance to State and local governments in civil defense 
problems, including evacuation, fire control, debris 
removal, water supply, health and sanitation. The OCD also 
administers programs of financial assistance and donations 
of Federal surplus property to the States for civil defense 
preparedness purposes. The Office of Civil Defense has 
eight regions, corresponding to those of the Office of 
Emergency Planning. In addition, each State and Territory, 
and many counties and cities, have their own civil defense 
organizations. 

State Emergency Operating Centers 

Each State has its own civil defense organization, 
under the direction of the Governor. The State Emergency 
Operating Center, in time 01 emergency, will become the 
headquarters of the State government, with the Governor 
and heads of regular and emergency operating agencies and 
supporting staff located there and directing operations of 
their respective agencies from the center. Liaison 
representatives will provide close coordination with 
Federal civil and military agencies and activities. The 
State Centers are sites readily reached in time of disaster1 

protected against blast and radiation, and equipped for 
immediate activation and for housing and sustaining the 
designated staff. 
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Office of Emergency Transportation (OET) 

This agency, now in the newly formed Department of 
Transportation, is responsible for developing and 
coordinating overall policies, plans, and procedures for 
the provision of centralized control of all modes of 
transportation in an emergency, for the movement of 
passenger and freight traffic of all types; and for deter­
mining, when necessary, the proper apportionment and 
allocation of the total civil transportation capacity or 
any portion thereof to meet overall essential needs. The 
Federal Government is committed to the principle of 
centralized control of all forms of transportation in an 
emergency, to assure priority for essential civil and 
military movements in the national interest. In a national 
emergency, OET will have responsibility for establishment 
and control of priority needs on a broad, overall basis; 
the priorities would be administered by the appropriate 
Federal transportation agencies. 

It is important to emphasize that other transportation 
agencies under the general direction of OET, will control 
and issue priorities for the moveme~t of materials and 
persons. Issuance of road space permits for vehicles 
carrying priority materials or persons will be the function 
of the emergency highway traffic regulation organization. 

Military Traffic Management and Tenninal Service (MTMTS) 

This agency, which is a part of the Department of 
Defense, has a broad spectrum of military transportation 
functions and responsibilities. Among them is responsi­
bility for all defense activities and interests pertaining 
to highways. This agency has represented the Department 
of Defense in the development of the concepts and plans 
for emergency highway traffic regulation. In time of 
emergency, military commanders will be responsible for 
traffic movement and control in theaters of operation-­
areas in which active military operations are in progress-­
and this is to be expected. Elsewhere, however, the 
military will recognize the jurisdiction and responsibility 
of the emergency highway traffic regulation organization. 
It is anticipated that military liaison officers vill be 
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stationed at EHTR control centers. They will request 
priorities for highway movement of ffiilitary personnel and 
material. 

It is worth noting that the Department of Defense 
position on this subject should remove any doubt, either in 
civilian or military minds, regarding military reliance on 
civilian operation of emergency highway traffic regulation, 
or the mistaken belief that" ••• the military will take 
over the program and run it, when the time comes." 

Bureau of Public Roads (BPR) 

This agency, now in the newly formed Department of 
Transportation, was founded in 1893, essentially as a 
research organization. In 1916, its major function became 
the administration of Federal financial aid to the States 
for new construction and improvement on selected systems 
of primary and secondary roads and streets. Recently its 
major effort has involved the building of the National 
System of Interstate and Defense Highways. 

With its background of long and close relationship 
with the State highway departments, it was logical for 
Public Roads to be assigned responsibility for highways in 
time of an emergency. This responsibility includes the 
program for emergency highway traffic regulation which is 
the subject of this guide. Public Roads has approached the 
EHTR problem on a basis of cooperation, with actual opera­
tion to be carried out by State and local agencies which 
would be close to the scene and well adapted to do the job. 
In time of actual emergency, the BPR role would consist of 
providing advice and assistance to the States as requested, 
and liaison between the States as necessary to provide for 
smooth functioning of the program. 

The Bureau of Public Roads has 10 regional offices 
across the country, and a division office in each State 
(usually in the capital city). 

Highway departments 

Every State has a State highway department, although 
the name and nature of the agency vary among them to some 
degree. In many States, the State highway department is 
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responsible for a primary system of highwais (continuous 
through cities on main streets or freeways), which is a 
modest portion of the total road mileage in the State but 
carries a sizable proportion of all traffic. Some State 
highway departments are also responsible for a State 
secondary road system; and a few are responsible for all or 
most roads in the State, even the local ones. In general, 
however, the secondary roads are the responsibility of the 
counties (except in a handful of States), and the local 
roads and streets are the responsibility of the local rural 
and urban governments. "RP-sponsibility" means planning, 
design, right-of-way acquisition, construction and recon­
struction, repair, maintenance, and operation. It also 
means financing this work from available revenues, 
primarily the gasoline tax and vehicle registration fees in 
the case of the States, and general tax revenue for the 
local governments. However, the States receive sizable 
highway improvement grants from the Federal Government, the 
funds for which come entirely from Federal highway user 
taxes. Similarly, many States provide State aid to the 
counties and local governments for highways. 

Because of their long experience in cooperating with 
the Federal Government, their broad operations and large 
corps of personnel, and their considerable managerial and 
technical capacity, the State highway departments generally 
have been assigned responsibility by the Governors of their 
respective States for emergency highway traffic regulation. 
In some cases, however, another State agency has been 
assigned this responsibility, alt~ough it necessarily will 
work closely with the State highway department. (In this 
guide, when "State highway department" is mentioned it is 
intended to refer to the State agency responsible for 
emergency highway traffic regulation, unless the context 
indicates otherwise.) In preparing for and operating 
emergency highway traffic regulation, the State will enlist 
the cooperation and assistance of county and local rural 
and urban highway departments as necessary. 

With only a few exceptions, each State highway 
department has divided its State into working areas for 
purposes of administration and operation. In most of the 
States these areas are called districts; in the rest, 
divisions. {In this guide they are called districts here­
after, but divisions should be understood where applicable.) 
This areal subdivision, with existing office headquarters, 
staff, and equipment at each, is an additional cogent reason 
for having the State highway department responsible for the 
EHTR organization. 
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It should be recognized that, in time of national 
emergency, the State highway departments will hnve many 
responsibilities in addition to emergency highway traffic 
regulation--repair and replacement of damaged and destroyed 
roads and bridges, for exam.ple--but such subjects are beyond 
the scope of this guide. 

American Association of State Highway Officials (AASHO) 

This organization is composed of the highway departments 
of the 50 States, Puerto Rico and the District of Columbia 
and the Bureau of Public Roads, who joined together in 1914 
to foster the development of a nationwide connected network 
of roads and streets to serve the needs of the country. 
Functioning through committees, it continually seeks to 
improve highway design, construction, operation, maintenance, 
administration, and financing both in principle and in 
practice. Results of many studies involving both research 
and evaluation of experience have been adopted by the 
Association as policies and standards which serve as guides 
to the member highway departments and others. 

The Association has a Committee on Emergency Planning, 
with membership representing each State highway department, 
whose stated objective is to cooperate with the Bureau of Public 
Roads end other agencies and organizations in developing 
methods of maintaining, regula.ting, and allocating highway 
space to obtain maximum usage of vital highway transport in 
time of national defense emergency er major natural dlsaster. 

Police 

Every St.ate has a police agency, with a range of authority 
end responsibilit.y but universally including law enforcement 
(including traffic laws), highway patrol; and traffic control 
(in a direct sense only; however, traffic control provided by 
means of signs and signals is generally the responsibility of 
the highway departments). All counties and local rural 
governments, and all cities, also have responsibilities for 
the police function, in a police department as such, or 
throug..½ a sheriff's office or other means; and here, too, the 
police responsibility usually includes highway or street 
petrol and traffic control. In addition, from the very nature 
of these and other police functions and resp:>nsibilities, the 
police commonly are trained and experienced in coping with 
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accidents and emergencies, often under disaster conditions 
occasioned by bad weather, fire, flood, explosion, etc. As 
a consequence, the police are especially well fitted for 
the field operation of emergency highway traffic regulatlon. 

International Association of Chiefs of Police (IACP) 

This organization of Federal, State, county, and local 
police officials has among its objectives the improvement, 
through research and study of experience: of police admini­
stration and operations, including that of road and street 
traffic r~gulation. Because of its representation through­
out the country and in all levels of government, this 
Association was the logical group to call upon for collabor­
ation in developj_ng concepts and general plans for emergency 
highway traffic ::::-egulatton. 

National Highway Users Conference (NHUC) 

This priva.te-lndust.ry organization: which was founded 
in 1932, is the broadest-base grouping of highway users, 
comprising a.n affiliation of 25 national associations with 
close inter·est in the full development of highway transpor­
tation in the public interest. Includec are the national 
associations of petroleum p:".'o::iucers, motor-vehicle and tire 
manufacturers, and commercial and private truckers) the 
Amerlcan Automobile Association) the National Grange, and 
organizations of bakers, bottlers, cattlemen, and so on, 
'I'he NHUC carries on a considerable amount of research, study, 
and publication concerned with the improvement of highways 
and their use. Affiliated with the National Co~ference--but 
autonomous in action--e..re State Highway User Conferences in 
every State ( except Alaska).• comprising in total sume 2,800 
organizations of business and industry concerned directly 
or indirectly with highways and their use. Because the 
National and State Conferences embody a large pool of men 
o.irectly experienced in many aspects of highway transporta­
tion, they have been enlisted_ to assist in the planning and 
operation of emergency highwey traffic regulation, as 
respresentatives of the highway users. 

Interstate Commerce Commission (ICC) 

Some of this Federal regulatory agency's responsibiltties 
relating to the regulation of motor vehicles, particularly 
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with regard to usage and safety, have been transferred to 
the new Department of Transportation. In the event of a 
national emergency, the responsibilities assumed from ICC 
by the Department of Transportation, as well as those 
remaining with the ICC, will be wholly concerned with 
vehicle usage and regulation, as contrasted to highway 
usage and regulation. Hence functions under ICC control 
would impinge little, if at all, on emergency highway 
traffic regulation. 
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Chapter III.---ORIGIN AND EVOLUTION 

The emergency highway traffic regulation program as it 
is now conceived and developed did not spring from theory 
to full-fledged plan, at once. A brief account of its 
development is presented here as a matter of interest. 

For half a century, the Bureau of Public Roads has 
been concerned with the defense implications of the Nation's 
highway network, and in its studies has consistently sought 
the advice of the military establishment. Public Roads has 
also sought and obtained the full cooperation of the State 
highway departments in helping to determine and meet the 
highway needs of the national defense. Included among the 
series of outstanding study reports published by Public 
Roads over the years are two especially incicatory of this 
interest: Hi hwa s for the National Defense (1941) and 
Highway Needs of the National Defense 19 9. 

Need for emergency traffic regulation 

Consideration of highway needs of the national defense, 
however, was limited for many years to concern for provision 
of adequate routes for military use and war production 
service. Enemy invasion was considered almost inconceivable; 
enemy air, sea, or sabotage attacks were visualized as 
possibly heavy but presumably localized. The vital impor­
tance of an organized program for highway traffic r~gulation 
in an emergency was forcibly brought home by the congestion 
on the refugee-choked roads of Europe in the early part of 
World War II. Subsequently, highway traffic regulation 
became a wartime commonplace. 

After World War II, however, the subject was largely 
forgotten, although emergency readiness planning in the 
thermonuclear age was authorized by the Congress in the 
Civil Defense Act of 1950; and the Bureau of Public Roads, 
by Presidential Orders, wa3 assigned an advisory role under 
this broad tent. 

Concepts and plans emerge 

But it was not until 1958 that Public Roads potential 
capabilities for planning in relation to wartime traffic 
problems were officially recognized. At that time, at the 
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recommendation of the Secretary of the .n.:rmy ·to the Director 
of the Federal Civil Defense Ac..ministrat.ion> t-he Bureal! of 
Public Roads was fonnally assigned responsiblity for 
developing an emergency highway traffic regulation program. 
In 1959, as a part of its National Plan for Civil Defense 
and Defen5e Mobilization; the Office of Civil Bnd Defense 
Mobilization pi blished Annex 12--Directed Movement, in which 
section I-D defined emergency traffic regulation and section 
v.o outlined the eme:rgency responsibilities of the Bureau of 
Public Roads. (These CCDM issuances have since been super­
seded by a new national plan, cited later.) 

Meanwhile, the cooperation of the State highway 
departments had already been enlisted, following a presenta­
tion by military, civil defense, and Public Roads officials 
at the annual meeting of the American Association of State 
Highway officials in 1957. In 1958) AASHO created a 
standing Emergency Planning Committee, which it enlarged in 
1962 to include at least one member from each State highway 
department. 

Assistance and cooperation of the highway users in 
developing plans for, and participation in, emergency 
highway traffic regulation was formally arranged in 1962 by 
an exchange of letters between the Bureau of Public Roads 
and the National Highway Users Conference. Endorsement of 
the participation of the highway users by the State highway 
departments was evidenced by a resolution adopted by AASHO 
in 1962. Furthering this objective was a letter written in 
1963 by the Under Secretary of Commerce for Transportation 
to each State Governor, urging fonnal recognition of the 
State Highway User Conference as participants in the State's 
emergency highway traffic regulation plan (see appendix A). 

Early in the planning for emergency highway traffic 
regulation, it became apparent that State, county, and 
local police would play a vital role in the EHl'R operations. 
To reach individually the great number of agencies involved 
was impracticable, however, and the Bureau of Public Roads 
turned to the International Association of Chiefs of Police, 
where it found a willing response. During June 1964, at 
four regional meetings arranged by IACP, Public Roads 
officials reviewed the EirrR program in some detail and 
solicited the support and cooperation of police officials 
throughout the country. 
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Tl-ius, by 1964, the national organization of tt-e three 
parties invol7ed in the emergency hi6hway traffic 
regulation team--AASHO, NHUC, a'1d IACP--had joined with 
the Bureau of Public Roads in the continuing work of 
planning and developing the EHTR program. 

The Bureau of Public Roads position in emergency 
operations was formally reaffirmed by a series of documents 
in 1962. Executive Order No. 10999, signed by the President 
(see appendix B}, directed the Secretary of Commerce, among 
other things, to" ..• Develop plans for a national program, 
in cooperation with all Federal, State and local gove~'Oillent 
units or other agencies concerned, for technical guidance to 
States and direction of Federal activities relating to 
highway traffic control problems which may be created in en 
emergency ..• " The Secretary of Commerce delegated this 
and other highway-related emergency responsibilities to the 
Federal Highway Administrator. The Bureau of Public Roads 
then fonnally stated its emergency responsibilities, with 
the approval of the Secretary of Commerce, in a brief 
statement recorded as a part of the Federal Code of 
Regulations (see appendix C). 

As this guide is written, many of the emergency 
responsibilities assigned by the President to the Secretary 
of Commerce are being transferred to the Secretary of 
Transportation. ~hose delegated to the Bureau of Public 
Roads will remain with it in the new Department. 

Planning moves forward 

By 1962, concepts had crysthlized sufficiently on 
elliergency highway traffic regulation to permit their 
exposition in some detail, and the Bureau of Public Roads 
issued Policy and Procedure Memorandum 50-7 (see Rppendix D) 
as a general guide to EHTR planning and organization in the 
States. PfM 50-7 superseded two earlier documents on the 
same subject. In 1963, Public Roads issued Instructional 
Memorandum 50-4-63 (see appendix E) as a supplement to 
PFM 50-7, providing further information, including a 
discussion of the role of the organized highway users. A 
revision of PPM 50-7, to contain updated ideas and 
information, including that c~ntained in IM 50-4-63, is now 
being prepared; review and concurrence of interested 
agencies and organizations will be sought before the new 
document is issued. 

17 



---
As planning for emergency highway traffic regulation 

progressed step by step, the Bureau of Public Roads 
frequently consulted with other civil and military agencies, 
enlisted their collaboration, and received their support 
and endorsement for the EHTR progrem. 

The Office of Emergency Transportation, for example, 
noted its full concurrence and approval in a letter written 
in 1963 to all its Executive Reservists (see appendix F). 

Also in 1963, the Office of Civil Defense, in its 
Memorandum No. 31-63 to all of its regional directors (see 
appendix G), noted that the Bureau of Public Roads and the 
State highway departments were developing a system of 
emergency highway traffic regulation and stated that CCD 
considered the program to be a high priority activity. The 
CCD memorandum also encouraged interchange of information 
between the State civil defense end State highway department 
officials. 

The Department of Defense has maintained its interest 
in emergency highway traffic regulation since the significant 
expression by the Secretary of the Army in 1958, already 
noted. Department of the Army Regulations No. 500-70 
issued in 1963, prescribe Army policies and responsibilities 
relative to planning and operations in support cf civil 
defense. That regulation makes it clear that the military 
role in civil defense will be to support the normal or 
emergency civil authorities unless they are destroyed or 
overwhelmed. The regulations also prescribe that the 
Department of the Army is to represent all Department of 
Defense agencies at the State emergency highway traffic 
regulation centers in claiming road space priorities for 
military movements on public highways. 

In 1964, the Department of Defense issued its Directive 
No. 3005.7 which states the Department's policy on emergency 
requirements, allocations, end priorities for military use 
of civil transportation. This document specifically assures 
that Department of Defense emergency transportation planning 
and operation will conform to national policies and guidance, 
which are recognized to be the responsibility of a civilian 
agency, the Office of Emergency Transportation. 

Early in 1964,the U. s. Continental Army Comm.and under­
took a study to determine the military organization structure 
required to assure that appropriate military representatives 
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would be assigned to emergency highway traffic regulation 
center5 as needed. This undertaking resulted in meetings 
of local military representatives and State highway 
officials throughout the country. (Because the memoran­
dum on this subject from the Adjutant General to the 
Continental A:rm.y Colllil.land, dated March 3, 1964, so clearly 
states the military position in relation to civilian 
operation of emergency highway traffic regulation, it is 
included here in appendix H.) 

As civil and military planning for a national 
emergency progressed, the old OCDM national plan was 
eventually superseded by a new National Plan for Emergency 
Preparedness, formulated by the Office of Emergency 
Planning. The Annex 12--Directed Movement of the old plan 
was replaced in 1964 by the new plan's Chapter 6-­
Transportation (see appendix I), covering all aspects of 
civil transportation in a national emergency. The Chapter 
6 text was prepared by the Office of Emergency Transporta­
tion, assisted by all Federal agencies concerned with 
transportation, including the Bureau of Public Roads. 
While there is much that is new, the previously established 
basic EHI'R principle was reiterated: "Emergency highway 
traffic regulation would be primarily the responsibility of 
the State highway departments, in coordination with State 
civil defense and police organizations and organized users 
of highways, operating under the general supervision and 
guidance of the Bureau of Public Roads." 

Steps along the way 

Along the way toward formulation of the EHTR program, 
there have been some landmarks worth noting. In 1962, in 
conjunction with a national civil defense exercise, the 
pattern of organization and operational procedures thus far 
developed for emergency highway traffic regulati0n was 
tested in the State of Oklahoma. This test, participated 
in by the Oklahoma Department of Highways, Highway Patrol, 
and Civil Defense Agency, the State and National Highway 
Users Conferences, the P.rmy 'I'ransportation Corps, and the 
Bureau of Public Roads, disclosed many areas where addi­
tional planning was needed. 

Furthering the scope of EHTR planning, in the spring 
of 1963, representatives of the Bureau of Public Roads, the 
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Army Transportation Corps, and the National Highway Users 
Conference visited EnglandJ France, and Germany to observe 
emergency highway traffic regulation planning in those 
countries~ 

Also in 1963, the Oklahoma Department of Highways 
organized a conference of the State highway departments 
concerned with the needs for, end the problems of, estab­
lishing radio communication among the departments, most of 
which already had intrastate systems. This conference 
recognized that interstate comnru.nication is essential for 
effective emergency highway traffic regulation operations. 

In August 1964J the Bureau of Public Roads convened 
the two-week Salem Conference on Highway Traffic Regula­
tion in an Emergency, at Winston-Salem, N. C. Federal and 
State agencies concerned with the EHTR program, as well as 
the NHUC and the IACP, were represented, All viewpoints 
on t~e program were explored and a great deal of progress 
was made in crystallizing policy and planning. 

In February 1965, the first of a series of regional 
conferences, sponsored by the American Association of 
State Highway Officials, and devoted entirely to considera­
tion of the emergency highway traffic regulation program 
was held in Minnesota. Similar conferences around the 
country have been held in Colorado, Illinois, Pennsylvania, 
North Carolina and California. 

In April 1966, the Bureau of Public Roads conducted a 
two-day Conference on Emergency Planning in the Highway 
Field, primarily for discussions among its own headquarters 
and field office emergency planning staff. Representatives 
of other Federal and State agencies and organizations 
concerned with the subject were also present and participated, 
Emergency highway traffic regulation held a prominent place 
in the discussions. 

Many less formal and smaller conferences and meetings 
have been held among representatives cf the Bureau of Public 
Roads, State highway departments, State police, National 
and State Highway User Conferences, and civil defense and 
military agencies. In all of these meetings, large or small, 
a sincere and continuing effort is being ~ade to promote and 
improve really effective readiness to carry out highway 
traffic regulation in a national emergency. 
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Chapter IV.---ASSUMFTIONS AND CONCEPI'S 

After a nuclear attack on the United States, it is 
practically certain that all or most roads and streets in 
and close to blast areas will be physically impassable. 
In addition, a large mileage of other roads and streets 
may have to be closed or put under restricted use because 
of the fallout contamination, at least for some time. 

Highway demand and supply 

How1nUch traffic will need or want (not necessarily 
the same thing:) to use the available roads is hard to 
conjecture. Initially, and for some time, there will be 
a considerable volwne of traffic for emergency activities, 
for military movements, and for evacuation of surviving 
population groups and provision of food and other needs 
for them. Later there will be large and continuing 
traffic movements, transporting goods and machinery of 
all kinds from locations where they are available to 
areas where they are lacking. 

It can be supposed that in and around blasted areas 
the survival rate of motor vehicles will be higher than 
that of their o;.m.ers. On the other hand, many vehicles 
may be unusable because of shortages of motor fuel and of 
vehicle service and repair facilities. These shortages, 
apt. to be prolonged, and in time controlled by rationing, 
may curtail highway usage. 

Nevertheless, it seems apparent that the need for 
emergency highway traffic regulation is a practical 
certainty. The need will be urgent in some localities 
and for some time after the attack. Regulation may be 
necessary on critical routes for an extended time, well 
into the recovery and rehabilitation period. 

However, it is a reasonable principle that emergency 
highway traffic regulation should and will be exercised 
only on those routes on which, and at such times as, 
traffic demand exceeds traffic capacity, on those routes 
on which areas where highway users must be protected from 
exposure to radiological or other hazards, and on those 
routes which are needed. for special purpose movements. 

Theoretically, the EHTR organization will be 
concerned with and responsible for emergency highway 
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traffic regulation and control on all of the 3.7 million 
miles of roads and streets in the United Sta::.es. However, 
it is doubtful, that any very large proportion of this huge 
total will require regulation. However, in some areas, 
all roads may be closed or regulated as class A routes 
because of radioactive contamination or hazard. In addition, 
it seems quite likely that there may not be any massive 
need for class C regulation; that is, traffic restriction 
because of capacity limitations. What needs there may be, 
are likely to occur in and near devastated urban areas. 
Experience indicates that in peacetime most roads aud 
streets, except those of the highest level--and even those, 
except in peak hours--operate well below their potential 
capacity. While congestion is a constant subject of 
discussion among planners, engineers, and the general public, 
it does not exist in reality except on urban arterial 
streets and & relatively limited mileage of principal inter­
city highways in the latter case, only near urban areas or 
cturing peak periods as on weekends or summer vacation time. 
This is not to say that peacetime higllw&y congestion 
problems are not real and serious; they are, but they are 
concentrated rather than spread throughout the entire road 
and street network. It seems entirely probable that the 
situation will not be dissimilar in time of em0rgency; 
although many localized critical congestion problems will 
arise. 

In any case, whatever the emergency traffic needs may 
·oe in extent and location, the EHTR organization will be 
seeking to locate and overcome the bottlenecks, rather than 
to establish and regulate a vast highway system. 

Emergency responsibilities assigned 

Obviously, the determination of need for and provision 
of emergency highway traffic regulation cannot be left to 
chance or to extemporization in the midst of crisis. The 
widespread destruction and damage to our communications and 
transportation systems and disruption of normal government 
operations resulting from a large-scale nuclear attack could 
well force some States, counties, and cities to be self­
sufficient for some time, and wholly dependent on the capa­
bility of their own agencies. Designation of such agencies 
for emergency responsibilities, and careful advance planning 
of their emergency organization and operations; are the only 
alternatives to complete and helpless chaos. 
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Logically, emergency functions have generally been 
assigned to those existing agencies which have identical 
or similar functions in normal times. Thus, the highway 
and police departments of the States and their political 
subdivisions, which are responsible for the construction, 
maintenance, operation, and traffic regulation of roads 
and streets in peacetime, should have these same respon­
sibilities in time of national emergency--under far more 
difficult circumstances, of course. Organized highway 
users, who in normal times are daily involved in managing 
vehicle movements, in time of emergency logically should 
be used to augment and aid the highway and police agencies 
in emergpncy highway traffic regulation. Together, thP 
highway-police-user team csn determine the availability and 
provide tne bes~ use of the highway systems to meet tne 
priority transportation needs established by other 
appropriate agencies and thus serve the interests of the 
surviving population, industrial production, reconstruc­
tion,and rehabilitation, 

It should be evident that advance organization and 
detailed planning and preparation are necessary in a high 
degree: 

because emergency highway traffic regulation will 
be needed at the earliest possible time after an enemy 
nuclear attack; 

..• because the EHTR operation requires close cooper­
ation and coordination among Federal, State, and local 
goverl'.lment agencies; and 

•.. because the EHTR operation 111ay have to be ini ti­
ated within a State or lesser area independently and in 
isolation from outside contact. 

PREMISES FOR PLANNING 

The Federal role in this undertaking, assigned to the 
Bureau of Public Roads, is essentially that of guiding, 
assisting, and coordinating the State and local governments 
io their planning and operations. In exploring the pro­
spects for highway transportation following a nuclear attack, 
Public Roads made certain logical asswnptions which, taken 
as premisesJ inevitably led not only to the conclusion that 
emergency :--.ighway traffic :regulation was necessary but also 
to conclusions as to the form of organization and operation 
best suited for it. 
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The assumptions made by Public Roads are just that: 

they are not axioms; but they are believed to be sound and 
reasonable. They are properly based on the exception of 
necessity to meet extreme conditions, ns any good planning 
effort must be) s1nce plans developed to cope with a major 
situation may readily be modified for one of smaller magni­
tude, while lesser plans would be impossible to enlarge 
expeditiously in time of urgent need. 

It is assumed, first, that a thennonuclear attack on 
the United States could cause widespread death and destruc­
tion from blast and heat effects in and near numerous 
target areas, with heavy radioactive fallout probably 
extending considerable distances from these areas and 
drifting widely so as to contaminate in greater or lesser 
degree many other areas across the whole United States. 

The effects of such a nuclear attack on highway trans­
portation and the consequent actions to be taken have been 
assumed by Public Roads to be as follows: 

Damage anticipated 

Many highway route sections in and near blasted areas 
will be impassable because of physical destruction of pave­
ments and bridges, clogging with debris, and, in some 
locations, flooding from ruptured dams and levees. 

Many route sections in widely spread areas will be 
impassable or dangerous to use in greater or lesser degree 
because of radioactive fallout, which will decay with time 
and may shift rapidly with changing weather conditions. 

Early use and repnir required 

Routes that are physically impassable, and especially 
those too dangerous to use because of radiation (invisible 
to motorists), must promptly be closed to traffic. 

Routes to and around blasted areas must be opened as 
quickly as possible, by removing rubble and repairing 
physical damage where it can be done promptly and safely, 
or by arranging detours on existing connecting routes tha~ 
are still traversable. 

Routes thrcugh radioactive areas which can be traversed 
without serious peril to travelers should be used to the 
extent possible, but travelers must be alerted to the hazard. 
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As radioactive contaminati0n deceys or shifts> the 
limits on closed and restricted-uee routes must promptly 
be changed, to expedite traffic movement but at the same 
time to protei:t the public. 

Routes neither physically obstructed nor contaminated 
nrust. be used to maximum advantage; some probabl.;1 with full­
or part-time regulation on a pl'io:rity of need basis. 

Rehabilitation operations 

Repair ana reconstruction of damaged highways sho1.-'.ld 
oe undertaken, as manpo'Wer, equipment, a..nd mete rials a:re 
available> with priority attention to locations where wo:d: 
car1 most :readily and quickly oe completed and where traffic 
service needs are greatest. High levels of radie.tion in 
gnd around blast areas will inhibit reconstruction there 
for long periods of time, however. 

As surviving population groups a.re resettled and 
industries established in new locations_. during the nationfll 
::-ecovery period, highway syst.ems 1n some areas may have to 
be revised considerably from their old patterns, or even 
designed a~d built completely anew. 

Obviously, many road consi:;ruction contracts in force 
a.t the time of attack will be suspended and ul-dmately 
cancelled; however, some may require emergency or subsequen-,; 
major revision and expedited completion. 

ROUTE TYPES IN AJ.'T EMERGENCY 

From these premises developed by the Bureau of Public 
Roads it beca~e evident that usable highway routes in a 
postattack period will be of two general types: those that 
are clear and open without restriction for travel, and those 
that nmst be regulated in some form. (A third type, of' 
course, comprises those routes that are completely closed 
by physical obstrnction or heavy radiation contamination; 
but obviously these would not be available for traffic use.) 

Incidentally, the term "highway route" as commonly 
used in this guide does r1ot necessarily mean an existing, 
continuously marked route stretching across one or several 
States, such as the numbered State, U.S., or Interstate 
system routes. "Highway route" as used here simply means e 
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road and/or street section or series of connecting sections 
serving to carry traffic from one point to another. Under 
postattack conditions a route between two cities may svitch 
back and forth between primary and secondary roads, for 
instance; and the route wuuld probably change from time to 
time as contamination conditions change and as roadway 
damage is repaired. A regul&ted route may be relatively 
short, both in length and if! period of use under regulation. 

Clear Routes - Clear routes will be highway sections 
without any restrictions or regulations on traffic use; they 
will be_freely available for use just as in normal times& 
Their route markings probably will be unchenged, although 
some secondary routes may be marked temporarlly as primery 
detours. 

Regulated Routes - Regulated routes will be specific 
highway sections on which traffic use will be contr?lled by 
the EHTR organization for any one of three reasons lor any 
combination of them): hazardous because of radioactivf; 
contamination; need for special use or purpose; and 
insufficient c13.pacity for the actual or expected treffic 
volume demand. Therefore) three separate classes of 
regulated routes a:re recognized: 

Class A Regt:.lated Routes - These are routes that lie 
;.rithin cont8lllin3.·ted areas, and which must be identified ~-o 
e.nd. used by travele1·s with special precautions" 

Class B Regulated Routes - These are routes that are 
temporarily wholly reserved (at least during specific hours) 
for a special purpose; generally this will be for large­
scale civil defense or military movements. 

Class C Regulated Routes - These are routes which the 
traffic volume is 1 or is expected to exceed the capacity 
and on which all traffic must be cont.rolled in order to 
facilitate and insure the movement of priority cargo or 
persons. 

Class Band class C routes, of course, may also fall 
under the restrictions of class A; and class B operation may 
be perfonned during specific periods on class C routes. 

The EHTR organization, through its own and any other 
means availehle to it, must detenJine as promptly as possible 
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which highway routes within its jurisdiction are wholly 
blocked and which are in contaminated areas. It must then 
dete1mine existing and attempt to forecast probable future 
traffic volumes, and learn of priority movement needs. On 
the basis of such information, the Effi'R organization will 
determine which routes must be regulated as classes A, B., 
and C; and which can be left unrestricted. This operation; 
of course, will be a continuing process, for conditions 
will constantly be changing. 

Where radiation is found to be at a level which would 
endanger the heal th or life of highway users.• barricades 
will be placed to warn users of such danger. Where radia­
tion danger is not too great, routes through the contami­
nated area may be opened to traffic under carefully 
controlled conditions as class A routes. It may be 
necessa.ry for vehicles to traverse the contaminated area 
!it the highest safe speed: and occupants of the vehicle 
must be urged to keep careful note of their- total exposure 
to radiation. 

Only trained personnel can determine the existence and 
strength of the radiation danger. The motorist cs.n..not 
perceive or sense it. Thus, the EHTR staff must deterw.ine 
with certainty ths.t a route through a contaminated area can 
be opened to traffic.• and how long a human being may safely 
stey within the area., in orther words., vhether drivers can 
cross the area safely at reasonable speeds. (Appendix J 
provides considemble technical infonnation on the detection 
and measurement c,f radiation and on limitations of highway 
use through contaminated areas.) 

Operating regulated routes 

It is expected that me.npower available to the EHTR 
operation will not generally be sufficient to man and 
enforce closure points on highway routes that ere physicslly 
impassable or too highly contam.inated for travel. 
Barricades and ,.,arni:1.g signs often will have to suffice to 
stop approachi,1g travelers, and to advise, if possible, of 
alternative safe routes to destinations beyond, Many of 
the class A routes--those through conta~inated areas but 
open tc limited use--vill not be manned, either. Ee:ce, too) 
signs often will have to suffice, warning the travele:r of 
hazard and the necessicy of quick transit. (Appendix K 
provides infonnation on standards for road signs and mark­
ings for civil defense.) 
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On highway routes open to traffic under priority­
controlled operation or for special use--class Band C 
routes--EHTR personnel, usually police, will be stationed 
at majo1· entry points, such as primary route intersections. 
Other intermediate or less important entry points will be 
manned as available personnel permits. Their function 
primarily will be to regulate traffic flow and accommodate 
priority movements; but they will also warn of radiation 
danger if it exists, and provide information about unrestricted 
travel routes in the vicinity. 

Within the broad bands of priorities by appropriate 
authority established, tl1e transportation regulatory 
agencies will determine, on an individual case-by-case 
basis, specific priorities for particular transportation 
movements" The specific priorities thus established for 
-the movement of par'c.ic-ular cs.:::-goes or persons will be 
accepted as controlling in the emergency high~ay traffic 
:regr·.lation operation. The EHTR staff will maJi.:e ded.sions 
of precedence of movement only whe~ the ff'J.IDber 0f equal­
~rio:rlty 1Jehicles :;e\:':k.ing road space at the same time 
exceeds the p&.rticular route •~apscity. At that point., the 
EH1'R staff must res art ·c,o its m..-;1 judgment" 
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Chapter V .---PLANNING 

As previously ncted, the National Plan for Emergency 
Preparedness developed by the Federal Government prescribes 
that "Emergency highvay traffic regulation would be 
primarily the responsibility of the State highway depart­
ments, in coordination with State civil defense and police 
organizations and organized users of highways 1 operating 
under the general supervision and guidance of the Bureau cf 
Public Roads." This principle sets the basis for EB.TR 
planning and organizatior. and, if necessary, its activation 
and operation: that both the preparation and the activity 
cao best be carried on at the government levels close to 
the scene end by the agen~ies responsible ~nd equipped for 
related peacetime dutieF.. 

State and Federal rules 

In furtherance c:f hoth the prir!ciple s.nd the presc::-ih-er'. 
delegation, the Bureau of P.1blic Roe.d.s ir.1. its PFt-l 50-7 
(appendix D) has eal:J..erl upon each State highway :iep&rt!llent 
to prepare a detailed pl~n for emergerwy highway t:.~affic 
regulation, which eh,?Uld be incorpo~ated int-0 the State'E 
overall emergency plans. Most of the States have by now 
developed such plans. But although these have been accepted. 
by Public Roads as bas i,:: documents, more det.eil.ed :plaaning 
is clearly needed ire praetically all of them, sc that, if 
and when the times comes, EHTR cperat::!.ons can be 1::istit:J.tect 
and carried on without undue confusion. In the ee.:r:ly days 
of a postattack period) it is strongly understat::!.~g the 
situation to observe that there will be conf\tsion enou.gh 
even if, through careful planning and effective action, the 
available highways are used to full advantage. 

Planning at the State level is particularly approprie.t.e 
because there are such considerable varia.tions sectiota.lly 
in the United States: in population, density, concent:.:ation 
of industry and cODIIJlerce, and other influcncee of suscepti­
bility to enemy target choice; for example, as well as in 
topography, land use .• and so on. Too, the pescettrne :::espon­
sibilities and functions of State high-,,a.y and. poll;::e E.genci.~s 
vary from State to State; as do relationships amor.,.g Sts.te 
and county and local g0vernments. 

Conseg_uentl:,·, as ir. mauy (Yt.her fede:rnlly 3uicled and. 
:.'inancial.ly aided at;t.:..vitie.;, bott :£.>eac.et.ime -:n'l,i ~~·•e.1..·genc:r, 

29 



the Federal role in emergency highway traffic regulation 
planning has been to develop concepts and basic forms of 
plans, in cooperation with other interested agencies-­
primarily, of course, the highway and police departments 
and organized users, together with civil defense and 
military authorities. N~ither Bureau of Public Roads 
directives nor this guide can satisfactorily provide all 
the details of organization and operation that are 
appropriate and essential to each individual State. 

General principles 

In guidance of each State's detailed EHTR planning, 
there are some general principles which may seem obvious 
but nevertheless worth enumerating here. 

Plane, and the regulatory action~ in time of 
emergency, must be such that they will have the acceptance 
of the public as being reasonable under the circumstances; 
othervise, they will be difficult if not impossible to 
carry out. The planning must be at once imaginative, 
since it is dealing vith awful possibilities beyond any 
previous experience; and at the same time eminently 
practice.J_, since the EH'Y.R organization a.nd operation will 
i~volve many government agencies and ma.ny people both in 
their employ a.nd elsewhere. The E1fl'R plans must be 
highly flexibh: '.:;o cope ;,n:r.h whet ia likely to be an 
extremely :luid. sitrn.1.tion,~--and to meet unexpected difficulties 
that almost, in~vitable w-.i.11 a.rise, niJ matter how painstaking 
and sltillf\:::!.. the :Jlanning. Even within the government 
agenci~s particn:i.a:.·l:,· involved in the EHTR responsibility-­
the ~1lghvay a.:.fc police departments--other emergency duties 
art loc'.ge<l; ant:: EHTR planning must be carefully coordinated 
·,d ·c.i: ·'.:.hr..-; e other functions. It must also be coordinated 
with all other possibly related activities of Federal, 
State: e.n•l local civil defense agencies. 

~lanni.-r..g s.reas 

Specifica:Ll.y, planning for emergency highway traffic 
1·egulati0n at the State level must fully cover the areas 
described. below and more fully ciscussed in the chapters 
that follow. 
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Authority - Sta't~ and possibly local la.we and regula­
tions should be revieved, and amended as necessary, to 
ensure that they provide adequate legal authority for the 
planned EHTR operations. Clear responsibility for 
organization and operation should be assigned by the State 
governor to a spec:!.fic State agency (generally the State 
highway depa...--tment has been so designated); and lines of 
authority, coordination, and cooperation should be clearly 
este.blisbed. As detailed plans are developed they should 
be ch~cked for ccmpl@te compatibility vi.th Federal emergency 
plans and Yith plans of other State agencies, particularly 
the State civil def~nse organization. 

Organization and Staffing• The detailed ZRTR plans 
snould include provision for adequate saf~ office apace, 
equiJGl.ent and supplies, si.nd staffing of 6- State emergency 
highway tra.ffic regulation center and ares. and su·o-area 
centers (districts and sectors in EHTR tenninology). Prn­
vision must also be ms.de for quickly setting up control 
posts wherever necessary on regulated r:ighways. Mequat~ 
communication facilities are highly essc~nt:.le.l, for 1.J.l.tiek 
transmission of information bet\-feen ell the EHTR :!enters 
and :posts and for courun.mication vi th other emergency-­
operation agencies in the State and with :&H'l'R centers in 
adjacer:it States. RadJ.,:>logica..i.. ruoni toring l'.evices must be 
obtained and personnel trained to use the::ru. Eme~gency 
signs and barricades and. roaci.-u.se permit fo~7llO ruust be 
prepared and stockpiled. 

Operations - The detailed EHT.R planning -m.;.at. inclc.,ie 
full arrangements for activat:i.ng the St.ate EP.TR center and 
summoning key staff immedic:.tely following e.n enemy ~ttec;k. 
Planning must thoroughly prepare for the subsequent 
operations, on whatever sea.le seems called for: first. a 
quick necessarily rough estimate of t.he si·ruatiou; a.ct.i vu.­
tion of ERTR field centers where neededj and then, as 
communications a:re established and fuller i:i.fonna. 1:.ion 1B 
received from various sources, designe.t.ioo ;yf reg-.i.lated 
routes and their operation by establisbmen'c of ,~ontroJ. poet.a 
and issuance of road-use perm:1.ts for priorJ.ty tra.ffi~ ll!OV~~ 

ments. The ERTR planning for ope:ra.tious I1rust als.:i ecv.(a1o;:, 
the problems of a cor:.stantly changicg a.:. tua.tion and the r•f-:C!C. 
to correspondingly expand or contra.ct ·ti.k s:,:eaa (H,l"Y-eo. a11c.. 

the staff employed; and, of cot.:.r~e) the ueed to terminate 
the operation entirely at the earlj__est pract.ic1:1.·01e t:!_me. 
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Tra.:ining - PersonnE'!l appointed to or recn1.ited to the 
emergency highway t.re.ffi~ reguls.tior. organii.eticn will 
al.most uni verse.lly be :f:'ully occupied in other job5 during 
peacetime, either in government agencies or in the highway­
user industry. Because their f'unctiona on the EHTR staff 
in an emergency will be different and diffieult, and 
suddenly thrust upon them, it is important that they be 
adequately p:=-epe.red; and yet, few of them will be able to 
devote extensive time to training. Thus, training 
arranged by th~ State must be caretully plannedJ and 
shoul~ involve short courses embodyj,.ng lectures and dis­
cussions, supplemented by reading matter and by subsequent 
seminars and refresher sessions. Fundaaentals will be 
appropriate course content for all ERTR participants, but 
training subject matter must be varied to suit the EH'l'R 
jobs of the trainees; e.g., whether at State or local 
level, administrat:tve or operational, etc. 

A further essential of training is the "trial run," 
through theoretical or actual field exercises, tied in 
where possible with other, broader exercises. In such 
exercises, some or all operations snould be carried out, 
e:i.ther simulated or in reality, lncluding mobilization of 
personnel, opening of centers, assessment of damage, 
radiological monitor1.ngJ emergency sign and barricade 
placement; tt.nd. issuaoce ,)f permits and operation of road 
control poate. tioweve:r~ even in a thoroughgoing exercise, 
some of ther.-!: ori~::.·c.:tions will have to be at least 
partially simul.a.t.ed to avoid untoward alarming of the 
public e~d undue ioterference ,nth normal road and street 
traffic. 

EHTR terminology 

While a certain amount of specialized terminology is 
probably necessary in emergency highway traffic regulation 
pla..nntng and operations, as in any undertaking of similar 
scope and complexity, it would be desirable to keep it to 
a. :.ninimllm, Unfortunately, jargon and "shop talk" all too 
c•ften get out of hand. 

In EHTR operations, for example, it is appropriate and 
necessary to ~lassify and designate the several types of 
..-oute regula·t.ion. On the other hand, terms such as blocked 
~·,::,,-1.t.:.?, c'cetuur, bypass, bottleneck, etc., are used liberally 
:..r: ':,h~,a gu1.d<!: without specific definition; their meanings 
t.1 e ·,O!:Uilonly understood. 
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Specific "new" terminology should be created for 
EHTR operations only vhen it seems necessary to avoid 
misunderstandings in time of urgency. The adoption of 
an extensive new set of terms, possibly infringing on 
or conflicting with existing conmonpl.ace meanings, might 
well create confusion 1nstead of avoiding it. Pla:l.n 
clear-cut English and universally used traditional 
engineering terms, should suffice for practically all 
ERTR needs. 
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Chapter VI.---PREPARATIONS 

Much of the success of emergency highway traffic regu­
lation. when the time comes for its application, will depend 
on the advance preparation not only planned but actually in 
effect. Such preparations include particularly the locating, 
establishing and equipping of operating centers, and the 
recruitment of an adequate staff for those centers and the 
preparation of the staff for the difficult activities into 
which they will be plunged in the postattack period This 
chapter is concerned with those subjects, and will help set 
the scene, so to speak, for the discussion of EHTR operations 
in the chapter that follows. 

THE STATE EMERGENCY OPERATING CENTER 

If and when a state of civil defense emergency is declared 
to exist by either the President or the Congre1s of the United 
States, all pertinent Federal emergency plans will at once 
come into operation. Certain Federal plans require individual, 
specific Presidential orders to become operative; but for the 
purposes of this guide it is assumed that all of the plans for 
and affecting emergency highway traffic regulation will be 
immediately effective in a civil defense emergency. 

As soon as such a national emergency is declared, the 
Governor of each State presumably will at once order the full 
activation of his State emergency operating center. This 
center, planned and organized by the State civil defense agency, 
will thereafter be exactly what its name implies: a safe­
guarded center for emergency operation of the State government, 
at which will be assembled the governor and his advisors, the 
State civil defense director and his staff, and representatives 
of the regular and emergency State operating agencies. The 
latter presumably will include the heads or top-level repre­
sentative of the emergency highway traffic regulation organi­
zation. Under prearranged emergency plans and assignments, 
the Governor probably will invite to the State emergency 
operating center representatives of those Federal civil and 
military agencies having emergency responsibilities, who 
will serve in liaison capacities between Federal and State 
opera tings. 
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I The State operating center will be the focal point for 
receiving and disseminating all kinds of information; for 
contact with the Federal Government; for communication with 
the general public; and for issuance of both specific and 
general directives to State agencies and local governments. 
Such directives will relate to specific emergency functions 
and responsibilities assigned by established emergency 
plans. The State operating center would detennine when and 
which kinds of emergency procedures and activities should 
be undertaken; it would provide information to, and direc­
tion of aid and relief for, the State's surviving population. 
Most if not all such operations, including emergency high-
way traffic regulation, would be carried out by the previously 
designated responsible State agencies. 

THE EHTR OPERATIONAL STRUCTURE 

As will be evident in this guide, the overall plan 
for emergency highway traffic regulation is one of decen­
tralized operation insofar as possible, with delegation 
of responsibility and action from the State EHTR head­
quarters center down through district and sector centers 
to the EHTR posts on regulated highways. Because coordin­
ation is so vital to the operation, cohesion must be supplied 
by close two-way communication linkage so that information, 
recommendations, and instructions may flow in all directions: 
downward from the State EHTR center to the district EHTR 
center to the sector EHTR center to the EHTR post, and back 
up, as well as laterally between posts, sectors, districts, 
and States, and between operating levels. The EHTR orga­
nization structure is illustrated in figure 2. 

The State EHTR center 

In most States, the State emergency operating center­
headquarters of the State government--is unlikely to have 
space available for more than liaison representatives of 
such operating agencies as the emergency highway traffic 
regulation organization. The latter therefore must have a 
pre-established State EHTR center of its own at a different, 
but preferably nearby location. This will be the nerve and 
decision center for all emergency highway traffic regulation 
operations in the State. 
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District EHTR centers 

The State EHTR center must have ready means of accu­
urulating information from throughout the State, of sizing 
up area and local situations, and of giving general direc­
tion to field operations. For these purposes, each State 
should have a number of district EHTR centers. In general, 
since in most States the State highway department has 
been assigned the EHTR responsibility (or will be working 
closely with any other agency assigned that responsibility), 
the logical subdivision for EHTR operation will be the 
State highway department district (in some States these 
are called divisions). These highway districts usually 
comprise -several counties and are coextensive with county 
lines. Each has a district central office responsible 
for all or many of the normal State highway operations in 
the area, including road location, design, constructior., 
maintenance and repair, traffic signing and signalization, 
and sometimes supervision of State aid to the counties and 
local governments. 

Much like the main office of the State highway depart­
ment, the district office is staffed with administrative, 
fiscal, and clerical personnel, highway, bridge, and traffic 
engineers, and other specialists. Usually the district 
office also has a force of equipment operators and mechanics; 
a fleet of automobiles, trucks, and road maintenance and 
repair equipment; and a substantial machine shop. Quite 
commonly, the district office and its mobile equipment 
are iinked by two-way radio. Often, the highway districts 
are subdivided into working areas, each with a headquarters 
depot or garage for maintenance staff, equipment, and 
materials stockpiling. These depots usually have at least 
some office space. 

Thus the highway districts, well staffed and equipped, 
and with intimate knowledge not only of State highways 
but probably of all roads and streets that lie within their 
teritories, are admirably suited for emergency duties related 
to highways, including emergency highway traffic regulation. 
Each State highway district office in the State should be 
prepared to act as a district EHTR center. 
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Sector ERTR centers 

Where it appears likely to be neceaaary in tim.e of 
e:aergency-, EBTR planning should include subdivision of all 
or acme ER'l'R districts into two or more smaller areas, 
called sectors. Each sector, which will have ite own 
sector EBTR center, vill cover a county, city, or aoae 
portion thereof, as seeu appropriate for optimull operation. 
The sector EBTR centers shou.ld be arranged for in advance, 
and may be located in State highway department depot• or 
garages, State police barracks, county or local highway or 
police department facilities, or a011e other preaelected 
site which is available and suitable for the needs. 

Metropolitan area EBT.R sectors 

°'2r metropolitan areas usually comprise a large and 
congested central city surrowaded by popu.lous auburba and 
scattered exurban develoi;aenta organized into larger or 
aaaller political units as cities, Yil1agea, tovns, etc. 
'l'he conglaneration is nry likely to be situated in 
several counties, and often in tvo States. A few have 
rw-ther political ccaplexities since they lie on an inter­
national boundary. In such aulti-atructured aetropolitan 
areas, each political Jurisdiction ia apt to have its own 
individual civil defenee organization and emergency plans. 
~o the extent that these plans affect highway transporta­
tion and regulation, there should be caretul coordination 
Oft both sides . 

In a. large-scale enemy nuclear attack, 11any of the 
large aetropoli tan areas 11ay be denstated. by blast and 
fire and heavily contaminated by radiation. In such a 
situation, the f'\mction of emergency higbvay traffic 
regulation in relation to these areas, after initial rescue 
and evacuation operations, ¥111 be to arrange for safe and 
adequate bypasses of them. 

Because of the eize, both in area and population, of 
the metropolitan areas, and their political, econcaic, and 
traffic ccmplexi ty, it vill probably be vise to p1an in 
advance for the division of ea.ch into aeveral vorkable 
EBTR sectors. This vill be a necessity when the :metropoli­
tan area is divided between two States. For aanageaent 
advantages, it would be best for al.l sectors covering the 



metropolitan area (within each State) to be under the 
jurisdiction of a single EHTR district; or for the area 
itself to be constituted as an EB'l'R district~ Closely 
coordinated planning and operation between all agencies 
involved are obvious necessities. 

EH'l'R posts 

Finally, actual road regulation under the KH'1'R plan 
of operations will be conducted at EB'l'R posts established 
on the roadside at points of entry to regulated routes. 
These EBTR posts will usually be manned by State, or more 
likely, local police, perhaps vith help frca local 
highway department personnel. They should have means for 
close, continuous c0111111W1ication vith the EH'l'R center, to 
which they are responsible; and to other posts on the 
route. This can be .maintained through police or highway 
department mobile radio equipaent. 

BSTABLISBllG THE EH'l'R CEWTERS 

The selection of locations for the emergency highway 
traffic regulation centers and their preparation is a 
matter of great importance, for once an emergency arises 
those centers that are needed must be activated without 
delay and immediately put into full operation.. 

State EH'l'R center needs 

The most important and largest EH'1'R office, since it 
will be the nerve center of the entire operation, is the 
State E1f?R center. It will be the first activated afier 
an enemy attack., and, if there is an early warning, it may 
be activated in ad.Yance. The State EHTR center should be 
located as near as feasible to the State emergency operating 
center, wbich will be the focal point of all State activitieso 
The State Elfl'R center preferably should be protected against 
blast and have a radiological protection factor of at least 
100 ( see append.ix J) • 

Ideally, provisions should be made for continuing, 
2.lt-bour occupancy and operation. Thia requires adequate 
though spartan facilities for living, sleeping, and 
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eating--and, of course, food prepare.tion--sufficient for the 
1118.XlllUlll. ets.ff anticipated. Thus floor space is required 
both for office operations and for living quarters. The 
office operations Yill require furniture, typewriters and 
other office machines, paper and other office supplies, 
printed fol'lllS, and all the va.ri.ed paraphernalia necessary 
for coapetent office operation. Adequate toilet and 
wa.shroan facilities are required. For "live-in" accamno­
dations, dormitory-type furniture and bedding are necessary. 
For feeding, cooking utensils, stove and refrigerator, china 
and cutlery, etc., are needed. And, of course, food itself, 
and above all, drinking water, are essential.a. 

Highly important in the State EH'l'R center is a full 
compleaent of camnunications equipment, linking the State 
center to each district EHTR center, to the State emergency 
operating center, to the State highway department and State 
police headquarters, and to the State ER'l'R centers in 
adjacent States. Two-way radio, teletype, and telephone 
communications are all desirable facilities to have for 
various purposes, and it would probably be best not to 
depend on any single system. Interlinkage with the estab­
lished State highway department and State police radio 
networks, if such exist, vill be extremely uaetul. Communi­
cations are so important to the EB'l'R operation that, if at 
all possible, these facilities should be installed in the 
State EHTR center and maintained on a standby basis . 

An essential need in the EH'l'R center will be adequate, 
large-scale :maps of the United States, shoving major 
highways, and of the State (and adjacent States), showing 
all roads. Separate large-scale maps of the State 1 s urban 
areas, shoving all roads and streets, are also needed. 
These various maps should be mounted on the vall, in a 
suitable location and covered with sheets of clear acetate 
so that information may be posted, and revised as changes 
occur. Such maps, properly posted, will give a quick, 
current picture of both the overall situation and its 
details. 

Since none of the personnel assigned to EH'l'R activi­
ties will be in unifo:na (except military liaison officers), 
suitable official identification is required for them. 
This can consist of a formal., wallet-size identification 
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card which will serve as a pass, if needed. In ad.di ti on, 
ERTR personnel should also probably be provided with a 
quick-identification device such as an armband or badge 
withs. readily recognizable symbol a.nd/or inscription. 

It is highly desirable that the State EHTR center be 
physically established and equipped now. Ideally, it 
ahou.ld be fully stocked with office 1urniture, equi:pinent,, 
and supplies, comm1nications equipment, and living and 
feeding equipment and supplies--all in place and ready to 
use. Where this optimum situation is impossible to 
achieve at once, it may be accomplished gradually. In any 
event, every effort should be made to approach full 
operational readiness as nearly and as quickly as possible. 
For example, the State Elfl'R center may be physically 
established but only partially equipped and stocked, vith 
the remaining needed equipment and materials stored at the 
State highway department headquarters or varehouee. Some 
of the equipment in use at the highway department may be 
ea:naa.rked for quick transfer to the State EB'l'R center when 
needed. In this case, lists of such items and their 
locations must be kept current, and adequate plans arranged 
for their quick transfer. 

The adlllinistratiTe personnel of the State highway 
department who are responsible for the establishment and 
equipping of the ER'1'R center should have and aaintain 
current, complete listings of equipment and supplies 
located in the center, those stockpiled elsewhere, and 
thoee 1n use which are to be moved to the center when 
needed. 

Another important record to be kept by the EHTR 
adm.inistratiTe staff is a full, up-to-date roster of all 
personnel assigned to report to the center, including State 
highway and police officials, organized highway users, and 
military and civil defense liaison representatives. The 
listing should include names and both office and home 
addresses and telephone ntllllbers. The State EHTR center's 
list should also include similar listings of the principal 
staff assigned to each district and sector EHTR center. 

Associated vith these personnel rosters should be a 
fully developed alerting system. capable of summoning all or 
selected meabers of the EHTR staff to the center in rapid 
fashion. Prearrangements may also be made for the staff to 
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report to the EHTR center even vithout notification, in a 
recognized emergency, or the staff 111ay be in£tructed in 
advance to listen to radio broadcasts for general a..lerte 
or assignment aessages. 

At least one person assigned to the State Elfi'R center 
should be trained and equipped tor radiological monitoring, 
and be responsible tor the safety of the center itself 8lld 
determining the radiation exposure of its occupants. 

Di1tr1ct and sector EB'l'R center needs 

To the extent possible, all of the preattack arrange­
ments described above in particular application to the 
ERTR center should also be made for each district BB'l'I 
center. If the State highway department's district head.­
quarters itself cannot be made a properly protected site 
in which its ovn. operations and those of the district Elfl'R 
center can be located, it would be desirable to plan, and 
if possible establish in advance a safe and adequate 
locati0111 for use in time of emergency by both the district 
highway office and the district EJITR center. Their eaergency 
operations are closely related and they will f'u.nction to 
best advantage if housed together. Specific arrangeaents 
should be made by and for each district EHTR center, adapted 
to its local situation and problems. 

Similarly, preattack. arrangements should be made for 
each sector EB'l'R center; again, adapted to the local 
situation. Sector centers may be located in State bighvay 
department area depots or garages, State police barracks, 
or county or local highway or police offices or stations. 

In choosing locations for district or sector !lr.l'R 
centers, consideration should be given to the convenience 
of those who mllSt apply for road-use permits. However, 
procedures for issuance of such permits by telephone or 
from other more numerous and better located places are 
discussed in the chapter on operations. 

The district end sector EHTR centers ideally will 
require all of the working and 11 Ying furniture, equip­
ment, and supplies described as needed. for the State Elfl'R 
center, although probably in different proportions and 
scale. In addition, these centers, as the operational 
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units in the emergency highway traffic regulation process, 
vill have other needs which 1111.lst be provided for in 
advance. Highway department personnel will do the 
required radiological monitoring of the highways, and 
equ.ii:-,ent in sufficient quantity and ready for use for 
that purpose mu.st be available. Road-uae permit forms 
must be printed in advance and stored. '!'he special-type 
signs and barricades for road closure and for use at the 
EBTR posts must be prepared and stockpiled. 

ERTR post need.a 

The EB'ffl posts will be temporary roadside sites, and 
their locations cannot be determined in advance. As 
already noted, special signs and barricades for use at 
ER'l'R posts should be stockpiled at strategic and safe­
guarded locations. Other equipment and 11a.teriBls that 
might be needed at EB'l'R posts should also be available in 
reasonable quantities. 

S'?AFFIIIG THE CENTERS 

As has already been noted, the staff for direction 
and operation of emergency highway traffic regulation will 
be drawn from the State and local highway and police 
departments and from the organized highway users. Highway 
user representatives may be recruited froa the autcaiotive, 
trucking, and related industries, vith the cooperation and 
assistance of the State Highway Users Conferences in most 
States. 

Staff assigned to or recruited for Elf1'R operation 
should be free to assume such responsibilities in tiae of 
national emergency; those Vi.th other coan.itm.ents, such as 
members of the military reserves, should not be included. 

It must be borne in mind that for both government and 
private-industry personnel, Elfl.'R aasigrunents are usually 
in addition to their nonnal, peace-time Jobs, and their 
time and efforts in preparation for real EHTR activity 
should not be fruitlessly or frivolously used. Their 
training must be fully adequate but not protracted; and 
every possible means must be em.ployed t.o arouse and sustain 
their awareness of the vital essentiality of emergency 
highway traffic regulation and to maintain their interest 
in and foster their dedication to it. 
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Every person assigned or recniited to the EHTR team 
should be informed specifically of the location of the 
center to which he or she is to report when summoned in 
time of emergency, and 9f the means by which the summons 
will be communicated. Desirably, all, or at least many, 
of the personnel--certainly all of the key officers-­
should visit the center to which they are assigned (when 
it is physically established), and have an opportunity to 
familiarize themselves with the location, operating 
facilities, and arrangements, as well as other personnel 
with whom they would be working in ttrne of emergency. 

All personnel involved in the EB.TR operation should 
receive adequate initial training and sufficient refresher 
follow-up, and practice in exercises, geared to their 
particular duties in an emergency. Training is discussed 
aore I'Ully in a subsequent chapter in this guide. 

State EBTR center staffing 

Since the State E1fl'R center's function is to direct 
emergency highway traffic regulation as needed over the 
entire State, through the district and sector Elft'R centers, 
its staff will not include operating personnel for field 
activities. The State EHTR center should have a staff 
comprising the following: 

Adninistration - Administrative, secretarial e.nd 
clerical staff. 

Communications - Radio, teletype, and telephone 
operators, and technicians, and public information 
personnel. 

Operations - State police, highway users, and State 
highway department personnel. 

Liaison - Representatives !rem the military and State 
civil defense organizations. 

Housekeeping - Maintenance staff; if live-in facilities 
are available or are to be arranged, housekeepers, cooks, 
etc. 1 should be provided. 

44 



District and sector EHTR center staffing 

Staff needs at the district and sector Elf'l'R centers 
rlll be quite similar to those listed above for the State 
EHTR center. In addition, they vill need e good-sized 
staff who are familiar vith the roads and streets of the 
area and the normal traffic flow, and who are capable of 
making quick and reliable evaluations of traffic problems 
and situations. 

The district and sector EHTR centers will have much 
of the responsibility for determining route capacities 
and the need for establishing regulated routes (in the 
th~ee different classes), for locating and marking such 
routes, establishing and staffing EHTR posts where needed, 
and issuing road space permits to shippers who have 
obtained priority certifications for movements of goods 
or persons. Consequently, the district and sector EHTR 
centers JllUSt have available, on call, a large force for 
these activities. In the centers, engineers, police, and 
highway users will do much of the work. The engineers and 
police at the district centers will generally be State 
highway and police personnel; at the sector centers they 
vill probably include or consist principally of personnel 
recruited from the county or local highway and police 
iepartments. Tne latter is desl::-able, in fact, since the 
sector Elfl'R centers vill necessarily be maintaining close 
contact and collaboration, in an emergency, with county 
and municipal civil defense euthorities and other agencies. 

EHTR post staffing 

The ER'l'R posts will be established on the roadside 
where and as needed, for the actua: direction and 
regulation of traffic and to advise the traveling public 
sbout road conditions, detours, radiological hazards, etc. 
The EH'l'R posts should preferably be manned by police, from 
etther State or local forces. The police are particularly 
suited for handling this assj_gnment since it is related to 
their peacetime function, and because they are generally 
well equipped with motor vehicles, usually with emergency 
equipment and with two-way radio. 
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Sta:ff size 

Estimating the numbers and kinds of personnel required 
to man the State ERl'R center and each district and sector 
EB'l'R center, as well aa the Elfl'R posts, is an exceedingly 
difficult part of the planning for emergency highvay 
traffic regulation. Since there are so many variations 
among pertinent factors from State to State, it is 
imposaible to provide satisfactory guidelines on this sub­
ject. The State EBTR planners must endeavor to conceive in 
detail the variety and volume o:f operations to be per:formed, 
and estimate therefrom tbe size of staff in di:fferent 
categories that will be required. Planning must be for the 
worst possible situation, but it must include rational 
processes for a rapid evaluation of the situation and 
accordant call-up of the number of personnel that are needed 
at each individual center, and no acre. 

The hard fact must be faced that in a catastrophe such 
as a nuclear attack, an indeterminate number of assigned or 
recru.ited ERTR personnel may be killed, injured, or other­
vise made unavailable for duty. Staffing plans mu.st allow 
for such contingencies. 

PREPARIIfG THE PU»LIC 

One of the great problems in emergency highway traffic 
regulation operations vill be to gain the quick understand­
ing, acceptance, and cooperation of the public--ranging from 
the individual private automobile driver to the large-scale 
commercial truck or bus fleet operator. It is certainly 
important that the EHTR organization do ea much advance 
preparation of the public as possible, so that in a real 
emergency the EB'l'R operation Vi.11 not face highway-user 
bevilderm.ent and antagonism. 

Several approaches tovard educating the general public 
seem practicable. Leaflets, very briefly describing the 
State 1 s EH'l'R plans, could be prepared end distributed to 
all motor-vehicle owners and/or licensed drivers, by the 
State motor-vehicle depart.aent, vith vehicle license and 
driver permit issuances and renewals. 
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Short presentations, such as motion pictures or illus­
traded talks, could be prepared and offered for television 
or radio uae or for service club luncheons and the like. 
'l'hese, or specially prepared material, could be included in 
school driver-education courses. Mews stories related to 
steps in the State's EBTR organization developaent and to 
practice exercises would probably find acceptance among the 
news media, 

In these and any other means used to approach the 
general public, the reasons for, and the methods of, 
opereting emergency highway traffic regulation should be 
made clear, 1lith special stress on its effects on motorists 
normal freedom to travel where and when they wish, and how 
necessary travel can be arranged through the EHl'R organiza­
tion. 

Informing the cODlllercial operators and highway-user 
organizations of what to expect in an emergency would best 
be handled in a different fashion: first, because they can 
be reached through different means and more directly than 
the general public; second, because the camaercial truck 
and bus operators will carry on a considerable proportion 
of priority-certified highway movement in an emergency, and 
hence have e greater need for knowledge about EH'ffi opera­
tions. In addition, the method of issuing road space per­
mits to them may differ from that for the general public, as 
will be described later. 

The obvious approach to commercial highway operators 
will be through their own associations and organizations, 
which should readily be reached by the organized highway­
user members of the EB'1'R organization. In addition to the 
general concepts and plans for EHTR operation, the cOJmler­
cial vehicle operators need to be well acquainted, in 
advance, with the specific plans of the State's agencies 
involved in issuance of priorities for movement of persons 
and goods, and the State EB'l'R organization's plans for 
route regulation and issuance of road space permits. They 
also need to know what is expected of them in the way of 
furnishing information on planned and anticipated traffic 
movements to the EHTR staff during the emergency. 
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AUTHClR ITY-

In the critical si tuc1tion nf 2. netional emergency., 
highway traffic regul.at1nri ;:.r.r:. uther emergency operation~ 
and activities should be ~•-:inducted vi.th full rP.:cognition 
that their purpoae ii:: 1:e, 8erv~ the Nation and its people. 
It may !lOt be possibl<"' to obS•!~e entirely t:ne n:keties 
cf peacetime traffic !'egulat:~on_. but the public., many of 
them confused and aome terrin.ed. by a previously unimagined 
disaster, should be t-:-eated lt"i. th indi vi.dual consideration 
and understanding inecfar as it is possible. 

There is a motive in ad.dition to altruism in this, 
for successful establishment 0f the EHTR operation vill 
depend largely on the public's favorable response, 
~cceptance, and confidence, rather thari on any citation of 
law and regulation. Wevertheless, all emergency highway 
traffic regulation planning, organization, and actual 
operation should be with full sanction and direction of 
Federal, State, and local law and regulatory orders. 

Responsibility for planning end carrying out all of 
the various aspects of emergency activities should be 
assigned specifically and officially to appropriate exist­
ing State agencies or to special agencies established for 
the purpose. Proper coordinetion and full collaboration 
among all of the regular and emergency agencies of the 
State should be assured. 

A major requirement in the national and State EHTR 
plans is that, in time of emergency, the State highway 
department should have such authority over and responsi­
bility for all roads and streets as it needs: it is 
emphasized, authority over all roads and streets in the 
State, regardless of their peacetime classification or 
jurisdiction. The need for this is obvious, since in an 
emergency it is highly probable that county and local road 
and street sections will have to be used, under EHTR 
operations direction, as detours, bypasses, supplements, 
or connecting links for main State highway routes. 

In addition to the major sweep and concepts of the 
EH'l'R organization and operat:l.ons plans, a great number of 
lesser details must be considered. The authority for 
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closure of road2 and institution of emergency road regula­
tion, the validity and format of road-use permits, and the 
shapes and messages of road barricades and warning signs 
should be properly resolved in advance lest they be ques­
tioned. Inclusion of organized highway users in the EH'l'R 
organization may require formal sanction. Very important 
to EHTR field ope1·ation will be full recognition of the 
authority of the ERTR organization to request or command 
the services of other State and local agencies, particularly 
the highway and police departments--this, even though State 
highway and police personnel are an integral part of the 
ERTR team. These are but a few examples of the many 
subjects and situations, large and small, that should be 
scrutinized, during the planning stages. 
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Chapter VII.---OPERATIOIIS 

So far, in this guide, an atte,apt has been made to e.x~ 
plain the background and general purposes of emergency 
highway traffic regulation, and the planning of an organiza­
tion. necessary to make it effective in time of need. Far 
more planning 1a required than just for tbe establishment 
of the EBTR organization, its centers, and its staff, 
however. Plans in considerable detail must be made in 
advance for all of the :manifold, interacting operational 
procedures that will have to be carried on rapidly and 
without hesitation in the urgent crises of reality. 

Again, because the requirements and possibilities 
vary ao greatly among the States, it is impracticable to 
present here a ma.as of details on operating procedures, 
With a full descriptive catalogue of enumerated and 
sequenced steps. Rather, this chapter vill endeavor to 
describe the nature of the EHTR operation, once the process 
is activated in an emergency. Prem this framework, each 
State can develop the fully detailed procedures best 
suited to its individual situation. At the &BIile time, 
cooperation in and review of such State planning by th~ 
Bureau of Public Roads, as the work. progresses, should 
ensure that all State plans will be developed in effective, 
workable hamony. 

ACTIVATIO:I OF THE EBTR ORGAIIZATIOlf 

In the event of a national emergency, such as an 
enemy nuclear attack, a state of civil defense emergency 
vill 1-ediat.ely be declared by the Federal Government, 
with prompt activation of emergency plans. The State 
EB'l'R center Will be actinted at a very e&rly time e.f'ter 
the attack; or it may be activated betorenalld if aufficient 
advance warning is received. By prearrangement, the EBTR 
officials may be authorized under cetain conditions to 
activate their organization on their own authority. 

lCey personnel should be sUJllllloned immediately to the 
St.ate Elfl'R center, according to a predetermined plan~ 
Tbeee will include the upper-level administrative officials; 
the technical staff--higbway and traffic engineers, 
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radiation experts, etc.--responsible for assessment and 
analysis of the general traffic situation; and some 
support personnel. Presumably a maximum-operations staff 
vill not be needed in:mediately at the State EHTR center; 
but all assigned and recruited staff should be contacted 
at once. This will serve a dual purpose: it will put 
the entire staff on alert, either to come to the center 
or to stand by; and it vill establish, at least for the 
moment, who is available and vho is not. The staff, 
especially key personnel, should be forewarned to call 
the center on their own initiative if they have not been 
contacted in a reasonable time. 

The initial check and call-up may show the need to 
summon to immediate duty some substitutes for key indi­
viduals whc cannot be contacted or who are known to be 
dead or incapacitated. The center's roster should 
include substitutes for this purpose, and they should be 
trained to assume their principals' functions. 

At the same time the EHTR center staff is being 
summoned, the previously developed plane for opening and 
making habitable and operable the center office should 
be put into effect. This vill include transporting to 
the center any equip:nent and supplies stored, or in use 
elsewhere. Highly important will be the immediate 
activation and testing of all communications equipment. 
There is a great deal of petty detail involved in these 
operations, none of which can be overlooked (such as who 
has the key to the office,) 

It would be natural to assume that the entire EHTR 
organization should immediately be activated, mobilized 
and put to vork at choosing and operating regulated 
highway routes. But considered reflection will show 
that this would be fruitless and quite possibly, in the 
haste to "get going," only result in more confusion and 
congestion than no action at all, In the first hours-­
indeed, in all probability in the first few days--after 
a large-scale nuclear attack, all attention of govern­
ment and the people will be dedicated to rescue, 
evacuation, and bare survival activities, and military 
operations; and there is not likely to be any need or 
capability to plan for much other organized highway 
traffic. 
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As soon es the situation begins to stabilize, the Ell'ffl 
organization vill take over ell highway control and 
regulation operations. Hence the probability of the early 
developments recited above should not deter or delay the 
activation of the ER'l'R organization and its preparation for. 
actual field operations. 

SURVEYilfG •rHE SI'l'UATIOlf 

Initial tnforma.tion 

The initial operation of the State EBTR center will be 
to size up the statewide situation with respect to highways. 
Information will be available very shortly after an enemy 
nuclear attack as to the locations, intensities, and nature 
of the bomb strikes within the State and the surrounding 
region. Such information, based on rapidly collected and 
perhaps sketchy facts, and interpreted by means of 
precalculated probabilities, should provide with fair relia­
bility the locations of "ground zerosu (points of explosion) 
of each blast, the probable extent of the area affected by 
heavy destruction and fire damage, and the area exposed to 
varying degrees of radioactive fallout and conta.minatton. 

The blast areas may generally be assumed as circular; 
the fallout areas as long ovals, usually spread eastward by 
prevailing vinds ( see figure l) • However, topography may 
scaevhat affect the patterns of the blast areas; and topogra• 
phy, wind, and other weather conditions cca.bined will have 
a great deal to do with the patterns of the fallout areaa-­
vhich, additionally, will change with tilDe and changing 
veatber. Only careful preplan.ning, detailed knowledge of 
topography and weather conditions in the target areas, and 
considerable training can develop the capability to make a 
quick reliable assessment of the general situation after an 
enemy nuclear attack. 

As information is received in the State EHTR center, 
the "ground zero," area of destruction, and surrounding 
area of contamination of each blast should be plotted on 
the center's large-scale wall map. The information 
initially received may be meager, but should rapidly be 
improved in scope and reliability. 
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EHTR field activities 

As soon as the State EB'l'R center bas a general idea of 
the situation, it can begin 11.oving into action. It may be 
evident that more personnel should be summoned to assist at 
the State center. Each district EHTR center whose area is 
or may later be affected by the attack and subsequent 
fallout should be called into operation. (As Yitb the State 
center, prearrangements should be made for self-activation 
of district EH'l'R centers under specified cirCUDlStances.) 
Similar~y, the affected districts may quickly call for acti­
vation of some or all of the sector EBTR centers under their 
C OIDllla.nd • 

The first major asaignment for the district and sector 
Elfl'R centers, as their staffs are assembled, will be to 
obtain mere damage and fallont information in order to 
prov-ide ~onf1rmet1on of the initially supplied facts and to 
fill ln the local d~t&ila of the situation picture. Highvay 
dep~r-tment personne~ vbo bave such responsibilities -will fan 
out into the field, either to pre-assigned or spot-assigned 
~erritoriee, to asses/3 physical highway damage or blockage, 
tc monitor radiation, and to observe the volumes of traffic 
already on the :roa,i ( if sny) • By two-vey mobile radio or 
~~lephone, these ?ersonnel vill report all the in~ormation 
they ha:/e gathered to the ERTR organization. 

The distri:t EHTFi. centers, of course~ vill communicate 
all th~ informe.tio!J they receive to tbe State EHTR ~enter 
c>,~ :n=:..p:l.,'.lly 3.B .tt i6 ava:!.ls.ble; similsrly, the State EHTR 
,.::e•.1t~r- will prcvid.e all useful information to the district 
EH'!:'R centers; p&rticularly, this vill include information 
:frc.:ro. ao.,jac.:ent districts. As varranted, a.lso, the district 
and se~tor ~enters rill interchange information direct, 
amon5 themselves, and with local civil-defense and other 
gove:.:·nro.e,:it age:nc1e5. State EHTR centers in adjacent States 
will t1lso ne~d to establish interconmmication and informa.­
tJ on c:xchange, It is evident, again, that an ample and 
"!·«pJd '...!Olllmtmications system is essential to the entire 3HTR 
01,~ra.tion. 

:!'h~ pTo,iuct of this :tnteri::ha.nge of ini'ormation, occux­
,·:tng c'.'.onti11uou6ly during the first days after the attack, 
w-'~~ 7. "l:i1'. the a.~tail:i.ug and updating of the highway situation 
:rri.:,;-,. :t will be p.oasihle ;;.·B.tb~:::- quickly tc establish which 
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roads and streets are physically impassable; which are too 
heavily contaminated by radiation to traverse at all; and 
which are contaminated but can be traveled under limiting 
conditions. Probably, also, it will quickly be established 
in the immediate postattack period, from the civil defense 
and military liaison officers in the EHTR centers, which 
specific road and street sections, or at lee.et which 
general routes between indicated termini, are needed for 
urgent, large-scale movements, such as rescue, evacuation, 
or military movements • 

Thus the State, district, and sector EHTR centers, 
working with al.most continuous communication 9.I!long them­
selves and with all other affected agencjes, will quickly 
be able to map out those major routes that are wholly 
blocked; those requiring regulation as class A, (within 
radioactive hazard areas); and those requiring regulation 
as class B, (wholly reserved, at least during specified 
time periods, for large-scale civil defense •.Jr mili tar.}' 
traffic movements). Determination of the need for, and 
designation and operation of, class C ~0t1tea, (regula~ed 
for limited traffic capacity reasons), ~11 probably come 
somewhat later. Figure 1 illustrates vhat the situation 
may be when all three types of ree;ulated routes are in 
operation. Each of the types v:1.11 be discussed in turn :i..n 
the text that follows, together with related operating 
procedures. 

The ever-changing picture 

It U1Uat be borne in mind th.s.t •'.!?mergen.cy highYay ~raffic 
regulation will be far fran a simple and static operation. 
Many of the situations and operations described in this 
guide are necessarily treated as individual subjects, but in 
practice many will be simultaneous; interacting, and some­
times in conflict. 

Routes wholly reserved for essential rnovement8 (class B) 
and those operated on a priority permit basis (class C), may 
also be exposed to radiological hazard (class A). Class C 
routes may be operated as such only part ttme; or they may be 
reserved during certain periods for class Buse. Postattack 
traff:!.c needs will fluctuate; ph:yslcal cond.i tions will im:provE 
or worsen; radiation hazards will decay and shift; planned 



road repairs vill be completed or deferred. It is thus 
evident that EH'l'R operations will be in an al.most constant 
state of flux. Only by having full and current information 
posted on the maps at the State, district, and sector EHTR 
centers vill it be possible to continuously a.ssesa the 
situation 3lld plan and effect changes to accommodate anti­
cipated traffic. Each regulated route, each barricade and 
sign installation, each roadside control post, each detour, 
each blocked route, each repair or reconstruction job (and 
its status), and every other pertinent detail that will aid 
in assessing the current situation and in planning ahead 
sllould be reeorded in readily usable form at all of the 
EHTR ~enters. As a general principle, the EHTR operation 
cbanld be as little encumbered by paperwork as possible. 
5ut dets.i.:..s of ti"1e t.ur:-ent situation are a prime essential; 
-~thout them connision could b~ extreme, and disastrous. 

BLOCKED ROOTES 

~outes w,.iicl:. e.re :found to be blocked by physical damage, 
Bu,~h as destroyed pavement or demolished bridges, or which 
ere ~mpassable because of debris on the roadway, should be 
ess~ssed promptly as to their repairability and restoration 
to full or pa~tial se:r·rice. Information on the priority 
1·8ut.ing of work to be undertaken in debris removal, road and 
structure :tepaJr o:r replacement, construction of bypasees, 
e:!ld. :._Jrovid.:I.ng adequate detou:cs should be obtained from the 
higlway .tepartment. 

7,J.g..11.way department decisions on a priority work schedule 
~:'1011J_d be- oa:,;ed on t.he deYeloping po1:,tattack. traffic needs 
and. gene:r-F.l route availability. The relative and absolute 
conditions at ear,b location: the advantage to be gained for 
t:--afflc movement; the local availability of construction 
eql1.ipment. 1 maapower, and materials; and the speed and 
a e.fety ( e .g ,_, f:rom radiation hazard) in which the work can 
be rlone I shoe..lr.i. ·oe taken into account. 

Both the situation survey and the judgments involved 
lr:. a.:·r:L vi!"lg at. the :reccnstr-.iction priority schedu;t.e should 
te hand}.ed a.e s. collaborative effort of the EHTR staff and 
the Stat~ highvs.y department, since the former will have 
the :respr::-n&ibili ty for traffic estimation and regulation 
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·while the letter will have the responsibility for doing the 
road repair work. Such colld.bors.tion can readily be pre­
planned~ and readily effected in actual operation, since 
State highway department personnel will oe e principal pa.rt 
of the EHTR organization, and in most States the State 
highway department itself hes been given the primary respon­
sibility for planning and organ:!.zing for emergency highwa:,,· 
traffic regulation--tbat is, the highway departm.t:'nt is th~ 
"parent" of the EHTR organization. 

As has already been pointed out, in time of emergency 
the Stat..e highwey department should have :full authority ove~ 
all roads and streets, not just the State highway system 
alone. With this authority, it can use its own forces tc 
undert.ake needed vork on local roadJS .: it can tske over 
jurj sdiction and 1-~se local roads a.s d.etOU!"s for Ste..te routes; 
and it can requisition the bel~ of. the l0cal high.WRY 
departments. 

An immediate need in connection with physically darue.ged 
or otherv.ise blocked highvayR will be to barricade th~ 
impasaable sections. Probably the barricanes should be 
placed at th~ nearest crossroad still open to traffic: and 
as soon as possible information signs prescribing available 
detours to various nearby destinations shcnild be posted at 
the barricades. The barricades and signs will :,e placed by 
crews dispetched from the highway or pcl:l.ce departments. As 
previously noted, barricades and sign'" cf types that will be 
needed shauld be prepared and stockpiled in advance at 
convenient, safe locations. 

CLASS A: CClfTAMI!fATED RCUTES 

Evaluation of radiological conditions 

Determination of the need to designate a route as class 
A; that is, as radiologically contaminated, is dependent OG 

technology and judgments that are quite strange to highvay 
engineers. Past experiences in the aftermath of earthquake, 
hurricane, flood, and fire have strengthened and sharpened 
the highway engineers' capabilities to plan for and cope 
with the traffic problems that follov. such catastrophes. 
But in these, the hazard and damage can not only be weighed 
against experience; they can be seen. 
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The hazards of radiation, in contrast, are beyond both 
experience and vision. Thus, while the State ERTR organiza­
tion should endeavor to develop its ovn radiation hazard 
experts, particularly for the State center, it is probable 
that assistance will be needed in solving highly technical 
problems in complex situations. For that reason, the EHTR 
organization should establish a close working relationship 
Yith the experts in civil defense, public health, and 
military agencies. The process of collecting end analyzing 
information on radiological hazard and contamination, and 
posting it on Illa.pa, has already been described in general 
terms in the opening section of this chapter. (Appendix J 
~ontains a technical discussion of' radiation detection and 
its effects, as related to highYays.) It is vortb 
emphasizing here again that the radiation situation is one 
of al.most constant change, and must be assessed on an al.moat 
continuous basis. 

Decision to control 

Within each area tainted by radiation there will be 
an infinite range in the degree of danger to exposure, from 
slight health hazard at the periphery to perhaps high risk 
or certain death at the focal center (which usually will 
not be the geometric center of the area). The radiat:!.on 
ex-~erts, having mapped the current radiological situation 1 

must next assess the feasibility of road usage Yi thin tl;e 
contaminated a.1.·ea. Thia assessment will 1.nclude the 
potential effects of exposure, taking into account rad.ia­
~ion exposure criteria and the characteristics of travel. 

The radiation intensity, distance cf travel across 
~he area, and anticipated sustained travel speed will 
determine the radiation exposure to vhich travelers wi.:l 
be subjected. Individual factors for each traveler ":r.-4Y 

elso be important: these tnclude age, state of health_. 
frequency of trip or accumu::.3.ted prev1.ous rad1ation 
exposure_, and ltinds of rariia tion protection (if aay) ._. Sc,m,! 
general criteria and empirical !'Illes have been developec. 
fol' such analyses and detenninations, s.n,i. are teucrU}erl j_n 
app<:>!ntlix j .. 

Tue basil: question to be resolved for eacb coo.t.";;,nJ.nat.e,,. 
route sectio,1 is whether it is safe to use s.t all; a.n--J if' so, 
un,j,_er what conditions. Remembe:cin.g that radiation i.s 
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invisible, it is highly important that routes Yhich would 
be dangerous or fatal to traverse, should be barricaded 
and posted as quickly as possible. Lees dangerous but 
nevertheless hazardous routes should be operated under 
regulated conditions. The regulator control, based on 
relative risk, may vary fran only a warning sign to pus 
through the area at a reasonable sustained speed, without 
stopping, to specification of minilllWI travel speed or 
traverse time, trip frequency limitation, or even 
reconaendation to seek medical check-up or attention 
immediately after crossing the area. For the travelers 1 

information, the distance frODl the control point t.o the 
radiation-free boundary on the other side of the contam­
inated area could be posted. 

Where heavy radiation exists and health hazard is 
extremely high, the general rule Yill be to close the 
route completely. Alternative routes to various destina­
tions should be plotted and posted, if possible; and they 
should be of sufficient capacity to handle anticipated 
traffic. Urgent needs, however, may force consideration 
of the use of a highly contaminated route for certain 
traffic movements under specified conditions; e.g., that 
the drivers travel at high (but safe) speed and JIISk.e only 
one trip. (It is known that rather high radiation exposure 
can be tolerated for relative!~ short periods wttholtt serious 
or permanent health impairment.) 

Radiation contamination and hazard Yill be in a 
continuous state of change. ll'ormal rates of decay are 
known, so the decline of hazard can be predicted with 
SC4u>S reliab111 ty. However, shift:l.ng vinds, rain or snov, 
and other climatic conditions can bring ebout gradual or 
even audden changes in radiation intensity, sometimes 
quickly reducing the danger in an area, sometimes just as 
quickly bringing danger to an area previously found hazard.­
free. Consequently, frequent field monitoring must be 
~alntained, together vith a constant weather watch, so that 
changes in the radiation situation can be anticipated or 
at least detected as rapidly as they occur. 

fD!-plementation of controls 

Routes endangered by radiation vill be regulated. by 
manned roadside control posts if the EHTR organization can 
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muster sufficient manp0Ver. It seeas unlikely, as a 
general probability, that there vill be enough personnel 
available for this duty in all cases; their need vill be 
greater on class Band C regulated routes--those wholly 
reserved or available only for priority traffic movements-­
and in other urgent activities. 

In any event1 as soon as the necessity of designating 
a route for class A regulation is determined on the basis 
of radiological aonitoring and analysis, the district or 
sector EHTR center should immediately arrange for the place­
ment of barricades and/or appropriate warning and informa­
tion signs by the highway or police departments. 

Manning of control posts on the roadside at the ter­
mini of class A regulated road sections should be arranged 
if pos• ible. If only a limited nwaber can be manned, it 
wou.ld be preferable to do so at locatione where individual 
decisions a.re required. Routes that are ccapletely closed 
to all travel and, at the other extreme, routes that may 
be traversed vith only sll&ll risk, can be barricaded and 
signed, but not manned. Where intermediate hazard is in­
volved, a manned post is desirable so that the risk circum­
stance• of each traveler may quickly be aasessed. The 
manning of such posts presumably vill be by one or more 
police officers, through arrange.cot by the Elfl'R center. 
Such control officers should have previous instruction in 
radiological exposure problems, or at least be equipped 
nth au1tab1e guide material. 

CLASS B: RESERVED RcurES 

Requirements ror reeerved route• 

Reed for designation of class B routea, reserved 
wholly for large-see.le civil deren• e or 111.i.litary trarfic 
movements, is apt to occur very quickly after the begin­
ning of the emergency. In the initial postatts.ck: period, 
such movements are likely to be at a peak in frequency and 
volume. Later, ci v.il defens~ and military traffic sh0t1ld 
stabilize or dim.1niab. 
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The movement requirements that engender class B route 
designation may be charecterized by the number of vehicles, 
their overall speed capability, the critical importance of 
a time schedule and of the materials or persons being 
transported, and the need for a unified or convoy type of 
movement. Initiation of request for a reserved route, 
which may be a specified highway or any route between two 
designated termini, vill probably come to the EBTR center 
through the civil defense or military liaison officer 
serving on the center staff. In civil defense activity, a 
need may be for a large, controlled evacuation of the 
surviving population from a heaVily damaged area; or for 
the quick transport of large quantities of food, bedding, 
etc., for the evacuees. Large-scale military movements 
may involve the transport of troops and equipment or the 
transport of essential material, 

The need and importance of such movements, certified 
by civil defense or military authorities, wi 11 be accepted 
by the EHTR organization without question. Hovever, there 
may be competing prto::-:1.ty travel demands and limited route 
capacities. If so, it will then be the responsibility of 
t.be EHTR organization to resolve the competing requirements 
!or road space ac:::ording to their best Judgment a.nrt ingen-
1d ty • 

. 4..mong factors that req,u.ir~ consideration in deter­
ruining the need for selection of a. class B reserved route 
~re the size of the traffic movements, their timing, 
location, and frequency. Movements may range frcm a one­
time ope :te ti on to a. multi-trip daily schedule • They may 
Le t:::ips the.t can be accommodated satisfactorily at. night 
or :Lt may be necessary to schedule them in the more 
croviJ.ed daylight hours . The entire movement may have to 
be held together in convoy, or it may be possible to 
d.i v:td•::: it into smaller groups of vehicles. 

The size of a single, indivisible movement needs some 
consider~~ion, and it vould be desirable to provide some 
s '· ze cri t~:::•i on for application on reserved routes • Hoiiever, 
much depends on the overall speed of which the convoy is 
c~pable, and on the nature of the route itself: obvi<.rusly 
a four-lane freevay can handle a situation better than a. 
tvo-lane highway; an unobstructed, well-alined road better 
than one with existing bottlenecks or attack-damaged pave­
ment and bridges. Thus, it hardly seems possible to 
geue1·s.l.ize rl tb :tespect to the size criterion for a reserved 
route. 
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It seems probable that in most areas, within a few 
days or so after an attack, the need for reserved routes 
v-111 have stabilized or diminished. Time wlll be less of 
the essence, and the EHTR organization, as well as the 
ciVil defense and military agencies, will be better able 
to plan at least a day or two ahead. 

In this situation it is quite probable that route sec­
tions ·"111 not have to be held wholly in reserve under 
class B regulation. Two possibilities are likely to offer 
themselves: either a reserved route may be maintained as 
such, but opened on an "as-available" basis during scheduled 
periods for other tra.ffic movements; or the reserved route 
~lassification can be discontinued and convoy or other 
civil defense and military traffic can be accommodated 
preferentially at all times or during certain periods on 
class C routes. 

It should be borne in mind that the unnecessary appli­
cation of the full-time reservation of a route as class B 
may well place unwarranted restrictions on other esaeutj_al 
traffic movements. Before a route is fully reserved for 
special use, therefore, all alternatives should be con­
sidered, 

Control of reserved routes 

As already noted, civil defense and military large­
scale traffic movements will generally be convoy operations 
planned and controlled by their mm organizations. While 
they vill thus manage their own operations, the EHTR organ­
ization will provide approval, reserve the highway for use 1 

and provide any coordination with other agencies that may 
be needed. 

Problems of coordination that immediately come to mind 
are the possibility of demand for road space-time on t.he 
same route and at the same time by both a ci Yil defense 
agency and the military_; or the traffic conflict that would 
result if tvo convoys were scheduled to ~rose at an inter­
section at the same time. While urgent movements of ·:.his 
type should not be bogged down in procedural 1·ed tape 1 

neither can they be sanctioned wi thou.t e::e3.minatior1 t:..Jf the 
situation simply because the request comes from the civil 
uefense or milits.ry authorities. 
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CLASS C: ROOTES REGULATED FOR CAPACITY REASONS 

The determination of blocked, contaminated (class A), 
and reserved (class B) routes by the ERrR organization, 
and activities in connection with them, are by no means 
simple functions. Regulation of class C routes, controlled 
for capacity reasons, will be even more difficult and com­
plex, for it vill deal with many imponderables and will 
rely much more heavily on widely scattered information 
sources and on quick but hopefully sound judgment. While 
highway and police personnel in the EHl'R organization can 
handle problems of blocked and class A and B routes, class 
C route regu~ation will require much assistance and effort 
from the highway-user members of the EHTR team. 

The probable need for class C type of route regulation 
is fairly evident: the capability of the highway network 
vill be severely reduced by a nuclear attack. As the Nation 
recovers and transportation needs grow, highway capacity is 
unlikely to recover as fast as the demand; and in same 
locations, at least, essential demands along may equal or 
exceed the capacity of serviceable highways. Simply put, 
there vill be times and places in the post.attack period-­
perhaps for an extended time--when road space must be 
rationed. 

Looking for the favorable side of the picture, it is 
probable that highway transportation will not suffer total 
paralysis; except in or close to bomb strike locations. 
Much of the route dislocation Yill be confined to localized 
problems or specific bottlenecks. Radioactive contaaination 
will decay in time to safe levels, except in or close to the 
blast areas. Too, the need for large volumes of highway 
trans;,ort other than for urgent civil defense and military 
movements is unlikely to develop until at least some days 
after an attack, so there Yill be an interval during which 
the ERTR organization can get into high gear, so to speak, 
for class C route regulation, whose purpose is to fit 
together to best advantage the general and special traffic 
demands and the highways available to serve them. 

How soon the operation vill need to begin, how 
extensive it vill have to be, and how long it must continue, 
are questions vhich are open to unlimited conjecture. But 
-~he EHTR organization should maintain as a basic, the pre­
m:l.sc ",;.hat regulation ought to be restrained in scope, 
ext.en"'.;., and duration to a sensible necessary minimum. At 
the same time, the EHTR operation must seek to foresee and 
for.est.all highvay overloading and the delays and interrup­
tions to important traffic movements that would result. 
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It is the responsibility of the EHTR organization to 
evaluate both the demand and the capability for highway 
transportation and, once the decision to regulate bas been 
made, it aust regulate or ration road space, route by route 
and hour by hour, as necessary. Priorities for urgent and 
essential shipments vill be issued by other agencies, who 
have been aasigned that responsibility, but acccanodation 
of these on the road, and of as auch other traffic as 
possible, will be the EBTR organization' a Job. 

Capacity of su.rvi Ying highways 

As described earlier, the EB'l'R organization, as one of 
its first operations, 1111st have obtained sufficient infor­
mation fr<m all available sources to permit recording and 
plotting the road and street situation throughout the St.ate. 
The resul.t will be a visual representation, on a large-scale 
wall aap of the road and street network, of those route 
sections that are impassable because of physical damage or 
radiation, and those under regulation as class A and class B 
(contaainated. and reserved rO\ltes). The remaining roads and 
streets presU11Bbly are all usable; and froa this base a 
workable transportation system must be patterned. The first 
concern will be to provide continuity in interrupted or 
bottlenecked pri.llary and principal secondary routes. This 
can be acccnplisbed by arranging for quick repair, bypasses, 
detours, or alternate connections by vay of existing 
a.d.Jacent roads. 

Intimate knowledge and available records of road 
gecaetrica and condition are prerequisites to this vork of 
asse• aing the capacity of surviving h1ghvays, and planning 
for teaporary sy• tem "patchwork." It vill do no good, for 
examp1e, to map a narrow, dirt road as an adequate detour 
for a damaged section of mainline highway. Road inventory 
information is generally available for all St.ate high~ays; 
and State and local highway department staffs vill be fully 
acquainted with the st.atus of all roads and streets under 
their jurisdictions. As a consequence, the selection of 
detours, bypasses, etc., to provide needed route continuity 
can best be accaaplished as a joint, cooperative effort of 
the ERTR centers at all three levels, with the collabora~ 
tion of the St.ate and local highway departments. 
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As indicated above, the relief section for a blocked 
!"OUte must be adequate for the job or it in turn will 
become a bottleneck. When full relief cannot be arranged, 
that is, if capacity adequate for all anticipated traffic 
demand is not going to be available, then class C route 
regulation, using road-use perm.its, Dll.lst be instituted. 

So it is evident that in mapping routes and systems 
for postattack highway transportation, in reaching 
decisions on the need for EHTR control of class C routes, 
and in operating those routes, the capacity of the surviv­
ing available highway network, especially the primary and 
principal secondary routes, must be determined. This will 
be done by the traffic engineers of the EBTR staff. 

Highway capacity may be estimated., route section by 
route section, depending on foreknowledge and existing 
conditions. The geometrics, and, in fa.ct, calculated and 
observed capacities, will be known and on record for State 
highways and many secondary roads. However, wt thin affected 
areas, the suddenly created bottlenecks and the effects of 
necessary detours and emergency route connections will 
upset the nonna.l characteristics of traffic flow and must 
be taken into account. There is a reasonable background of 
experience in such matters fr,:m situations occasioned by 
constructio~ detcJUrs and the aftermath of natural disasters 
such 68 floods. 

A possibly ~v~n mo~e disruptive bottleneck in emer­
gency route regulation JJJB.Y be the roadside c011trol post 
1 ts elf. "while trying to sort out perm.1 t-carrying vehicles 
from others.• and exped.1 ting the former while turning back 
the letter, the control post 111a.y also create a major 
turbulence in the traffic flow along the regul.ated route. 
Oper-ations planned and executed with extreme care may keep 
~u,~h turbulence at a minimum, but it cannot be expected 
th&t treffic will run smoothly past a control post at the 
<.'.':apadty rate indicated by geanetrice alone. This si tua .. 
·;.ir,n must be reckoned vi th in estimating route capacity 
tmde r emergency condi t1ons . There is 11 ttle experience to 
11.ae as precedent, although perhaps rough measures can be 
deYeloped f:;:-om operations at toll bridges, drive-in 
-::,:i-ieateY-s, snd :pa:td parking lots at football stadiums, etc. 
:::sthoai:.t:-ig -~,i",...-: effect QO '~.re.ffic capacity of the roadside 
•~•l,,i".r•:>l post may amount tc, little more than skilled guess~ 
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Highway capability may be expressed as vehicular capa­
city or tonnage capacity--that is, the average number of 
vehicles or number of tons of cargo that can.be moved past 
a given point on the road in a specific time, usually per 
hour. Vehicular capacity is the normal measure among high­
way engineers; tonnage capacity is primarily a military 
usage. Methods of calculating these two types of highway 
capacity are covered, respectively, in the Highway Capacity 
Manual of the Highway Research Board and the Highway 
Capability Estimating Guide, Department of the Army Field 
Manual. 55.54. Since the EBTR staff personnel engaged in 
capacity determinations presumably will be highway engineers, 
it is assumed that vehicular capacity will be the basis of 
EHTR calculations. 

Demand determination: peacetime base 

Estimating the capacity of usable highva.ys in a time 
of emergency is not the simplest of tasks, but it should 
present no great difficulty to the engineers who will be 
responsible for that function. Estimating the traffic 
demand--the volume of traffic movements--under emergency 
conditions, however, is quite a different matter. In this 
task, the organized highway-user representatives recruited 
to the EHTR organization will play the principal role since 
they can best establish and maintain close contact with 
the highway users throughout the State and in the district 
or sector areas that they will serve. 

Information on normal peacetime traffic demand is 
plentiful and well known to the highway departments, and 
thus readily available to the EHTR organization. On main 
highways and arterial streets, the seasonal, weekly, and 
hourly traffic volumes and fluctuations are on record. 
Information is also available in many cases of traffic 
composition (cars, busses, tnicks, and canbinations), trip 
lengths, origins and destinations, car occupancy, and 
cargo characteristics. Much less is normally available 
for secondary and local roads and streets, but, for all of 
these, there is an annual one-day traffic count and 
generalized knowledge of seasonal fluctuations. 

On the basis of such peacetime information the EHTR 
staff engineers may be able to form judgments on probable 
traffic demands in an emergency. Of course, the whole 
picture, and certainly the local situation route by route, 
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may be quite altered because of heavy losses and shortages 
or changed needs. System constrictions may shift or 
concentrate demands elsewhere than their normal channels. 
And there is no possible means for anticipating the 
public's reactions--and actions--in facing the crises of a 
large-scale emergency. As activity above bare survival 
develops in the postattack period, many of the conventional 
peacetime traffic demands will tend to reestablish them­
selves. 

So, in trying to estimate the size, location, and 
nature of traffic demand in the postattack period, the EHTR 
organization's highway and police staff members will be 
doing their best to apply emergency adjustments to peace­
time data. They will make full use of the ERTR field 
organization and the highway and police department field 
forces to con~tantly monitor and report on actual traffic 
volumes and compositions on the road. 

Demand determination: the "push-pull" process 

It is the highway user group on the EH'l'R center staff 
that will be expected to do the major job in estimating 
traffic demand. They will collect whatever information they 
can on probable traffic movements from all available sources 
and will play the principal part in forecasting route-by­
route demand. 

The needed traffic demand information can best be 
collected by the highway user members of the EHTR staff, to 
the extent possible, directly from all classes of highway 
users and traffic generators; and it will be a continuing, 
daily operation as long as there is a need for class C 
routes in the EHTR unit's jurisdictional area. 

Information should be sought not only from the vehicle 
operators more camnonly thought of, such as commercial 
truck and bus fleet owners, but also from all active and 
potential traffic generators and attractors. These will 
include, among others, manufacturing plants and other 
camnercial enterprises employing or servicing large numbers 
of people, shopping centers, high schools and colleges, and 
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any other establishments which continue or resume operation 
in the postattack period. It will be important to knov, 
for example, that a temporarily shut-down plant is about to 
reopen and thus generate a flow of automobiles and trucks. 

Collecting traffic information from vehicle operators 
and traffic generators should be developed as a tvo-vay 
pattern, with the EHTR highway-user teem members "pulling" 
and the road users "pushing." The "pulling" phase simply 
means that the highway user members of the EBTR staff will 
telephone all vehicle operating companies and organizations 
and traffic generators they know of--and because of their 
peacetime positions and activities they will be well acquain­
ted with many of them--and ask what prospective road trips 
they expect to have, say, on the following day: how many 
vehicles and what kinds, what routes will be used, the time 
of trip; and also, what official priority or practical 
essentiality there may be for such trips. The "pushing" 
phase will simply be an information flow in the opposite 
direction: vehicle operators will telephone their friends 
who are the highway user members on the ERl'R staff to inform 
them of pending or anticipated trips, and ask for advice. 

Naturally, the more "pushing" that develops in this 
tvo-way pattern, the less "pulling" that will be necessary. 
For this reason the education nov, in peacetime, of vehicle 
operators in the purposes and mechanics of emergency high­
way traffic regulation should prove of inestimable value in 
the eventuality that it bas to be put into actual practice. 

Hov often intercommunication between the highway user 
members of the EBTR staff and the vehicle operators and 
other traffic generators is needed will depend on the day­
to-day situation with respect to traffic demand versus 
highway capacity. It will be especially needed shortly 
before a route section is expected to reach its operating 
capacity and class C regulation is being considered; and 
during the entire control period until it becomes evident 
that such control is no longer needed. During that entire 
time, it is vital to collect projected trip information in 
as much detail, and as far in advance, as is possible. 

Theoretically, contact should be established and main­
tained between the EHTR organization and all vehicle 
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operators and other traffic generators. The practical 
possibilities must be recognized, however, it is going t.o 
be mu.ch easier to contact and obtain information from 
operators of fleets of trucks and busses--and perhaps the 
larger, the easier--than it will be from operators of one 
or a few vehicles. Similarly, it is going to be easier to 
collect information from commercial operators than from 
private vehicle owners. 

Demand determination: the private automobile 

While the private automobile is by far the predominate 
vehicle on our roads and streets in peacetime, both in 
numbers and total vehicle mileage, it may be much less so 
in time of emergency, especially in relation to priority 
or essentiality of trip needs. Scarcity of gasoline and 
its rationing are likely to severely curtail nonessential 
automobile use. As national recovery progresses, after an 
enemy attack, legitimate private car trips may increase, 
for car-pools to work, etc. 

But in any event it will clearly be beyond the 
capability of the EHTR staff to contact all automobile 
owners about their trip intentions and needs, either early 
or late in the poatattack period; and there are no organi­
zations that can speak for them on this subject, except 
perhaps in generalities. However, there are some possi­
bilities that may develop into practical operations: for 
example, an industry important to the national economy or 
defense might obtain priorities for its car-pool traveling 
employees, and report en bloc on their daily trips to the 
ERTR center. 

Essential traffic needs 

Within the total traffic demand, no matter how 
estimates are coropiled, consideration of essential needs 
will be highly important. When the total demand exceeds 
the capacity of a route, class C regulation must be insti­
tuted; but rather than a catch-as-catch-can operation, the 
EHTR organization must see to it that essential traffic 
movements are preferentially handled. In the emergency 
situation, and quite probably extending long into the post­
attack and recovery periods, there will be an official 
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priority system for expediting essential and urgent trans­
portation movements. These priorities will be concerned 
not with specific vehicles or trips, but with movements of 
persons, foodstuffs, fuels, and other materials, machinery, 
etc. The issuance of such priorities, as noted earlier, is 
the responsibility of the transportation agencies charged 
with that function by the national emergency plan; and the 
priority certifications will be issued by them. 

It is expected that the specific information needed 
for route regulation--numbers and types of vehicles, trip 
origins and destinations, route, and time of departure-­
will be collected from the shipper or vehicle operator by 
the highway user members of the EHTR organization, as 
described in the preceding section. 

The EHTR organization is obligated to accept priority 
shipments without question, and accommodate them preferen­
tially in its traffic regulation operations. In some cases 
this may be a critical factor in deciding to institute 
regulation on a particular route section. When priority 
demands alone exceed a route's capacity during a particular 
period, it will be the responsibility of the EHTR staff to 
effect solutions, such as arranging for changes of departure 
time or use of an alternate, less-congested route. 

Admittedly, during periods of class C route regulation 
there will be representations of essentiality or urgency of 
trips by those who cannot obtain or do not have sufficient 
time to seek a formal priority certification. The EHTR 
operations, whenever possible, should give preferential con­
sideration to bona fide cases of this type. They can best 
be taken care of at permit issuance "stations" or at road­
side control posts, as will be discussed later. 

Traffic classification 

One form of traffic classification, in EHTR considera­
tions, is according to need: that is, priority certified, 
essential (as commented on above), and nonessential. A 
second useful classification for ERTR planning and operation 
is that of trip length. Comparative terms commonly used are 
local, intermediate, and long-range (the exact words vary), 
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and these are adaptable to EHTR use. However, their defi­
nitions for EHTR operation will be somewhat different than 
those generally understood in peacetime usage. The trip­
length classification best suited to ERTR use, as will be 
seen later, is to designate as local trips those that lie 
entirely within an EHTR sector; as intermediate, those that 
lie entirely within an EHTR district; and as long-range, 
those that cross district lines. 

The usefulness of thus defining local, intermediate, 
and long-range trips will depend to some extent on the 
area and nature of the Elfl'R sectors and districts, and of 
the State itself. What is entirely appropriate for the 
average-sized State may be ill-fitting at both extremes of 
geographic scale. 

In this trip-length classification, more needs to be 
considered than just the origin and ultimate destination; 
for example, a single long trip by one vehicle may involve 
a number of pickup and delivery stops, or an overnight 
loading or rest stop, or even a lay-over of several days. 
Thus a "long-range" trip may actually turn out to be a 
connected but interrupted series of short trips. 

Fitting the picture together, trip classification may 
be described as follows: 

Civil defense• Civil defense transport needs will 
involve immediate postattack movements for rescue, fire­
fighting, medical service, etc.; subsequent needs, when it 
becomes safe to leave shelters, will include mass movements 
of surviving population groups to safe areas, and provision 
of food, bedding, etc., for their temporary care until 
further, more permanent dispersal arrangements can be made. 
Both of these types of civil defense movements will come 
early in the postattack period, will be of large scale, and 
will have high official priority. 

Military - Military transport will consist of convoy 
movements of troops, equipment, or supplies, which may come 
at any time in the postattack period, and Yill have high 
official priority. In addition, there will probably be 
greatly increased activity at military bases and other 
establishments, which will generate a large and varied vol~ 
ume of traffic, some official and organized, some personal 
and individual, some of priority importance and some non­
essential, 
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Civilian - Civilian transport will, of course, comprise 
the bul.lt of traffic and the greatest variety, including the 
general and usual peacetime needs of industry, commerce, and 
agriculture and of the public as workers and individuals, 
In some areas, on some routes, at some times, there will be 
special demands for the handling of priority shipments, and 
specific, perhaps continuing, large-scale transport needs 
for certain movements such as petroleum or grain shipments 
of commuting to an industrial plant. With wide-ranging 
degree of essentiality, and sometimes with official priority, 
civilian trips may then be classified by length as: 

1. Local trips involving short hauls, within the area 
of an EHTR sector often by vehicles making several or numerous 
daily trips to the same or varied local destinations. These 
may be truck, bus, or automobile trips; and quite possibly a 
good many of them could be diverted to available secondary 
and perhaps somewhat circuitous routes to free primary routes 
for priority travel, Among other advantages, the local 
drivers would have little or no difficulty in finding their 
way on secondary routes in the area. 

2. Intermediate length trips, confined to the area of 
a single ERTR district; these will perhaps take several hours 
or up to a day to complete. 

3. Long-range trips, which traverse more than a single 
EHTR district, and may be either intrastate or interstate in 
character. 

As noted earlier, some of the supposedly intermediate or 
long-range trips may actually be a series of connected short 
trips. 

The decision to regulate 

The comparison of traffic capacity and traffic need-­
that 1s, supply versus demand--determined as described in 
the preceding text, will indicate for each route section 
studied whether and where trouble or potential trouble, in 
the form of congestion, exists or may soon develop. The 
EBTR chief, with the advice of his staff, must then make one 
of three decisions: 
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l. That no regulation is needed, because the trouble 
is not imminent enough or has a reasonable prospect of 
alleviating within a short time. 

2. That some regulation is required, but need be 
operated only on a partial basis; as during specified hours 
or with the recognition that a considerable amount of non­
priority traffic can be accommodated, some of it even during 
the controlled hours. 

3. That full-scale, full-time control is required, 
with accommodation limited largely to priority traffic 
movements, at least during some time periods. 

In some cases the decision to regulate may not caa.e 
until after the congestion or other route difficulty has 
actually materialized; but it would be highly desirable to 
anticipate the need for and institute control reasonably 
well beforehand, so that serious congestion 1s averted. 
Many decisions will be difficult to make, for they will be 
concerned with "iffy" information and borderline s1 tuations. 
Tvo opposing forces will exist except in extreme cases: 
the losses incurred through congestion, if regulation is 
begun too late; and the inconvenience and wasted effort to 
shippers and the EHI'R organization alike, if control measures 
are put into effect much too soon or in locations where 
anticipated congestion does not materialize, The ERI'R chief 
must indeed thread a fine needle. 

In the immediately preceding discussion, about reach­
ing the decision whether or not to apply class C regulation 
to a route, no mention was made of operating level; that is, 
whether the decision is made by the State, district, or 
sector EHTR chief. An inflexible pattern of responsibility 
does not seem advisable; of overriding importance in an 
arrangement to ensure that each office knows they happen. 
As a general rule, it is logical for the EHTR office closest 
to the local situation to make, or at least initiate, 
decisions to control. 

For example, a sector chief may decide that a particu­
lar route section will need class C regulation by the next 
day. If the situation is purely local, he should have 
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authority to proceed with the arrangements, but be required 
to immediately inform his district chief, and adjacent sec­
tor chiefs, of his intent. If, however, route control need 
appears to span the entire sector, or extend to or across a 
sector boundary, then presumably the district EHTR chief 
should be responsible for the actual decision or for coordi­
nation between sectors. Similarly, a situation that extends 
to or beyond a district boundary should be the decision­
making or coordinating responsibility of the State EHTR 
chief. 

In every case, of course, it is imperative that each 
EHTR center--State, district, and sector--be promptly in­
formed which route sections are going to be controlled, and 
when; which are operating under controls, and under what 
conditions; and which now under control are going to be re­
leased. Once again, it is evident that good communications 
are vital. 

'When and if the decision is made that class C regula­
tion of a particular route is necessary, two considerations 
are required: one as to length of route to be put under 
regulation, and the other as to timing. 

Length of regulated route 

Individual decisions that class C regulation 1s re­
quired will usually be related to a specific location or 
limited area, and to a particular route, since in all pro­
bability the need will be occasioned by a bottleneck at a 
single spot or along a short stretch of road or street. 
Conceivably, control might be instituted on a route extend­
ing for many miles; perhaps across the entire State. But 
this seems less than likely to be a common need, based either 
on road capacity or traffic demand. In addition, control of 
a long route might well be difficult from an operational 
standpoint, and would involve considerable manpower and 
paperwork. 

As a general principle, then, regulated route sections 
should be no longer than is necessary to ensure that con­
gestion will not develop, because of the control operation 
itself, at the route section termini. 
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There may be situations where two route sections which 
require regulation are part 01· a continuous major route and 
are so close together that control as a single unit would 
function more efficiently. Also, control of one route sec­
tion may create traffic problems on other nearby routes, 
particularly those crossing or closely paralleling it. 
Thus in preparing to make the decision to institute class C 
regulation on any individual route section, full considera­
tion must be given to the consequent effects on other roads 
and streets in the vicinity. 

The element of timing 

The decision to institute class C regulation is, of 
course, concerned with a time period in the fUture. Regula­
tion, whether partial or full scale, cannot effectively be 
applied at a moment's notice. Road.side traffic control posts 
must be spotted, equipped, and manned. Requests for road 
space must be solicited and received, and permits issued or 
authorized. 

A logical and practical system of control operation is 
what might be called the ''following-day" pattern (a plan 
commonly used by the military services), in which prepara­
tions are made each day for the following day's operations. 
In EHTR operation, information collected by the EHTR organ­
ization during the morning might indicate that traffic demand 
soon may exceed capacity on a particular route section. The 
decision to regulate might be reached by noon. During the 
afternoon, arrangements would be made for establishing and 
manning road.side control posts; requests for road space 
permits would be solicited and processed; and information 
would be disseminated to the general public on the situation. 
The actual regulation would begin on the road at a prescribed 
hour on the following day, probably at a very early hour. 

A further consideration in timing is the duration of 
regulation on a particular route section. Sufficient infor­
mation may be available, or careful judgment may indicate, 
that control should r~in in force for several days, a week, 
or even a more extended period. This will be an initial 
decision, of course, subject to amendment as the situation 
develops from day to day. The extent of control on one route 
may also be affected by the situation on other nearby regulated 
routes. 
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Class C regulation may be needed only during certain 
hours of the day when congestion is likely to occur (for 
example, the peak-hour surges in and around urban areas} 
or it may be required for the full 24-hour period. 
Similarly, it may be required in one or both directions. 

Operation of traffic control only during the day or 
even during just the few heavy-demand hours would greatly 
simplify the task, both as to manpower and paperwork. In 
addition, it would very well encourage many highway users 
to travel in off-peak, no-control periods, thereby actually 
reducing the peak-period demand. 

One other point about timing has been mentioned 
earlier in the text. The beginning point for class C route 
regulation as a general type of EBTR operation cannot be 
defined. The needs for class A and class B route control 
will arise almost immediately af'ter an enemy attack; but 
the needs for class C regulation are not likely to develop 
so quickly. Additionally, the EHTR organization may not 
be sufficiently activated and staffed for managing class C 
route regulation on any extended basis until at least 
several days after the attack. 

OPERATING PROCEWRES 

Once the decision is made to institute regulation on a 
route section, the EHTR activity moves from the survey, 
analysis, and planning stages into the sphere of actual 
operations on the road. These operations deal largely with 
class C routes. However, some of them are pertinent in 
greater or lesser degree to class A and class B route regu­
lation. Additionally, on some occasions, routes reserved 
for civil defense or military movements (class B} and routes 
controlled for capacity reasons (class C) may also have to 
be operated under radiological hazard restrictions (class A); 
and at sane times convoy movements may be accommodated on 
class C routes. 

Allocation of road space 

As previously described, the traffic demand of indi­
vidual route sections is determined through the "push-pull" 
interchange between the highway user members of the EHTR 
staff and the commercial and private operators with whom 
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they have made contact. Once the decision is made that 
class C regulation is necessary, then specific allocation 
of road space must be ·made to vehicle operators for spec­
ific vehicle trips vhich have received priority certifi­
cation from the transportation agencies which issue them. 
These individual space allocations, made by the EHTR 
organization, will be validated by issuance of EHTR per­
mits for display on the vehicles. 

As an initial step, the hourly capacity of the route 
to be regulated should be rechecked, if there is any 
question about previously ma.de capacity estimates. Next 
the total hourly capacity available will be divided among 
the State center and the district and sector centers 
involved, for allocation to vehicle operators. This tri­
level division is necessary since the State center can 
best handle the allocation for long-range travel; the 
district center, for intermediate travel; and the sector 
center, for local travel. 

Just how the total capacity of the route is divided 
will depend to a considerable extent on the route itself. 
As a generality, perhaps 10 percent is reasonable for 
State allocation, 20 percent for the district, and 70 
percent for the sector; but the peacetime trip-length 
distribution of the route, and any other past or current 
indications, a.my be used as criteria. 

The mechanics of arranging the allocation probably 
are best handled in a descending order of ERTR level. 
The general routine of the operation is likely to begin 
vith a tentative decision at an EFl'R sector center that a 
particular route section ought to be regulated; this will 
be recommended upward through the ERTR organization 
structure. Confirmation, approval, or alteration of the 
tentative decision (for instance, the district may see the 
need to extend the controlled section into an adjacent 
se~tor) will be made first at the district center and then 
at the State center. In coomrunicating the confirmed 
decision downward, the State first, and the district next, 
will specify the hourly allocation of road space each has 
reserved fran the total capacity for its own anticipated 
needs in permit issuance. 
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Local and remote permit issuance 

The reason for adopting the tri-level split-allocation 
method of handling individual trip allocations and road 
space permit issuance is fairly obvious. Local vehicle 
operators naturally will contact the local EHTR sector 
center for road space permits, particularly since they have 
already been in communication with that center, during the 
canvass of possible traffic demand, and will k.nov from such 
contacts or from local news broadcasts that the particular 
route they want to use is now or shortly will be operated 
under regulation. (The actual issuance of pennits for dis­
play on vehicles will be discussed later.) 

The other extreme in the picture can best be described 
by example. A trucker at a distant point, say in Iowa, may 
have a priority-certified shipment involving several vehicles 
which, in the course of his long trip, must cross Ohio. 
Of course, only from the Ohio EHTR organization can he learn 
whether any part of the proposed trip route in Ohio is closed 
or under class C regulation. But it can hardly be expected 
that the shipper as an individual, away off in Iowa, should 
make direct contact with the Ohio EHTR organization, even if 
he knew how to do so. His logical and probable action will 
be to get in touch with the ER'l'R sector (or perhaps district) 
center in !ova that is closest to him--one vhich undoubtedly 
he is already in contact with about local trips. Fran there, 
his request will be transmitted up to the Iowa State EHTR 
center and thence to the Ohio State EHTR center. (In this 
example, the State EHTR centers of the intervening States of 
Illinois and Indiana may act as intermediaries, especially 
since their own highways will be involved in the Iowa-Ohio 
trip.) 

Information and authority for a road space permit will 
return to the Iowa shipper via the same communications 
channels, and the local EHTR center in Iowa will be able to 
give him fairly specific instru.ctions. One of these will 
be where to pick up the actual permit for display on the 
vehicles. Presumably this will be the first roadside con­
trol post he reaches in Ohio. All this sounds involved, but 
radio or phone communication should make it possible to 
accomplish the entire transaction in a fev hours. 
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On long-range trips of the type discussed above, it is 
probable that the vehicles involved will have to traverse 
several different class C regulated route sections within 
State but each in a different EHTR district or sector. The 
State EH'l'R center vould be able to handle all of the allo­
cations and permits for the separate route sections within 
a State. If the initial contact with the shipper was at 
the local level, the State EHTR center would instruct the 
EH'l'R sector center to issue the required permits. 

As will be evident from the foregoing discussion, 
intermediate-length trips can be handled by the EHTR dis­
trict center in the same manner that long-range trips are 
handled by the State center. 

Special allocation problems 

At each level--State, district, and sector--the staff 
members handling the allocations would know the number of 
vehicles for which they could issue road space permits, for 
each hour of controlled operation on each regulated route 
section. When it appears that the number of priority­
certified vehicles seeking permits will exceed the quota, 
two alternatives are open. 

One of these is to attempt to "borrow" space from the 
reserved block of another EHTR level; for example, the 
sector might query the district and State centers to ascer­
tain whether either one could spare some of its originally 
allocated space. The other alternative is to attempt to 
get the shippers to rearrange their trip time schedules; 
thus, a shipper could be informed that a particular time 
slot is rapidly filling up, and that some earlier or later 
hour is available, which might serve him Just (or almost) as 
well. 

When a specific hour is already fully loaded by permit 
issuances, of course, further requests for that particular 
time will have to be refused. In urgent cases, however, it 
may be possible to get some shippers to relinquish their 
permits in exchange for others at a different hour. This 
sort of trip-time shifting or swapping can most readily be 
managed at the local level, where the highway users on the 
EHTR staff are well acquainted with many of the commercial 
vehicle operators. 
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There is a quite different type of situation which is 
likely to occur with some frequency. This will complicate 
the handling of allocations for road space unless it is 
anticipated and arranged for in advance. This involves the 
class C regulated route section that crosses EHTR unit 
lines; for example, a route that has one terminus in one 
EHTR sector and the other terminus in an adjacent EHTR 
sector. Depending on the individual situation, each of the 
two sectors involved could handle the allocation of road 
space for local traffic originating in that sector; that is, 
each sector center would be hand.ling traffic in only one 
direction on the route. An alternative would be for the 
district Elfl'R center to hand.le both local and intermediate 
trip allocations. 

The possibilities of variety in situations of this 
type are so manifold that it hardly seems practical to 
attempt to conceive of and plan for all of them in detail. 
Nevertheless, in actual operation, each time the decision 
to regulate a route section is about to be made, careful 
(but quick) consideration must be given to all possible 
unusual and complicating circumstances. 

Recording allocations 

It is obvious that same sort of records must be kept 
in each EH'l'R center, in this process of allocating regulated 
route section space; but they should be kept to a minimum, 
Putting it bluntly, records may be crude and casual, just 
so long as they are accurate. Even accuracy is relative, 
since over-issuance of trip permits by 10 or 12 on a road 
section with an hourly capacity of 800 vehicles, for example, 
is not going to create any great amount of congestion, if 
any. 

In its barest essence, the road space allocation and 
perm.it issuance operation in any one EHTR center (especially 
at the local level) can largely be managed by a man with a 
telephone and a tally sheet. 

In more specific terms, a sensible method of allocation 
control vould be to post each day's operations on a single, 
large sheet of paper. At any one time, of course, it would 
probably be necessary to have available and work on separate 
sheets for the current day and three or four days ahead. 
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These work sheets might be mounted on a wall panel in 
the EHTR center, adjacent to the large-s.:ale "'all mape of 
the area. Here they vould be available for all of the 
staff to see; and a number of ERTR staff members, engaged 
in contacting vehicle operators and issuing permits, could 
check the situation and post their records vi thout und11ly 
interfering with one another. If the operation is on a 
smaller scale, and one or two men can handle most of the 
contacts with vehicle operators, the posting sheets could 
be kept on a desk or table where the men are working. 

Each sheet, for a single day's operation, vould be 
divided into columns and lines; each column representing 
an hour of the day and each pair of lines a regulated route 
section. Figure 3 illustrates a part of such a posting 
sheet. The day and date are prominently displayed, and the 
center indicated (whether sector, district, or State). For 
each regulated route section, the control number assigned 
to the route section (and there should be a prearranged 
plan for this numbering), the Interstate, U.S., State, or 
County route number (as signed on the road), and the termini 
will be shown. Because two-directional travel is involved, 
each route is given two lines, one for each direction. The 
combination of route numbers, termini, and travel direction 
is proposed as a means of avoiding any misunderstandings 
about which route section is involved, both in talking to 
vehicle operators and in posting permit issuances. 

As shown by the blow-up inset in the illustration, 
each block represents one hour of space in one travel 
direction. There will initially be posted in a small box 
in the upper left corner (perhaps in red pencil), four 
figures representing the route section capacity. The 
topmost figure is the capacity portion allocated to the 
State for permit issuance; the next, the capacity allocated 
to the district; the next, the allocated to the sector; and, 
at the bottom, the total. To avoid any confusion, the 
figure applicable to the allocating office should be heavily 
encircled. In the example illustrated, the posting sheet is 
that of an EHTR sector center, and the encircled figure 280 
indicates the number of vehicles for which the sector can 
issue permits in the 12-1 a.m. period for eastbound trips 
on controlled section No. 1, on Thursday, December 2. 

so 
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~ Figure 3.---EHTR daily road space allocation sheet, for _____ , 
posting permits issued or authorized 



I 

The tally of permits issued or authorized is kept in 
the simple, old-fashioned pencil stroke system, with every 
fifth count recorded as a cross-stroke. Since large 
numbers of tallies are likely to be recorded, it is 
reca:nmended that a cumulative total of the tally in each 
box be noted on the right, as each line is canpleted; this 
is illustrated in the example. 

It hardly seems necessary to keep any record of 
permit issuance other than that described here; even try­
ing to make carbon copies of the daily sheets would be 
difficult because of their size and constant handling. 
At the end of each day, the day's sheet can be filed away, 
or for that matter, simply discarded. The records are 
worth saving only for possible analysis of successes and 
failures of the operation, at some long-distant future 
time. During the operation there will be no time for much 
analysis; and the day's work, insofar as it helped or 
hindered essential traffic movement, cannot be undone. 

Permit format 

As will be clear at this point, issuance by the EHTR 
organization of pennits for road space is a major key to 
class C regulated route operation. It has to be fast­
moving and unencumbered by formality or excessive paper­
work. 

The form of the permit is illustrated in the Bureau 
of Public Roads PPM 50-7 {see appendix D) and is repro­
duced here in figure 4. It is expected that the State 
EHTR organization, as a part of its planning and prepara­
tion for an emergency, will print and store supplies of 
these forms in large quantities. Since the permit form 
consists of a stub to be retained and a display portion 
to be issued for affixing on the vehicle, no carbons are 
necessary (or even desirable). 

Individual permit use will be brief--normally, just 
for on day at most. Widespread advance distribution is 
desirable (as will be explained later) and as a consequence 
a considerable proportion of the total printed may never 
be used. For both of these reasons, the permits might 
well be printed on a relatively cheap paper, remembering, 
however, that they will be subjected to poss101~ rough 
handling and exposure to weather. 
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Figure 4. 

No, A 0,000,001 

Trip origin --------------Trip destination ___________ _ 
Number and type of vehicle • -------

Owner -----------------Co mm o di t y 
Shipment -p-r~io_r_i~t~y------------
Re gul ate d route number ---------Authorized time of entry 
(and/or su~h other items-o~r-1~'nf....,..o_rm_a~t~io_n_a_s 
may be desired by issuing agency) 

Issuing Agency -------------By _________________ _ 

•.~ .. -.. ----·------ --- -- ---- - - -- - -- - - -- - - -- -- - ---- -- --- ... 

::::::::: ·.•.~~·-· 

12 No. A 0,000,001 

11 Highway directed 
Movement priority 

10 1; Permit for 
N Regulated route 

9 ~ number 
.c: 

8 ~ 
(Ii 

O'l 

7 ~ 
0 

6 :a 
Cl) 

~ 

5 't-i 
0 

L ~ 

3 1 
2 

1 

Issuing Agency 

By _________ ___ 

12-1 
m 1-2 
~ 2-3 
2 3-4 

• L-5 
-g ,s 5-6 
~ • 6-7 t 7-8 
~ 6-9 
0 9-10 
..., 10-11 
C 11-12 
~ 12-1 
.., 1-2 
C 2-J 
Cl) 

3-4 
L-5 

~ ~ 5-6 
8 p., 6-7 

7-8 
8-9 

9-10 

4-i 
0 

10-11 
11-12 

......... Valid only on ___________ l9_ 

MW %1#l&it¥i@ik'h'Mt@l'J::3®.l 

STUB ro BE RETAIN&D 
BY IS.SUING AGENCY 

+- (Perforated 11.ne) 

ROAD SPACE 
PERMIT FORM 
TO BE ISSUED 

STATEMENT OF PENALTY FOR MISUSE TO BE FRINTED ON BA.CK OF FORMs 

Thia permit is the property of the United States Government. Its counterfeiting, 
alteration or misuse is a violation of 18 u.s.c., Section L99 (19~8). Violators 
ahall be fined not more than $2,000 or imprisoned not more than five years, or 
both, 83 

l 



The display portion of the permit is intended to be 
taped on the vehicle windshield, so it may quickly be 
scanned at the roadside control posts. As will be seen in 
the illustration, the route control number will be written 
in the center of the permit in large lettering, so it can 
be checked "on the fly." It is proposed also to make the 
date evident at a glance, simply by using a different color 
for the permit form, for each day of the week. The permits 
should be serially numbered, both on the stub and the 
display portion; the remaining details evident in the 
illustration are self-explanatory. 

For reasons that will be clear shortly, the permit 
forms should be made up into pads or stapled into "books" 
each color being kept separate. 

Permit issuance to major users 

As a premise to further discussion of permit issuance, 
class C route regulation is instituted only when it appears 
that anticipated traffic will overload the route section, 
so that all traffic cannot be accammodated--at least) at t.he 
particular time each vehicle operator himself would choose. 
It follows, then, that some traffic must be turned back or 
delayed; conversely, that traffic involving priority sh1p­
ments must be given preference over any other. Then, reduced 
to its simplest concept, permit issuance may be concerned 
only vith shippers who have already received priority 
certification from one of the transportation agencies charged 
with that responsibility. (If this latter statement seems 
oft repeated, it is to ensure that Elfi'R participants constantly 
remember their own function is to accommodate official 
priority shipnents, not to authorize them.) 

Reducing the concept to this minimum position, then, 
it can be assumed that a large proportion of perm.it issuance 
is going to be accomplished by contact between the highvay 
users of the EHTR staff and the commercial vehicle operators, 
particularly those Vl.th fleets of more than just a few 
vehicles. It is such operators, in all likelihood, who will 
be handling the types of highway movements that warrant 
priority certification: the hauling of critically needed 
foodstuffs and other goods, and the operation of bus trans­
portation. 
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Actual permit issuance will be far more easily handled 
if these commercial vehicle operators are furnished with 
pads of permit forms, and instructed in their purpose and 
use, as a part of the EHTR organization's planning end pre­
paratory work, If this advance distribution has not been 
accomplished, then it should be done quickly after the 
beginning of an emergency. It will be evident, of course, 
that handing out blank permit forms must be done with some 
discretion; and that they should be given only to trust­
worthy individuals in established and reliable concerns. 

Assuming that the major vehicle operators have the 
blank forms in hand, the rest of the permit issuance 
operation is simplicity itself insofar as they are con­
cerned. As soon as an operator bas a specific shipment 
planned and has received a priority certification for it, 
he will telephone the nearest EHTR center to find out if a 
road space permit is needed, and to request its allocation. 
In all probability he will be talking by telephone with one 
of the highway user members of the EHTR staff with whom he 
ha.a already had cont.acts, since the beginning of the 
emergency, ~nd whom he knows through peacetime associations. 
The shipper wilJ inform his EHTR contact of the trip origin 
and destination1 number and types of vehicles, nature of 
shipment, and all the rest of the information called for on 
the permit f3rm., including, of course, the desired trave: 
route e.nd time. 

The EHTR ste,ff man ·wn.11 check hie map and his day's 
allo,-:ation sheet1 and if the route has only a locally con­
trolled class C regulated section 1 he will be able to 
ts sue permit al, thori ty then and there • If an intermediate 
;__1r long-range trip !s invc,lved, lo"ith regulated sections 
controlled elsewhere, the EHTR sector center will have to 
me.ke arrangements through the district center end possibly 
the State center. Interstate arrangement may have to be 
maue, as described previously. In these situations beyond 
local 0.ontrol, as soon as it is known that road space on 
~egulated route sections is aveilable for the trip, the 
EHTH sector vlll adYise the shipper accordingly. 

For any allocations of road space within the State, 
-':: he sh 1 pper v:.'t 1.1 be told to fill 1 n his own pe rm.1 ts , on 
t.he blsnk fornIB he already has at hand. Necessary infor­
mation wil.l be interchanged; for example, the shipper will 
inform the EHTB contact of the serial numbers on the 



, __ 
permits being used; the contact man will inform him of the 
route section control number. The EHTR man will tally the 
proper number of vehicles in the appropriate box on his 
day's allocation work sheet. The shipper will tape the 
display portions of the permits on his vehicle windshields; 
and they are ready to go--at the proper time, of course. 

Interstate allocations and permit issuance will 
necessarily be somewhat more involved, although the problem 
is essentially one of canmunication. Arrangements will 
have to be made for the vehicle driver to pick up the actual 
permit scmewhere within the State concerned; probably at 
the first control post in that State. 

It is recognized that this procedure depends on the 
cooperation and integrity of the shippers involved, and it 
is possible that in isolated cases this confidence will be 
violated. But the alternative, to physically issue permits 
to major commercial vehicle operators only at EHTR centers 
or even at more numerous other locations, would inevitably 
result in inconvenience and delay to those handling the 
bulk of the priority shipments, and of course, delay to the 
shipments themselves. 

Permit stations 

While much of the priority-certified shi?Jl~nts may be 
handled by the larger concerns among the commercial vehicle 
operators, it will also be probable that priorities will be 
issued to commercial operators who own only one or a few 
vehicles, and to private automobile users--the businessman, 
doctor, or defense worker, or the family traveling to a nev 
job and home. 

To take care of these, permit-issuing stations can be 
established in fairly large numbers, well distributed for 
convenience throughout the area serviced. They can be 
located at police and fire stations, postoffice substations, 
and other government buildings, including libraries and 
schools. Tney might even be located at shopping centers, 
the entrances to major stores and factories, etc. About all 
that is needed for each pe:nnit station is the presence of a 
reasonably intelligent person who is going to be there any­
how and who is willing to coope~ate in the simple process 
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involved; a telephone, in order to be able to communicate 
with the nearest EHTR sector center; and a supply of 
permit forms. One additional simple requirement is e 
sizable cardboard sign that can be placed in the window 
or tacked to the door, to show that there is e road space 
permit station at the location. 

The operation of permit issuance from such stations 
would not be essentially different from that described 
above, except that it would be done through an intermedi­
ary. The individual seeking a permit, or information as 
to whether he will need one fore planned trip, will pre­
sent his priority certificate and/or request, in person, 
et the nearest permit station he can find. If possible, 
the locations of these stations should be announced by 
radio broadcast or in newspapers if they ere being 
published. The person manning the station will call the 
EHTR sector center on the telephone and relay the request, 
with appropriate information. Quite possibly the request 
~an be granted at once, end the station "~gent" will make 
out the permit. If a delay is necessary, the permit 
seeker can be asked to return at a specified time to the 
same station, to complete the trip arrangements. 

Permits for essential nonpriority traffic 

Under some circumstances it will be anticipated, or 
found through experience after a fev days' operation, 
that class C regulation is required on a route section 
because total traffic that would like to use it exceeds 
its capacity, yet the capacity is not nearly reached by 
the priority shipments. This situation may exist around 
the clock, or only during particular periods. 

If the difference between priority shipment volume 
and total capacity is sizable enough and fairly steady, 
the EHTR organization may issue additional permits for 
what it considers essential trips which, for various 
reasons, have not been granted official priority. Such 
trips might be of an urgent nature, that cannot wait for 
formal priority action; or they may involve needs or 
purposes that are less important than those warranting 
priority but still, for economic or humane reasons, seem 
more essential than run-of-the-mill traffic. It is pro­
bable that the great majority of such trips will be local 
in character, and could almost wholly be processed by the 
EHTR sector center alone. 
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If permits of this category are to be issued, the 
daily road space allocation tally sheets should be 
modified accordingly. For each regulated route section 
to be operated in this manner, it will be necessary tc 
allocate separately for priority trips and for essential 
nonpriority trips. Actual physical issuance of permit 
forms would be handled primarily at the stations described 
in the preceding section, and in the same manner. 

In addition to nonpriority but essential trip permit 
issuance'at EHTR centers and satellite stations; arrange­
ment could be made for accommodation of such trips at the 
roadside control posts. This will be discussed further 
in connection with post operations. 

Limited or partial regulation 

It has already been said, but is worth repeating, 
that partial control should be used for routes under class 
C regulation, rather than full, round-the-clock control, 
whenever possible. It is highly likely that traffic demand 
will not exceed or even come close to capacity during the 
late nighttime hours; and in some locations there may be 
s~zable lulls in off-peak morning and afternoon per1ode. 
If such situations exist, and appear to be fairly well 
stabilized, the route may have to be regula.t~d only during 
:.he daytime or during speclfied hours dur1.ng t.he day. 

"Free" trafnc--that without official priority or e.ny 
demonstrable esaentiality--should be encouraged to use 
these uncontrolled periods; the public can be me.de e.wa.re 
of them by local news broadcasts and other means. Spi::c:!.a:. 
operating plans might be a~tempted, on trial, vhere it 
appears that partial control will be necessarf for an 
extended time. 

ROAU>IDE CONTROL POOTS 

P.£ aeon as the de•.!is i.on to institute class C :.·egulation 
on a. route section is reached, it will be necessary to choose 
locations for roadside control posts and provide for equii:ping 
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and manning them. Making au.ch ar:rangements is the respon­
sibility of the EHTR nrga.n:lzation, usually at the level 
controlling the regulation and the bulk of the permit 
issuance for the particular route section. Generally this 
will be the EHTR sector ceuter; occasionally, the district. 

'fhe functions :::,f a control post may va?:y f,Ol.ll a 
eimple t1.HJk to e. complex, large-scale operation, dependin.g 
on the :l.ndiv1clual situation. Ji'or a comprehensive viewpoint. 
the large-scale operation is d:l.ac:.J.ssed ::.n the text that 
follows; lease:;.· ai tuat.:ions will ha.ve lesser needs. 

I1c. -the a lmp:(.es-t. ki,1,~ cf sj-::ui':::tion ( regardJ.ess of 
traffic volume I, invc-Jvj_•1g e. d,c:;:t ::-01~t~ se,~tion wh:i.ch ha.2 
no lff':,ermecii at-2 in].eto1 or c!.'Os s ieg1=~ _. o::' s.t le9.s t none of 
traffic C'. c,ns e q_,_i enc e , a ::;0:1 -i:.::.'0 l r;oe. t at (~-e.r' h t-2 rmi nu,; :pre­
s oJ.ms.b l:y will suffice fer ccn•i:.rol :1ee,~~:. Longer :::oute 
sections, .r:l. th :ntermed:Lute sc ,:ess poi1,ta of traffic 
signi :'"i cs.nee, ina:r ::equi .,·e ac r:l.i t.:i.ons::. control poets; (".e::-te,j_r,i.y 
they wtll be needed at intersectionn along the rm:.te where 
al"'.y e.ppred8.ble traffic wa,v have to oe fed onto 9.nd off 
(oI" b~rred from) the reglllated route. 

No er:Jitr-a:,:y t:caffic.-vclume criteria r;ar.. be augget~t.ed 
fc:r "this ,_;onsideretj_on, ,,duce it :i.s a Y"::lat,t·,e matter., 
d.epend.ing on the possible inflow vol,J.m;; i.:'.! rele.tioc t.o ~·,he 
tr:::ta l t1'&. f:fi c volume anti r.i ps. t.eo. ·:i,, t. he :re g-u.1.a ted. r :::,u t'C! 1 

aDd to the pr(11)0rtion of t.ha-s total "'hich is 0pers.tin.g ,d. tb 
priority p::.·e:f.:rence; in actd:L tj_onJ the gernnet.rics of the 
:r:ou.te a•1d : ts :l.riterije'.~tions way b2.ve a hes.ring on the mstte:-. 

It will be :i:'ea..lj_ zec. from the ebove ciiscuss:i.m~ thst 
roads c:r.oesing o:,.~ feed.L,.g j_nto a r-egule.te,i route section, 
if they ce.-rry s.ny apprecis.bJ.e traff1c, can •.'.!reate prot,J.emo 
for the EHTR orgs..niza,,:1.on thJ:rmghout the operetio,,. proces;;. 
The crossing, ent.-,,.:c:ing, and. le&-vn,g txaffic hes to 1:, ~ 
taken ::.nt,.~ B.Ccount i:-i at t~m:pt.i0i; i;,o estima.te thic: tot",al 
traffii:.: c:apaci ty of the regulated. '.':'OUte. It vJ.11 a.loo be 
a fa,.:to::- in ":':.ctal traffic demand; ada.itione.lly., there may 
be 1,ome p:riority-certifit<1. traff'ic entering or :.i.eaving 
t.hes e its termed i ate points , 8.nd this wi.ll ha Ye to be 
:._-eckoneo w.i th in s.llocatL1g road space anti issuing pc·mit.s, 
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Wherever possible, each terminus and intermediate con­
trol post. should be established close to a suitable road 
junction, so that traffic which :must be barred from the 
regulated route may have an available alternate route open 
to them, even though it may be circuitous. 

Almost inevitably, the control posts are going to create 
traffic bottlenecks just by their very existence. Vehicles 
traveling with priority will have to be stopped or slowed, 
even if only momentarily, to check their road space permits. 
Many others, arriving on the scene without permits, or even 
unavare of the existence of control on this route or any­
where else, may have to be given an individual (and hope­
fully brief) explanation of the situation. Some will want 
to take an e,ltP.rnate :-:-cute to their destination. Some -will 
want to turn around and head back. Others will want tc 
wait and take their chances of getting a permit., or being 
allowed to a:i.ip into the traffic stream in a slack moment, 

Because of these possibilities, control posts on routes 
vf.tb sizable traffic streams should be located where plenty 
of off-the-road parking is available to serve as a holding 
area. In faet, the post can hardly operate successfully 
without this. The space may only be a pasture; or, with 
luck, it m&y be the parking lot of a big shopping center, 
industrial plant, drive-in theater, or athletic field. Iri. 
addition to spa<:e needs, the holdir::g are&.s will ::-equire 
suitabl.c:: entrs!rnes and exits, as will be evident a little 
later, 

The shoulders along the regulated route, whether paved 
or net, cannot be used as a holding area. Their use for 
-::;his purpose vould serioualy endanger moving traffic; they 
Youl<l not have adequate capacity within a reasonable dis­
tance; and vehicles stored on them could not satisfactorily 
be controlled or shi:fted. 

Manning and eq~ng the posts 

Control posts on :regula,t.ed routes will be acth·ated by 
the ERTF organization, ou·;;. vill be manned by State or local 
police by request of the responsible EHTR center. Highway 
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department personnel may also be available. The police 
forces are best suited for the control post operation, of 
course, since they are trained and accustomed to the 
handling of traffic both in normal and in emergency circum­
stances, and in dealing with vehicle operators in unpleasant 
situations. 

What size staff will be required at an individual con­
trol post will depend largely on the particular situation 
and traffic volume. On a relatively low-volume, rather 
short route section, only a few men will be needed. In a 
complex situation, with large volumes of traffic which must 
be screened and separated; and turned back 1 di-.rerted, or 
held, a fairly large crew vill be needed. To some extent, 
the staffing of posts will be dependent on the availability 
of manpower. But it vill be evident that in such involved 
circumstances as those just described, a seriously under­
manned control post could v~ry well create more of a traffic 
bottleneck than no regulation enforcement at all. This 
could be equally true for s post -which is adequately manned 
but poorly organized and directed. 

A major equipment need at control posts will be 
communications facilities for continuing contact vith the 
nearest EHTR center as well as with other control posts on 
the same re~.ilated route section and with the State or local 
police and highway departments, Probably such communications 
will be available in the form of mobile tvo-way radio in 
police Yehj_cles, In a large and extended cont:rol post, it 
is quite possible that internal communication is needed. 
This might be provided by field telephone or "i.ral.kie-talkie" 
sets. 

Cars will be needed for transport of staff, patrolling 
the regulated route section, possible pursuit of lav or 
permit-regulation violators, accident investigation and 
rescue, etc. It may be desirable, especially in connection 
with control posts on heavily traveled routes, to have 
available such equipment as tow trucks, wreckers or resc1.1e 
vehicles and. ambulances. Supplies such as gasoline, first­
aid lll8terials, fire extinguishers: drinking "Water, and food 
should b~ at hand. Shelter of some sort ·.n.11 be needed 7 at 
least in inclement veathe:-; and sanitary fe,cili ties. 
Radiological monitoring equipment should be available and 1 

of course, some of the post staff should have been trained 
in its use. 
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Barricades and signs will be needed at the control 
pos-c.s, their number and nature depending on the volum.e and 
complexity of the individual situation. Such materials 
should be prepared in advance and stockpiled for use. The 
basic signs required are represented in appendix K. 
However, additional signs for directing vehicles to alternate 
routes, to holding areas and out of them, etc., may be 
!leeded. Some of these may have to be prepared on the spot_; 
materials should be available for the purpose. 

Control post operation 

"rhe nature of operations at a -~ontrol post. on a 
regulated rocte section •will depend on the volume of traffic 
and complexity of the sltuation, and on the understand:tng and 
cooperation of 1~he publi,_:. At many locations the problems 
discussed here may be of small scale or nonexistent; at 
others they will be full-blown, indeed. Figu:::-e 5, illustra­
ting a large-scale control post operation, will be helpful 
in understanding the text that fol_lows. 

Essentially, the operation at the control post is to 
feed pe::mit-bearing vehicles onto the road (or let them 
con·i.;inue on it) ar:d to turn others away; taking :::are of the 
latter> however, as road space allows. It is fo:::- this pro­
::1::ss thet a eui table holdh,g area of ade½.-uate size is re­
quired at or very near the r:ontrol post. 

As noted. ,E;arlier I the d,j_splay portion of the road 
space permit vill be fastened to the vehicle windshie~d; its 
2010: and a 1.t'crge w-ri tten-:i.n numbe:r will show at a reasonable 
:lJ.stance the day of the week and the specific regulated 
routP. section for which it was issued. Date and pennit hour, 
also ~.n.11 appear on the permit, but will not be visible 
except in close-up examination. 

A complete check of the permit on every Yehicle would 
almost r.ertainly result in a tremendous traffic bottleneck. 
For thB.t reason it is proposed that vehicles bearing permits 
e,r;parentl:r proper for the day and the route section will be 
waved on without stopping. It must be remembered that a 
siz.sble proportion of the priority traffic may be heavily 
la.den truck:c and combinations which, once slowed. or stopped, 
take considerable time and distance to accelerate to road 
speed. This leads to the further thought that control posts 
should preferably be located on level ground, and certainly 
not where an appreciable, sustained upgrade is involved. 
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REGULATED CLASS c BCXITE - -

This section becomes regulated Class C 

- ,,,. - /,,,,,,.© 5 ,,,.,,,. 
✓ 

CLEAR ROUTE (not regulated) ------------ .-,,:;.--------------- (3) 
® ,/ 7 

------- -,/ 

HOLDING AREA 

LEGEND 

1. Information signs 

2. Control post check point; vehicles 
showing permits are waved on; those 
without permits are diverted into 
holding area or onto clear route 

3- Ent~anc2 to holding area 

4. Exit from holding area 

5, Intersections where traffic direction 
will be necessary by police. 

6. Shelter for post headquarters, first­
s.id; detention, sanitary facilities, 
etc. 

F:!.gure 5.-~~Roac.side control post o-peration on a high-volw.ne Regulated Class C Route. 



While permits will thus be cursorily checked as the 
vehicles drive by, it would be desirable to pull an 
occasional vehicle out of the traffic stream, for a closer 
check. As with peacetime road-regulation checks, the 
"word" would probably get around pretty quickly. 

Diverting non-permit vehicles 

Those vehicles that do not have permits for the 
regulated route section will have to be pulled out of the 
traffic streBlll into the holding area without hesitation, 
regardless of whether they are going to stay there or not. 
It ~"ill be impossible to answer questions or give advice 
to drivers while they are on the road and thus blocking 
all traffic. And they cannot be permitted to stop at the 
entrance to the holding area, either, or the same problem 
would result. Hopefully, the use of advance warning and 
information signs, or of advance information posts, 
coupled with news broadcasts or other dissemination to the 
general public of information about regulated route sec­
tions in the area, will keep to reasonable proportions the 
nuinber of vehicles that have to b~ diverted to the holding 
area. 

General experte:.ice rlth ·,:.he human race, however, i:'.­
dicates that :,egs.rdleBs of su,::h information devices, the 
holding a!"ea. haci. 1)ette:r· be of C·'.:>nsid.erable size on a main 
route, particu.l.aJ.'ly if there e.re no or only limited­
capacity available "free" ro•.ttes in the vicinity. Similarly, 
the work forc-s operating in the holding area will have to be 
adequate for t1-.e task. 

Several alternatives will be open to the vehicle 
op.:~o tor ~..-ho does not have a permit and who has been 
diverted to the holding area. One of these is to take an 
alternate route to his destination; and the staff working 
:i.n ·0he holding area should be prepared to give useful, up­
to--the-m:l.nute detour and alternate route information. 
Coupled \orith this choice, if taken by the vehicle operator, 
is the need for suitable exits from the holding area, 
.iead.ing to the alternate routes vithout crossing or inter ... 
fel'ing ,ri ti1 the mainline traffic any more than necessary. 
Whe:c'e such C::'Ossings are necessary, a policeman should be 
st&tionerl to d.i:,::ect traffic. 



The second alternative open to a vehicle operator who 
has no permit will be to turn back toward his starting 
point; that is, give up the trip altogether for the time 
being. Again, there must be means for him to exit from 
the holding area and start his return trip. This may not 
be a simple operation, because the driver will have to cross 
the mainstream of traffic going in the direction he 
originally intended to follow. In addition, once he has 
crossed that traffic stream, he will want to enter the 
traffic stream going in the other direction; but this will 
be the traffic coming from the other end of the regulated 
route section and presumably already will be running at or 
near the capacity of the lane or lanes in that direction. 

Thus, it will be seen that handling the non-permit, 
diverted traffic can be a very difficult task1 and where 
traffic volumes are heavy it may require a very sizable, 
well-organized staff. Even in peacetime, and even then if 
all drivers were amiable and docile, the Job would still 
oe complicated; witness the traffic jams before and after 
big athletic or entertainment events. In an emergency, 
and dealing with anxious and dist:i:·aught drivers, it is go­
ing to be perhaps the most taJCing, both in planning and 
execution, of the EHTR operations. In addition to managirig 
and directing traffic, there may occasionally be need for 
police action against recalcitrant drivers. 

Accommodating non-perm1 t '.renicles 

A third alternative may be open to the vehicle 
operator who has no permit: the possibility of obtaining 
a permit; or the chance of being "metered" from the holding 
area into the traffic stream on the regulated route: sec­
tion, if the route is being operated in such a way as to 
allow this , and if he chaos es to take his chances and. •.rs~ t 
in the holding area. In the first instance,. and in t.he 
second if the answer to both "ifs" is affirmative, the 
vehicle operator should be directed to a special pert of 
the holding area, from which there is a suitable e::it;·an::e 
to the regulated r~)te. 

Three le·.rels o:r ,;2-e.sses of cons ide:rs. tion may ~xis t fo:;.· 
those vehicle operators ·,.ho arrive at a cor,':.rol post ·.,1 tli­
aut a. permit, and nevert.heless want ':o continue, 
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Among the three levt;l.S of non-permit-bes.ring vehicle 
Glasses, the first clas8 to be considered would be t:r.nse 
on s.n interstate trip for • .. hom permit authority was 
arranged bet~een the two State EHTR centers, and who had 
[)een instructed to pick up the actual permit at the first 
:::oadside control post they reached in the State. Ia some 
,:ase,::, the cont.r,:-1 post. staff -..r:1.11 already have been 
advised. of the ::.rrar.gement 3.nd have a permit rese~:ved; ir. 
othe!·s they may have to contact the EHTR center to ,,-e:-ify 
it. 

The eecond class woulc. be those operators who are 
r0.aking s :iemonstrably essential trip, but have no road 
space :2enni t. Such indi Yid.uala may have been directed by 
te2_ephon::, 1 by the EHTF: center or one of 1 ts satellite 
sta~:.or..s; to go tc, the control post, because it is much 
,los"r tc the t.:.·i:;:, orj_gin_; or tbe individual may not eve:1 
be aware c,,: the need. for a pe.:rn1:tt. 'I'hc control post staff 
•~:LL. ha Ye to make q...iick dec:i.oions in these cases,. using 
t.heJ.r 0\.1!1 Judgment and without any spi::cific guidelines. 
'l'ho:c:e vehicles accepted 2.s be:l.·1g or.: eseential trips would 
be ::'eii into the traffic strea.m ss soon as possible. 

'I'11e -~hJrd ar:c1. ]_:::,west, level or class of op~rato:::s 
would be th,:,13 e who ha,..-e ne:·. the:::· :p::-iorit:t !10r essent.iali ty 
i;o jt•st:tfy ·.isj_,~g spse:e 01~ the ,:egulated route, but still 
~1a.,.re. i:,. -:~:.'!.:-~_! .. --... ~« ... n1:lri,l . .: _, st ~~ast, a strong reason or 
,~_<::.;'"'..:•.-e ··.o ":c:L'!:•:: 1:.1:<:, ::.1 i _ _p, Thes,2, if' the:,.-e is a ~:es.sonable 
pos;:;L:.:.i_:l·:.y cf ~,;:~.;_))Jm1odating them., u1sy be allowed- to wait 
:i.'."l tbc ~l('lCc~.i:li5 i r-::a e. 11d take the:'..r chances• If there j_s 
:·,J) r~cs;:,r,e.n:'.'2' ,::·'.-,8ncr, of this, however, they should be 
ebu.s.·,: .. :,,1. ,,1,-::, o,: .Le holding area., either to an alternate 
~-,_::,1_ •> ::.r t.0 :!.'et._1rn to their origin. 

'i:s-hicles Li all three of the classes described above, 
~.-u:.:-, :-,hose e,f th~ first and second level getting preference, 
, .. :-.,1 :-.,,:: line{ up i.n the hclding area close to t.he entrance 
t.c i.he regulated route--an entrance which necessarily must 
':,.:: at E' loc2tion beyond the control post permit check point. 
: s the ,~o,~ ~1-ol post staff assigned to this location sees 
',h:ott ':'.br=::ce is a :res.sonable gap in the traffic moving on the 
rc,ut.e; lie w'LLL feed one or more vehicles from the holding 
-i.r~a j.ritr_-, t 1,e ,D.B.'cnstree..m. In this manner., it will be possi-
1~~-2 ::0 '.·,s.J:.:e ·-:are of all of the first two classes of non-
;;~• '.'it--:X:ac:'.eg vehicles, and a good many of the third class, 



21ver a reasonable period of time, The odds e.:r':! strong that 
the mainstream traffic past the permit. check point will he 
irregularly spaced and. rather slow-moving. 

Where regulated routes are operated under regulation 
only during certain hours, the non-permit vehicles can he 
kept in the holding area and released (without permits) 
when the controls are dropped. 

Latecomers; overloading 

The scheduling of road space on regulated routes will 
be on an hourly basis, and each permit issued will indicate 
for what hour it is applicable. Those who arrive early or 
late at the entering control post (and are detected), should 
oe shunted into the holding area, but metered into the route 
as soon as clear space is available in the traffic stream. 

There may be occasions when, through inadvertence, per­
mits have been issued for more road space than is actually 
available on a regula.ted route during a particular hour; 
or the route capacity may unexpectedly and temporarily be 
decreased; or a sudden and urgent priority need may have 
arisen after all the space had been allocated. In such 
cases, the control post staff will have to make whatever 
adjustments they can, that seem reasonable and will accom­
plish the purpose. Any permit-bearing vehicles that have 
to be delayed, however, should be permitted to proceed as 
soon as possible; if necessary, by preempting part of the 
next hour and delaying vehicles scheduled for it. 

Contaminated and reserved routes 

The regulation of routes controlled solely because of 
radiological contamination or hazard (class A) has been 
discussed in an earlier section. As indica~ed there, con­
trol posts should be established on them if possible; and 
under certain circumstances this would be almost mandatory. 

On class C regulated routes, controlled for capacity 
reasons, there may also exist a radiological hazard. If 
so, the control post staff should include personnel, pro­
perly equipped and trained, who can provide proper caution­
ary advice to the control post staff itself and to the 
vehicle operators traveling through the contaminated area. 
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PUBLIC INFCEMA.TION 

For emergency highway traffic regulation, as for 
every other aspect of an emergency situation, the better 
and more currently informed the public is, the easier it 
will be to conduct EHTR and all other emergency operations. 
With information, as with var, "too little and too late" 
can compound a disaster. La.ck of information can lead to 
rumor and hysteria--and roads blocked with congestion. 
And information that is too meager, too vague, or too late 
will be little better than none at all. 

The EHTR organization's prime "news" of public 
interest is going to be the current situation and short­
range future prospects for traffic movement: which routes 
are open to use; which route sections are completely closed 
or wholly reserved; which route sections are under regula­
tion; who can get permits to use them; vhere are the permit­
issuing stations; and so on--all of the details that will 
let the commercial operator and the private citizen know 
whether he can make the trip from Avalon to Zion City today, 
or tommorrow, or not for some time. 

Presumably it will not be the function or responsibility 
of the EHTR organization to carry on a full-scale public­
information program during the emergency. It will feed what­
ever information it has that will be helpful to the public, 
to the State and local civil defense agencies for further 
dissemination. However, arrangements might be made with 
the civil defense authorities to feed the details of travel 
information, such as that indicated above, not only to them 
but also direct from the EBTR centers to any radio and 
television stations and newspapers that are in operation. 
Such information should also be channeled direct to major 
highway user concerns, and any user organizations that are 
still functioning. 

As noted earlier, an advance public education program 
conducted as part of the EHTR organization's preparation 
efforts is highly desirable, so that the nature and 
mechanics of ERTR operations in an emergency will be under­
stood beforehand. 



Chapter VIII.--•TRAINING PARTICIPANTS 

In planning and preparing for emergency highway traffic 
regulation in the event of a national emergency, it is no 
more possible to predict the location, scale, and duration 
of the required EHTR operations than it is to predict with 
any reliability the timing and nature of a possible enemy 
nuclear attack. The situation may never eventuate, or it 
may be far less catastrophic than is often conjectured; but 
as a safe and conservative policy, EHTR planning nrust pre• 
pare for the worst possible situation. 

It appears advisable that nationwide, approximately 
100,000 persons should be trained in emergency highway 
traffic regulation. The number needed would be nruch smaller; 
and all those needed may not be occupied for the full 
duration and in every corner of the country. Nevertheless, 
anticipating the worst situation, an adequate corps must 
be recruited for the EHTR organization, and made acquainted 
with its purpose and the nature of its operations; and 
should be instructed fully in respective assignment. Unin• 
formed, untrained personnel, no matter how willing, cannot 
be expected to perform well at unfamiliar tasks, particularly 
under the stress of emergency conditions. 

The 11 cascade 11 training program 

A large•scale training program is therefore an essential 
part of the preparatory work of the EHTR organization. 
Because each State is handling its own EHTR program, with 
the cooperation and involvement of· several diverse groups, 
and because the training requirements of various jobs in 
the EHTR operation differ greatly, a "cascade 11 system of 
training seems best suited to the general need. Briefly, 
this would begin with the development of a national team 
of instructors, who will conduct regional courses attended 
by selected personnel from groups of States. These men in 
turn will become instructors in their respective States; 
and as the State instruction team they will train repre• 
sentatives who are or will be the staff leaders of the 
State, district, and sector EHTR centers. These in turn 
will train all of the EHTR personnel who will be working 
with them or under their direct or indirect guidance or 
command in time of emergency. 
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With this csscade form of trnining, instruction at 
each level and for each group can and should be tailored 
to specific need. Upper-level administrators, for instance, 
must know in considerable depth the mechanics of the whole 
EHTR operation but need have no technical knowledge of 
traffic estimating in an emergency. Those who have the 
latter assignment need not know the technical details of 
radio logi,:a l moni taring. Those who ma:i the control posts 
do not have to know how to make advar,ce allocations of 
road space. Thus it is evident tha~ a!l training courses 
should cover the EHTR purposes and operation methods, but 
in varying degree of depth and scope; and individual groups 
must learn in detail the mechanics and processes of specifi:: 
aspects of the operation. 

While the major concecn of the training courses will 
be instruction in administrative and t~chnical operatio~s, 
appropriate indoctrination must not be neglected, It 
is difficult for the average individual to accept the 
real possibility of a nuclear attack and the extent of 
its consequences; o~, having accepted that, to believe 
that the ensuing situation will be anything but hopeless. 
This attitude can be overcome and a geaui.ne and keen inter­
est developed in everyone engaged in the EHTR organization, 
if the instructors themselves are not only technically 
competent but are dedicated and skillful in ~heir presen­
tations as wel2-. 

Regional training courses 

Plans have not yet come to fruition, but the plan ls 
to launch a nationwide EHTR training program by first 
organizing a national instruction team, composed Qf repre­
sentatives of Public Roads, the State highway departments, 
the State police, and the organized hi.ghway users. The 
team may also include as members, or at least as speakers 
on pertinent subjects, representatives from the Office of 
Emergency Transportation, the Office of Civil Defense, 
and the M.T.M.T.S. 

This national team, traveling about the country, will 
hold training courses in each of the Bureau of Public Roads 
regions, to train representatives from that region who in 
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turn wi 11 become instructors in their own States. '"'.."he g ... -ou~ 
from each State should include representation from the 
deveral agencies and organizations involved in the EHTR 
planning. For a typical State the group might include 
representatives of the State highway department, the State 
police agency, the organized highway users, and the Bureau 
of Public Roads division office, the State civil defense 
agency, and the military A typical State group would 
total 10 to 20 persons. Since Public Roads regions comprise 
four to nine States each, the regional classes might range 
in size from less than 75 to over 100. Depending on 
attendance commitments, two smaller regions might be com­
bined for one course; two separate courses might be needed 
for a large region. 

It is important that the individuals selected to 
attend these regional courses be chosen with care They 
should represent a cross-section of the groups comprising 
the EHTR team. They shou1d be committed by their orga­
nizations to serving as ins true tors in their own S t·a tes, 
with assurance of ample time to do so. They should be 
individuals who have a sincere interest in the subject; 
and they should be capable of becoming both competent 
and inspiring instructors. 

State training courses 

Each State group trained at the regional s~ssions will 
subsequently hold one or more training sessions in its own 
State for the selected administrative and technical per­
sonnel assigned to the State, district, and sector EHTR 
organizations. The number of such sessions will depend on 
the number of people involved and the size of the Seate 

These State courses will probably follow the pattern 
of the regional training course, with adaptation to the indi­
vidual situations in the State. Participants in these 
courses will be from county and local agencies and organ­
izations as well as those of the State. 

Finally, individuals or teams from among those trained 
in such courses by the State training team, with assistance 
from the latter at least in planning, will conduct training 
sessions for those who are going to work at the EHTR centers 
or under their direction or guidance. All persons involved 
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in the organization in a local area may be gathered as a 
group for the general instruction on EHTR purposes, organ­
ization, and operations; but separate training sessions 
are desirable for each associated group or function: for 
example, administration and housekeeping; communications; 
traffic supply and demand estimating; radiological moni­
toring and interpretation; road space allocation and permit 
issuance; and control post operation. 

Course planning and preparation 

The regional "train-the-trainer" courses, because 
they will bring participants together from some distance, 
should be conducted in continuous sessions. Each will 
probably require full work-week of 40 hours of lectures, 
seminars, and discussions with supplementary reading 
and problem-solving. The courses to be given by the State 
training teams to groups in their own States might take 
somewhat less time to complete; perhaps 2 or 3 days. 
Depending on the convenience to personnel and on travel 
problems, these courses might be held on consecutive full 
days or be scheduled for one day a week, two hours a 
day, etc. The local specialized courses will probably 
require still less time; perhaps one or two full days, 
or a few hours a week for a month. Their timing as well 
as their content must be tailored to the advantage of the 
individual group being trained. 

No instructor can handle his subject competently 
and in an organized fashion, and equally important, stay 
within his assigned time schadule, without careful 
preparation. For each course to be given, the instruction 
team should prepare a comprehensive outline, and each 
instructor should prepare detailed notes. This guide, 
together with the State's individual EHTR plans, will be 
helpful. A presentation made by Dr. Homer Rosenberger, 
former Chief of the Training Branch of the Bureau of 
Public Roads, at the Salem Conference is included as 
appendix L. This presentation contains a good many 
practical and helpful suggestions in instruction technique. 

Outlines, guides, manuals and visual aids will also 
be needed for the more detailed instructions necessary in 
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the technical phases of EHTR. These should be prepared 
to fit local situations and conditions. 

Continuing training needs 

What has been discussed so far in this chapter is the 
initial instruction of personnel who will be part of the 
EHTR organization. Further training needs must be consid­
ered. One that is evident is the training of individuals 
newly assigned to the EHTR organization and those who 
have been reassigned within the organization to a different 
function. 

Another aspect of training is the need for periodic 
refresher courses. Refresher courses should be scheduled 
periodically to brush up memories and to introduce new, 
current concepts and procedures. The length and frequency 
of such courses are interrelated; but it would seem that 
a one-day session every six months might be better than 
a two-day annual session. The interval should not be too 
long; nor should the individual session be too short. 
Over-scrimping on time will, in effect, be wasting it. 

Training exercises 

Finally, as an essential part of training, there is 
need for exercises or practice sessions. They should be 
carefully planned, and executed with vigor and sincerity; 
and they should approximate a real situation as nearly as 
possible. To do otherwise would be a waste of time, and 
could well dampen any interest or enthusiasm for the 
operations that has been generated among the personnel 
engaged. 

Exercises may involve specialized practice, such as 
an engineering group occasionally meeting to solve problems 
in estimating traffic demand and highway capacity supply, 
under pre-set theoretical conditions but for actual 
geographic locations. At the other extreme, they may involve 
a statewide or even regional exercise, which may range from 
a largely paperwork performance to an operation in which 
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some or all of the EHTR organization staff are mobilizeci 
and called upon to carry on their assigned functions; 
again, under pre-set theoretical conditions. 

Such exercises should test corrmunications; collaboration 
among the highway departments, police, and highway users; 
coordination with civil defense and military agencies and 
with adjacent State EHTR organizations; and, indeed, all 
of the capabilities for real action. However, such exercises 
should not be so conducted as to alarm the public or cauae 
any serious traffic disruption. 

EHTR operations exercises, whether large or small, 
are invaluable both as practice and experience for the 
participants and as the basis for subsequent critiques. 
Careful, honest analysis of an exercise may reveal ~cfects 
and gaps in plans that cannot always be detected by 
theoretical examination, no matter how thorough. It tlUJSt 
be remembered by the participants that the purpose of a 
critique is a constructive one; negative criticism, 
defeatism, and nit-picking have no value and may well 
antagonize conscientious co-workers. Sins of commission 
and omission certainly should be pointed out, but with 
tact; and deserved commendations should be freely made. 
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Ctaptec IX.---THE PAR~ICIPANTS' ROLES 

As is evident throughout the discussions of emergency 
highway traffic regulation presented in this guide, the 
EHTR planning and preparction, and actual operations, if 
they eventuate, are a collaborative effort requiring close 
cooperation on the part of the three partners involved-­
the highway and police agencies and the organized high­
way users--and requiring close coordination with other 
government agencies, particularly the civil defense, the 
military, and the transport regulatory authorities. 

Just who does what in the EHTR organization and 
operation may vary somewhat among the States, according 
to specific plans developed to best suit their individ­
ual needs and situations; and many EHTR assignments and 
functions will be shared or jointly held. However, each 
participating organization has its principal roles and 
res~onsibilities, and it is the purpose of this chapter 
to present them individually. Since all of the subjects 
covered here have already been discussed at some length 
in previous chapters, they will be summarized only briefly 
here. 

The highway departments 

The State highway departments are charged with the 
responsibility for heading up the State EHTR organization 
and activities (except in some few States where another 
agency has the primary responsibility; but even in such 
cases the highway departments will have many of the 
functions described here). For this reason, the State 
highway department generally may be looked upon as the 
principal partner of the EHTR team, and therefore should 
assume leadership in promoting and developing the program 
and its plans and preparation. In providing such leader­
ship, the State highway departments should seek the 
cooperation and be responsible for obtaining the collabo­
ration of other agencies and organizations involved. 

Since the State highway department has a very large 
work force with a variety of needed talents, it should expect 
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..... --
to furnish all or most of the administrative and support 
personnel required to man the State and district EHTR centers 
Either State or local highway department personnel will 
serve in the sector centers. The highway departments wili 
also provide the EHTR centers with the needed technical 
staffs whose function in an emergency will be to collect 
information, and, from it and recorded data, estimate and 
predict highway route capacity and traffic demand; map 
out detours, bypasses, and connecting links to provide an 
adequate highway network; and join in reaching the decisions 
on route regulation and planning for their operation. The 
highway departments should also have experts in radiological 
contamination analysis at the State and possibly the district 
centers, and their field personnel should be trained and 
equipped for radiological monitoring. 

The State highway departments usually will provide 
the office facilities, equipment, supplies, and communications 
required for the State EHTR center, and will similarly 
provide or arrange for the district and sector centers 
Much of the special material needed for EHTR operations, 
such as permit forms, maps, tally sheets, and signs and 
barricades also presumably will be produced and stockpiled 
by the State highway departments. 

The role of the highway department staff members of the 
EHTR organization in an emergency primarily will be that of 
administration, housekeeping, guaging traffic demand ~n<l 
supply, and reaching decisions on route regulation While 
the State and local highway department forces will be called 
upon extensively for emergency road maintenance and repair, 
this will be under the control of the highway departments 
themselves, rather than the EHTR organization, However, 
the two will necessarily work closely together, and should 
jointly determine the priorities of emergency road repair 
and reconstruction. 

Highway department personnel will do most, if not all, 
of the field survey work in an emergency. This will include 
both survey for physical damage and radiological monitoring. 
In some cases, the highway departments will also be called 
upon to furnish men and equipment to help operate regulated 
route control posts. 

106 



The police 

The role of the police in emergency highway traffic 
regulation will be primarily in field operations and route­
regulation management and enforcement. Upper-level police 
agency personnel, probably in limited numbers, should be 
a part of the EHTR center staffs; those at the State and 
district centers presumably coming from the State police 
agency; and those at the sector center, from the county 
or local police departments Representatives of the State 
police should participate fully in all EHTR planning and 
preparation, and the training work, particularly as it 
applies to their own personnel. The State police will 
form the principal link between the EHTR organization 
and county and local police forces. 

Where needed, the police agencies may be able to 
provide facilities and equipment, and some support 
personnel, for district and sector EHTR centers Since 
the State and local police generally have very extensive 
radio comnrunications systems, the police agencies may 
play an important role in providing and operating the 
EHTR conmrunications. 

Police forces in the field may be called upon to 
assist in the collection of road and traffic information, 
and in radiological monitoring. But the principal police 
activity will be in manning, equipping, and operating the 
roadside control posts on regulated routes. This, in 
itself, may require large numbers of men and considerable 
equipment. Police will also patrol highways, particularly 
those under regulation, to enforce both normal and 
emergency regulations and to keep traffic moving. 

The organized highway users 

Representatives of the organized highway users should 
participate in the EHTR planning and preparation activities, 
since they are an integral part of the EHTR team and, in 
fact, are the public's spokesmen and representatives in the 
organization. Their knowledge of highway use and vehicle 
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operations, and their well-established contacts with truckers 
and bus operators and with commercial highway-users and 
automobile-owner organizations, fit them particularly for 
their EHTR role. 

The organized highway-user representatives i:-1 the 
EHTR organization should play a prominent part in educ~ting 
highway users and the general public, now, in peacetime, 
;)n the purposes and mechanics of emergency highway traffic 
regulation. 

In actual EHTR operations, the highway user re?resen­
tatives iR the State, district, and sector centers will 
help the highway and police department representatives in 
analyzing information, forecasting taffic demand and capacity, 
and mapping usable routes. Their contacts with highway 
users will be a principal source cf traffic demand informa­
tion They will help reach the decisions on -r·oute regulBtion 
When a route is put under class C regulation, the highway 
users in the EHTR centers will have the job of finding out 
what priority and other essential shipments need to be 
moved over it, making road space allocations, and issuing 
permits for the trips. 

It is worth commenting thst the position of the highway 
user representatives in the EHTR organization is an unusual 
and somewhat delicate one. They are usually recruited 
from private industry, but in EHTR they will be working with 
government employees. Because of different working back­
grounds, the two groups may tend to approach and carry out 
EHTR activities with somewhat different attitudes. This 
is by no means intended to intimate that one style is 
"good" and the other "bad;" but it does point up the need 
for advance collaboration of the EHTR staff in planning 
for harmonious teamwork in time of emergency. 

The individual highway user on the EHTR staff will also 
face the difficult circumstance of acting as an impart.isl 
collector and analyzer of traffic demand and making decisions 
with respect to it, and not as a representative of a 
particular phase of the transportation industry or of a 
particular company. If he represents anyone or anything 
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on the EHTR team, it is all of the public and their trans­
portation needs. But whi~e hE does need to be impactial 
in his EHTR service, he definitely does not need to be 
impersonal. In fact, one of his special values in the 
EHTR organization is his familiarity and close relation­
ships with the people in the highway tr2nsportation 
industry in his area, and the nature of their daily 
operations. 

The Bureau of Public Roads 

As the agency designated by the Federal Government 
to manage highway problems in a national emergency, the 
Bureau of Public Roads is responsible for providing 
leadership, guidance, and coordination in the planning 
and organization of EHTR operations. Its function 
essentially is to plan a basic framework and assiat the 
States in creati.ng and develcping their own EHTR organ­
izations and operating plans. In this activity, Public 
Roads has 60ught to work jointly and cooperatively with 
the State highway departments, the police, and the high­
way users, through thei: n6t~onal associations. As 
State plans are developed, it is Public Roads respon­
sibility to see that they are harmoniously coordinated. 

Iu an actual emergency, the Bureau cf Public Roads 
would provide coordination between States, where needed, 
and conciliate problem-creating differences in emergency 
regulat~ons or operating techniques. 

Civil-defense agencies 

The State and local civil defense agencies have 
overall responsibility for a~vance planning and for 
operation in a~ emergency. ~11 emergency highway traffic 
regulation planning should therefore be coordinated with 
them, and ~ivil defense representatives should be included 
as liaison officers on the EHTR staff. 

In an emergency, the civil defense agencies will 
provide much of the radiological information to the 
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EHTR centPrs. The EHTR,in turn. will provide all useful 
information it collects to the civil defense headquarters. 
The civil defense authorities will be responsible for 
requesting the designation of class B routes for their 
own use. 

During an emergency, the EHTR organization will look 
to the civil defense agencies for assistance in the 
dissemination of information to the public regarding 
highway conditions and route regulation. 

The military establishment 

It is Department of Defense policy to leave the 
operation of highways and their regulation in an emergency 
to civilian agencies; only in active theaters of operation 
would the military forces take control Nevertheless, 
representatives of the military should be consulted 
regularly in the course of EHTR planning; and, in an 
emergency, a military liaison officer should be stationed 
at the State EHTR center and as needed at district and 
sector centers. 

The military will be responsible for requesting the 
designation of class B routes for their own use, such as 
convoy movements. In addition, the military may be asked 
to assist in the manning of control posts on class B 
routes reserved for military use. 

Emergency transportation regulatory agencies 

The Federal Office of Emergency Transportation is 
responsible for developing and coordinating policies and 
operation of a priority system for transportation in a 
national emergency. The OET and designated transportation 
agencies will issue priority certifications for the move­
ment of persons and goods; but such priorities will be for 
shipments, not specific vehicles or trips. The producers, 
consumers, or shippers holding priorities must apply to the 
EHTR organization for road space permits. Because of this 
linkage in operation, the EHTR planning should be coordinated 
with the transportation agencies concerned, 
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Honorable George C. Wallace 
Governor of Alabama 
Montgomery, Alabama 

Dear Governor Wallace: 

May 6, 1963 

Executive Order 10999 issued by the President February 16, 1962, 
assigned certain emergency preparedness functions to the 
Department of Commerce. The Bureau of Public Roads, of the 
Department of Commerce, has certain assigned responsibilities 
relating to highway traffic control problems during an emergency. 
In exercising these responsibilities, the Federal Highway Admini­
strator has encouraged State highway departments to develop 
emergency highway traffic regulation plans as part of a national 
highway traffic regulation program. To be as effective as 
possible, this program requires teamwork between State highway 
departments, police, and certain emergency transportation organi­
zations and organized groups of highway users. 

Recently the Federal Highway Administrator enlisted the assistance 
of the National Highway Users Conference to aid in the development 
of emergency highway traffic regulation plans. The Conference, 
through its Alabama Highway Users Conference affiliate, stands 
ready to organize highway user groups to carry out their part of 
the work in cooperation with the State highway department and 
other State agencies concerned. 

The Interstate Commerce Commission informs me that participation 
of the Alabama Highway Users Conference in assisting with highway 
traffic r~gulation would not be in conflict with the work to be 
done by the ICC Motor Carrier Board. I have been assured by the 
Office of Emergency Planning, of the Executive Office of the 
President, that the use of the membership of the National and 
State Highway Users Conferences would be consistent with the 
National Plan. Planning and organization such as in the subject 
field of highway traffic regulation is, in fact, an essential 
element of and contributory to the overall readiness planning 
effort by Federal and State authorities. 
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A representative of the Alab8llla H:1._ghwo.y lisers ::::0r:,.ference vJ.11 seek 
a conference with the Chief Adm::'..nistrati ve Of:'ice~· of the State 
highway department in the nea:c· fut1-:..re to disc:1.:.ss this matter lead­
ing to the preparation of appropris.te :ioc:umenta:t.ion for your 
signature should you ag-.ree to rec:·:igr,::'..ze the Alabema. Highway Users 
Conference as the duly at:.thorized. e,gency of the St.ate to pe:rforrn 
the highway 1.tser group funct:i.ons :n this coopera.ti ve effort. 

It is, of course, recognized_ tbat the Governor ot: each State 
decides which agency in the State should organize highway usersJ 
and that any agency assigned such responsibility nrust be duly 
authorized by him. However, the Federal Highway Administrator 
and I hope that you will find it advantageous to recognize user 
groups as the designated and duly authorized groups empowered to 
allocate road space as necessary to meet certain transportation 
priorities in the event of emergency. 

In the event you recognize the Alabama Highway Users Conference as 
your duly authorized agency, it would have the responsibility of 
organizing highway users who would perform several functions. One 
function is to claim space on such highways as may have to be 
subjected to regulation. A second function is the issuance of per­
mits, which would be consistent with and based on decisions by 
authorized Federal and/or State agencies as to transportation allo­
cations and/or transportation priorities. A third function is to 
develop plans for utilization of space on regulated highways. These 
functions would be performed in cooperation with highway depart­
ments and police organizations. The user groups would be prepared 
to implement these plans in a national emergency. 

Sincerely, 

Clarence D. Martin, Jr. 

Similar letters sent as per list attached with the exception 
Alaska, Hawaii, Florida and Puerto Rico. 
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Honorable George C. Wallace - Governor of Alabama 
Honorable Pa:Ji. Fannin - Gc,vernor of Arizona 
Honorable ~rval Faubus - Governor of Arkansas 
Honorable Edmund G. Brown - Governor of California 
Honorable John A. Love• G~vernor of Colorado 
Honorable John N. Dempsey - Governor of Connecticut 
Honorable Elbert N. Carvel - Governor of Delaware 
H9Rora~le ~aFFis BFy&nt GoveFR9£ of Flerida 
Hone rable Carl Sanciers - Governor of Georgia 
Honorab1.e Robert E. Smylie - Governor of Idaho 
H0~crable Otto Kerner - Governor of Illinois 
Honorable }~tthew E. Welsh - Governor of Indiana 
Honorable Harol~ E. Hughes - Governor of Iowa 
Honor ab le John Anderson, Jr. - Governor of Kansas 
Honorable Bert T. Combs - Goven10r of Kentucky 
Honorable Jirmnie H. De.vis - Governor of Louisiana 
Honorable John H. Reed - Governor of Maine 
Honorable J. Mil. lard Tawes - Governor of Maryland 
Honorable Endicott Peabody •· Governor of Massachusette 
Honorable Ge::irge ~omney - Governor of Michigan 
Honu:·able Karl Rolvaag - Governor of Minnesota 
Honorable Ross R. Barnett - Governor of Mississippi 
Honorable John !1. Dalton - Governor of Miss.ouri 
Honorable Tim M. Babcock - Governor of Montana 
Honorable Frank B. Morrison - Governor of Nebraska 
Honorable Grant Sawyer - Governor of Nevada 
Honorable John W. King - Governor of New Hampshire 
Honorable Richard J. Hughes - Governor of New Jersey 
Honcrable Jack M. Campbell - Governor of New Mexico 
Honorable Nelson A. Rockefeller - Governor of New York 
Honcraole Terry Sanford - Governor of North Carolina 
Honorable William L. Guy - Governor of North Dakota 
Honorable James A. Rhodes - Governor of Ohio 
Honorable Henry Bellmen - Governor of Oklahoma 
Honorable Mark 0. Hatfielci - Governor of Oregon 
Honorable William W. Scranton - Governor of Pennsylvania 
Honorable John H. Chafee - Governor of Rhode Island 
Honorable Donald Russell - Governor of South Carolina 
Honorable Archie M. Gubbrud - Governor of South Dakota 
Honorable Frank G. Clement - Governor of Tennessee 
Honorable John Connally - Governor of Texas 
Honorable Geot'ge Dewey Clyde - Governor of Utah 
Hano.able Philip H. Hoff - Governor of Vermont 
Honorable Albertis S. Harrison, Jr. - Governor of Virginia 
Honorable Albert D. Rosellini - Governor of Washington 
Honorable William W. Barron - Governor of West Virginia 
Honorable John W. Reynolds - Governor of Wisconsin 
Honorable Cliff Hansen - Govemor of Wyoming 
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APPENDIX B 

EXECUTIVE ORDER 

10999 

ASSI GNlNG EMERGENCY PREPAREDNESS FUNCTIONS 
TO THE SECRETARY OF COMMERCE 

By virtue of the authority vested in me a11 Prellident ol the United 
State11, including authority ve11ted in me by Re:>rganization Plan No. 1 
of 1958 (72 Stat. 1799), it ia hereby ordered a1 follow,, 

Section 1. Scope. The Secretary of Commerce (hereinafter referred 
to as the Secretary) shall prepare national emergency plans and develop 
preparedness programs covering: 

(a) Development and coordination of over-all policies, plane, and 
procedures for the provision of a centralized control of all mode11 of 
transportation in an emergency for the movement of pa1111enger and 
freight traffic ol all type 11, and the determination of the proper apportion­
ment and allocation of the total civil transportation capacity, or any 
portion thereof, to meet over-all esaential civil and military need11. 

(b) Federal emergency operational responsibilitie11 with respect 
to. highways, roads, streets, bridges, tunnels, and appurtenances; 
highway traffic regulation; allocation of air carrier aircraft for essential 
military and civilian operatim s; ships in coastal and intercoastal use a.nd 
ocean shipping, ports and port facilities; and the Saint Lawrence Seaway; 
except those elements of each normally operated or controlled by the 
Department of Defepse. 

(c) The production and distribution of all materials, the uae of all 
production facil~ties, the control of all construction materials, and the 
furniehing of baeic industrial services except the following: 

( 1) Production and distribution of and use of facilities for 
petrolewn, solid fuels, gas, and electric power; 

(Z) Production, processing, distribution and storage of food 
resources and the use of food resource facilities for such production, 
processing, distribution, and storage; 

(3) Domestic distribution of farm equipment and fertilizer; 

(4) Use of communications services and facilitie8, hou6ing, 
and lodging facilities. and health and welfare facilities; 

(5) Production, and .related distribution, of minerale defined 
aa all caw materials of mineral origin (except pe_troleum, ga!!, solid 
!uels, and source materials as defined in the Atomic Energy Act of 
1954, as amended} obtained by mining and lLlte operation, .and 
proceesed through the stages specified, and at the facilities designated 
in a.n agreement between the Secretary of Conunerce a.nd the Seeretary 
of the Interior a.s being within the emergency preparedness reaponlli­
bUities of the Secretary of the Interior, and the construction and u.11e ot 
facilitie11 designated a.s within the responsibilities of the Secretary o-I 
the lnterio,·; 

(6) Distrfoution. of items in the supply 1yate1n• of. 01· controlled 
by the Department 0£ Defense and the Atomie E11ergy Cor.unl:rnion, 
and 
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(7) Conetruction and \i:11e of civil aviation !aeilitiee. 

(d) Fallout foreca.• Ung 'oaaod 0n current weath"r data, 

(e) Collection and repQrting of census data for emergency 
pla.M.ing purpoau. 

Theae plans a.nd programs shall be designed to i;l,evelop a state of 
readineas 1n those area• with respect to all degref.la of national emergency, 
including attack upon the United St ... tes. 

Sec. Z. Transportation Planning and Coordination Function. The 
Secretary shall dE:velop long range programs designed to integrate the 
mobilization i:equirements for movement of all forms of commerce with 
all forms of na.tion;o.l and international transportation system• including 
air, ground, water, and pipeline,, in an emergency; more particularly 
he shall: 

{a.} Resources and requ!.rementa. Obtain, aaaernble, &nalyze, and 
evaluate data on the requirements of all claimants for all types of civil 
tranaportation to meet the need& o! the military and of the civil economy. 
Cone.olidate, evaluate, and interpret both current a.nd projected reaourcea 
and requlreme~ts data developed by all Federal ager.ciea concerned with 
moving passengers or cargo by all modea of transportation for the purpo•• 
of initiating actions deaigncd to a timulate government and industry action• 
to improve the peacetime atructurti o! the transportation aysts?m !or uae 
in an emergency. 

(b) Economic projections. Conduct a continuing analysis of 
transportation problem11 and facilities in relation to long range economic 
projections for the pu:-po s e of recommending incentive and/ or regulatory 
programs designed to bring al! modes .of tranaporta.Uon in balance with 
ea.ch other, with current ecoru:imic co:1ditiona, pr:,jected peacetime 
conditions, and with emergency conditions. 

(c) Passenger and ca~go movement. Develop plana and procedures 
which would provide for the central collection aid aialysia of pauenger 
and ca.rgo movement demand& of both shipper and user agenciea as they 
relate to the capabilities of various transport modea in e.xistence at the 
time, control or delegate control of the priority of movement of passengera 
and cargo !or all modes of transportation by mode or within a mode and 
develop policies, atandards and procedui:es for emergency enforcement 
of controls through the uae of means such as education, incentive a, 
em bar goea , permit& , a anctions. clalmancy policie a, etc. 

(d) Emergency transportation functions. In consonance with plans 
developed by other agencies assigned operational reaponaibilitiea in the 
transportation program, develop plans !or and be prepared to provide the 
administrative facilities for per!orrr.ing en-,ergen,:y transportation {unction& 
when required by the President. 

Sec. 3. Tranaportatlon Operations PlaMing Functions. The 
Secretary ahall develop plans and procedures in conaonance with inter­
national treaties and in cooperation with other Federal agenciea, the 
States and their political subdivision& to: 

(a) Highways and streets-. Adapt and develop highway and stteet 
system a to meet emergency requirerre nta and provide procedures Cor 
their rep ah , t e etc ration, impr overne nt, revision and use aa an tn lO srat 
part of the transportation system in an emergency. 
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(bl Ocean •hipping and ports. To plan for the operation and control 
:.i! Federal activitie • concerned wit!:l: 

( 1) Shipping allocation. Allocation of merchant • hipping to 
meet the national reqt•lrements including those !o~ mHitary, foreign 
aadstance, and emergency procurement programs, and tho •e 
eaaential to the civilian economy. The term ''merchant shir>ping" 
and the term "ocean shipping" aa used herein include all conatwise 
and intercoaatal, and Great Lakes shipping except that solely enga.gecl. 
in the transportation of pauenger and cargo between United Statu 
portl. 

(Z) Ship acquisition. Provision of ahipe for ocean 11hipping by 
purchase, charter, or requisition, by breakout from the national 
defense reserve fleet, and by conatruction, 

(3) Operations. Operation of ocean shipping direcily or 
indirectly. 

( 4) Traffic control. Provision for the control of traffic through 
port areas to as11ure an orderly and continuous flow of such traffic. 
The term "port area(s)" as used herein includes any zone contiguous 
to or associated in the traffic network of an ocean or Great Lakes 
port, or outport location, including beach loading sites, within which 
facilities exist for the tran11hipment of peraona and property between 
domeatic carrier11 and carriers engaged in coastal, intercoastal, antl 
oversea• transportation. 

(5) Traffic priority. Administration of priorities for the 
movement of traffic through port ar.eaa, 

(6) Port allocation. Allocation of available ports and port 
facilitieatomeet the needs of the Nation and our allies. The term 
"port facilities" as uaed herein includes all port facilities (including 
the Great Lakes), port equipment including harbor craft, and port 
aervices normally used in accomplishing the transfer or interchange 
of cargo and passengers between ocean-going veasela and other media 
of transportation or in connection therewith. 

(7) Support activitiea. Performance of supporting activitiea 
needed to carry out the above functiona, auch as: ascertaining national 
requirements for ocean •hipping including those for military and 
other Federal programs and thoae essential to the civilian economy; 
maintenance, repair, and arming of ships; recruitment, training, 
and assigllJllent of officers and seamen; procurement, ,;i,:arehouaing, 
and issuance of ahips' storea, supplies, equipment, and spare parts, 
supervision of atevedoring am bunkering; management of terminals, 
shipyards, and other facilities; and maintenance, restoration, and 
provision of port facilities. 

(c) Air carrier civil air tran11portation, Develop plans for a national 
program to utilize the air carrier civil air tranaportation capacity and 
equipment, both domeatically and internationally, in a national emergency, 
particularly in the following areas concerned with: 

( 1) Requirements. Obtaining from the Department of Defens<?, 
Civil Aeronautics Board, or other agencies, and analyzing requirement!! 
£or the servicea of air carrier aircraft for euential military and 
civilian use. 
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(2.) Alloca.tioJ.1. Allocation o! air cai:rier aircraft to me11:1t the 
needs of the Departmen~ o! Defense for military operati,on.e and the 
Civil Aeronauti.cl!I Board for euential civilian need1, 

Sec. 4, Production Function,, Within the areas designate j in 1H,ctlon 
l(c) hereof, tl-;-:',ecretary shall: 

(a) Requirements. Periodically u~t?mble, develop a.1 appropriate, 
and evaluate e1tirnated requirerne«tl!I for assigned resource, and 1ervke1 
ta.king int.:, account the e11tirna.ted ueeda for military, civilian, and foreign 
purpoaes, Such evaluation shall take into consideration geographical 
distribution of requirernenti; in an emergency, 

(b) Resourceii., Periodically asaeu assigned reaources availa.ble 
from all sources in r,rder to ee.timate !'lvailability under an emeriiency 
situatlor>., ana.ly'l;e resource estimates in relation to estimated requirements 
in order to identify problem area.s, and develc,p appropriate recomrnenda.­
tione and programs including thoa,e, necessary !or the maintem..nce of an 
adequate rn.obilization base. Provide data and asaietance before and after 
a.tta.ck for national resourc~ evaluation purpoeee- of the Office of Emergency 
Planning. 

(c) Pdoritiee and allocatione. Develop priorities, allocation, 
production, and d.i&tribution conh·ol aysteme, including provisions for 
other F~d.ei ral departmentoi and agencie !!: , as appropriate, to serve aa 
o.llotting ag,rmci, for materials made available under such syl!lteme for 
con.atructi.on and op~:::ation oi facilities a~signed to them, 

(d) New conatru.:tion. Develop proceduree by which new production 
£ac!.tity construction propo,,a!s will bP. re'liewed for appr'.lpriate location 
in the light of s1.:.ch a,·e.i. factors n.s locati..:m.al oe curity, availability of 
labor, Welter, houriing, and other requirements. 

{ei tnduat:1 ~va'.uation. Identify and rate tho11e product11 and services, 
anci th.el.r producing or supporting facilities, which are of exceptional 
impv't"t.ar,ce to ntobil tzation readiness, national dcfenB e, or post-attack 
ou!'vi•tal 'l.t'ld recovery. 

(f} P1·otluction capability. Analy~<'l potential effects of attack on 
actual rroduction capabil:ty, ti!.idng into accollnt thi;- enti:re production 
cornplex including shortage a of res ou:tces, and cond:.ict studies as a basis 
fo, recomrr,ending p:r:-e •attack measures that would strengthen capabilities 
fo:i: posi:-attack prociuction. 

{g) S~ockpiles. Asel.at the Office o! Emergency Planning in 
fDrmulating and carrying out plans foi:- stockpiling of strategic and critical 
rna.te rial 1,. 2..""ld es eentia.1 survival Hema. 

{h) Essential act! vitie s. Maintain li eta of activities es s entlal to 
defense production and to minimutn requirements of the civilian econ.onTY~ 
such lists to be i.:eed in conjunctl.on with liets of critical occupations. 

{i) Financial aid. Develop plans and p:r:-oo:::edures fer financial a.ids 
and inc--:;ntives, includ.ng credit a.a e-i!itance to producer 11, proces eora, and 
d.iatri.butora 0£ those i.ndustrie~ lnclt.1.&d in section !(cl hereof, whc might 
t\$ed 1>1J.cb. aaai.at.a.uce in varl<~,u rn.obili ,.,atlo.n condition•. p.a~·t'i,:-:ula.:rl Y thoao 
re •mltin:l £-rem at ta.ck, 
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(J) Salvage_!nd Bhabilitatlon. Develop pb.n1; for the ulvage o{ 
•tock• and rehabilitation of aulgned products and fadlltlu after attack. 

Sec. 5. Economic Stabilization, The Secretary aha!l cooperate 
with the Office of Emergency.PiaMing in the development of 1uitJ.ble 
economic • tabiliution mea1urea providing contlnuing guidance to the 
State •, their political 1ubdiviaion;, manufacturer •, proceaaora, and 
the public on the u1e and conaervation nf esaential commoditie• ln an 
emergency including rationing. 

Sec, 6. Cooperation with Department of De(enae, In conaonance 
with national civil defenu, plans, p:-ogr:-..ms, and cperationa of the 
Department of Defense unde1· Executive Order No, 10952., the Secrei1u·y 
shall! 

(a) Facilities protection, Provide indu• try ?rotection guidance 
materials adapted to the need• of aulgned facilitie, and promote a 
national program to stimulate dhaster preparedneso and r:ontrol i:i. 
order to minimize the effects 0£ overt or covert attack, and to m.a.intahi 
(:Ontinuity of production 111nd capacity to serve euential u• ers in an 
emergency. Guidance shall include, 'out not be limited tc, organizing 
a.nd training !acility personnel, personnel s:nelter, evacuation pla.na, 
records protection, conti:iuty of manag,Jment, emergency 1·epa.ir, 
deconcentration or dilpersal o! critical facilities, and indu•tria.l mutu&l 
r.id a,nociatione for emergency. 

(b) Pubuc roadg cont:rpi. Develop plans tor a ns.tion"l program, 
in cooperation with all Federal, State and locu government. unit11 or 
other agencies concerned, for technice.J guidance to Stat1::s and dL.·c:ction 
o! Federal activities relating to highway tra£fic control problemti w,b.ich 
may be created du.ring an emtrgen~y;,and plantJ for barl'ica.ding and/or 
marking street, and highw2.y,11 1 lei!.ding into Ot' out. of rel!'tdcted fallout 
ar,eaa, for. the protection of the public by extera.111 containment of traffic 
through h&~rdoua areas. 

(c) Weather function, Prepare and issue currently, as well a.s 
in an ernergency, ioreca• ts and estimates of area'1 likely to be covered 
by fallout in ever,t of a~tack and mak~ this information availabl" to the: 
Federa.l, State, and local authoritiea fot' public dissemination. 

(d) Monitoring. Provide for the detection, identification, monitoTing, 
and reporting of chemical, biological and radiological agents r<t facilitie!' 
operated or controlled by the D0pr:.rtment of Commerce, 

(e} Damage a.• eessment. Maintain a capability to asseu: the effect• 
ol ,nt.ack on ,ui;igned r.esource area11 a.nd depnrtrnental installations, both 
!.t n11.tional 11.nd fiald 14,vels, and provide data to the Department of Pefena a. 

Sec. 7. Claimancy. The Secr~tar-y shi;.11 prepare plani: lo claim 
&upporting m~tel'ial.i, manp.,wer, equipment, 9upplie11 and serviceit which 
would be needed to carry out anigned 1·.esponsibilitie11 and other es~entia.1 
fouctlon .. of the Depa1·tment .from thi:! app1op:riate agency &.'ld •hall work 
with such agencies in developing pl·ogi·ams to in~ure availability of •uch 
r1?:11ource• in al:!. emergency. 

S-,c, o, Census Data. The Secretary !!'hall provide for the collection 
a.nd l',aporting of c,;,n~ us information on the g;i;lltue of human and economic 
,:ecource& including population, bou1ing, agriculture, manufacture, 
mb1e:cal lnduatrieir, bu11ines!,1 1 tr;,.n11portation, foreign trade, con~truction, 
:;,.r,d govel.'nment.,, as required for emergc&ncy planning purposes, 
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Sec. 9, Reuarch, Within th.i1 framework of Federal re • eo.rch 
objectivee, the Secretary ohilll •upervhe or conduct reHarch ln area• 
directly concerned with carrying 1>1:t hh e1ne:rgency preparedneu 
re• ponelbilitiee, deelgr.ate repre1entativ,e1 for neceuary ad hoc or ta•k 
force group•, and provide advice and ae • ietance to otl-.er •s:~nciee in 
planning for research ln areae involving the Department' • intereet, 

Sec. 10. Functional Guidance. The Secretary, In carrying out'the 
!unction• a • -igMdTn""ibii order, -;'hall be gutde'd by the following: 

(a) Interagency cooperation. The Secretary • ball auume the 
initiative in developing joint plan• !or the coordination of tn.n• port&tion 
and production program, which involve c-ther departmentl and agencieo 
which have re1ponelbilitle1 for any 1egment of 1uch actiVitte•, He- • b;dl 
utilize to the maximum tho• e cap11.bllitle1 of other agencies qualified to 
perform or aniet in the perfo1·ma.nce of a• mtgned functlon11 by contractual 
or c,tber agreemcinte. 

(b) Pre1tdentl.al coord!nation. Tht> Director o! tbe Office o! 
Emergency Planning 11haa advile and aubt the .?r-,sident In determining 
policy fo:r, and as11illt him In ,;:;oordinating the performance of functlon11 
:mler :.hill orcier with the total national preparedne111 program. 

le) Erner~ planntns. Emergency pb,na and programe, and 
emergency v!'ganha.tion • tructure required thereby, 1hall be developed 
as an integral part of the continuing activities of the Departrr:e--:it of 
Commerce on the ba1i1 that it will nave the respon• ibility for carrying 
out such prog:n;.ma during an emergency. The Secretary 11ba.ll be prepared 
to implement all ;:.ppropria.te p\a.n11 developed under this order. Modifica­
~ioni, and temporary organiz?.tional changes, ba.11ed on emergency con­
ditions, will be in acc;;,::dance with policy determination by the President, 

Sec. l l. Emergency Ac~icns. ,Nothing in ~h{s order ~hall be 
cc,nr;t! ued as conlerring authority und'!lr Tltl.e ill o! the Federal Ci.vi.l 
Defona" Act 0£ J ';50, as ame11ded, or otherwhe, to put into effect any 
emergency ph~n, proceciure, policy, program, or couree o{ action 
prepared or developed pur11uant to thiB order. Such authority le re • erved 
to th., Preaident. 

Sec. lZ. R.:delegation. The Secret&ry i11 hereby authorized to 
n;dehigate within tht! Department of Commerce the functions hereinabo"e 
e.iJ,;igned tn him. 

Sec. i 3. 'Prior Actions. To the extent of any inconeiatency u .. twe,rn 
the or-cvuton~ o!.· any p-rlor order and the provhion• of t:hh order, the 
latte;: &hall cont'!',,1.. Enu,r gency Prepacedn6~<> Order No. l (beretofor e 
taeue<l by the Director, Office of Civil and Defense Mobilization) 
12& F, R. 6:,3- 53~:, iii nereby n,vob,d. 

JOHN F. KENNEDY 

THE WHITE HOIJSE, 

F~b:rna.ry H,, l ';it, 2., 
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APPENDIX C 

Title 32A-NATIONAl DEFENSE, 
APPENDIX 

Chapter IX-Bureau of Public Roads, 
011portrnent of Commerce 

!BPR Ol'der Thm-1) 

HIGHWAY TRAFFIC REGULATrON 
.A new Che.pter IZ, headed B1Jreau of 

Public Roads, Depart.ment of Commeree, 
ls added to T!tle 3~;A t.o ll•r.:lude BPR 
Order Thm-1--H!ghwe.y Trn.ff,c P.;,gula­
Uon, 11et rc.rth bekw. 

aw. 
l ?ul'pOtle, 
:I D:ldr.!tloru,, 
a Regula.tlon ::if mvt,vr vo,1lcle \re.mo 011 

h!gh,;,,e.yo. 
,!, il:stablll!hlng alternat'l hlghwe.y11, 
t AppHcabU!ty, 
" l!;ffectlve de-~. 

h1"1'H0l'.1TY: Bee~. l to 6 lseued under !!el), 
.WI,_ M Stst. 11151, &6 amended; 110 U.S.O, 
App. 22118. !nterpr&t or e.pply aee. 2/Jl, 1J4 
Stat. 1:148, l'>ll a.1:-iended; llO U.B.O. ,\pp, 2:lBt, 
E.O. 1:J:llil, Hl l".R. !983, 8 OE'R Ub; E.0. 
!0902, 26 F.R. 2i7; E.0, 10952, 2tl P'.R. 667'1: 
E.O. 1099(1, !17 P.R. 10:l'I, 

Secllon 1. Purpoee, 

Il ,s deem~c: necesss.l'y In t:,e publ1o 
lnterE:St end to prom.cte the na.t!on9.l 
a!l-fety e.nd defensE: during the axlete:11Je 
o1 s state ot civil defense emergency to 
l"egulate, allocate, and promote t,he ava.il­
a.bllity and use oz &iJ hlghwe.ys wit.hin 
the United ct.aces. 
S,ec, 2. Derlnitio,1b, 

The tollowing terms when used ln seo• 
t!ons 1 t.o 6 have the !ollowlng me1mlngs: 

(e.) "Admlr.is~rator'' mes.n:s the Fed-­
ar~l Hlghw&.y Admi:tlstrator. 

(bl "Civil defense emergency'' meana 
auch emerger,.cy uituations when pro­
claimed by !.he President or t,he United 
States or l.>r concurrent resolution c,t 
~he CongteS!, if the President lu such 
prodamation., or the Con1rMss ln .i:uoh 
r<i&0lution tlnda th"t t.J.l &ttaok upon the 
United States hae occurred or ii, 
antlclpate<i. 

(;:; ''8\ghwa.ye" lncludee ell public 
roack, .!itreets. bridge,.;, l;mmel11, s.nd a.p• 
purten11.ncea., including the entire r~r~ 
within the right ot vt!\Y. 

Sec, 3. Regulat!on QI' 111otor ,-ehlde tr11r. 
· fie (m hlglnn,ye,, 

(a) Fro111 at,d._dmi.111,; the exioteuce Of 
.~ state O! civil defense omeri.enoy, th~ 
Adm1nlstrator, where he C'.onsiderll l'IUell 
a.ctton t<'o be necessan•, 111hall 1·egulat& 
mo~..or vehicle .traffic usini; t;.l.le hiP:hW9-YII 
in !!ttCh C. mam1er !1.S -00 ll\UllltS.1,e t.flG 
movement o{ ;irior!ty motor vehlole 
transpor\;atlon o! persons and µropert.y, 
includhg motor carrieri, liceni,ed. or au­
thorized to tr&nsx:10rt J:,{!rso1w or propertJ• 
ir. over-thG•ro6.d 1orvio~. 

(\); T:"Joe :e~ulatior. •Jf :noter vehlcle 
tn.m,.: &< prcvhled ~or in :;,a.:·r.graph (:.) 
of this ,;ectlo11 may ~ oo(im..lnfatered hy 
delegaUon th:-ougil such a.geril:!e:,; ·,.)! t,hG 
Pedern.l, Stat,e o.nd local gov.ern:~11:nts .aa · 
the- AdmJnlt•tru.t-o:· :m,y des',gna.t~. 

Se<:. 4. E~ta'i,Hehl..ng ult--,rrmte high\n,yo, 

Tc, assure evr.11&.bllity of altetnufo 
h!ghws.ys to .l.ccorrunoctate tJ.•s.fflc, the 
regule~ion oi ·;1hich la pI'o,ri.ded under 
sect.Ion 3, the Ac~nlnlstr&.tor 11hall ·.1tl!l1:G 
a.11 ;;.valle.oie h.lghwr,ys deemoc eafo for 
travel. 
Sec. 5, Applh:nbilit,. 

T!ce provisions or this :·eirule.ti,Jn s)j,._Ji 
be .::.pplice.ble t,brougt10,1•, the llr,lt,ed 
Sts.(.ee t1.nd the. C"Jr.l:!1UOllW8t\lt.f: \11' 1-'ueri~r, 
Rico. 
Se<:'. fl. Eff~th-e date, 

'I'hls orcier io effecUve ciu:ing the ex lilt-• 
eri..1t, c: c st,11.tc :1! rilvU defenie etrrnrsono~• 
Pl'Ocli,llf!~ by ~hic; President ul the 
'iJnlted Std.ef' t•r by concurrent i·~'l;vlu­
Won of the CongraBl! and when SQ 

directed by c,r o,, oeh11.U or toe Aam11~ 0
• 

lstrnt.or or Ju the abseuce Dt. 1Such sr,eclflc 
dlre11t.lor. lmmadiatetv upo1.1 cccursnee of 
,i ns.t1onal emerg,.mny ,iue to enemr 
3ttack. 

Dated: Mr,,rch 1 .;,, 1962, 

Recommer.ded: 

Rl!.K lvl. W ffITTON. 
Federal i!!yhway Admfnwtmtoi·. 

I;'.l6ued: 
L;:;·w1u1 '!'l. Honca:a. 

Se;:.1·et,iru 'Ji C01nmerce. 
!f',:k. Doo. C:i-~7M: l-''iled, Mar. ~J, 11/6~; 

lJ:4$ f,.m.J 
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AFw.NDIX D 

U.S. DF.PAFtTMENT OF" COMMERCE .June '.t!i, !062 

POLICY AND PROCEDURE MEMORANDUM 50-7 

HIGHWAY TRAFFIC REGULATION 

SUFE~RSEDED ISSTJA.NCES 

EF1A t,0~1 dated .Tune i, ,P,oO, llmi IM 30--l~Gl 
datwl .!\:ly 3, 1961 

---------------------~ 

l, J. • r..'RPOSE 

'Th<2 purt-ivs€ •A t:-.,iG ~:1•~m.or~ndu :·:, 12 ~-;:, 
set f,_:~'.h respor.sib~:Hiee, pol.i.des and pr--,· 
ceci',HP.S r~le.ting cc hlgriway tz-,~ffl::; h,gulaLion 
ht r. r,al;ione.1 '=nrn!'ge,,C)", 

~- .Execi.:tive O~·ci'='" !'io .. 10988 a.c3i_g,'1s lo 
the :-_·1epartr;1 t~nt ,: f c:omr.-;•::. -'-'C~ }-:fgl:i"l."l:iy tra fflc 
re~u_btic1~ :-..,10 cci,L·vl r1::a~,onsibiHUes du:cir.g 

1 ,, Der.,.1J·tr,, er.l O:·c.<2r N(. J.GQ dele gEtce 
to Uv~ :1ut"eat• 01 P·.:Ui.r~ Roads all high·Pay f•Jnc­
tion£, :~.8Bi gn,-,d k ,:~,(:: j)2pe.,:tn:znt of Cr:>1-:'.mer•~e 
rek·:.>:-1g tc- civ:l defer:se fmd defense mobiliza­
tion.-

Annex 1?. ~'-' the r<'a!iona.1 Plan forC5.vil 
Dei,;r;,~e Mic- L~fens"' M,:,biJhd.lion, -:,ntitled 
"D' :·~c,ec'. Moven-ent, '1 Issued by Office of CivU 
ant· :_-,Bf>Zrtae lJ{d,i.;J-iatiof" :jr(w;_6es that i:he 
Bu,_ :~au ,~•1 Pc•bI:.C Ros.oa 'Vlll dfre,~~ and ..:oordi·· 
nat-;; ,_:e ,·•~:.erpr:-1 2.,1t s-.:- d. ::ox::!<::UH,:,n '.Jf th!. nsHcnaJ 
dl.r-~,~ted -.n0.,,·e1r,ent pr<Jgl'l•.r:1 for highwLJ.ys in 
coop,,::{·n.tior_ \•d.tll ~,l1. St!lle r:.nd Fed~:·2~ Govern­
mon~ •.:nit£ o:- othe~· age,,Gle~ conce:·ned, 

3. }'..'.FFECTf7.E: .JATB 

·1:·i1e ,.i;Jernt:ional BSp-ect~ of Higi1',;r!:!.y rr,-..'.',ffk 
R1:a_~;1l1J.~inn deacrit:ed in pr..rai?aphs ti, ·1, e.nd 8 
a,,~ c,Ife-::U:ve when fl<::> dir'echid by qr on behalf 
oi ,,,,~ .Federal Hi.ghr,ay A dr,~fr,;_etxator or h~ 
the ": ,i_.;ence er 1mch' cv.2:ci.fk instrucl lon, imme-j 
dl.i,;.!_,;·,:- upon ,>cc..:n·e~ce of a rmtl,onal emer- I 
a~n,_y Jue to ene:my a.Hade 

1.21 

4. SCOPE 

a. Highway traffic regulation s.s used 
herein l.s a system which facilitates oi:·derly 
flow of traffic under a national emergency 
situation includ!ng but :10t limited to eva.::'..1.a­
tion, reguiation of movemer,t through d;..nge,­
ous areas and clearance 01 priority t!·affic 
ever :·outes of lim:ted capadty. i~ is a !\me-­
lion req1.i'iring participetion and teamwork of 
highway, tlepa rtmenl and police working in 
clcse associ.ation with ~rnergen;;y transpor·· 
,at~on organizations and oi·ganized highway 
uset·s. itHghw2y l,affk regulation centers, 
estab1isi·1ed at State ana district levels and 

; 1-,;_ghway tra:fi.c secto,.·s established at cou:1ty, 
city, or rnetropo1itan area levels, wi'Jl rleter­
mir1e how the highway r,etwork JS to be oper­
ated, !:cnd alloc8.te :-oac space as necessary 
[o meet. mover.nenl '.)riorities and p,·ecedec,ce 
~s';E '.Jlished by eme :- gency ~r9.nsportation 
c r gi:: nizations. 

b. Oper.,,lional r-2"-diness l·equi.res estab­
lisb:-nent1 bf a highway h~c.ffi-:: regulatior:. organi­
-zation in peacetime to ins\lre accompli.sli:-t1ent 
of :1ecessary plans and COO!"dinatior; 1.hat will 
permit, in ti;ne of national emergency, the 
cor:,jJleUox1 oi esse,:t:al. highwPy movements 
with me.x~mum efficiency. The highway tn,ffic 
re guladdn opera dons sholilci bt: dee en trai.ized 
to the maximt•m extent consistent with lhe 
attainment of the overall objectfves, 

c. Implem<::ntation and direction of high­
way traffic re.gdation win be exercised on 
routee: only where and ao long s.s traffic demand 
exceeds traffk capacl.ty ar:d in restdcted aress 
on routes where s.nd so long ss highway use '.'S 

:nust be protected from exposure to radic­
logics.l or other hazards resulting f;.-orn use 
of moderh weapons. 

~. Military assist!lflce to civil authori· 
ties Ln a civil defense erne1 ge:1cy will be ren­
dered by the milit&.1·y tlepa.rtments and agencies 
of the Department of Defense when such 
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assistance is requested or directed in accord­
ance with Public Law 920, 81st Congress, and 
Executive Order 10346, April 10, 1952, Such 
assislance will not be undertaken by the mili­
tary departments and agencies of the Depart­
ment of Defense without the above-cited 
authority unless: 

(1) The overruling demands ofhum11nity_ 
compel immediate action to prevent starva­
tion, extreme suffering, and property loss, or 

(2) Local resources available to State 
and municipal authorities are clearly inade­
qus.te to cope with the situation. 

e, Responsibilities for highway traffic 
regulation will extend into theatres of operation 
(areas in which active military operations are 
in progress) when such is the desire of the 
military commander. 

5, ADVANCE PLANNING 

Each State highway department should 
prepare a detailed plan for the implementation 
of highway traffic regulation which will confor 
to the general procedures set forth in this 
memorandum. Each such plan is to be sub­
mitted through channels to the Public Roads 
Washington office for approval, followingwhicl 
it should be incorporated into State emergency 
plans. 

6. ORGANIZATION 

a. Highway traffic regulation centers 
will be operating agencies staffed with per­
sonnel from highway and police departments 
and liaison representatives from emergency 
transportation organizations and organized 
highway users. Higi1way traffic regulation 
centers in turn will direct activities oi highway 
traffic regulation sectors and highway traffic 
regulation posts along the highway network, 
(See recommended organizational framework, 
exhibit 1.) The organization is to be developed 
in such a manner thal the (cientity of State a gen~ 
cie s, e. g. , State highway or po lie e d epartrq.en ts 
is maintained. Coordinated planning between 
adjoining States ts essential. 

b. In anticipation cf highwe.y traffic regu 
lation activities extending over e period of 
ma:iy months following an attack. the State· 

highway department should establish hlghway 
traffic regulation centers at State and State 
highway department district level and arrange 
for subordinate traffic regulation sectors at 
county, city, or metropolitan area level as 
required. Traffic regulatlon sectors shoul(I 
normally be staffed by county or city highws:y 
and police personnel. 

c. Highway traffic regulation boundaries 
at district level should coincide with district 
boundaries of State highway departments to the 
extent practical in view of the postattack situa­
tion, Jurisdiction of a sector should be pre­
scribed by the State highway department dis­
trict eng:neer or official in charge of the dis­
trict highway traffic regulation center, 

d. Interstate problems should normaily 
be resolved by cooperative action of highway 
traffic regulation centers of adjoining State 
al either district or State level. Special prob­
lems whicli cannot be so r~solved should be 
referred to the Bureau of Public Roads. 

e. When operating adjacent lo an are1,. 
under military jurisdiction, highway traffic 
regulation centers will coordinate ope;:·ations 
with those of military highway traffic regulation 
units. Liaison will normally be effected through 
the staff transportation officer of the field 
commander having jurisdiction over the area. 

L For evacuation and postattack reloca-
tion purposes. a highway traffic regulation 
sector at metropolitan area J.evel should be 
established. 

7. PROCEDURES 

a, Inventory of highway network 

(1} In order to make most efficient use 
of the surviving highway network it will be nec­
essary to identify and evaluate the availability 
and the capacity restrictions of the highway 
routes as a result of bomb blast and radioactive 
fallout or other hazards. 

(2) State situation maps should be pre· 
pared at the State highway traffic regulation 
center showing radiation intensity on the prin· 
cipal highway routes as identified by the States 
in response to PPM 50-6.1. Likewise, dis­
trict highway traffic regulation centers and 
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sector ccntcrH should prepare distrkt, county 
or c!ty f;{ll1ation map,; showing radi~.Uon inten­
sity on important rm1!.ci:; wlthin their ,lurtsrlic­
Uonal nrcas. Points on these routes sha11 be 
trlentified as follows: 

H+l - 100 roentgens/hr, (safe for 
travel at D +-1) 

H+l - 375 roentgens/hr, (safe for 
travel at D+30) 

H+l - 750 roentgens/hr. (safe for 
travel at 0+90) 

Physical damage to route sections not required 
to be' closed because of radioactive fallout 
should also be identified. 

b. Evaluation and selection of main 
supply routes 

(1) Highway capacity and payload ton­
nage capability to support essential movements 
will be determined for the· available highway 
network in each district highway traffic regu­
lation c·enter and sector center and emergency 
transportatlon organization will be kept fully 
informed on these matters, 

(2) On uncongested routes where traf­
fic does not need to be regulated, 24-hour hig 
way capacity will be deter:mined whenever 
needed by using the information shown in the 
Highway Capacity Manual~ Payload tonnage 
capabUHy for supply operation will be deter• 
mined by breaking down the percentage of 
trucks by ·vehicle .types artd applying appro­
priate average payload factors, 

(3) On congested routes, on routes 
required for crash movements or on routes 
that may have to accommodate trucks prima­
ril.Y over extended periods of time, 24-hour 
highway capacity and payload tonnage capa­
blllty will be determined by the "Highway 
Cr.pability Estimating Guide, '1 Department of 
Army Field Manu11l 55-54., June 1959, devel­
oped jointly by a committee wlth represen­
tation from the Department of Defense, the 
Bu:t'eau of Public Roads and intelligence 
agencies. 

(4) On the basis of the payload tonnage 
capabilities of the routes and the requirements 
or the user groups main and alternate supply 
routes will be desi,znated to serve the large 
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ccnlcrt1 of traffic ~cncratJon, If more than 
one route between ccntcrfl ls availablr, oi1r,­
way movement of lraffk to and from lh!? 
centers may reaull ln the mm;t erficient 
-operation, llencfils of one-way operatlon 
of rout.es must he carefully weil{hcd againi,;l 
the added requirement for admlniatratlve 
implementatlon, 

(5) Prlority for restoration and main­
tenance operations w111 be determined by the 
selection of main and alternate supply routcFJ. 
In this respect highway trafflc regulating cena 
ters will maintain liaison with the construction 
and maintenance forces. 

(6) Periodic traffic counts will be made 
on the main supply routes to c\etermine whether 
the traffic volume is approaching capacity of 
the route. As c ... pacity is reached measures 
should be implemented to insure the movemenl 
of es·sential traffic.· If such counts show that 
the traffic is not being effectively distributed 

I• I 

over the 24-hour day the need for corrective 
action should be brought to the attention of 
the using groups. 

(7) Route information for highways 
limited to essential movements of specific 
users and for highways in restricted areas 
wilt be disseminated to the highway users 
through various media including automobile 
associations, oil co:mpanies, press, radio,. 
television and perioclic condition maps. 

c. Traffic regulation 

(1) Standard traffic regulation measures 
used in peacetime will continue to be used in 
periods of emergency, Of necessity, certain 
modifications will have to be made and the 
requirement fot• enforcement will be greater 
than normal. 

(2) Signin~ of routes through restricted 
and unrestricted areas will be in accordance 
wilh the Manual of Uniform Traffic Control 
Devices and the Bureau of Public Roads spe­
cial slgn standards for the emergency regu­
lalion of traffic, 

(3) Maximum spel?ds will oo prescribed 
in keeping with the local highway conditions and 
the development of maximum highway capacity. 
In some cases, minimum speeds wlll bf' 
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:>:·escribed for rs.diologicel areas to reduce 
the radiation dosage i.o the driver e.nd other 
occupants of +.he vehicle and to develop me.~:i. 
mum capacity. 

(4i The type of movement generally 
will be unscheduled except on routes so con­
gested that only essential priority traffic can 
move. When convoy movernents and special 
movements of high security cargo must be 
bh'oduced into the traffic stream they will be 
acheduled at approp.!":ate intervals to insure 
they have a rninimum effect on the cape.city 
of the route. 

:5) ·,vhe,; tTo·.;s;-;,ent ove.~ & route must 
be Jl171ited to priority traffic special control 
cf vehicles will be necessary. Road space wil 
be allocated to usir,g agencies within priorities 
established by emergency transporta.tion agen­
cies but care nrnst be exercised to insure that 
cai)acity is noi wasted. :Jsers will norma.lJ.y 
re~ain responsibility for assigning priorities 
within t:1.ei~· groups and will accomplish dis­
p&i.ching as necessa.r-y. Pe.:"mits will be i.s~uecl 
on b8.sis of mission of the vehicle or, a parUcu -
,e::' trip and noi. or. the basis of ownei·ship .::,r 
gene,al usage. Since convoys reduce the pos­
sible capacity of a route their use will be ciis·· 
couraged. Where cm~voys e.re necessary they 
sl1ould not ex,::eed 15 vehicles in a single ele­
ment. For adequate control and operation 4 
to E vehicles e.Te p1:eferable. 

(5) Close coordination between the 
State highway depa.rtmer,ts and the Sts.,e and 
local police agencies will be maintai.ii.ed to 
insure the necessary patrol of routes, wrecke 
and escort service, direction of traffic and 
the required enforcement. giving due regard to 
limitations in such a..:::tiviti.es bec21:se cf radi.a­
t.ior. anci :::ther unusual haza.rds. 

(7) Where traffic :nust r.1::i·;e in ::i:-
lhrough contami.nated areas State or districl 

1·,ighway traffic regula~ion centers will seiect 
;;. minirr.um nurnbe:' of routes. Traffic wi.11 
be ,:;arefully reguloted ,:w ihese routes. AJ.l 
other routes ,,v:~l be denied to traffic a.nd wi 1: 
be posted and/or b2.rrice.ded, The basic cri­
teria in operating routes th-:-ougr, radiologi · 
cally contaminated restricted areas is that 
people in tra:1sit should be exposf.:d to nc more 
than an average of 0, 4 roentgens per day over 
the first year. Higr.way traffic regulation post 

personnel stati:Jned l:lt trHa edge of restricted 
areas will infonn vehicle occupants of tJ·,e 
radiologi.col cos~ge they wil.l accumulate in 
transit. They will also "'-rrar1ge for p :sompt 
evacuation of e.r.y stranded rr,otorists. 

1:a) Highwey lre.ffic r1a g,...:iat:!.on poata 
will be locate~ at scrategic locations .::,n the 
networks in e:r-es<.S safe f::-om raclio:i.ogl.cs.~ or 
cthe:· unusual h&.zards. Pe:--sonnel at. these 
posts will permit the pe.sss_ge ,::,!" s.uthodzed 
traffic only, will check s.nd report on Etatus 
of moveme!!ts, ;.nd will request instrcJctions 
from the approp:--iste highway tr&.ffic regu­
lation center fc., diversion of mcverni:,nts 
when congestion develops. Once t!-,e daily 
sc:1 edules for road space have been ests.b­
Usi1ed it is the responsibility of the post 
p,:;,Scnnel to see that the schedules a:c-e 
s ,ri ctly followed by the using groups. 

(9) P,·ocedures for selecHou and 
operation cf highway tr&ffic regulatior, posts 
wili cie developec jointly by the State 't,ighway 
departme,1t anci State police. 

d. Eighwoy :::-:-aff~,: cegulation ~·riority 
permit 

(l) Under provisions of OCDM Annex 
12 to the Nations.~ Plan fo:- Civil Defense and 
Defense Mobilization, "Directed Movement, 11 

the Bureau of ?ublic Roads is responsible 
for developing s. uniform nationwide system 
for identifying and recogr,izing vehicles hav­
ing priorily missions on roules sl.!bjecl to 
hi.ghway traffic regulati:m. 

(2) The form of a priority permit 
developed by the Burea.u of Public Roads and 
now having fo,mai conct.:.rreece of OEP and 
the Department o: Deferise is shown in 
exhibit 2, 

,:3) For roe.d users m&.king kng trips 
invo1ving trave; over :nore than one regulated 
route, one permil wil 1 ordinarily be issued 
for each 2'"egulated route traversed. A regu­
lE-ted :·oute is ;;. section cf a single highway or 
any combine.tier of sections o~ different high­
ways providing a continuous psth of travel, 
the entire length •:.f which has been made sub· 
ject tc highway traffi ~ :-egula ti.on. Each regu­
lateC: route will be P..Ssigned a:1 identifying num· 
ber or letter (or both} at the time regulated 
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rodrcs are 1sslab1isheci aa the ;esult of ar, emer 
ger.cy situation. Since most highway tdpF! arc 
short, !"Oad uaern will usually be issuer. single 
pe:·:-!"".ltS only. The t"0ute number appears as th 
most prominent iten1. on the permit for possible 
use on the windshield in the kind of a situation 
where su,,;h display ls desirable, The i.ime of 
day a:,d the number of vehicles (in case 0f con-· 
voy operation) appea!' at the edges of the fo:--m 
to !=' e:·:-11H uae of punches, teE.ring off '.:-,applies. -
bk tiC11"ti"ns, c r ciimp:y marking 0ul Lnapplica -
ble portions. On the back of the fo1·m is printed 
the penalty for misuse. Permits s.re t.o be 
printed with serial numbers uauRlly in bock 
form with perforated top. The stub in the IJOO!<: 

carries the same serial number and includes 
spac:es for recording data as desired by the 
tss,ting agency, such as trip. origin and destine.· 
Uon, nur:1be:- and type of vehicleo, owner, c;om 
mo<lit,~•. shipment priorit.y, regulated route 
nurn \,e !'. au~horiz.ed time of paseage, etc. 

(4) Public Roads and State highway 
departmer,ts should encom'age the esta.l::lishme11! 
of emergency transportation agencies at l.ocal 
level wilh a' capabillty to aer•re as pricrity per­
mit issuing agencies, Part V of Directed Mov 
ment, Anne,: 12 of the Natiunal Plan, provides 
thal each S'tate• governr.-,ent will coordin&te wor 
of highway departments, poEce, and tra:rnpor­
tation user groups in the development and exe­
cuti.on of its directed movement plan on a state­
wide basis, and that State governments wEl call 
upon transportation associations and agencies 
as necessary to develop and implement activi­
ties of the uBer groups. A1so, Part V of Annex 
12 provides that local gcwernments, L"1 develop­
ing "",nc'. executing their own directed movement 
plan8 will seek t.he astiistance of the transpor­
tation industry as necessary to develoi:; and 
imple:nent those portions of the directer.: move­
ment plan invohing civilian transportation use.c' 
groups. In our opinion one function of tranapor 
talion user groups in this three-way t:oopera· 
tlve activity should be the issuance of the pr! -
ortty permits. 

(5) The Department rA Defense has al~ 
ready initiated action to develop a miEta:-y 
orgtu,ization structure which will enab:i.e repre -
•entaHves of the military services to function 
eU~h.:Hvely as members of the emergency tnm6 
J>ort.adon agencies called tor by the plan, 
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(1) Security of claBBifieri ot· high­
r;:-kirity movements will he pt·ovlr!ed '.lpor. 
request by State s.nd local :iclice when Sl:ch 

seci; rity c9.nnot be provided by shippers o:-­
car:-5-e rs. While the highway f_raffk re,I11-
Jaticr1 .::;eders wl.11 not hR•.'e a dire,;! respc,>r.­
sibilit.y in tr.is :·rnpecl, any r,Lan vf highway 
,1·afEc regulatibn r.rnst mav.e allowsn,;e for 
the '.1e-~eaaary protecti'.'e mensU!'eEJ. 

(2) Liuison with !"especi. to ::11,d1 

matters should b,; t:1aintal?1E:cl by the highwsy 
traffic reguiation re:-iters wW1 l.he user-.s ~{:1d 
the local and StatE: pc•llc•~ agen;.,;ie;e wh;:, wlll 
pruvide the r,ece!:!sr, ry pGlice p1·ot.e(·Hon. 

(3) Adequal:€ p:·ut.ect.ion ,·,L::"nially ·::'.!t .. 
be effi_dently obtained by the use of convoys, 
Such convoys musl have pr!1.,l·•if.y oi P.IOvement 
and be ,.::arefu'.ly ,.::hecked thr:,ugh r.!ghway 
traffic~ regulation posts. 

(4i Suitabl.e m.eaaur-es r:-.us '. be taki:::: 
fer adequate prote,:;tior. and aeo:::urity ~!" expk­
aive and,' o::- fla:-:1mable mate:-ia:.s. Star,J«rd 
procedures now in force shou~d be followed 
when appli::;&.ble 01· cen be :-n,;:,d~fied tu flt the 
local conditior:a or· new requl :·eme:-,~G. 

r Size and weigh~ ree'.rictior.s_ 

(1) Vehicle movern~n~a on the routes 
of the ae_ve1·al road systems ;;;hould no-:: exceed 
the abflHy of the routes to provide for sua -
tained rnove:~1en l of traffic. Due cor.sfdera -
tion must be giver. tc structural •.::apacity, 
ma.intenant:e capabi.lities, fre;:p_1e'.1cy of move­
ment o,f heavy axle or gross 1oads «:-id/ or 
oversized loads a11d tra.Eic vc:.i..lrries d such 
magnitude that the capaci.ty wou;ci be s~J'i 
ously restricted by siow :-rwving vehicles. 
In many cases roads having structures of 
limited load capacity can be r.,ade available 
for •.::a:·rlyingnecessary traffic by 1Jtre1!gt!',en~ 
lng the :structures eilhe:- by tempora: .. y o:r 
permanent means. 

(2) The iscuance of special per·mi.te. 
for oversized and/or overweight vehicles is 
a function of the State hi ghws.y '1epB.rbnents 
ot· other appropris.te State agencies, Except 
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PPM 50-7, 
June 25, 1962 

when there is an overriding civilian or military 
necessity, permits should be issued only whe,e 
it is impracticable to transport the material on 
vehicles within the established weight limita­
tions and the frequency of such loads will not 
result in damage to the highway facilities or 
result in excessive maintenance. Movements 
of oversized vehicles under special permit 
should have traffic escort where needed to pro­
vide for safety of movement and to prevent 
traffic congestion. 

(3) Enforcement activities relating to 
compliance of traffic to the size and weight 
limitations are accomplished by the State and 
local police agencies. These activities should 
be coordinated as necessary by the State and 
district highway traffic regulation centers to 
assure the most efficient movement of essen­
tial vehicular traffic. 

8. kEPORTS 

During the early period of a national 
emergency, division engineers· of the Bu· 
reau of Public Roads will make narrative 
reports weekly to the regional engineer as 
to the extent of traffic regulation activities 
and problems in the State, The regional 
engineer will forw·ard consolidated reports 
weekly to the national headquarters. Reports 
by State highway departments will, untilfur• 
ther notice, be limited to those which they 
find necessary for coordination within the 
State civil defense organization. 

Altachm~~ 
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RECotMENDED CRGANIZATION PRAMEWCRlt 

Bureau of Public Roads 
(Division, Regional, State IH.ghwa.y Traffic Emergerq 

am. Nat1ona1) Ragulation Center 
as necessary for 

special interstate and 
national highway traf-
fie regulation problerr.s 

District Highway Traffic Transpor-
Regulation Center tation 

f--' 
r\) 
--..l 

~hway Traffic .Highway Traffic Highway Traffic Highway Traffic 
gulation Post Regulation Post Regulation Post Regulation Post tge:ncies 

Highway Traffic 
Regulation Sector 

County, City or Metropoli. tan Area ! 

Highway 'I'ra.f'1~ic Highway Traffic I Highway Traffic Highway Traffic 
Regulation Post Regulation Post Regulation Post Regulation Fbst 



] 'I '!\1 :;0--7, 
,iPne 25; 19Gi; 

No. A 0,000,001 

Trlp origin ________________ _ 
Trip destination _____________ _ 
Number and type of vehicle 

-------------
Ey _____________ ..... 

9-J.0 
10-11 
11°•12 

STATEr-IBN'I OF PENALTY FOR MISUSJ<: TO BE PRINTED ON BA.CK OF FDRM 1 

ST'ul3 ro BE RETA I NED 
BY ISSUING AGENCY 

F.'IORITY PffiMIT 
·ro m ISSUED 

'r:1i.:: pe:rmit :i.s th8 property of the United States Government. Its cow1terfeit,ing, 
alteration or misuse ~s a violatiorr of l8 u.s.c., Section ~99 (19LO). Violator~ 
shall be fined not more than $2 ,ooo or :i.mprisoned not more than five years, er 
½oth. 128 



APPENDIX E 

U.S. DEPARTMENT OF COMMERCE 

IIURIAU 01" PUBLIC ~OA.08 

WA5HINGTON -, O.C. 20235 

1:N3'.l'RUCTIONAL MEMORANDUM so-4-63 

32-70 

Seytember 25, 1963 

2-n-bj-:ct: Emergenc:-:r Highway T::·affic Regulation - Organize.tion of 
hig.11wqy u ;~ers 

'i'ti a me1uore.nc.um aupplelllE':nta Polh:y F.J.nd Procedure Memorandum 50-7. Its 
}:.:i1 :·1-10 se is to furnish gt~:i.d.ance for organization .,~f h:!.ghway user groups. 

Thie a.c_.<,'UlUent is coneistent with the guidance containef'l 1.n appltcable 
B:v~cuti,re Or..:i.en.i .s.nd. the polides fl.:nd procedurec of the (.::ffice of 
l•~merg~mcy Planrd.ng and has been coord:.tnated with the Office of Eme:z;-gency 
1J:"~C8.EF!)·:,::_~tation • 

'i'l.1(-c N,;i.tional Highway Use:rs Ccnferencr-: has agreed to assist the :Bureau of 
Fur.lie Roe.de in organiza:i"-:I.on oi' highway users for pa1vticips.tion in high­
'.f'"':y traf:fiG regulation. 

Tbc P.mer:Lea:i Associs.·'.Aon -:)1' State Highway <jff:1.cials advocates that each 
S i~ate highwe.y i'l.e:P6,l'f.,rnent seek o:tcce:ptanee by its Ckwernor of highway user 
g·L·c11ps ,:n:·gani7.ed through af:t', ,rtfl of the lfa.t.ionaJ. Highway Users Conference 
arrd. :lt'3 uwri St.at?. Hig.hway Us~!1..'S Ccnference s.s the duly authorized user 
g:c,:mps ,:o -wo1:k. B.3 pa:i..~tners ,ritb the Stai~E police and the s~cate highway 
it.::-:pe.,:tment in the performance of highway traffic regulation functions. 

Tbe Under Secre·i~a:..·y of Connnerce :for Transportation, in whose office is 
J.r.,r~aterl. tne Of'fiee '-":f .E.'merge:ncy 'I'ransporte:tion, has coromer1ded to Governors 
oc· the SP.Vel"tl Ste:c.E:s the Bervices of the State Highway Users Conferences 
111 i;his orga.niz.ationa.1 effort. 

'fi.ie Bnrea·c. of Ptiblic Roads .looks t;o the State highway d.epartment as the 
agency of the 8-ca·fJe having pr:i111ar.:/ responsibility fO.!' highway traffic 
regulation. Activ:lf~iee of highway tra.:f'fic regulation centers and sectors 
as d.e.sr.:ribed J.n PPM ~i0-7 should be under direction of the State highway 
dei:>1.1:ctmeat, including al.l activities of organized bj_ghway user groups. 

Although Section 6 of PPM '.,0-7 indicates that staffing of State and 
dht:c:!.c.t higb.way trai'fic regulation centers would include merely liaison 
re:p:resentati ves of' organized. highway users, recent studies of the problem 
1n6.:Lca.te that -c;here are considerable advantages to locating the entire 
organized higlr'lle.y user operation within the centers themselves. That 
same arrangement at sectors seems particularly appropriate. 
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Emergency highway traf'fic regulation must recognize and accommodate 
transportation . priori tie .. , and al.locs.tiona e:ate:bli shed by National and 
State transportation authorities, military movements, and special civil 
defense movements, 

Highway uaersJwhether organ:i.zed by State H:I.gb.we.y Users Conferences or 
otherwise, are concerned with handling road. space re q:uirement s and allot­
ments in such manner as tc, conform to priorities and alloca:t;ions established 
by National and State transportation author-1 ties. whene·.rer St.ate hi.ghway 
departments determine that highway capacity is limitea. 

The Department of Defensa has initiated action to develop a military 
organization to function ef:fectively in pn,senting its requ:.r.rements and. 
obtaining necessar:r road space for militar.-y movements. 

State civil defense agencies should be invited and enco1n·s.ged 1::,y Sta.te 
highway departments to be represented at State a.rid 1listri.ct highway traf:i'.'ic 
regulation ~enterf. or sectors and to function effec+,ively in pres~nting 
requirements and obtaining necessary road space for special civil defen3e 
movement-a, such e.s removal. of survi.vors from contaminated areas. 

The overa.1.1. organization of highway ueers for (!l.aiming,. allotting, an1i 
issuing road use permits for space on regulat-:!d highways thue involves 
s.rr2.nging adequate representation of aD. classes of user~ .. , aB i·(eceasa.r;r_, 
~t highway traffic regu1s.tion centers and seci;cre.. 

Further det.e.ils concerning highway tra:f'f:Lc regulatim1 operating p1•ocedu:ces 
are being developed. by the Natio11al Highway- Use:i.·s Conference to gover.·n 
ci-,r:Uian use:i.·~group parti'!ipation and b:r the Department of Defense to 
govern military and civ:!.l defense participation, 

:8egula:t.ed route designations 

'the ·two basic types of highway routes in an emergency are Clear Routes 
and Regulated Routes. Clear Routes are highway routes or sections with~-
out any restrictions o:i:- re15-ulations and can be used the same as during 
normal times, Regulated Routes are selected highway routes whicb. rrrust 
be controlled by a highway traffic regulation (HTR) organization because 
of hazardous conditions; special uses or limited capacity~ There are 
thref;! s.epara:te C'.1.asses o-r Regulated Routes depending upon ·the .reason for 
their regulation and type of control exercised. Regulated Routes Class A 
a1~e those highway sections that lie within a radioactive conta.rninated or 
other dangerous area. and. whieh must ·be identified and used with special 
precaution and practice, ReguJ.ated Routes Class B aTe highway sections 
which are temporarily reserved for a special purpose. Tb:Ls class most 
,;,,:t'ten refers to a route :cese:rved specifically for Civil Defense movements 
anfl./or military movements. Regulated Routes Class C are high-way sections 
which are determined to have or are expected to have critical. capacity 
restrictions or volume demands and on which all traffic is rigidly controlled 
by official 1·oad use permit at specified times. 
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1 
The designation of Clear Routes, or Regulated Routes Class A, B, or c 
yill be made by the State highway department. 

Such designation will ordinarily be ma.de after consultation with the 
Stete police organization which is responsible for enforcement. 

Activation of HTR centers and sectors 

The State highway department will acti.vate State HTR center upon declara­
tion of a civil defense emergency, or on request of the Federal Highway 
Administrator, or upon its own finding of need to regulate traffic. As 
spedfic routes are designated by the State highway department as regulated 
routes, it w:tll s.ctivate district RTR centers and HTR sectors as necessary. 
It. will staff activated units with its own personnel as it deems appropriate, 
and arrange appropriate State police representation. It will call. upon 
organized highway user groups to furnish their pa.rt of the staff at the State 
IT!'R center when activated. It will call upon organized highway user groups 
to furnish their part of the staff at those district RTR center and H'I!R - , 
sedors which regulate Class C routes. 

M:llitary and State civil defense representatives may ·be furnished as 
members of the overalJ. organization of highway users at State HTR centers. 
One or both may constitute the entire highway user staff at HTR district 
centers or sectors which regulate Class B routes. One or both may be 
members of the overaJ.l highway user organization at HTR district centers 
or sectors which regulate Class C routes. 

In cases where the State highway department elects to activate district 
H'£R centers or sectors for regulation of Class A routes, it will seldom 
require any highway user representation on the staff, but will ordinarily 
establish liaison with each user group concerned. 

As the changing situation permits regulated routes to revert to clear 
routes,HTR centers and HTR sectors will release organized highway user 
representatives no longer needed. HTR centers and sectors will be com­
pletely deactivated at the discretion of the State highway department. 

Where the activi~y at a sector does not warrant full-time assignment of 
State highway department personnel or State police, the State highway 
department may elect to name one of the highway user representatives 
as chief of the sector to work under the direction of the Chief of the 
ifl'R center who should be a State highway department employee. 

Dissemination of information 

Dissemination of information to aJJ. highway users on the designation and 
use of regulated routes is important to the success of emergency highway 
traffic regulation. The State highway departments, State police, and State 
CiYil defense public infonnation programs should be used for dissemination 
of such inf'onnation, and highway user groups participating in the program 
should supplement such reguJ.ar, public information channels. Each ~ghway 

131 



user participant should keep the group he repi·esents fully in:fo:rmed or: 
the nature of restrictions on use of highways_. sper::ial :pract:l.ces the.t 
must be :followed on regulated routee 1 and the, adviaa.bility of using 
alternate routes. 

Allotment of space on Regulated Route Class C 

Once a Regulated Route Class C is established as prescribed above, the 
State highway department (normall.y after consu.J..tation with the State police} 
will fi.:rst determine the a.mount and the rate of permissible travel on tb.e 
route. This will be done at the State or a district BTR center. Af'ter 
the permissible a.mount of traffic has been determined and before any HTF. 
unit allots use of the space, specific portions must be assigned to the 
State, di.strict and sector H'l'R units that c·ont;rol the Class G Route~ 
Travel on any highway route consists of local, intermediate and long 
distance movements, and the sector, district and Stete HTR centers a.re 
respectively responsible for each of these movements. Therefore, the space 
available is divided among these units to provide f'or each of their needs 
and to prevent excess allotments by any one unit, and overcommitments in 
total. 

For example, on a given Regulated Class C Route it may be determined thet 
10 percent of the road space will be utiliZE!d for interstate e.nd inter­
district movements_, 20 percent for intersector movements, and. 70 percen~.:. 
tor sector movements. 

T'ne space for long distance movements) interstate or between more than two 
districts will be controlled and allotted by the organized highway users 
in the State center. The division of permissible travel ~or intersector 
travel (20 percent in the example) or travel within a district or to an 
adjacent ,Ustrict but between more than two sectors will be allotted among 
claimants by the organized highway users in the district HTR center, All 
local traffic, within the immediate sector or to an adjacent sector ,-rill 
'be similarly al.lotted at the sector within the limit o:f space made avail­
able to that sector. 

If there is a surplus or shortage of road space at a given HTR unit, the 
unit may contact the next higher or lower center or sector to attempt to 
equalize this condition. Day-to-day adjustments will bring the division 
or space to the various HTR units to optimum levels. 

At eacb. HTR center or sector, the road space under its control will then 
be allotted to road users by the purposes of their trips, the urgency, 
the cargo, etc~ These allotments will be made by the organized high­
wa.y users at that center or sector and will be applied to all requests 
by road users. 

When one center or sector receives a user request that concerns a Class C 
Route under the control responsibility of another center or sector, it will 
pass on i~his request to the appropriate center or sector, 
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User requests will no:erual.ly o:i.·igina+:12 at the locaJ. level, i.e. the HTR 
sector wherein the movement ~,.,--ill begin. If it is for a. local move or a. 
move: terminating in an adjacent sector the sector wilJ. handle dire::t. 
Lf' the -l'equest con,"!e:rns a longer rucve:rnent_, then it must be passed on ta 
the district or Sti:;.te HTR center. For example, a move across several 
sectors w:tll be received by the locs.l sedor but. approved by the distr:i.ct 
H'I'R center. A movement across several dietricts will be received by- the 
local sei~tcr but approved by the State RTR center. .AlJ. requests for a 
pa.:r:tici..'.!lar class of road users (i.e. rooter carrier; petroleum hauler 1 

private automobile, civil. defense, military, ntility, bus, ruraJ., etc,) 
wil1 be sorted and summarized by the user representative at the sector 
s~rv:l.ng s.e claimant for the ps.rticuJ.n.r c1ass of \lser._ The sorting 
-:::pe.ration ineludes a. c.la.ssifi::;aticm cf the requests i.n accordance with 
eehelon ot' H'IB ~enter or secto1· having Jurisdiction. After agreement 
is ~eached by the highway user team operating at any echelon as to the 
allotment of space that should be roa.d.e for a particular c.:lass cf -~,se1·s 1 

the user' reprel">entati ves serving t.hs:t-, partj_cular class of users s.re 
responsible for seeing that road use :permits are properly issued. within 
the ap1)'.t'oved e.:.J.otrueu~. 

On Regula.tee. Routes Class C e.ll requezts by potential users shoula. be 
re,::orded on a atandarc. f;)rm for unif 0:r:·m processing and to insure com-
1-iletenesa of information, In add:I.t:lo.n, ench RTR unit should maintai~ 
such records, means~ a..."l.d. devices so 11.2 to readily have access to the 
ste.tuf' cf -;;heir o:p,eration snd their si7otmenta of permits. 

Encl,,suree - 3 

F. c. Turner 
Assi.stant Federal Highway Administrator 

and Chief Engineer 

r 
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TIIE HIGHWAY TRAFFIC REGULATION TUM 
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O'OIIW CD> ll I I••••-, 
!~" • :a. IIY -... a, 10.-1111 

UNITED ITATU covu.NMENT 

Memorandum 

TO Executive Reiervists 
Office of Emergency Transportation 

noM E. G. Plowman, Director 
Office of Emergency Tr ns 

UA DEPARTMENT OF COMMEJI.CE 
Off1Ca OIi nR IICaffilY 

DAT&: October 22, 1963 

SllfU!CT: Support of OET Executive Reservists in Developmon1. 
of Highway Traffic Regulation Plan& 

As you well know, planning by the Office of Emergency Trans­
portation is directed at facilitating postattack movement of 
persons and cargoes, by all means of transport ava~lable. 
Clearly, a most important facility would be such movement over 
those highways remaining usable. In order ta expedito priority 
movements over highways, protect the public, and avoid conges­
tion, the Bureau of Publio Roads has developed plans for high­
way traftic regulation in an emergency. (See item on this 
subject in the July number of the OET-NDEB Bulletin) 

These plans and procedures have been fully discussed with the 
Office o! Emergency Transportation and have our complete con­
e u r ranee and approval. There are eno 1 o s ed two Public Ro ads 
documents (PPM 50-7 and IM 50-4-63) in whioh plans for highway 
traffic regulation are set forth in detail. 

It is requested that you, as an OET Executive Reservist, 
familiarize yourself with these plans and, wherever possible, 
that you lend your support to their full implementation in the 
v ar.i ous St ates. Your cooperation in this re1pect wi 11 be 
greatly appreciated. 

Enclosure& 
81 
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APPENDIX G 

DBPAR'ffClff OF DIP'DSK 
OFFICE OF CIVIL DBFD'Sll 
Washington, D. C. 20301 

MIMCI\AJUI.IN 11'0~ 31-63 F<ll ALL REGIOlfAL D~TmS 

October 1.0, 1963 

SUllJKCT: Development of Operational Readiness, State Highway 
Departments 

For several years tbe Bureau of Public Road.a and tbe State highway 
departments have been vorking together to develop, in the highway 
field, a state of readineaa to meet e national eaergency, '1'be war­
time duties prescribed by Executive Order 10999, as well aa those 
tun.ctions implied in the assigned duties, are the basis for a broad 
program which includes items of special Civil Defen• e aignitice.nce 
such a• highway traffic regulation in emergency, plans tor barricading 
end Jllark.ing streets and bighveys leading into fallout area.a, and other 
aeasu.rea concerning moveaen~ by highway. 

In view of these reaponaibilities, it is desirable for the State bighvay 
depertaente to become f'u.lly informed of OCD-Stete Cirtl Defense progra111. 
It is obviously equally desirable for State Civil Defense Directors to 
become aware of the progr8Jl8 being developed by the highway departaenta 
in cooperation vi th the Bu.reau of Public Roads. With thie object! ve 
in mind, representetives of BPR end OCD ba.ve concluded that BPR, in its 
planning and progrBIIIIDing with the State highway depertmenta, should 
place a high priority on the folloving activities: 

1. Shelter Marking and Stocking Program. :BPR will urge the State high• 
vay departments to review Phase 2 printout data available in the State 
Civil Defense Office for the purpose or determining the capability of 
all highway department buildings to provide shelter protection for 
personnel, the public, and to determine their eligibility for partici­
pation in the Iational Stocking Program.. In addition, aa a result of 
the review of the Pbaae 2 information, highway departments will be urged 
to aake analyses to identify qualified space available for higbvay 
department emergency operations, protection of cOD1Unications operators, 
end the establishment of radiological monitoring stationa. 

2. Hardening of COlllllU.nications Syatems and Radiological Mon! taring 
Stations. :BPR will urge State highway departments to undertake prcgraas 
to provide protection for staft, communications operators and radiological 
monitors by providing additional shielding of not leas than 100 protection 
factor in facilities located in the review of Phase 2 ammary information 
under Paragraph 1. Thia program may involTe provision of additional 
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shielding when required in existing as well ae nev construction. OCD 
will match funds, generally, on such hardening. (State and local govern-
~ent facilities may be eligible for direct aesistance in the event 
Congress authorizes the shelter development progrB.lll,} 

3. Federal Financial Asaiatance. BPR will make available to State 
highway deparbaents available information regarding Federal financial 
assistance vhicb may be obtained in furtherance of their readiness 
progrBJIIS, (e.g., tor shielding State and Area Highvay Department emer­
gency operating centers, Radef Monitoring Stations, Communications 
Centers, emergency highway traffic signs, etc.) 

4, Radiological Monitoring Organizations and Systems. In addition to 
info?'118tion and guidance already provided, BFR vill provide :further 
guidance and assistance, as necessary, to the State highway depart.en.ts 
in order that they may ccaplete their statev14e radiological monitoring 
organizations and ayateu. BPR vill also aasi11t the State highway 
departments in developing operating procedure• and reporting systems, 
as a part of the Statewide civil defense monitoring and reporting 
system. 

5. State B1gbvay Departments, including the highway maintenance and 
petrol services, will be urged strongly to establish fallout IIO!litoring 
station• at all facilities controlled or operated by these services. A 
CD T-m operational set of instrwaente will be made available to each 
highway facility through the State Director ader the provisions of 
CCD Instruction 9667.1. This set of instrwaents vill provide 'on-station' 
monitoring and rill al• o support liaitecl mobile operation•· A second 
T-m ,et vill be 11ade available to each ot theae facilities through 
the State Director beginning in calendar year 1964 to provide for f'urther 
11.obile eupport. Also, Regional Meaorandwn Bo. 26-63, dated July 29, 1963, 
provide• authority for the i • suance of additional indiTidual survey meters 
and dosiaetera to support aurface aobile •oni toring operations where ad­
ditional instrumenta are required. OCD Instruction 9667.2 specifically 
provides for the grant of CD V-7~2 dosimeters to be issued to emergency 
workers such as highway personnel who vill be required to perfora high 
priority poatattack operations in areas affected by fallout. Sufficient 
supplies ot monitoring instruments ahould be •intained in good operable 
condition et each highway facility ao that one survey •eter (CD C-710, 
715, or 720) and one dosiaeter {CD T-740 or 742) can be iaeued poatatte.ck 
to each task force at the time jt ia given a specific •obile operational 
&Higaaent. The OCD Regional Directors are requested to ad.vise the State 
civil defeue 4irectora of these arrangement• and to request the States 
to assip priority to the preparation and sulmiaaion of the required CCD 
fo?'II& to requisition .monitoring instru:aents as needed for the highway 
1erTicea. 
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6. Id.entifyi.n.e; Limits of IJnrestrieted 'frevel. ~ ·dll :p'!"'oYide conti1m­
ing gu.idance and assistance to 6tate highway departm.~ts on the i~entifi­
~atlon of limits of unrestrictM travel at the fringea of radiologlc~lly 
contamins.ted arees to protect the general public. frcaa \t.ll.neceasary en.try 
and exposure to radiological hazards. J'uldmnce vith respect to tolersb!e 
radiation exposure vill be in ~ccord.a.nce vith the guidelines contained. in. 
tb@ I'ederal Civil Defense Guide_, Part E 1 Chapter 5, Appendix 1, Pages 
5 - 10. Barricades and Bigo.s for protection of traveling public 
w:1.11 bf:! as ~et forth in the Manuai an Uniform Traffic Control Dev1.~es 
fer Streets and Highve.::,,n. 

7. Directed M.oveaent. BPR will continue to d@velop, in coopere.tion rltb 
State highway departments_, A. system of emergency highway traf:t'ic regulat!_one 
as provided. in EY.ecutive Order 10999 nnd Annex 12 of the Kational Plan 
for Civil ~:t"enee and Defense Mobilizat:!.on er aa it JIIB.'f be revised. ii'!: 
the lfa.ticmal Plan for Emergency Preparednee3. 

8. Training. BPR, through its field organization, vill provide a channel 
of conumn.icstion. vi th the State highVay de-periMents. It will urge them 
to support1 by their ac~1~--e participation, the following OCD-State Civil 
Defense sponsored program.a: Adult Edu.cation; Medical Self-Help; State 
and local gove-rma.ent orientation c011ferences; Radiological Monitoring 
Instructor courses; Shelter Management Instructor courses; Radiological 
Cfftcers (CCD Staff College). State Civil ~fense Directors can supple­
/lent thie informe.ticm. by prov:l.ding lo~a.l schedules t'o:- Adu'!.. t. Ednca.tiou 
and Medical Self-Help courses directly to the State highway departlllent!!. 

9. It has been agreed between O:::D and BPR tlw.t the above activities will 
be ~arried out at State level in close coordination 'Wi.th the Stat~ Civil 
Defense c~fices. In tu~therance of this coordinetion, it is expected 
that BPR will instruct. its Division (State level) offices to accompany 
>) repressntati ve of the State hi ghvay department for discuss ions with 
the State Civil Defense office regarding the foregoing programs. In 
this vay, the planning and :readinees efforts of the State highvay depart­
ments and BPR can be explained in all necessary detail to the State Civil 
Defense orgeni za tion, with particular emphasis on those act::!.v:1 ties having 
Civil Defense significance. 
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TO: 

HEADQUARTERS 
DEFARTM.;:i'IT OF THE ARMY 

OFFICE OF' -:-He: -".nJUT,\NT GENERA,_ 

WASH1NGTDN 2.5, •. C, 

AGAM-P (26 F~b 64) 'rvADM-A 

Commandi_ng Ger::' :'.'e, :_ 

U. s. Conti.i'c'T'.thi .r~-~m:, Cormnanci 

Fort Monroe, Vir~i~i& 

SUSPENSE 
DATE l J·cl:.'.l 6\ 

1. Refe-::-encF=s: 

h. Depc. rt,ner. t ,:, / D-sZ C'.nse Di 1 ec d '-'= -'; 500. :a, Jal: 2.d 1 ,~. ix. t,:., i::,e. :.· 19 '":: 
.subj.<:ct: Highways fn.L" Ntlt:.ona .. Def'2TJSe Re.spc~u,i.l'i:.:'..ties. 

s1.<bj~ct: 
c. AR 55~80 1 3UD:(: :<_~; INST 112 l:). 1, f,?!J. ·:; j -88, ,fa ceci 1 ,J\.: 1:i 

Highways for N.'i.t::.~•na:__ De-f2.nse (c1.10_-~2;:;T.:.:,1 ·unde.-::- :·evi;:;ioL1). 

d. Department of D2£er.se Din,-::tive JC2.:-.:,_,j: d::1.·;-.ed 2:! Ap-cU 1S'6_, 1 

subject: Military Support of Civil Defense .. -: pe rtial autl7o rity fo t: 
AR 500--70, da.::e<l 6 August 196:, 1 subject: Emergency Emplcymen:: of A.rmy 
Resources .. Civil Defense). 

e. U. S. Df;,partment of Commerce, Bureau :::f PubL.:..c Roarlsi o:'clicy 
and Procedt.:re Memorandum 50m7, d6ted 25 June 1962 (Inclosure 1). 

f. U. S. Department of Commerce, Burea, •. :,f ?,.1bl ic Roads, Lis tn1r::­
t.iona l Memorandu_m 50~4-63, da t:.ed 25 Septemoer l 96J (Inclosu;:;e 2J • 

2, Reference la assigns to the Department of C~m•nerce, ll. S. Bureau 
of PuLlic Roads, the national. responsibility f::i-r highway ::raff:Lc regu·Latiun 
during emergencies. Reference lb assigns to t:he De?a rtment of r.he Aniy ':".he 
Department of Defense I s re spans i bil i ty fo !"- w 

a. Coordinating the defense transportati~n interest irr publi~ 
highways. 

b. Maintaining liaison with State highway authorities ir, ;n,,.qtl:e·::!i 

pertaining to the special defense utilizat,icr-, of pt.:bU.c r.ighwe.ys. 

As a result of the Department of Defense Directive referenced in ld anci ir~ 
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acco~dance with AR 500-70, the Department of the Army has the primary 
responsibility to represent all Department of Defense agencies at various 
State highway traffic regulation centers in claiming Toad space and priori­
ties of all essential military movement:s over public highways. 

3. The purpose of this letter is to bring you~ headquarters up to date 
a.s to cur-r.ent planning perti.nent to the subject ancl to insure that the 
Department: of the Anny's planning is in consonance witb The Nationa 1 Plan 
developed by the U. s. Bureau of Public Roads, Some of the most significant 
actions already taken are as follows: 

a. The Nationa i Highway Users Ccrnferer,ce has agreed to assist the 
Bureau of Public Roads et the national level by obtaining the assistance of 
affiliated Ste.te Highway Users Conferences to represent highway users 
(except the DP-partment of Defense a.nd Civil Defense) at the traffic regula­
tion cente~s at State a~d local levels, Civil Defense's requirements for 
1-oad space wU l be made kr:own by State and local civil defense personnel. 

b. A test of B pilot operational plan to regulate highway traffic 
was conducted in Oklahoma, 24-26 September 1962, during Exercise SPADE FORK. 
The Oklahoma Slat:e Highway Users Conference, the various departments of the 
State of Oklahoma, and the Departmeni.: of che Army, representing the Depart~ 
ment of De~ense, participated in the test. 

r;, The Unde~ :jer:retB.ry of Comme-;:-ce, by letter dated 6 May 1963 
(Inclosure 3), wrote '.:o r:be Governor of Alabama re-commending that the Alabama 
H:!.ghwey lJsi:::-s Confe!"e:iCt: l>e the duly authorized authority to represent the 
v&riouE highway use~& in tha~ State. Similar letters were subsequently 
ser,t by the Under .Se~reta:--y :.f Commerce to all of the States. 

4. The !1,1;,reau -:;f I:\cblic Roads 1 publication (reference le), subject: 
Highwa:y Traifi.:: Regulation, is being used by the Stetes to prepare detailed 
plans for the implementation of highway traffic regulation. As of this 
t:!me; State plans are in various stages of completion. 

5. The Bi.;rea.u of·P,!blic Roads' publication (reference lf), subject: 
Emergency Highway T;:-affic Regulation - Organization of Highway Users, 
5:_;pplements :.-e::erence le by furnishing guidance to organize highway users 
g::oup::- -

.<; !10th t\1e B11ceau of Public Roads and the National Highway Users Con• 
ference hti_-.re reviewed FM 55• 31 and FM 25-10 and have adapted the principles 
Qf mili.tocv l:'iighway :c:egclation for civilian use. 
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AGAM-P (26 Feb 64) 'ICADM-A 5 March 1964 
SUBJECT: Highw.:1y Traffic Regnlation in CONUS during National Emergencies 

7. The present Department of Dr.,fense concept of operation in the regu­
lation of highway traffic during emergencies is to have the Z I Army Com­
mand e.: represent cl 1 services at the State traffi.c regulation center, and 
at such aree traffic regulation centers, as deemed necessary, within his 
~re~ of responsibility. This concept also includes the utilization of 
transportation en~ineering officers from both the Reserve and Regular serv­
ices, wherever possibl1~, tc, acco,nplish the objective. The Army repr~senta­
~ives &re to be assisted by Navy and Ajr Force personnel, based on the 
service density which varies within the Anny areas. F::ir example, in an 
area where the Navy has the highest population of Department of DE.tense 
personnel, t:he Anny command et may wish to ha·,.re Navy personne 1 predor.iin.~nt ly 
represented in the area traffic regulatio" center. 

8. It is visuaiized that plans will be developed in each Army ar~a 
whereby au military installations will submit th.eir road space require~ 
rnents to the Army re,nesentative at: the State central control point govern­
ing a specific area for those militat--y highway rnove:nents to be made by 
military vehi~les, It is also visualized that road space requirements for 
those military highway movements to be made by commercial carrier - bus or 
truck - wi 11 be submitted by the mi 1 itary installs tions to the Anny r8pre­
sentatives at the State central control point after determination of mode 
and carrier by the Defense Traffic Management Service in keeping with the: 
Military TrA.ffic Management Regulations. 

9. In view of the a bt1v e, it is d.es ired. the.t a. s tua.y be made ancJ 
plans formulated within each Army area, to include the following: 

a. The location at which the various States intend tn have their 
State, district, end sector centers located. 

b. Based on the concept described and the location of these con­
trol points, the mobilization requirements for personnel - by identity - of 
all services to be representatives at these control centers. ln the event 
that some officer spaces will be required as mobilization designees, it is 
a.&sir.ed that the number of spaces required be identified by grade ,rnd MOS. 

c. The organizational st~ucture requi~ed to insure appropriate 
service representation in order tc, obtain sufficient road space for all 
essential military movements. 

Additional pea,:::etime spaces for r.he conduct of this si:ucty cannot be p·cnvide::. 

10. As previously mentione~, State plans ere in various stages of 
development and, therefore, difficulcy can be expected in cartain States in 
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cool"diDB.ting m111te.ry defense plar.s w:!.th State plans and in f'inal:1..ziug 
the study. It is most dif:ficult to deterill.ine a elate at whicb the str:dy 
can be completed; however, an initial evaluation cov-ering the current 
status of the study and an estimated completion date will be submj_tted 
by the P.rmy urea commander, through CONARC, to the Chief of Transportation, 
Depart.ment of the Army, Washiogton, D. c. 20315, by l Jtme 1964. 

11. Attached as Inclosure No, 4 is a list of Bureau of Fublic Iioad.s ' 
Reg:l.ons.l Elllergency Planning Officers who may be of assistance in contacting 
appropriate Ste.te highway officials. 

l.'.~. If' ac.di tional it.formation on the above subject is requirea., inquiry 
sbouJ.d be maa.e to tr:e Chief) llighvays fer National. Defense Bre.ri.e:h, ,Jffice of 
tbe Ch:i.ef of T:·ansport2.t:!.Gn 1 Department of the Aitri.Y. 

l.3 • Cop:l es of -'".he i.:..;.c:losv.res ctre ati:e.eb.ed. fo.r distribution -to the A.rmy 
.?. ':'•~e. C! ommander s • 

Dy Order of the Secretl'I.J'."y of tb~ A:·my: 

l_~ lncJ. 
1. .~ 
,-- I 

-, 
::,. 
\. 

Comro.ar:der 
T_)efense 'I"cefX-i:.: Jvl..anegeroe::1t Servi<.!e 

(;b.:tC:f of the Buree.1.:. of Yards and Docks 
Id.rector of T:::-~.uspo:-tation, DA!<"' 
Chjef :if Trensport.at:Lou 
Gorom..<1.nd~r tn ChieF 
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' Chapter 6 

TRANSPORTATION 
This chapter is applicable to !ll] forms of 

c:ivil trn.nsportar.ion of the United Str.tl'.s, both 
domestic and internatim2al. It is e'111aily ap­
;ilicable to ali :kgI'C>es of national eme,gency, in­
duding attack apon thE. United St.at<:S. 

(The Department or Defense an~ its rn1li­
tRr_;,' departments are responsibie ford :\Veloping 
n,ppropriate plans and procedures i-c-_· Jw, man­
a.grmmnL of irnnsportr~tion resour~.s • .. -;l°iici, tbE.y 
wc-121d control in a nationa.l emergEncy.) 

DEFINIT!ONS 

For the purposes of this chapt.e.r, foe follow­
; ,1g definitions will R:Jply: 

Afr Cm-rier Aire-raft: All B.ircraft, both Iixecl 
£.ncl rotary wing, under the op~racional contro1 
of international and domestic scheduled und 
supplemental air carriers opernting m1der U1e 
economic a,11thority of the. Civil Aeronautics 
Bon rd; ·idso, all other :four-engine fixed-wing 
aircraft and all turbo-jet or rurbo-p,op fixed­
wing fl ircrn ft over 12,500 potmds takeoff weight. 

Oi-m'.l Re.wrve Afr Fleet ( ORAF) : Those air 
carrier aircrdt allocated by the Secrota,:-y of 
Com,m'.,ce le the Dep1crtment of Defer:se ':o;· 
militn.ry operations Ul'ring an emer,gency. 

Ch•il Trmwporta.tion: The movement of per­
sons, property, or mail by civil facilities and 
the resources (including storage except that for 
agricultural and petroletun products) necessary 
io accomplish the movemen,. (This definition 
excludes transportation operated or controlled 
IJ.)' the miliblry nnd )_Jetroleum irn<l gas pi?e­
lines.*) 

Infp,r.~tate (Primary) Tmnsportafi,yn, Re­
.\'ou.rces: Those civil transpol'tation faciiities, 
equipment, &nd services controlled or provided 

In preparing this che,,ter the Otlke r,f Emerg<'ney Trans­
portation (OE'l' I. Depnrtmeni r.,( •:'omm.,ree, WW! R&<lst.,.d hy 
the Inten,tate Commerce Commission, Bureau or Publle Ho1ul1>, 
Civil Aeronautke Bouu, F<'<leral Av!utlon Agency, Mur!tlme 
.\dm!nlotrallon, CoMI and GMdetlc Survey, Department or 
th~ Interior, Tennes8t.., Valley Authority, U.S. Army Cor,,s t>f 
Engineers (Cl\•11 Works), and St. Lawr~n,,e Seaway n~vdo1,­
meot Corporation. 

"Plpelln011 are treate-d In Chapter 10. Fuel ao,o Energy. 

by operators gemrally engaged in interst.0.te 0!' 

internationn.1 transportation; a.lso~ al-1_· cr~tTier 
aircraft and their related facilities, equipment.) 
nncl set-vices. 

lntra8tate (Secondary) Transpurtati.on Re­
w-urce8: Those ci.vil transporta~iJn faci.lities, 
equipment, r.nci servires provided ,Jr authorized 
For ,rne ;)rimnril31 wi_thin a State, 1.en·itory1 or 
th2 Dist!'ict of Columbia, excludi;1g !ti:' carr;er 
air<>ra-fl ancl theic reh,ted facilities, l:\qnipmeni_.~ 
iwd services. 

State and Hegio-nal Defense Ai-l'lifl 
(SAR i) A) : The program desi6·ne<l to provicie 
-fo:· the use during aa emergency d civi' air­
craft other than air carrier uiremft. 

War Air Service Frogram ( ·w ASP);- The 
program desig11ed to provide for the mainte­
nance of essentia 1 civil afr routes and services 
and to provide for tlrn distributio11 and re.dis­
tribution of air carrier r.ircraft. amoPg civil air 
tntnsport. carriers a,fter withdra..,..,nl oi aiI"craf( 
alJc.ea.ted to the Civil Reserve Aic Floot. 

Tr11"1i.<<poria.tion Operating A gen-Yies. Those, 
Federal i•.~encies having responsibili.1 ics ,;nder 
national emergencJ concl itioas :for Lim opera­
tionai direction of one or mon. forn1s of trans­
portation; they are also r'c'ferre.d !o as Fe-demi 
)fodal Agencies or Federal Transpor, Agencies. 

Supportin,q Resourres: ~Ianpc,·we,·, mate­
rials, equipment, and supplies ne,~decl to oper­
ate transporlat.ion systems. 
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ORGANIZATION 

Those Federal, State, r.nd local government 
r,gencies with transportation responsibilities 
comprise ~he organizational structure for trans­
portation mobilization. Their built-in readi­
ness would be relie<l on t-0 implement and en~ 
force transportation procedures and control 
systems. Slr,ffs of :he Federal tl'ansport agen­
cies wov1d be f..egmerrted by members of the Na­
tional Defense ExecutiYe Reserve. 

Federal. 
_: c1 ,·espouse to I ne need for an overaB con­

~rol agenc_y to fulfill t.he complex movement 
rnqui,ements of national emergency, an emer­
gency transport utio,1 organization would bi, ac­
hvah,J .1' It wot:..1<. be composed or an 
augment.id OET pes.cetime staff organized on 
,1, it,nctional itnd :nodn1 basis, and wouJd use 
CR[)ahilities of 9Jl 1)ther gcvernrnent agencies 
w1 [fl t rn11 SDOlto ( ion l'esponsi bi Ji ties. 

~.:ansportatic,-i orrern.liug and support Rgen­
cies wonld ;1rovide emergenC.}' direcfrm for the 
use or mo,h~s of civil tnrnsport and r£l&tecl ser-v­
i ces for w h i-::'.h tl1e:' 1t ""E'. :· ~s1 ionsi ble. 

~.:'he T ·~nsportatior, Alloca:ions, Frior-ities, 
rrncl :_'Olll,i"G Is (TA 2} C) Committee, E. suh­
cab i TJ.,-t. !tvel committee un<ler the d11.1,i_1TI1anship 
Ji i.he '.__Tnder Sccrei.a,·y oi Commerce for Tn:ns­
pm-la tion, •~•,.nsists d representatives of the 
t.,.r..nsportatio.i service agencies and of agendes 
1\'hich wonltl claim for transportation servi~. 

A,, e1T1e;:g1fo.:;y Lrnnsportation advisory com­
,nitt-i'/3 would ·be established lo advise i:nd &ssist 
OET. Jt would oe composed of selected ex­
perienced R~id recognized leaders from each seK­
mGnt nf the i:.ransr,ortation industry. 

OET has sight regions. Each would be 

·• '1:laewhe<"e ln tMB chn ptH, ''The Ofllce of Emergency 
'~'rnnsrort:at\on" (or "OET") denotl"S that Fe-dei"!IJ ollke (>P· 
erR tin~ du no~ 11eac.-tlme or lta emergency eou o te111art, the 
em er gen e.v tra uc1,ortn tlon wganlzadon 11.11 thorlzed tG Cllrey 
out emergency ~uncttonE.;. 

headed by a designated OET Regional Director 
who within his re.gion would represent the Di­
rector, OET. In the e.vent of isolation or a 
communications breakdown the OET Regional 
Director would fl.Ct independently within the 
liiflits ::if his geographjc jurisdiction subject. to 
e.:;tablished national policy. 

Regional representatives c,f thB Federal 
transport operating agencie.s: as weil as ar-39, 
t,a.nsport boards or committees, would !'OCJ3iva 
their transpm-tatio;, ::>olicy dir<>-..,cti.Jn and guid­
ance from the OET Regions.I Director, subieet 
to policy direction u.nd coordination of the OBP 
Reg;onal Di~-ector. 

St:..'tio an.:i Local. 
St.ate and local emergencs tn!.21sport£.tion 

organizations would consist of tra:i.sport agen" 
cies at those levels of go•.'ernment. which have 
functional or modal :'0Sponsfoilities for water 
(including inland watm-·wsy}, rail, 2not0r caJ"­
rier, or air transportation. These agencies 
would be organized ns determined by apfropri­
ate St..'Lte and local government officials a.nd 
wouid be staffed by qualified representative.so: 
iml.ust:ry and government. 

Civil aircraft other Lhan air carrier aircrr.Jt. 
are organized under the FAA State and Re­
gional Defen&:>, Airlift, P!a.n for the continued 
u£e of these aircraft in the national economy 
durfog an emergency situation and for provid­
ing ade{lua te support. for di,rect survi vai •:>pera­
tions. 

Emergency highway traffic regulation would 
be primarily the responsibility of State high­
way departments, in coordination with Sta.te 
civil defense and police organizations and '.)1'· 

ganized users of highways, operating under the 
general supervision and guidance of the Bu­
t-eu.u o1 Public Roads ( .B PR) . 

RESPONSIBILITIES 

Federal. 
The Office of Emergency Planning (OEP) 

advises and assists the President in determin-
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ing policy for and coordinating the emergency 
plans and programs of Federal resonrce 
agencies. 
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Tiie Nationa.l Plan for Emergency Preparedness 

Executive :irclers Rssign i:o certR\n agencies 
.;;pecific responsibilit.ies for pla.nning emergency 
transportation preparedness p:rogrr..ms. They 
are: 

• Department. of Commerce., E.O. 10999. 

• Interstate 0:-,mmercB Commission1 E.O. 
l:!.005. 

• Civil Aemnanti~s Board, E.O. 11090. 

" F'aderr,l A,"iation Agency, E.C1• llOOS. 

-11 Deparim,ent Df the Interil)r, E.O. 109\n. 

"' Tennessee V.a11ey A.11thorit.y, E.O. "!. l095. 

Under m:J.iona1 :lefense emergency condi~ 
,.imls, by cl irection r:-f the P resider!.t. ancl. subj ed 
l_'J t)olicy gnidarL,:.e from the Dire-do, of C,EP 
c>r it.s snccesscr agency, the .Secretary of C.:orn­
,-!1erce ·would implement. c.ont.rol systems gcv­
,_rning the use o= dl ci•.·il transportn.i:.ior, a.nd 
~;1e nllocat.ion of i.ts capacity to meet essentinJ 
~ivil and milita.ry nee<ls.* These responsibili­
!ies would be ,cdeiegRted by the Secretary b 
Lhe Diroc.tor of the Offi.c(' of Eil"!ergency 'l>a:ns­
~ortation ( O:E'T). The Pr-csident. wouicl ,Joo 
•Jrder- Federa1 trRnsportation agencies to c:u:1·s 
811.t their p1nns in consorn1.11~e with o-,,erall pol­
icy direct.ion of the Secretary of Commerce. 

Depwrtnu,"nt a/ Oomm1,e:1'cc. The Secretary 
-Ji Commerce, tl1rough tlm Director, OET, 
._,,ould prornv.lg:ti:e plans1 poiicies, and proce­
r)ures for control systems and. would pro·,i<le 
administrative facilities for the performance 
of emergency transpol.'tation :funci:.ions. 

Trnn-8po1'ta.tion O pera.ti-ng Ageru·i.es. In. 
consonance with ORT policy directives, h"l'l.llS­

portation operating agencies would act in their 
respecli ve a.refl.S as follows: 
8 / nterRfri.fe Oonwierce Oornm.i.~8ion { / (' i..7)­
cail, n10t.or, and inland water carriers. 

t- Ci,, il A e rmwidics B oa-rrl ( ('AB )-d orn,~.stic 
r:.,Hi inte.rntttional civil air transpo-rtafr:m. 

of' Federal A. vialion Agency (FAA )-N ationr..l 
.\.irspace System, civil airports, ciYil aviat.iclll 
opemr.ing facilities, and civil aircmft. other than 
air canie.r aircrRfL 

• Maritime Ad-1ninistraii-01; (,VarAd)-ocean 
and Great l..i1,kes port,5 and c-celin shipping. 

•E~!'lent!al cl.-!\ n.n-il military neet1$ !n~lu(ie at<Jrui~ ~n<crgy 
n nd nat!{>na\ acronau I.ten I aur: apaee prc,g-ro.m~. · 

• Bureau of Public Roads (BPR)-highway 
and street. systems. 

• 0 E7' Air Carrier Di:VMwn----civil ai!" ca.rr·1.er 
air0rafr. 

S·upport Agencies. Federa.l support agen­
cies and their areas of responsibility a,13: 

e- Tennessee Va.lley A~dlwmy (TV .6.)-Ten­
nes5ee River nav-igat.ional system. 

• Coast and Oeodetic S•it·r·ney-ti/oronautical 
r.nc! nautical 6.1,.ta. 
.. St. LrLwrence Seaway Develo·pnw-ni C'J1"pcrr·ar 
tion----soctional .aavigatic,.na; systerr.e o:: U·,e St. 
Lr.··,--rence Se11,way, 

• U.S. Army Corps af Engin.eer·s (Oi-vi3 
W o-rks_) ~waterway JU\. vigationaJ fr,ciliti-c.S. 

• Deparl1rrMnt of the. lnie-r-i01'----p-21i:,1·-olellill 11n.:: 
gas pif)eline. facilii'.".ies.* 

A dvwory C om.r,i,i,t'.lees. The TAP AC Con,• 
mittee wov ld review pc.licy 1md niake r<c-::•,or:;­
mendations on allocationsi prior-ities, s.nd ~or..­
tro ls for civil tranS!_.1ortation. An omergency 
(:rnnsport.adon o,dvisor,v committee wouid ad vis-: 
:·he Direc(·or, OET, as requi'.'.'e-ct, or, rru,.~ter-3 

affecting· !.be t.rnnsportation imhstry. This 
eori1inittee would also -faeilitate. i\tdust,-y co­
orr.furn,tion '1.nd understr,nding o:f emergency 
tra.r:sporl.at.ion polic.ies and procedure;, 

Regi-ona1 Offi'.oei. Fede.ml policies a.!lci rir0-

r,:,d11re.s wot:lci be disserr.inated and mor-,; lored 
in the field through rogional offices nf the rf!~ 
specti V':'. transportation age1,c.ies in accord.a.nee 
with their own practices anC:, ::irgllniz<J.tiorca] 
st.ruet.nre.. Authority 11,nd rooponsibilit.:/ w-o;.;ld 
be de!Bgated to them, subjoct t.o ~er,i:.tal\r.e,ci co­
ordinat.ion n.nd policy c.irecti,:m. 

T n i.ho eve,,t. 0£ isolation 01 a ·orei!.kdc1wn :r1 
communications, t!1e r;r-imary :·esponsibili~y for 
development., cl isseminatiofi, and super,·risior cf 
P e(-i eral transpvrfa ti on poi icies wouk', shi it t •::::• 

tbe C"ii:T regional -representatives. uwier snch 
coml if ions, the regiom,l offices would c.ontini,0 tc 
assist State and local gm·ernments rm<l ~ilitary 
Hctivities with trnnsportftcion matters. 

OET Regiorn~l Dirnctors, m,bj oct t,o poHc;i 

direction and coordination by app:r-opria:.e OEf 
Regional Dircdors, would Rssum~ pvlicy direc­
tion wit.hin tlwir regions with res;;c~t Lo oYera.ll 

• Bee Chnpter : O. 
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intersb/e civi! t-;_·anspo:rtr.t.ion, e:rnept for air 
cac"rier !lircrnf:, daring ;_)Ostattack periods of 
communicati'.Jri. breakdown with OET National 
He2.dquarters. 

D1ll'ing sue;, periods OET would receive in­
'orr,,rJior. a.nd assistance from appropria.te 
{)CD Regio,ir.i Directors on i he oven,;} civil 
-Jere:1ss si~uati:,n, togeth,2,::.- w;t.h ;oecom:-,18nda­
tions a ty)·:.Lt L.l1t ci •.T~l deiense ~1et.ds o! geogra. p}-i:2. 

~ re&s with I,i ;l;~~ir- jc.lrisdicti on. 
i~,. s1:c!1 j·rn~::: rcpresentRtives c: Fec1 erRl 

rigencies ei1<:rgsd with opernti,::;r,iJ :·<c.spo,wii:,il­
; i_.y £or s~~ .. eci Re modes :=1f ~.! .. ans:)cr~at1"Jn \.-:-•cii! le~ 

,,~;S\E'e ~'.·!~~ I he.SB 1,10des C•::>rn pl7 ·.vi:.h apr ;'or,•i_ 
~~t.B '.;:i·12~ntrec'.n(>..SS prohTfl.n1S:, ~ncli.JC :~~iJ- •!.7'::_er­

,~~·en,~y -1 ~T~!1Sporl:ati,:,n I·e.source ::,r,)grP-,rns bei'.lf; 
.~f~i·;·ie{ 1 c~ [·~:.:/~:;tat.es and 1,J{~~J}t:es. __ i\.J~tio11s .Jf 
·>,, 1:?-E'-6 ·-~ .. ;1re-.seJ~t.r. ,\i-:.re,s and. ·~·1f any ~110(~ P.. I ;::>oa rd., 
,_.J1~1~11: 1 

• t+, :>c- ,gt·)np shvt.:J3. :.Jt.; il-1 ::on.s•:11~t ... noo 
.~·itl- -~ '.·::\-;1 .. ~"'.! po~ich~s :-!.ni-1_ coc,rr_j:ulte::.l: througl., 
··.>~ :, !J·i~j•,.-,1-. ~-:LLE {~·".'3:T re.g;cnri l '.'3!:res:?.r~l.&t:7e. 

"--.:.2.:;. 1L1•,(. ,ce&l i.·c~'e: .. r;.1ner<,S Tt11~1Ct ),~ :'2, .. 

sr,0:c_:~'. _.•f~; ,.-0 •' the. ·-;rnergency f.:ii:llizH,t10n c;f 1·n.­

. ,·n,st~.+ c .,1'~;·1s])Qrt.~. tior1 f~so llJ~~.es~ Sl. :~1] -::-ct tc• 

~"~GE, 1 ~· • ,o~i,:.:-;.:.s r.nc~ nnL>;na: c.o~L:c1 2yste1:,3. 
.. ~'.!-11.l ::. P ". 1< 11.)~n.l Rl.:,:'J;r:,.titie:: -..-.-.i.-::.-1.-! (: c1,:,ordir1.atc. 

2:n1t1ir~~·,_~nc.H:.S. '\;·-n1;:,~~, t:~:r ·,1se, 31_1ch trt1.nfpo1·C be.­
-:r.J:-, -=:,. ::{~ t~rst.afr, :.c.:.,1di:1a~ .. i•0n ~~\7ou1ci !::,~, ac~m­
c b11<'(J (.'1 rot ,II ~.,f. 221c,1 ::,;i~ 1 Di;--flcL::i':' of ,.) 8'I. 

.-.';-,2.f,3 Srntc1 f•,1d ioca: ,,uthur·iti':.'R -vith r.s-
2~slb.1•.;~r.. f:.\')C,1 .. L~~ c~E'T ;~Late. rep1~se;it1•~i7~, 
,,,m,'.t. r,lso C:(wdor, :~{Jui ,·~1c1m,ls :or adoitiona1 
trr..ns::" ..... ~nli,:~r~ J.11d ~~rt>,senL rJa.i1ns tr, Lhf~ ap~ 
'~'';F;},<". :)ET' R-igional Ih-rect.•J.'.' br s11ch 

:3,r..t.e R,Hl ioca1 go·.,~rc1:11Bntc; wmild com;J:y 
\vi .... 1 ·J1~ec~cral co;iir01 1neMsur~s to provide t~S·· 

:,ist.a,1c2 in ,:ssu:·ing thni essentiid i11terstnte 
2,,rl foreig:1 ;no-i·~me1.1'8 we,·e not ,,ncln!y 
i 1: ti,rru pte,i. 

Fostuttack; Stete and iocr,l officials work~ 
:;etermine the r'::'maining capability of ai1 modes 
of intrastn.te L~nspm·tation and apporlion this 
capability a,,1ong users sc RS 1:o sa~is:fy the ~sser:­
tiai reqnirements of both State ancl ;:-iatior1al 
recovery_ 
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1n the event of a breakdow:1 i:1 commL1 T1ica­
tio,1s er area isc,;i,_tiori_, wnen the a pp·o!: ri&te 
Feci.2rRl representativ1:: responsible foe the 2;on­
•lroi system d a pa1·ticular mode of Lc·ans­
poctation 'l'\'€:re no~ :l,\•aili:.ble, the Stats ·w0uld 
Rssume ,espons:bilit.y for the wnt.r•l system 
of the affected mode withi11 the b01.mditr;2s of 
·dint St.fl.le., •2,xc]\.lsivt Gf alr ca:·rler airc..rrtft. _As 
corn;11 1 inicc1Lions \,-rere !~~stvrfj<l Hnd a1.1ch ~e~T~·c­
senta1ion oecmne a,vailable, ihe ccr,1:.rol system 
of suet1 lrz_:-ispm·tation ,vou.16 revert to tt".e :·-2-
~~:..:•Jns~ble ~..,e,cie~r~; pe~)T'2sentRt1·ve .. 

,.:.;arrie:·s and U .-,.f:-rs. 

T'rans;~ 1)rt3 t~,:·n es.~r~e,~ :,'i':)t!~d be resr:10Ls~~ ie 
for o~>erat~~1g t.nei! fn~.::1L!es so RS to prc·ri.d-o 
1'he ,·1-dtxirrurt.: ?ossiblese~·• ... ~c-... ~ \'•.~~tt1i:n T.h~~r ~npa-
1::il'tit.::s tc h~ 1 R.U ~s&::nt.irJ r-e~c~s i~s sps~iFic, .. JL LJ'!{ 

a 1Jp;·o~,;~i2.t e. go~.'e.r·1~n'::;;'l L : ... ~~ t· l.orltie.s T}1 ;3 i:L­
c l t"' ,:.;eE: :~t:·,~·: ~ ir~ uii y c i _1:h.r,n.g'2.Jl!•2;1"r.l" ~: :·c!'·2c~i11g­

~Jersc ;_yi:1,21 hlld ir..c~ r tirs~ CC,L.se.~·,.1
~ ng ~1; ,.-, ~~ri 8S, 

~"e.~r~o1'1i1 ~- da1~0..gecl 1:~~t"-:.S n1,_(; .l.2rT~,-~~-'.tJ~:\ ~·~ 

~~cu~.i:1g) '~~·:Jr:.n_,~~1T;.f:{ O!' ::~~~i~•r~:· 1 111g ::I_J':';ff-~,'~j::ir1s, 

tlJ.1(1 3ec1:~·:~1g ·;i~C~SSf~! .. / 1_rJH 1~· __ ,'J•ser: ·~ri(~t~~._!°if~~S, 

and 3a:rvices . 
1JsE1rs :,f t.:--1:.~1spr:::.'~aLi1.J1J. li.J.~c'.. :.~>:>~10/s._ 1.:.:_­

elu 0· :11g govsrn·-nej-: i. ~ge1:ci•3S) •;:rculcI :ie ~·e-
sp-:,nsibie .. ~8!." t.!1e,i:- :Y•N~l i:ri.t2~~L,i-: ~-~ ... f?nsuor· 1 ~ •• ~~VJ1 

-::;r,,...cecJ' .. 1Tc',S ;~.!!.cl 7:7C•L:1d h.~"r~:p· £{.'6 d '.-;-_·ect}~·t r?it.t 

lllOYl3!11e,tts. 

:Fe<le,·d tcger:c,es, a.cs1,1,? r,.s claima;-_,ts ror 
~rf.nspori.at.inn, wc11·1c~ irfor;,1 the :t ;;pnm :·i~.te 
O.ST ,::,ffi~e ci:' their ,~timated pen~c 2.nct Lime­
p,iase<l fot,1 ,1o rN-;u.ircments i'<J:' trnnspr,rli,~ion 
ssr·vic;;;s P.ncl of ;i ny sp1-> .. .cifi.c cl!tims ·weiich ~e,quire 
sptci2.~ c.rr~~ng:e1!1cnta C1]~'-'~' ·would use iJroad 
:~c;i:·c1me!!ts ;)rw1ietion.s 2..s r,ra.ffic :-::,,-e,.,~:,t.s in 
p:n.nning or;tim::;e. dist!·ibi,t.ion :::rf t;rn,ns!.0 1:-,·~ ~8-

sou rces aa<l in dd:.,·mining specific r.U0ct.t.i0ns 
for tnu~sport.ation cupr.citJ. 

Y\11ere shod:.ages of t,unsport.tiJion ser,rice 
:»x:sted, Federal dairns would be submitt€.6 to 
the ()ET national or regiona1 office, as •~vntli­
tions clictatecl. Stahc- ar.d local claims woll 1 d be 
submitted to the OET regional offices. Detailed 
procedm·es will be set. forth in the Transporta­
tion Allocations, Priorities, and Controls Man­
ual to be published. by OET. 
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?he NatlorW,l Plan fo 0 ' Emergency r~~eparednesr, 

FEDERAL FUNCTIONS 

Otfice of Emergency T.ransportl!tiorL 

OET would develop f~nd di:-ect tlrn trs.ns­
?Ortatiori policies of th6 ,:,~edeml Gc,vornment 
so that all modes o:f civil transportation would 
be used to rirovide a, unifir;d syst~M responsive 
l:c tl;ie 1rnt.ional emerge!1cy. To do t}·,is, it woul:i: 

• Receive, assemble, and analyze ··&";uirements 
from all claimant r.gencies _ for mo 1;erne.nt cf 
passenger and freight traffic o~ dl i.n,es and 
7ntegrate these [·eqnirements v,ith 1,E forms ,Jf 
1rntional and interna1iornl civil ~n . .1si1cr:.r"t10,1 
s_ystems. 

• Dete,rmi1:e the adeq1!acy o.f th-::. v~ -;,:,l'S modes 
fc, provide lhe r,~qu: red se,~,·ice. 

• Ailocate Rnd apportion, by mode, rhe t0tal 
-:,ivil transport.at.ion tesources to ,11eet "·'",mil es­
sential rivil an:l mili~ary ne.eds. 

• Estnb;ish and iristitute, ns nr;cessicy. ,·omrol 
systems-including nJlocat.ions, 11ric,r:,i2s, pes­
rnit.s1 suncl ions, l!Dd arnbi1rgoes-to f1 .. ~~S•.-1 r_·s op­
: ;»nun uoo of ci,·il tnrnspo:·tntion 2_:,st~,-,s ano 
: .. heir supporting intrnnsit storage f' 1c~ vr ,·e­
housing fa.c.ilit.ies. 

• Develop procedures designed to 1rn:::i1:1ize the 
·noYemen!, ,~11pabilities Df !he exis'.ine: t;.r.ns­
pc;·tat ion equ i ;iment. n nd facilities. 

• ·~'ollate the individuai 11aack pfi'.ects assp,.;.-,­
ments prepared by t,hc.> modal age11<·1~s. 

• .Assemble nnd consolidate the reson ;-ce clEims 
of the severa 1 modal transport.at.ion ni.;··~nci<c>s in 
support. of the total transportation ,;y,-1.rm; act 

ns the Federd clrdmnnt agency for· these ngen• 
cies by presenting consolidated claims ~0 the 

appropriate. Ft>deral :-esource agency; ~nr,ily, 
when the resource rcllocations were.~ nrnde, sub­
nllocat~ these rernnrc-es to t.ne indivi,J:1nJ l,·ans­
;)nrt at ion agencie~:. 

" Advise on ;Jroposed or e:i:isting emergency 
legislation affecting transpol'tatim' anc; recom­

menll ,uiditional emergency legisln t,ion as neces­
sary 01· ilesirable. 

• Frovide, as required, the administrat,ive fa­
cilities necessary for performing emergenc:ir 
:mnsportP.tion functions. 

Tra nsporfa tion Operating A,geni:!ie.;. 

Emergen'cy tnrnsportatioa func:,ions of the. 
t.t1tnsportati011 operating agencies v:onld be )e:-­
:formed in consonance with the JJl'erall noli.ey 
dirnction of the Director, ,:):ST. 

tnier8tate Com,merce C::nnmi.wi.o,i. Prcwide 
~-uic1nace. to tl"tl(~ ~,0nsult w]th ~1per-n.tors ,~~ :-'>i.:~­

road, ~noter cr..rrie.r, irdH~·~~l ~ater ~H.r:·;er, e.;1d 
/J1~bJic-stor~,~/~, j!1c:L~stries r..11c: the. Stt.t~.s. l 1 hjs 
covers: 

" :5";:,r :·1-1i];''.]HC 11se: c~dl.1Glio1, c): 1/U~i~t:-.·~~l)~i!ty 

to 0'1E'::ny r:cLivil,y; '.l'f>iJ'tilI~Fl1C.ii c;,_;~i,·,g e.,:, 0
.''­

gen~y perio(\s Hnd restorat,j01! n cte~~ er•e(~--J ae-
1l,ian; upr:-.ra( iOT'.1 i'.I tl ~-ing nn t ioria: ~l:-1E:-(~8\-1C.if:.~i. 

• ~·or tj10L1J,, ~.EI'J•-!~1· 11s2: reetPCt,ii)il -1 1.: Yrl~1ei:-­

ab~1ity ~0 enern:/ acli•.rit~;·: :):;e:T .. cic·d\ ji:·~cri:,~ .. 
(1_t~1inf 11at.ional ~l.1Tl2:·ge;1ries. 

• ?c.H· i11lt,TI(~ 'll'a~·e;r~\'a:" ~l}i~;c-~e;J.·_ ;; i1(~ st:i> 
,Jin~;: r~dncti.~,n :1-;~ T-"u·1n.~,!~nJ~:-,1~-~.: :)i v/n.:~r ~·.·r..:'._, 

~;n<1 (-·:'.t1ni11nl ~·nc·illties: c 1Jera~.i(11in~ (i;:•ecr:c~' c! 
~hb i11h!.ucl. -,.~-r:_te:·•xflJ1S L'.~r·~;1jJlP~ ?~1e:J~·1c~ : .H.1. 

~l·n i\, '-1urij1g 11nticnn1 ~'n1ergB11(-:~e.s. 

• .•. 1\ .. ssen1blt1. tL~v~101!•, U.c1<l ~Ph 1n~~~ ~!, fl'.~ }tpi1,~u­
p1iatt\ l'Pqlli'.•~-1,iIH~I~lf, :'-:-;r cL•rn·-~:.:tif• :.;11:.·2:t~·e: :~{~il~·> 

porn:irrn rc11d stc:·:tge j,, e'll('i'g·e,-,·i0s. 

t· ~stinu1t e a \·nilr_!Ji:ity o~:- f!~signcd r~~:.:•1 1 1_•:~.:::s, 
a(1:dyze. r12-sou1Tc r-sti111at,~s i!1 1~Jc1liv.1 ~c ?.sti-
1~1ate<J supp1y-drmnnrl re:n, i,,nshi ps, ,:,. vrk-1, 

appropl'intic rel'.0111mend1ui.:.>ns ancl [H'O~Jams 

foll0wiHg thes"' anaiyse,;, nnrl ,,rrl'·i.le r"'.n,1~ 1l!W 

assistan,·e f'm· naiional 1·?so1rrrP ,•1·,!l11nti,JP1 ['lii'­

poses. 
• Claim i'e501li''.'t:, l'P<piir,_•.-l io cpe,-,,,, t!rn do­
mesti(' surfaro transpocinlion ,1et,.1.·:wk (px•:C1'.,r 

hi~!lrn·ays, highw:1y fneilitie,.; nr,<1 i11lnn(, 11·1, :0 ,'­

wa:,- n.wigationnl fnf'iliti<>s). 

,. Alloe1•te the use of G.•mcsiic ina:::-rstat,:, ',ill -

foce ,i-nnspo,(ati;m nn"1 stsrnw.' tr, opern(c,;•;: 

nnd nsers· ndn1inis,ec priorities ;;:ystems as 
no.ce;.;sa!·y !n assure the mon•m:>nt o[ essen,'i11l 

frei1rb I and passenge,·s. 

• Coordinate. and dirret. with n[>p,·op 1·i:- ,e pi·i­
vate transportation imcl stor:.ge O!'gl,niza~io,1s 
and associations, trr.nsportation a1w1 storu,,:re fa-
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ei}i~ies for movi:,ment o!' pa,ssa'l.get and freight 
t-rr.ffic on interst:,te. syslems. 

• Anulyze the operatic-nal conditions nnd ca­
pa,bilities of the domestic surface transporta­
tion indust,7: help alleviate chemical, biologi­
cal, and rn,liologicitl ( C,BR) rontamination: 
itllay conflicts between mt1jor shippers r.nd 
overeome hoi"t len'c'eks: effed conse rrn,tion of 
material tlnd m1rnpower facilities, equipment, 
and suppiies; and r~,gulate, as cequire<l, foe 
operation of stomge, indus(I'ies. 

• Salvage. and n•hnbilitnte domestic surface 
ll'ftnsporta~ion anc: sto:·ag-e equipment: :rnd fa­
cilities, indudii1g: c~ec-OI1tamination of termi­
nals, l'ights of way ( except highwitys, highway 
facilities., a.ncl inland winerway navigntionnl 
faci1ities), equiprnen~, nm'. shops. 

• Make maximem approprir..te use of existing 
nonm111rnry faciiitie,5, technical competence, 
and resourr.es of Fedi?ml, St:lte, 1oca1 and non­
governmentf.l organizations and systems rn­
g11ge,d in ,lmnestic sud'aee tmnspo;iation nml 
storn,~, foeilii'ies, to rmmwte the effecti\'e alld 
sftfe nse r:nd maintenanee oft ,•anspn,·,a,·ion fa­
cii;ties, l'quipml:'nt, and sen·i('?S. 

,. Assist ir: cflrrying C'lh rn•,tionai pl:rns for 
stockpiling S(Tategic nn,1 rritie? l r:rnteri~,ls itilU 
items vitn] to domestic sur:!'itC'2. tr:u1s,)o•·tation 
and storng-e capn ;;i]ity. 

o1s Coopeni.te in dcveler:-ing n..-1.1 ional economic 
stabilization policies ,ts they affect clome,s;tic 
su:-face trnnspori:R tion f<ncl storage programs. 

~ Involrn p]n,r,s nnd procedures for fi.nnncinl 
r.i1d c,.edit. 11s:::ic1rance ro domescic surface trans­
;io:·:1thon and .,ton1ge organi~;ations in need of 
Rssistance. 

•- (':,y•dinate j0in1 actions of emergency do­
me,.( i-- snd11ce transpor(·a,ion and storage ,Jro­
gnt'T,s ')f agencies assigned n·sronsibility for 
any 3egmer,t 01 such acrivit.y. 

<1 Provich ;'·.~ "111erv~ncy management and 
pos,,1'_':i,:·!; l,-:i ~,£ Ri!:' carrier aircraft in the 
rn1<iate1<nHce o: the. 1Na.;:- Air Service Program 
(,i'ASP) iri(']uding· emergency management of 
tirn ·:;i;7 Agp Air Priorities System and admin-
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istration of controls and priorities of pnssenger 
and cargo mc-rnments. 

• Assist FAA and the Department o-f Defense, 
as appropriate, in assessing the effects of attack 
on air carrier 1tircrdt. 

• Assist FAA in determining resource require­
ments for Vi~ASP. 

• Assist F 1-\.A in salvaging supplies and equip­
ment for·, and in restoring or replacing, essential 
civil air carrier aircraft and services 11fter Rt­
tack. 

• Periodically assess assig11ed air tnnsporta­
t ioE resou.rces in order to plan for their USt, 
make supply-!·equi!'ements estirnatl's and de­
velop eecommendntions and programs follow­
ing 1urn!ysis, and provide data and Rssistance 
for m.timrnl resource evitlmttion purposes. 

• I1westigate the facts, conditions., and eircum­
stances surrounding accidents in civil tlir oper­
ations; determine probable cauSP.-S: and recom­
nmnd remedial actions. 

F'ede!'al A 1•iation Age1u·y,' 

,;, MP.intain opera ling continuity of the Na­
l ion&) Air-sp&ee System. 

• Detect, monitor, a.nd report chemical, biologi­
cal, and 1·adiologic1tJ hazards 11.t a11 FAA oper­
ated Rncl controlled fa.cilities. 

• Repoti. and analyze the effe.cts of attack on all 
aeronnntical fa.cilit.ies, including civil aircraft, 
civil airports and landing areas, air carrier op­
erations and maintenance bases, aircraft repair 
stations, commw1ications stations, and other 
grnw1d-support :facilities. 

• Provide for the emergency management and 
use of civil airports and of civi.l aviation oper­
a t.ing and maintenance facilities; direct the 
SARDA program for the emergency mftnage­
ment of civil aircraft other than air carrier 
airc-.-aft. 

fl Determine requirements and claim support­
ing resources to maintain or restore its own 
operating continuity and that of the civil air 
transport· system, including CR.AF, 1VASP, 
andSARDA. . 

• In coordination with local authoritie.s1 direct 
Federal activities, as required, for the emer-



The N atforwl Plan for Emergency Prepared-nese: 

gency clearnnce and re.stomt.ion of e,sential civil 
airports in damaged area...:;. 

JI nr-i'.lvm,,e A d,mdwi.8trati,1;rn: 

• Requisition or charter oceangoing vessels 
under t.he United States fiug or vessels of for­
eign registry under effective or oont:ractual 
United States control; ope.rat{' oceangoing ,es­
S€1ls under :\-far Ad control; allocaoo shipping 
tonnage and accept r.llocations o:f tonnage -from 
the },TA TO .Shipping Pool for support of na­
t.i01mi or international shipping prog-nwns. 

• Control forwarding of cargo to oeeun ryort 
areas where MarAd maintains control of o~ean 
shipping, cnordinate eonvoy plans with na,val 
authorities, and maintain statisticnl and intelli­
gence data on vessel movements. 

• Administer port. t.raffic priorit.ie.s and., in co­
ordination with appropriate Federal agencies, 
c-ontrol traffic through ocean and Great Lakes 
port areas. 

• Allocate :tnd, as necessary, rea.llocflte port8 
and port. facilitie.s, equipment, (indnding i111rbor 
serYice craft), and services. 

• Assign maximum qnotn of car-go ocean lift 
for each port area. 

_,. Determine need for port. development; <'O­

ordinate rehabilitation of substandard port fa­
cilities and development. of ttlternative port ilnd 
other water terminal facilitie., to me.et essential 
require.men ts. 

• DeterrniHe need for re.storing damaged or de­
stroyed ports and facilities m· improvi8ing ne,1· 
port, facilities to maintain rm a<leqw~te µor1: ca­
pacity; direc.t, coordinate, and control the ac­
tivities of Fedeml, State, local, and p.-ivate 
ngen('ie.s in sueh restomtion or improvisat i(}n. 

• Furnish current. in:formation on port eondi­
tions to the rtppropriate agency so it. 1·m1M Rp­
prow, n.nd issne block releases for \YJl'l hound 
t-:·affic. 

• Claim the supporting resources IH'led,~d tH 

,,rl.lT)' out emergency responsihilities for ocean 

shipping and ports. 

II) Provide a mea11s for administering the, mnn­
power anrl material nee.els of ,x•.erm shi"j)ping. 

Bwre11u of Pu.hlfo Road!f: 

• Adapt n.Jl improvement programs to meet. 
eme.rgency requirements for all high wri,y sys­
t.er:1s (and highways in the Federal domain), in­
cluding emergency repair or restoration, 1tnd 

emergency prnvisions of highways, Rtree.t.s, 
bridges, and tunnels. 

• Administer road prog;:-ams for d2.fon&:> a.r:­
ee&'l, replacement, and maneuvers. 

• Administer such ·foreign ty.-ograms a.s ;ust.i­
fied in the emerg:ern·,v. 

• Claim supporting 1·\;Som·ces requi1.,,,..d fo1· i,1j 

essential vrogrnms for public highwfl y consC.,.ic­
~ion and mninten:rnce, including urb:w streets) 
regardless of lirnmcing. 

• Com1net 1:ontinuous evaluation of hig-1-,way 
ueeds based upon assessrrnm"t. or damtJ.ge rrnd co­
o:·d inated with m1tional nwovery plans an:l 
prng-rams. 

• C'oml.twt. highway rnseard1 of im;ior1a1we m 

an emergeney, 

• A aa.ngc, i 11 ,:0open, i-icn w i ( h a p prop, i r, t e 
Federal, State, and lor:al govemmem 11J1ite, c,r 
other :,gen(:ie~. eoneerne.d, to safpf'.1rn.1·d am1 fa.­
cil it-at{' pub] ie high way trave.\. Snch anar:.g;s­
ments would ine\ucfo plflns and proce-<l1i~s for 
emergency highway f.1-affic ref..,11tlation and _fr,2-· 
barric11ding or marking stre<"ts and higiiways 
lending into or 011t of restrict~<l fallout ii.reas. 

• Provide, in C•)OJll'ration with St.ate or c~he1· 
highway agnicies, for the de.lt,cti011., ider,t.i.11eR­
t.ion, moni(oring., a11d l"epocting of rndiolog:c:1,l 
agents un li1g-hwil~'" i1nd highway faci!it,ie .. 'l. 

., :vraint ll in R capability i,1 <'OC,pern,.it>B with 
Si nte or •:>thei· h ig·hwrr.y n,rern'.ies i:o :tf,."'-e-SS the 
effer·ts or al ta,,.k pn h igln:ays awJ to ::'<'>~Xh ( snch 
:lsse,.ssnw11t.s 1c th0. Dep:1:u·tm~L: of Ocfons;?. 

., ?mvide ie-clrnir.::t! ,![t1idnnre Ln St:i\,,-s :;.11e"\ Ji­
red Fe<leral nd iv i ties nel a tin# L,: :~mngene;: 
operatiorml r2s-1J0:1sibiliti1:-.s ·w ;th :-especL ,, 

highways, ro1tds, streeis, '.:ridges, ::,nrneh-;, rsnr1 

ll ppn r( !:'llfllH'.l'S. 

() ET .Air Ca-r•rie,· L'-h•i.,ion: 

• l\Ja in,a.in an ill v1.,ntory o-f civ, 1 :,i,· l'ar ,_ i0, ,1.;r­

em ft and t he11· air] ift en pi>.iJility. 
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• Ev,tlua1e emergeney requirements -foi- civil 
:ii r carri0r aircraft sen ices. 

• Reeommend to t.he Di:-edor, OET, the allo­
cittion and real) :Jent ion of civil air carrier R,j r­
cm..ft in nccordance wit.h established policies 
and procedures. 

• Cooperuti' witl1 CAB in distributing r..nd re­
distributing civil aircrdt in iVASP among 
civil air caiTiers for optimum air carrier air­
ernfr suppor:.. of essentin..l n&ds. 

• Se-rn•, as the focr:1 point for United St.ates 
participation in ad.ivitie.s of the NATO Board 
for Coon:iiGation of Civil Aviali0i1 (BOCC.--1..). 

S!!pport Agencies. 
C'~rtn.in other Ferkml agn1c1es have func­

ticms ('Omplementary t.o thuse identifiefl with ihe 
trnnsportation operating a,ge11cies. They, and 
tlwii· service.s, are: 

Teunr,,~.~ee Vrd1cy Authority: 
• Coopernte with ICC the [ ',S. Army Corps of 
Engineers (('il'il 1,Torks), nnd t-h,~ TT,S. :·'onsl 

(r;;u,·,~ i,1 klf'ating rrod rem'.l\"lllg ri n~r obst ruc­
t i r)J!S :rnd in rebuild i ,ig or i''s'[nl iri nµ- ehnnnel::i, 
dw1u1el nrn !'kinp::s, artrl i nck inµ; l'!JU i pment on 
tlrn TenneSS!'i.1 Rive>r and its navigable tribu· 
~a ;_•1es. 

!I C'oc,rdirmtr. i he n,~e oi' fl,,_-minn l facilities 
n.long t.Jrn Tl'.HllN,sce 3i,.cer wn1erwfly with t{'r­

minal ope.rn.tu:·s 11 nd sh1i:>pers for optimum post­
c.ttack use l)f ( he river. 
5 .i\ssist in clw r.livrrsion of Tennessee River 

s;11ip:nf'lliT, flS r<!qui~·ed, to \and tnrnsport an<l 
vi,•e vers1, for 1110\·ernenl. to fina 1 de-Ast inu t ion, in 
('OUF'-'.ra,ion wi:h ICC. 

• (\;1:stn;d :rny 11et·e.ssnry fa.eilit ies i·o move 
g-rJods n1: (i :rwtt,ri al_c; aron11tl in opera! ive locks. 

Cu,1.1-t ,m.d Ocmldir· Rurm:y: 
" l't·cvi1_lc, nautical and :wrooaut.ical (•hnr1s and 
rl'lat~d ,l:11:1 , Ji 1 ! h~, •- ~;1it '-'f: States, its lerri !ories, 
ru:d poss,,;-:;;i,,"s t,·_, rne::t. militi1ry am.l <.'ivil na\·i• 
g-:1 ti o, 1 rPq ;; 1 .. ", n '.'n. ts ( exeept for Great Lukes 

n nr' inlamI w,) !eJ"'.'-'11YS). 

. : ConJ,:,·1- hydrngrnpliic surveys to locate 
wrecks ,rn,l other obstmctions in ports and 
c.lrn111iels (except. fo!' Grt>at Lakes and inland 
waterways) . 
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• Est1tblish emergency geodetic control for spe­
cinl•purpose surveys. 

• Produce special charts for over-the-beach 
operations and emergency ports as required. 

• Determine by survey methods t,he locations 
of emergency aids to air nnYigation. 

• Conduct special geophysical and photo­
grammetric surveys and pro\·ide data as rn• 
qui red for civil and mi I itRl')' use. 

Department of the !ntm·fm·. The Depart­
mflnt, nf the Interior has complete responsi­
bility for preparedness planning and emergency 
('ont rol of construction. operation, and use of 
petrolemn and gas pipelines. As the Federal 
r~sou rce agency responsible for petroleum and 
gas pipeli1ie- facilities and their use, it will pro­
vide. OET ffith data on the cnpacity of such 
pipPlines an<l the moremenr of petrolemn and 
g-as l hrough them. 

T}.,S'. Army 00171s of En_qineers { Ci'llil 
iFnrks): 

• Improve, restore 01· rnhni>ilitllte, operat~, and 
nmi nt ain components of federally authorized 
i·iver and harbor projects. 

• Locute and remove obsu·uctions to naviga­
tion; accomplish emergency dredging to dear 
and s1 mighten naYigation channels in harbors 
alld navigable. streams of the Fnited States, its 
Lerritories, and possessions. 

• Conduct hydrographic surveys and provide 
uanti1·al dmrt,s and related mwigational mate­
rial covering the Greot Lakes system, Lake 
Chnmplnin, New York canrt!s, the Minnesota• 
Ontario border lakes and connecting waterways, 
am.l inland \Yaterways generally. 

• Collect, compile, and publish information on 
the physical clrnrneteristics and facilities of 
rnit.ed States ports for the nse and benefit of 
na vi g-a tion. 

St. Laa.>t·e11ct Se,111Hly Deudopment Oorpo-
1•ot-ion: Constnict, maintain, and operate in 
1~uited St.ates territory the nocessary deep­
wafer n:ffigation works in the appropriate area 
of the Inte,rnationa.l R:,pids section of the. St. 
[,a wrence Seaway . 

Regional Offices. 

The functions outlined above for the respec­
tive national organizations would be carried on 

----
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at the regional level by their appropt1ute rep­
resentatives in the. field in the event of a break 
in communications and as otherwise required 
by their respecti rn national headq uarte~. 

Regional heads o:f Federal transportation 
claimant agencies woulci present daims for 
transportation services to the OET Regional 
Director in ~he event of a communications 
break. 

Field offices o:f Federal transport. agencies 
wmild consult dire.ctly with their counterpa:'ls 
at the national level or wit.h other regional of­
fices on appropriate mattet-.,;, 

In administeri1,g the emergency transporta-
1 ion program, transporuttion officials would be 
go,,erned by the relative urgencies established 
by OEP. 

CONTROL SYSTEMS 

Principles. 
Control systems in support of civil transpor­

Lat.ion would be initiated as necessary by the 
Federal Government in emergency. 1Vhen ef­
fected, these systems in the form of traffic moYe­
ment controls would be designed to assure move­
ment of traffic responsive to the nntional 
~mergency. 

The..se control systems, if reqnired, "''ould be 
used only to the degree necessitated by the 
emergtmcy situation. 

Suc-ject to such control systems, management 
Gf civil transportation would continue to be pri­
vately exercised, and the following basic prin­
ciples of management would be recogniz:ed: 

• Carrier management. of operations. 

• Dirl:'Ct shipper-ca-rrier relationships. 

'!I Traffic management. by shippers and ship­
ping agencies. 

Policies and Procedures. 
Rtqu.irem-e.nt8. Federal claimant agencies 

wo1dd be responsible fordelerminingand claim­
ing t.he transportation service requirements for 
the movement of that resource or funetion which 
t.hey represent. These requirements woulc.l. be 
in the form of time-phased traffic forecasts in 
an OET format :rnd submitted to 0-ET as an 
ofnci:il stn!e.ment of requirements. 

These requirements would be analyzed by 
G:i~T to identify potential conllicts, bottie:rnck~, 
and delays and thereby assist. shippers and car­
riers in deYeloping r. balanced flow of es..."'-t1nt.ir.i 
trnffic. 

f'apaMlities Asses.l'm.ent. The F e cl e r a : 
transportation operating agencies would assess 
the national transportation capability of inter­
state and international transportation systems. 

These data would be transmitted to GET, which 
would make a comparison of system capaibilit.ies 
with the total transporbtt.ion requirements of 
shippers and tnt ,,e lic>.rs. A et ions would be ta.ken 
to eliminate or minimize. any indicated shcrt­
ages. 

Detailed procedures for making rapid as­
sessmeats of postat.tack c:ipabilit.ies of the trans­
portation system would be developed by re• 
sponsible Fedeml transportatio11 agencies in 
coordination wi(·h OET. 

Transportation would have high priority for 
restoration, including its requirements for man­
power., mat.erials, supplies, and equipment.. 

Federal transporl agencies would be avail­
able t·o assist State nnd local gove.n1ments in de­
veloping their capabilit)' for assessing residual 
intrastate and loc:il transport.a.tion resources. 

All-0mti<nw. OET would alloeat.e civi"l 
transportation capacity to claimant agencies 
bu.Sl',d upon the individual agency's traffic fore.­
east of transportation movement requirements 
and the esbtblished competing ch:ims. The es­
sentiality of a claim would be. b:lse.d upon the 
OVl"-l'flll IHI tionn 1 obj eeti VE.'o"l. 

Al loent ions of t runsport at ion capacity would 
be used to commit. all m· n portion of the avail­
nhle civil transportation in support of notional 
defense. Adjustments of the, traffic -forecasts of 
8ome claimantR mig"ht be necessary in those euses 
in which thf:\ nlloeation would be i1rnufficie.nt to 
satisfy the daim. 

A lloeat.ions of transportrition equipment r..nd 
facilities would not, be made unless overriding 
strategic or other considerations warranted 
such action. The recipient of such an alloca• 
tion would have exclusive use of the e<Jnipment 
or facilities within the limits of the commit-
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ment and could suballocat/3 such assets to sub­
ordinate elements as nece.ssary. 

Prforities. Overall national priorities would 
be established by OEP. Civil transportation 
priorities would be developed and controlled by 
OET, based upon and compatible with the 
overall national priorities. These prioritiBs 
would be administered by ICC, CAB, and 
MarAd for the transport systems under their 
respeetive control. 

Priority for the movement of transpo1fation 
engaged solely in intrastate and local move­
ments would be administered by the appropri­
ate State transportation regulatory or control 
body or appointed transportation official. 

Chapter 5. Tra.n.l!portation 

Any person, agency, or organization initiat­
ing or making arrangements for movement of 
persons or goods by commercial carriers might 
claim a movement priority from the ageney ad­
ministering such controls. Any person, agency, 
or organization engaged in for-hire transpor­
tation must, when within its capacity to per­
form the service, accept persons or goods for 
transportation based upon a request when sup­
ported by a valid priority. 

Detailed Proredur'e8. Detailed procedures 
concerning transportation prioriies, embargoes, 
sanctions, and permits will be provided in the 
OET "Manual of Transportation Allocations, 
Priorities, and Controls System.'' 

DOMESTIC SURFACE TRANSPORTATION 

Mobilization Procedures. 
Emergency procedures are specified by a 

series of ICC "Transportation Mobilization 
Orders" (TM's) which would be implemented 
in an emergency by that agency. They are: 

TN-1-Preference and Priority for the 
'!'ra,1u,portatim1 by Carrier for Hire of United 
State.~ Military Ptr8011;nel, Acc-redited Oii,il De­
fense W orker11, and United SW,fe8 1ll ail. Re­
rinires that. each passenger carrier for hire oper­
r. ting intercity shall give preference and priority 
over all other traffic to militat·y and civil defense 
personnel and the United States mail. 

TN-2-Ra,il F,reight Em,ba:rgo-Appoint­
ment of a Perm:it A.gent. Requires specific ac­
tion and the observation of permitting proce­
dures by rn.il carriers after proclamation of ll 

civil defense emergency. 
Till ~'3-M otO'r Freight Emba:rgo. Require.q 

specific action by motor carriers after prochima­
tion of a civil defense emergency. 

TM-4-lnland Wa.ter1oay.s- Freight Embm·­
go. Requires specific action by inland water 
carrie.rs aft.er proclamation of a civil defense 
emergency. 

T11f-5-Di.rtpo8al by Carriers of Vndeli'l,er­
a.ble Shiipnient8. Provides direction to rail, mo­
tor, and inland water carriers when, by reason 
of enemy action, they would be unable to deliver 
commercial or military freight in their posses­
sion. 

December 1964 15-. 

TM-6-C'rmtrol of Railroad Tank Oars. 
Provides a central point for control of liquid 
tank t:ars and facilities. 

TM--7-Rermtting of Rail Traffic. Pro­
vides direction to ca1Tiers to reroute or di,,ert 
traffic over any available route when the rail 
system had been subjecte.d to enemy action. 

TM-8-Direction to Ce-rtaln 0-ver-the-Road 
Ji otor {7iwrier8 of Prnperty Rega.rding Routes, 
Di•vcrsion8, and Senrice to Certain De8Nna­
ti.on8. Provides direction to motor ca,rriers of 
propeliy rela.tive to diversion and rerouting as 
a result of enemy action and increases opera­
tional area of cRrriers to or from any attacked 
area. 

TM--9-Direction to Oertain Intercity Com­
m.on Om·rie1w of Per11mU1 bv B1111 to 8er1,e Ge-r­
fain Point8. Provides direction to passenger 
motor carriers relative to diversions and re­
routing as a result. of enemy action and increases 
operational area of motor carriers of persons 
at attacked points. 

TM-JO-Control of Motor Tran8p&rt Ve­
hicles. Provides a central point for control of 
motor transport v~hicles for operation in areas 
subjected to e11emy action. 

Til-f-11-0ontrol of Frei,qht Shipments to 
01· ,u,ithin P&rt or Storage AreaJ1. Requires car­
riers to observe specific conditions, places 
re.sponsibility on the Commission t.o develop 
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permititng procedures, and indicates certain e.x• 
ee.ptions. (The purpose of this order is tc avoici 
congestion in port areas ;md to 11ssure dfoc.tive 
<'Oordinat.ion of domestic surface t.r-anspor•,::iJion 
with ocean shipping in periods of natiomtl emer­
ge.ncy. _) 

Tili-12-lnventory and Di.9pmdtfon of Food 
and M ediro1 S·uppliR~~ Requ.iJJitioned by GolW'n­
m.e'flt in Posse.~.,fon of Rai'.lroads and Motor Ca,r­
rien;. Provides for disposition of food and 
merlical supplies in possession nf e11rriers 
t.hronµ:h the Dep:trtment of Agriculture and the 
Dep:uiment. of Healt-hj Education, and Welfaro. 

TJl-1:J-Cmdrol of Liquid Trqn~port 
V e88el,~. Provides a cent.ml point. for the con­
t i-ol of liquid t.rarn:port ve..c;,,~ls. 

Highway Use. 

The Federal Highway .Administ.nttor, BPR, 
hats i8Sued an orrle:r* effective du!'ing u ci vi1 de­
fense emergency to regulate, allocate, and pro­
mote the availnbility and use of all highwnys 
within the lTnited States. The order provi<lP}J 
that the Arlministmtor ( or such agencies of the 
Fede.ral, State, and locnl govemunents as he may 
designate) may as necessary regulate motor­
,:ehicle traffic using highways and make use o:f 
&11 ava.ilable highways deemed safe for t.ravel. 

Inland Waterways, 

TV A, by means of its damage R&,<>essment. 
system as well as com,nunictitions with 1he I•{a­
t iona I Resource ~valuation Cl•nter an r1 the re­
source agencies concerned, would effect specific 
actions in order to make the Tennessee River 
syste1n as navigable as possible. 

Tlw Saint Lawrence Seaway Development. 
Corporal ion, by means of its damage assessment. 
system ns well as communications with the Na­
tionnl Resource Evaluation Center ancl the re­
source t1geneies concerned, would act to make 
the 'i.Tnited Statffi-controlled sections of the St. 
Lawrence Seawny as navigable as possible. 

The. U.S. Ar1;1y Corps of Eng-ineers District. 
Jt:ngineers would perform witterway rehabilita­
t.ion and construction throughout the. United 
States rmd (except for the Tennessee River Sys­
tem) supply damage assessment data for the 
Xational Resource Evaluation Cente1·. 1-fan­
po,ver, equipment, nmteria1s, ::.nd services need­
ed for this work and for operation and mninte­
nance of es."sential authorized projects serving 
navigation needs would be claimed by each Dis­
trict Engineer through the superYising Corps 
of Engineers Division Engineerj who would be 
ciaimant ut the regional level. The Chief of 
Engineers would act ttS fl.Ssociated claimant to 
ORT at the national level. 

AIR TRANSPORTATION 

Use of Civil Aircraft, 

OET through its Air Carrier Division would 
allocate civil air currier aircraft to meet the 
needs of the Department of Defense for milit.ary 
operations (CRAF) and to the Civil Aeronnu­
tiC'.s Board for essential civilian needs ( ·w ASP). 

The Air Carrier Division (OET) would pro­
vide continuity be.tween the N.A. TO Board for 
Coordination of Civil AYiation (BOCCA) and 
OET. 

At. oo.ch level of government whe.re 1tir sup­
port. were assigned a mission, provi,;ions for 
obtaining flight priorit.ies under existing air 
traffic rules and appropriate priorities :md allo­
cations for fuel, manpower, maintenance, and 
ot.l1er supporting services must al80 be est.ab-

•BPR-THM-1 (F.R. Doe. 62-2755, March 21, 1062). 

lished in consonance with the OET policie.s con­
t.rolling movements at that level. 

Emergency Air Service Pattern. 

CAB would implement. an emergency air 
service patti:'rn through lVASP to provide 
transportation for maximum priol'ity traffic. 

Under WASP, provision has be.en made for 
• the maintenance of essential civil air route..; a.ad 

service.'> by distribution and redistribution of air 
carrier aircraft among eivil air transport car­
riers after all~ation of aircraft, to CRAF. 

CAB would issue orders. to provide the air 
enrriers, during the initial phases of an emer• 
gency, authorization and di1·ection for the per­
fonmrnce of essential air services. 

During :m emergency CAB would imple­
ment any further directives necessary to assure 
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, he continvlll"ion of n.i.t service unti i Sllcl, time as 
?:"i0ri;y iruffic requiremen~s cmll d be deter-
1,1 ine6 r.nd II Sll !)Sequent mdist l'ibu ti,,n of r.i :·­
cmft could be mad.i to implement a controlled 
emergency flir se1·v1ce progriirn. 

WASP Air Prioriti~s System. 

The controi and pricrity of passeng-er and 
cargo ail' movements operuting nnder WASP 
would L>1, im plern~n ted 1mcler 11Rtiona 1 plans. 
These incl ode.the Interim Ai!' P!·iorit ies System 
( OET-P-~) and the sncces.sor C.AB plan for a 
worldwide :-;ir p;·i:icities system. 

OET-P-1 would become 1:fi'ective upon dec­
ln.ratior. of a IU'.! ionr,l emerg:e,1ey by the ?resi­
r1ent and 1'he issmrnce, hy OET of implementing 
ci,in•c,tiv2s. Such inhwim procec1ores for· deier­
;nining rre.forenc-e RiHi priority of traffic moving 
!:,y t :•,e fr.,iJ air cnl'riers during the initia; eme.r­
geney period ·w011ld be. P.dministerert by eaeh 
ca:--,·ier- Rno wouH remain in effect untii super­
sedcc]. 

The CA!:, p;an fo1· n11 air priorities system 
i"o r.ssm·e foe effective control Rnd use of eivil 
air· t ran sn-m·t resc u rces of t he Nat.ion wov ld oo 
rscfr.,nle<l DJ ,:;AB r cl l'SURll L to !i ppi-oprinte 
iJ?;T directi-.,es. 

Since the emergenc7 11,1 r- se-rvic~ ;)a ttern 
·xo·J lei_ be pe!_·iodical1y u<lj ns1 ed to meet esseritial 
:.;-f, ff,c 1·':\c1,1iremon ts, f:A B 'N011 ;d mai~t.ain an 
a i,· p1·iority l rr.ffic s11 r,;ey to as.sure adeqm:.te 
cc,,1'.rol a.nci r:1aximcr11 utii izati.ori of ,\ivil air 
l.ran.sporl. resou;--ces. The s1nTey wou1d moni­
t·or tiie ?ow of priority traffic and provide data 
Lo R.ssist in ::eterr:1ining adjustments to t,he 
emergency air service p&ttern as needed 1·0 meet. 
;:,"i-'.Jrit.y i raffic dem11ndi=;. 

Air C&rrier Aircraft Management. 
~n aE emergency C:A B would be responsible 

'.'c,· the manrrgernent. of air c:u-rier air·cmft alk1-
1~n'.-e.{\ 1o it by the l)e11::rtmenl. of Commerc.e 11n­
rler the \VASP prog-,·am. •=~AB direetives 

woe kt be issued lo owners and operators of such 
niremft !o R&'ll!i'l" ;·hi.'. development and mainte.­
nance of an air trnnsportation progmm in ac­
cord with national emerf!ency transportation 
policy. 

CAB would use appropriate resomces of the 
Feden.l and State governments 1wd the air 
transport industrJ in deveioping "¼T ASP to 
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meet. ])[".01~ity tmffic recmirements w1de,· eme,-­
gency con::l.itions. Thti Bc-ard would, howe\'e,, 
,etain direct. mrmf!gement of ·~VAS? resources 
in order to assure tJrn mftintent:.nce of the p,mer­
gency air· sen'ice t,11ttern 1-e,1uired to meet the 
nat.iontd ciaimar..cy requirement 0n a woridwide 
b~.sis. 

WASP llfana.gerrwmt. The air- ea.rrien: 
would pcovide the a.etual -::;perntional manage­
-;ner.t ~'1::ier the emergency 1dr service patteI'T'. 
estr,hlis'.,ed ~,y CAD. The :),imary responsibiL 
il.y of othe, Federal agencies ha-ving an as· 
signo::,d inter<.;st in civil air t.ransport,ation wou:,i 
l:-0 (o p;·ovide. essent.ie.1 Sllpport. as appropr;ate 
to :11ainfafo co:1ti__11uity ,::f an emergency air 
service !)Rttem under 1VASP. State a,,.,d loCR! 
gove.r;,;nents would nlso ::,ro-..ids fl. 31~pporting 
role in :,ui.intaining iJOth intrast.at,e and inte,-­
state emergency air service under WASP. 

('lnim.~ /01· A fr Cn·rrie;• Airlift Service. A :1 
r.1airnants :or tmr.sportafr::.n priorities pr:wici&S. 
imder 1VASP in ftn ::;mergency woukl r.onform 
rD the rega:at.ions estt,b]ished by thE-.. CAB­
Vii.ASP .Air Prio,ities System. The peacetimE. 
cacier-shipp'3r :-elntionship wmiid oo rrrn.in­
tn.ined. 

Hoc! ;1 ~sts for air trn. r,spo,-tat.ion du~ing the 
i ni t.i al si ages o £ R" em erg-ency would be G. i ,·ect.ed 
[0 ti1e 11i:' ca.criers urn:ie.r ::-.t.erim priority reg,i..­
h1t.ic;1s set, :'.'orth ii: CAJ~ Orde.r ATM-2. Upon 
act.i ,.·atio:-, o~ the formal CA~-administ.e.rnC: ;i,.: r 
priorities system, requests for priority JJ..;r 
transpcrtation wodd be directed. ~o the :lef.resL 
Regional Air Priorities Control Office. 

He.~ource Snpport fo'r .Air Owrrier Ah·lifi. 
CAB wmild flssist FAA in the development o-'.' 
requirements for essen~.i1i.l resoure('.S needed to 
support air cnr:-ier operations and wouid sur:·­
port ',,heir submission to appropriate ::-ssource 
hianag1:iment authorities. 

('Zaimanq;. Ai,· earri1!1' cpern:.iom: roo_u.;re­
nrnnts for main~enanee, repair, and operating 
supp:ies (MRO) are included in the Defense 
Materials System ( D:MS) arrangements for 
securing priorities and allocations. 

Author-i.t.y for- delegRtion of priorities and 
a1loeat.ions of controlled materials has boon 
delegated by OEP to the Business and Defense 
Sei·vices Acl:ninistration (BDSA), De.pe.rtment 
of Commerce. BDSA has :redelegated part of 
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its authority to DOD, which has in turn clesig-
11ated FAA as an "nssocir.t.ed agency." This 
permits F .AJ_ to mtlke allotments r..nd to apply, 
or r.ssig·n to others the right 1,.0 Rpply, Defen!IB 
01·der (DO) rr:tings and ul lot men ts numbers 
for mnintenanre, repair, and ope!'i.1ting suppli'c"S 
for domestic and foreign commerce airlines. 

SCATER. 

"The Pl:tn for Security Control of Air 
Traffic and Electromagnetic Radiaticns" * re­
qui-;-es FAA and a pproprin tc m iliLary a utliori­
ties to iake specified joint act ion <lm·ing an ai,' 
defer,se emerge.ncs to etfe.ct security control rJ-:' 
ei vil ?.nrl non tactical mi1itary 11ircr'lft entering, 
cleparti;ig, or ;,1,:wing within the United StRtes 

or it::; coastal ap;Jronc11es. FAA wcuid effort ' . 
contrn] of sueh air mt viga~ion a ids and r.ero-
nan 7.icn l com nrnn iea t ions as 7n igh L be. !''c.q u ired. 

CiYil aircrnft would be grounded upon the 
rleclarn tion of an lli r defense emergency in nr­
cor(h.nce with the. 'SC' ATER Plan. As the 
sit u,H ion i)C"rm i Ued, air ctt rri er o pern tions wou lei 
be resmned in n.crnrchtnce with pri,i-rities estab­

lisher'. in tho plan. tl-rmeral avial.ion airci-aft in 
I he State n ml :Regionn l Defense A1rlifr 
(S,\. TIDA) ·Plan wonkl resume operations in 
support of Pssentiai priority activities nndiw 

the direction of apprnpria:e aufooriLiP-'5 its spec­
i ftrd in the pla:1. 

Additional de1 ails concerning the SCA TER 
Plan umy be found in the joint publication of 
1 lie Depa.!'t mPn t of Com mer re. and the De pH rf -
mrnt of Defense, "Plnn for Security Control of 
Air Tr:ilfk and Electromagnetic Radiations 
Duri;1g an Air Ix-Jense Emeq.rency," dated 
1fay 7, 1957. 

SARDA Management. 

SA.RDA would be activated by joint. or· nni­

lateml action of FAA rmct Sta.te governors ( or 
lheir <lesignees) in accordn.nce wit.Ji existing 
:, r;•a ngement s in ind i yj dual Stat es. Th is r l Rn 

nrny be implemented in whole or in rmrt, rcs 
necessary, lo fulfill nat.iorni.1 nnd Sta.te emer­
gency requirements. 

•The SCA'!'ER Plan Is under revision and will be puh­
Hshed under tile illlme of SCA TA:N A ( Se,,uri ty Control or A Ir 
Trame and A!r Navlgst.Jon Aids). 

FA A wmi ki issue g,ii'.:iel ;nes to rvoi.,i,:ie fr,-:­
t b.e use of State sviatizm organ'.zatioris tc man­
age other than &ir ea,rie:' r.ircrnft. resou:ees. 
The..-;e organizations v-·odd funet;on i,! prinmr_y 
eont.rol of these aviation resources under arr,­
ergency conditions, subject to the general 2i­
reetion of FAA if rc>q:1irecl by oven·iding F::d­
eral needs. 

The actual task of prcvic:ing ,:,rhei· Urnn Ill!' 
carrier airlift support. wot1ld b~ the responsi­
bility of aircrdt ow:i.ers, opemtus, ~frmer:, fl.P.cl 

airport rnanrcgers who pe'donn i.h•~ actrn,.; 
operating functions. 

Reqnest.s fer other than Kir cR1~ri~t' airi ~ft 
sl, 01, \ d he su brn i t.t ed tc thB emerg-eHcy trans­
port.a ti on rnthority at the SL~te er locr. '. ie1r•~:. 

Requirements for resources i11 btili tc snp­
port the es.<mntia.; ai rJ: fj_ i,, ,.,oi vi;1g other tha"'"! 
11;r ca,rier Rircraft would be ,~or,solicut~ by 
FAA C-1-enem: A vintion District Offices anc .A::r­
port District Offices for submissi01, to t;pprc• 
priate mam,gernent irnfrO!'ities ai. loctti, St.st.e, 
nad regional levels as ,-equired. 

Air Traffic Control. 

FAA would authorize tile use o! a,; rsna~:8 
upon re{:uest 1 doing so u,1der the cli;-ection :,f 
appropriate Air Defense Cornnmnciers. Dis­
patch of aircraft wolllci be the respoli.sibi lit:r ::if 
rr.i: i t!t,·.y comrn rsnders, air er. ,)·ie, of\ cia.b, ci . .,;_­

govern men~ officials, or priYate citize1>s pe''­
forming !lSSential wartime missions under legiti­
mat.e authority. Policies and procedures for 
;-irocessing ~.ltitude reservation an-:) other flight 
plans, including responsibiiities cu1-rently as­
Rig-iiecl to the Centrai Altitude Reservation 
Faeilit.y (GARF) and to Ai•· Route Tn1.ffi('. Coc1-
t.~o: eenters, would remn:n in effect l!nless 
modified by competent autl10rity. 

Rehabilitation of Civil Air Facilities.. 

0wners1 opera.tors, ,'.)r managers would re­
port. ciamage to civi: aviRt.ion resources, other 
thp,n manufacturing plant.s, tci th6 cnan.age,r of 
the nell.resL surviviag civiJ a . .:.rport. Airport 
nmnagers wouid consolidate such r-ep,:;.ct.E: re­
ceived n.nd forv,a.rd thes\':i to t.he nearest. sur--vi,­
ing FAA General Aviation District. Office, as 
well as to ru.1y local or a::-ea t.ran9port.a.tion M­
sou rce managernent body a.nd to Ioca"1 c.ivil de­

fense authorities. 
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Two general plans determine the level oi 
civil airpcrt re.storation operations. First in 
order of priority is the military plan to use cer­
tain civil airports during an emergency in sup­
port of military operations. Second in order of 
consideration is the civil plan to use certain air­
ports in support of air carrier and other than 
air carrier aircraft. 

Cha.pter 6. 'l'ranspartati.1n 

Aeronautical Charis. 

The Coast and Geodetic Survey would: 

• Maintain at selected locations up-to-date files 
of selected aeronautical charts, chart. repro­
ducibles, and critical materials. 

• Maintain cont.act with commercial printing 
plants for emerge,nc.y product.ion of charts. 

OCEAN TRANSPORTATION 

Shipping. 

In an emergency, Mar Ad would take the fol­
lowing actions: 
• Implement plans for assembling and analyz­
ing data on ocean shipping requirements. 

• Ac.quire oce.an shipping through requisition­
ing, charter, reactivation of reserve fleet ships, 
or acceptance of NATO Shipping Poo] alloca­
tions. 

• Through the ships-warrant system obtain t,he 
use of the ships of neut.ral nations. 

• Direct the operation of, and act to repair, 
provision, man, and hunker, oceangoing ships 
owned or ac.(1uired by the Gove.rnment. 

• Di red vessel movements and allocate tonnage 
to meet a pp roved requiremeuts. 

• Exercise forwarding authority on cargo mov­
ing to port areas and destined for MarAd­
controlled ships. 

Ocean Ports. 
Public Orders. In an emergency, MarA<l 

would publish the following public orders: 

• General Order MA-TPM-1-Restrictions 
Upon the Transfer, Change in Use, or Terms 
Governing Utilizat.ion of Port Facilities. 

• General Order MA-TPM-2-Restrictions 
Upon the Use of Port Facilities Without a Ship 
Warra.nt. 

• General Order MA-TPM-3-Removal of 
Export, Import, Coast.wise, and Intercoastal 
Freight From Port Area. 

• Dele,qation O,rder JI A-TPM-1-Appoint­
ment of Federal Port Controllers and Acting 
Federal Port Controllers: Delegations of Au­
thority. 
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Port Control Officer. To assure the free 
flow of traffic t:o, from, 1rnd within port. areas 
in t.ime of emergency, a local port control offi­
cer would be responsible for coordination and 
control of ocean and land transportation use of 
the facilities, equipment, and services of a port. 

He would make appropriate disposition with 
respect to general restrictions t:o be placed upon 
the transfer, change in use, or terms governing 
the utilization of port facilities and would 
otherwise perform the duties and exercise the 
powers \'ested in the Maritime Administrator. 

This offic,er represents the authority of the 
United States in the port and works in close 
coordination with Federal transport and ship­
ping agencies, the Department of Defense, nnd 
t.he local port, industry. 

Othe1· Emergency I'1"ocedures. ·with re­
spect to United States port systems and facil­
ities, Mar Ad would also: 

• Establish systems for receiving field reports 
and for issuing port. advisories on the status of 
port, conditions, operations, and capabilities; 
disseminate n, national damage assessment reca­
pitulation and evaluation. 

• Determine the necessity for and feasibility 
of the use of alternative ports and port facili­
ties; coordinate. and, as necessary, direet and 
control the use of usable ports and port, facili­
ties, damaged or undamaged; and direct the 
diversion of freig-ht. enroute to affected port 
areas to such alternative usable ports or to ap­
propriatt.~ interior- locations. 

• Cooperate with local public officials and civil 
defense 1igencies in providing emergency berth­
ing facilities and the use of commercial port.-
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operating equipment and port personnel for 
civil defense purposes. 

Materials, Supplies, and Facilities. 

In an emergency Mar Ad would: 

• Procure supplies and equipment necessary 
for the reactivation and operation of reserve 
shipyards and for outfitting new shipyards. 

• Acfrvate a priorities organization and obtain 
adequat-e priority ratings or allocations for ves­
sel materials and supplies. 

• Cancel leases and pennits for private oc­
cupancy of 11:a.rAd property. 

• Suspend all disposal activities except serap­
ping and salvage. 

• Contact manufacturers of marine compo­
nents to determine capability for producing or 
furnishing essential supplif"H and equipment in 
acor<lance with production allocation regula­
tions. 

• Negotiate with contractors concerning claims 
under prime contracts and subcontmcts for dis­
position of unacceptable repair parts1 materials, 
and supplies and for provision of lists of scrap, 
salvage, and unrequire<l matel'ials. 

Manpower. 
In an emergenc.y Mar Ad would: 

• .Activate, in cooperation with t.he manpower 
agency, a recruitment 1md utilization program 
for manpower needed to meet. the requirements 
of ocean shipping and for shoreside vessel 
operation. 

• Administer a uniform deferme.nt procedure 
to retain seamen aboard ships and to create and 
train a supply of former seamen and recruits 
to man vessels. 

• Activate the National Defense Executive Re­
serve units to administer vessel operations and 
Federal control of United States ports. 

Nautical Charts. 

The Coa.,;;t and Geodetic Survey would; 

• Maintain at selected locations up-to-date files 
of se]e('ted n.autieal charts and chart reproduci­
bles, excrpt for the Great Lakes, as well as crit­
ical materials. 

• Maintain contact ,vith commercial printing 
plants for emergency production of charts. 

The FS. Army Corps of Engineers ( Civil 
YVorks) woul~l maintain essentia-1 records and 
provide nautical c,hurts with respect. to the 
United States Great Lakes channe.ls and 
harbors, 

December 1964 
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APPENDIX J 

Par1 VI 

SIGNING FOR. CIVIL DEFENSE 

Section 6A-l Civil Emergencies 

The Office of Civil and Defense Mobilization has developed plans 
for the control of highway traffic under emergency conditions 
such as could result from accidental disaster or enemy attack. 
Particularly these plans are concerned with the possibilities of 
nuclear warfare. 

For the prompt evacuation of threatened areas, the program 
contemplates the advance designation and marking of "Evacua­
tion Routes." In the event of disaster there will be a closing 
of highways that cannot be used, a controlled operation of certain 
designated highways, the establishing of regulation posts for the 
expediting of essential traffic, and the provision of emergency 
centers for civilian aid. 

To guide and control highway traffic in an emergency, special 
highway signs will be needed. The signs here specified have been 
approved by the Office of Civil and Defense Mobilization and 
are here prescribed as standard for use when and where applicable 
in the civil defense program. 

These emergency signs will not permanently displace any of 
the standard signs that are normally applicable, and as conditions 
permit they should be replaced or augmented by standard signs. 

6A-2 Design of Civil Defense Signs 

For economy in stockpi)jng and in emergency fabrication all 
the special civil defense signs, with the exception of the Evacua­
tion Route Marker, are designed for a single size of plate measur• 
ing 24 by 30 inches, and have a black legend and border on a 
white background. The l:>ackground should be reflectorized. 

In an emergency these signs may be needed in large numbers. 
Except for the Evacuation Route Markers, however, which may 
remain in service indefinitely, they are for essentially temporary 
use. Consideration should ::i.ccordingly be given to their fabrica­
tion from any light and economical material that can serv~ 
through the emergency period. 

Any of these signs may be accompanied by a standard tri­
angular marker approved by the Office of Civil and Defen&e 
Mobilization for marking areas contaminated by biological and 
chemical warfare agents and radioactive fallout. 
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6A-3 Evacuation Route Marker (CD-1) 

If advance warning of enemy attack can be given it is ex­
pected that the residents of urban targets will be evacuated into 
safer areas. To facilitate this movement "Evacuation Routes" 
will be selected in cooperation with local highway authorities and 
marked with a distinctive marker. 

The Evacuation Route Marker shall he a drcular sign, having 
a minimum outside diameter of 18 inches, carrying a <Jirectional 
arrow and the legend EVACUATION ROUTE. The standard Civil 
Oefen.ie Symbol, CD inscribed in a lriangle within a ring, shall 
appear near the bottom of the sign, with a diameter of 3 ½ inches. 
The legend, arrow, symhol, and horder shall he in white on a 
blue background. At least the arrow and horder shall be re• 
flectorized. The arrow designs shall include a straight vertical 
arrow pointing upward, a straight horizontal a1·row pointing to 
left or right, and a hent arrow pointing to left or right for 
advance warning of a turn. The arrow may be a separate unit 
2.ttached to the face of the sign. 

The Evacuation Route Marker, with the appropriate 11rrow, shall 
be erected 150 to 300 fl'ct in advance of, and al, any turn in an 
evacuation route, and elsewhere for straight-ahead confirmation 
where needed. Tn urban areas it shall he mom11ed at the right 
of the roadway, not less than 7 feet above the top of the curb, 
and ai least l foot back from the face of lhe curb. In rural 
areae if shall he not lesi,1 than 5 feet abm·e the crown of the road­
way and 6 to 10 feet to the right of the roadway edge. 

Evacuation Route Markers shall not be placed where they will 
conflict with normal signs. Where <'onflict in placement would 
occur between the Evacuation Roule Marker and a standard reg­
ulatory sign, the latter shall take precedence. In case of conflict 
with a standard informational sign the civil defense sign may 
take precedence. 

Placement of Evacuation Route Markers should be made under 
the supervision of the officials having jurisdiction over the place­
ment of normal traffic signs, but coordination and agreement 
between contiguous political entities will be necessary to assure 
continuity of routes. 

6A-4 Area Closed Sign ( CD-2) 

The AREA CLOSED sign shall be used to dose a roadway enter .. 
ing an area from which a!) traffic is excluded pecause of rlangerouf! 
ra{liological or biologica! contamination. It shall be erected OJI 

thf! shoulder as near as practicable to the right0hand edge of tb,e 
roadway, or preferably on a portable mounting or barricatie 
p~rtly or wholly in th~ roadway. For best visibility, particularly 
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at night, its height should not normally exceed 4 feet to the 
bottom of the sign. Unless adequate advance warning signs 
are used, it should not be so placed as to create a complete and 
unavoidable blockade. Where feasible, the sign should be located 
at an intersection that provides a detour route. 

CD--1 
18" dia..,eter (blue) 

AREA 
CLOSED 

CD--2. 
lO" x 24" 

6A-5 Traffic Regulation Post Sign ( CD-3) 

The STOP-TRAFFIC REGULATION POST sign shall be used 
lo designate a point where an official post has been set up to 
impose such controls as are necessary to limit congestion, ex­
pedite emergency traffic, exclude unauthorized vehicles, or protect 
the public. It shall he erected in the same manner as the Area 
Closed sign (sec. 6A-4) at the point where traffic. must stop to 

· be checked. 
For emphasis the word STOP shall be in white letters on a 

black panel at the top of the sign, the remainder of the legend 
being black on a white background. The word STOP, like the 
white background, should be reflectorized. 

CD--3 
24" "' 30" 

6A-6 Emergency Speed Sign ( CD-4) 

'MAINTAIN 
I TOP. 
'1 SAFE · 
, SPEED .1 

CD--4 
14" x 30" 

The MAINTAIN TOP SAFE SPEED sign may be used on highways 
where radiological contamination is such as to limit the permis­
sible exposure time for occupants of vehicles passing through the 
area. Since any speed zoning would be impractical under such 
emergency conditions, no minimum speed limit can be prescribed 
by the sign in numerical terms. Where traffic is supervised by 
a traffic regulation post, official instructions will usually be given 
verbally, and the sign will serve as an occasional reminder of 
the urgent need for all reasonable speed. 

The sign should be erected at random interval3 as n~eded, 
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in the same manner as other standard speed signs. In rural area" 
it shall be m-0unte,J on the right-hand !!ide of the r·oad with its 
lower edge nol less than 5 feet above the crown of the roadway, 
6 to 10 feet froni the roadway edge. In urban areae the heigh1 
,iha!I he ,wt less than 7 feet, and the neare!!l edge of the sign shall 
he not less than 1 fool hack from the face of the curb. Where an 
existing Speed Limit sign is in a suitable location, the Top Safe 
Speed sign may conveniently be mounted directly over the face 
of the older sign, which it supersedes. 

6A-7 Priority Permit Sign ( CD-5) 

The PRIORITY PERMIT REQUIRED FOR THRU TRAFFIC sign is to 
be used at an intersection, at the entrance to a route on which 
a trnffic regulation post is located. Its intent is to notify drivers 
of the presence of the post so that those who do not have priority 
permits issued by civil defense authorities can detour on another 
route, or turn back, without making a needless trip and without 
adding to the screening load at the post. Local traffic, ,vithout 
permits, may proceed as far as the regulation post. The !!ign 
shall he erected in a manner similar to that of the Emergency 
Speed Sign ( sec. 6A-6) . 

. PRIORITY 
I P~RMIT I 
'REQUIRED. 

FOR THRIJ 
I mrnc 1 

CD-5 
'!<I" x 30" 

. -· 

I DECOlflAMINA TION 

I 

CENTER .... 
CD-6 

~(I" x 24" 

I 
.• 

6A-8 Emergency Aid Centers Signs (CD-6, etc.) 

In the event of emergency, civil defense authorities will 
establish various centers for civilian relief, communication, medi­
cal service, and similar purposes. To guide the public to such 
centers a series of directional signs will be needed. These signs 
shall carry lhe de1,1ignation of lhe center and an arrow indicating 
the directiou to the center. They shall he ereeled a!! needed, at 
intersections and elsewhf"re, on the right-hand side of the road­
way, at a hf'ight in urhan att.as of at least 7 feet, and not less 
than I foot hack from the face of the curb, and in rural areas 
at a height of 5 feet, 6 to 10 feet from the roadway edge. 

These signs shall carry one of the following legends, as 
appropriate, or others design a ting similar emergency facilities: 

DECONTAMINATION CENTER 

REGISTRATION CENTER 
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APPENDIX K 

THE SALEM CONFERENCE 
ON HIGHWAY 'l'RAFFIC IIBGULA'rI'JN 

IN EMERGENCY 
AUGUST 5, 1964 

TRAINING FOR HIGHWAY TRAFFIC REGUIJ\.TION 
BY 

Dr. Homer T. Rosenberg~r, Chief 
Training Branch 

In order to traiu large munbers of adulta, both employees and 
volunteers, quickly and with reason~ble thoroughnass it i~ ne~es8ary 
to organize~ instruct, and test, 

The organ:i.zing requires answers to auci1 questions B.B the followin5 : 
What shall the training ir,clude? Whera and when sha.11 it bE: g;!.ven? Sha:1 
it be a conce11t:::-ated week of 40 hours i.nstruction, o:- a series of Jlleeting.a 
over a period of several months? Who will instruct and how wi11 the 
instructors be trained to do this ?articular job? 

'The instructiug will require much ingenuity on the part of the 
instructor. He wiil need to find many ways to arouse the interest of his 
groups, and numerous ways to maintain that interest. He should discipline 
himself to follow hifl outline and the textbook on Highway Trafftc Regulatio:r. 
in Emergency which you are ?reparing. Throughout most of h:f..s instructio11 

' 

and e.spec:!.ally by the end of a coi..trae he should use various testins devi-.:ee • 
to see ~ow accurately anrl how completely eac:'1 group memb~r understands t:he -.ii 
textbook and the many pt'inciples and examples which it wi.ll. include. 

TI:e myth that a large majority of people who have beep out of school 
f.or a dozen or more years learn slowly and the additional myth that one 1 s 
lear.nir,g curve, i.n spite of his ,)W!l effo-:ts, drops off drastically after 
.s.ge 25 1::.ave often created a feeling of defeat among employees and tha:'..r. 
Sli;)~t--vi s or B. 

When conducting a course fO"r adults one can use to advantage wmy 
techniques of :.r.structiou because some people learn best by J.e~ture, some 
best by reading, some beat by use of case studies, some best by d,o;6pg 
(participatir:.g) as part of a team, some best by doing individually, etc. 

A.7y of us can avoid a flattening of our learning curve by taking 
or. projects t:hat are new to us and that cause us to st-::etch our stride 
a reasonable distance and reach abova our daily routine. •. 

Almost any employee aud most volunteers have the capacity to learn if 
exposed to a variety of instructional techniques and if they feel the need 
t:o assimilate the instruction to which they are being exposed. 

Perhaps most of you have fairly defin:i.te ideas as to how you will 
organize your respective training programs for highway traffic regulation. 
This morning I will focus on a few techniques of instruction that we in 
the Federal Government have found to be effective in the training of 
public employees. These techniques are presented here in the Co;;.m of ten 
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groups of suggest ions .s.s i.:o ho-r,,;· top Quality instruction can be achieved. 
'!'hey are presented in the first P;erson so that if you turn them ove.r to 
one of your instructors he can pick them up with a minimum of transposing. 

a, Vse chalkbo&r<l 

1. Ilse of the chalkboard forces you tu put action in::o you:­
instructing and gives th1:: g=-ou.p ai, opportunity •to see as 
well as hear. 

2. Keep the chalkboard clear., or c,~,vered if you place material 
on it in advance that )rOl: wil 1 use later, rather than at :.:h-~ 
beg!nning of your session. In such case, cover it with a 
large sheet. of ';..'"rappi;::.g ?aper- or an improvised cu:rtain unt ~.l 
you are ready to use it. A chalky smudged board &t the 
beginning of a session gives about the same impression as 
a littered floor, Nor will someone's hieroglyphics from 
yesterday be likely tc imp:::ove your instrt:cting. Erasing 
::he chaJ..kboa:::-d , · ;:ciug yoi.;.;: s e;ssion is au unnecessary 
distraction ~mless you are asking for revisions or are 
moving from one full board of material. to additional 
re 1 E!v ant. u..a t er ial that s h.uuld be pl ac e<l on the board. 

~- ·when you puc a tact, an idea, a sketch or & step-by-step 
procedure on the chalkboard you alert the group immediatel:>' 
to the °importance of tiiiB material. 

4. Wr:l te leg io ly, and lHrge enough t l' be seen readily by tr.e 
entire group; 

5. Uae wares, phrases, sketches, and numbers that are self­
expla.ns.tory. 

6. L'se chalk in contras t.iug colu~s when cu lot· will clar if:-'. 

7. Keep the message fairly simple. It is better to drive one 
poi::it home that:. tr.y to ,;over many points in one chalkboard 
presentation. 

• 
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-:.- --
"The biggest problem as I see it - is lack of blackboard spacer 

Is it easier to find a mathematical 
formula for reaching the moon than to 
find the chalkboard space to jot it down? 

Reproduced ~ith permission 
of Pan American World Airways 

166 



8. Stand·aside rather than in front of the board. Frequently 
an instructor unknowingly obscures the material he wants his 
group to see. The use of a pointer enables him to discuss from 
the 11 sidelines" every phrase, digit, or sketch on the board. 

9. Talk to the group, not to the chalkboard. 

10. Advantages in placing material on the chalkboard in advance: 

(a) Can cover (hide) it and then exhibit at the strategic 
time. 

(b) will avoid the awkward pause often caused when placing 
fairly detailed material on the board after group has 
assembled. 

(c) Gives opportunity to space the material well and draw 
sketches carefully, 

11. If you want your story on th~ chalkboard to unfold gradually while 
speaking to the group, jot a few words, or a sketch, at a time, or 
build a chart, a step at a time, and maintain eye contact with 
your group, or have an assistant write and draw legibly while 
you talk. 

12. If you write and sketch on the chalkboard while instructing, 
practice ahead of time sc that you will use only keywords and 
phrases, summa~y statements, numbers, and simple sketches, 
Without a dry run you may find that you have twice as much 
material as chalkboard space. 

13, If you are distributing materials to all members of the group 
it may be well to distribute them~ you have discussed the 
material on the chalkboard, so that the chalkboard material will 
receive undivided attention. 

14. Write or print one challenging statement on the chalkboard on 
a matter you want the group to ponder, This is especially 
effective if put on the chalkboard before the group enters the 
room or before it returns from an intermission in a long session. 
Here are a few examples relating to your area of training: 

WHO GETS A ROAD SPACE PERillT7 

WHY HIGHWAY TRAFFIC REGULATION IN EMERGENCY7 
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REGULATED ROUTE .. _ "WHAT rs IT'( 

SHOULD WE Ei/ER Sf,,:RIF:.CCE A DRIVER TO 
HEAVY RADIATION? 

When. timed and phrased we.11 and 1-::gib ly wri tteu a· .-.::halkboard statement 
1rawaiting" the group will stiruu:.ate a considerable amount of t:-:.ought or1 
the subject to be presented. Ih~ et~~ement will speak fer itself. 

15. When conducting a chalkboard d!.scusaion: 

(a) Write on the chalkboard in the preaence of the group, 
a concise statement or question to focus thinking duriug 
the discussion. Here are a few examples: 

WHAT ARE THE STEPS .A.ND CONSIDERATIONS 
IN PERMIT ISSUANCES? 

FUNCTIONS OF TRAFFIC REGULATION CENTERS, 
SECTORS AND POSTS 

WHEN SHOULD A ROUTE RE PLACED UNDER 
REGUIATION? 

(b) Sweep your eyes around the room so that you ~~11 SEE 
who is ready to speak. 

(c) When a member of the group suggests a etep, a funcLion, a 
condition, etc,, pertinent to the subject jot it on the 
chalkboard immediately, before the comment evaporates. 
You can erase, strikeout, or modify, but if you wait, you 
may lose the thought and not get it on the board. This 
immediate recording of a pertinent comment encourages most 
members of the group to speak up, with the probable result 
that the discussion will be active and the chalkboard will 
fill up with useful facts ancl ideas. 

(d) Prevent out-of-hand discussion between members of the grDup, 
by monitoring. This can be done easily, and sometimes wil:h 
a touch of humor, point:lug to the chalkboard and reminding 
the group "this is what we a:::-e talking about," "these are 
the steps we are looking :fo:r.," etc. 
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Thr~igh the use of :he chalkboar~ iG this type of guided discussion 
, the group will see and learn. 

16. A chalkboard that is smail, wobbly and takes chalk poorly 
should be replaced at on~e. 

17. The chalkboard is the most inexpensive tool at the conma.nd of 
an instructor, and one of the best, Do not underestimate its value. 
It adds variety, ?laces emphasis, and, in a sense, puts act1.on 
into instructing. 

b, Use other visual aids 

1. Fr. equent ly a technical matter can be explained better in a 
few minutes with the use of two or three carefully chosen slides 
th~n by a_half hour lecture. 

2. A well chosen cartoon can be mounted on cardboard and circulated 
to all members of the group to clinch an idea. 

3. 3y circulating several s•r x 10 11 photographs you can pinpoint a 
pertinent fact. 

4. An enlarged photograph can be used to discuss details. 

5. You can clarify by placing a large design or plan of action in 
front of your group. 

6. The reflecting transparent projector enables you to use 1011 x 12" 
color transparencies and overlays. 

7,. The opaque projector enables you to project photographs, maps, and 
other similar opaque material. 

c. Posture 

l. When instructing a group look professional, look as though you 
mean businessj give the appearance of being a professional man 
talking to intelligent people. 

2. It is probably best to avoid posture extremes, ijtatuelike 
austerity or slouched relaxation. 

3. Posture which is ''natural" for you and which helps to make others 
feel the urgency and importance of what you are saying is the 
right posture to use. 
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4. The effect your posture has on your audience is difficult to 
describe, Nevertheless, your posture does reflect very quickly 
your attitude toward the subject matter arid the group, In turn 
your attitude usually shapes the group's attitude. 

d. Avoid reading to groups unless you can do it skillfully 

1. Each year the programs of hundreds of professional meetings in 
this country are filled with excellent papers that are mumbled 
to audiences having a pious intent to read the papers when 
published rather than struggle along with the mumbling. 

2. Talk to your group. Keep in con.tac:: with your audience by 
sweeping your eyes around the room occasionally instead of 
fastening them continuously on a typescript. 

3. If you feel it necessary to read a prepared paper because of 
highly technical subject matter, pause frequently, look at the 
group, and inject comments. Such pauses can be highly effective. 

4. If you read a paper show enthusiasm when doing so. 

5. If you have been accustomed to reading your remarks try to ~alk 
from any kind of outline that gives you what you need. The 
results will probably surprise you pleasantly, and quickly. 

6. Now and then read and comment enthusiastically on a choice 
paragraph or two relevant to your subject. Occasi.onal reading 
provides variety of presentation. 

e. Voice modulation 

1. 

2. 

? 
.J. 

I.:.. 

5. 

The dictionary defines modulation as "The use of stress or pitch 
to convey meaning." 

One who modulates his voice when instructing speaks with 
emphasis when making a point, and at times drops his voice 
momentarily to gain attention and provide change of pace. Put 
ent~usiasm in your voice when teaching. Avoid monotone for it 
~an quickly kill a well-outlined lecture. 

Speaking in low voice is a good way to furnish change of pace but 
t:o talk only :i.n a low voice can be a strain on the group and ma.y 
eliminate modulation, 

Whan modulating your voice with different kinds of expression and 
various amounts of volume you avoid monotone and the dea<lpan 
that usually accompanies it. 

::n a sense, rate of speaking :.s a modulati o:-i of vo:!.ce. Speak 
;.:-apidly wher. :e:fer-::ing tC' m2.terial that is alx,e,9_dy familiar '.:o the 
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group a,,C: a lowly wb.en di.;cus sing comp lex mat teu, 

6. Above all 1 articulate clearly. ~,dulation without pronouucin~ 
worda clearly is of no vc.l•1e, 

7. Variety is the key to effec~ive inst rue ting - variei:y of teaching 
and testiri..g techniques anci variety (modulation) ;i.n voice. Variety 
is the purpose of voice modulation. The humar, voice is capable 
0£ great variety - volume, pit.ch, rate of speed, 

6, To listen to an instructor who doee not modulate his voice may 
almost amoufit to torture. To listen ta an instructor who mouulatei 
ef.fect1.ve1.y is to catch ei: thusiasm ::or his sabj ect matter. 

S. Through voice modulation, app::opriate pogture, and a ~eneral 
a~ t1.tude cf ioterest toward y,:iur subject and your group, yot.: 
do put. enthusiasm i;, to your pres entatf or.. 

f. Charts 

1. The common defect of charts 9resented at professional meetings 
is that they fncl:.i.de toe, much detail. 

2, Use color, especially where it has meaning~ to indicate reversible 
lanea, etc. 

3. Charts car. be made quickly with broad pens, small ink cans with 
felt wick, comm.ercially available paste-on letters, etc. 

4. Charts can readily be devised which unfold their story, gradually, 
one section being exposed, then a second, and then a third. Two 
of the sect:i.ons can he covered temporarily with sheets of wrapping 
paper. 

5. Use them. All too often when charts are supplied to an instructor, 
and placed at his side, he forgets to use them. If you spend 
time preparing your own charts you probably will use them, 

6. An instructor nearly assures, and simplifies, the use of charts 
by making entries at various places in hie outline indicating 
" re fer to chart 1, 11 "discuss chart 2, 11 etc. , and by placing 
the charts in the order in which they are·to be used. 

g. Use examples (actual cases, actions that have been taken) 

A few illustrations: 

1. A rather detail2d description of how road space was rationed in 
World War II in England. 
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2°, An explanation of highway signir.g that was l,Sed in Engla.-id 
i.n World War II to regJJlate t:r.affL:: at time of a re.;sonably 
successful evacuation. 

3. An account showing how a bottleneck in tr-s.fiic was broke., in 
England or France to speed up delivery of ~ehicles carrying 
passengers or cargo of highest priority in World War II. 

4-. A quick recap of "Exercise Spade For:-k" as described :..n Highway 
Highlights, October - Ncvember, i 962; end ether publ:i.she,! sou1·:;.e,;. 

h. Mafa-.t:ain interest through audience participation (Use 0£ quest :im,,,;: -
oral and written) 

l. RESERVE MUCH TIME FOR QUESTIONS AND GDMJViENTS. 

2. Two-way cornmu:ai~ation is .s. cha1.·ac.te.:cisti,~ of effEe.ct.i.,1-= :Lnstru.c~ing. 

{-.. 

s. 

Use '/'Ji;;.StLms tc det e.rm.ine how we1 l you a:c:e c~0mm1mir..\'\t ing. 

:Suild each ,1ue.2:t:;.on on a maj01_· pnint in your om:line. 

State l:he question sc clearly, in relatively simple worr.is, ,·h2t: 
all in the group can understand what you me.an. IA foggy que:::t:Joi:, 
a e:::v es ':10 useful pu::::-pns e.. 

6. State the question, give all members of the g1:nup a few Se.C()n<is 
to think about the question, Ehen designate. the person whc i.s to 
,answer, This practice keeps the entire gr.oup ale.:r-t, as nc., one 
knows whc wiE be called upon. T f yuu desigr,_ate che pe,:sou anri 
then state the question it i~ ~;oi,;s ible tbat half of the gro1.1p 
will not even hear it. 

I• 

.-, 
'-'• 

:l. 

.. , 
Jo.'.._, ~ 

Listen carefully to the answer and then revise a~ expand it as 
necessary so that the entire group knows the correct ans~er. 

There is an art to asking questions, the kind which measure undar­
standing, and stimulate, rather than humiliate. 

The instructor who asks searching questions keeps an intelligent 
audience on its tees and receives intelligent responses. 

Write out a dozan searching questions about such matters as 
whrJ does w-h2t in time of a conflagration - the various roles 
cf highway depaTtment officials, State po.lice, representatives 
cf h:Lghway '.!Ber g::oups, State Civil Defense o-Eficia ls, c>:od the 
mn itary. 

11. When a question is esked by a member of the group it may be well 
to ask someon~ r:alsa in the groui:;- to answer it. 'This increases 
audience parti.:::if,a!:ion. 
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~1. See that ::ha eagar:-be.,.ve.:cs d0 not a.sk or answer all the question.::. 
Use questions tc d,.-aw ou::: those who are not participating. Wh~n 
..:..::.:.ling -.in o:-.e wbo hesitates to sp~ak before the group because of 
,.0:1:cl:;.ng iJ.1 &t ;,2.se Pe sut:~ ::o a.sk a q_ue.stiorc that: you knew he 
can answer, 

i_ 3. Br ~~d\e the m,::?.r, whose answer. is t·u,:nii:g into a .speech o:c whr, -i. s 
disgressing f;::-om the ,iuesticr,. 

1:1, Watl~h the. facial expressions e;f your audience. When ir,terest 
I12gins -~c w;;;.ue i~l·1:,·u,•• -·.P .;, -1UEaEti.Gu beghming with wha·,:, how, 
·•.,~hGa, who, where, c,r wh;,t, ~o a.s to avo:i.d a. simple '•yes·• ~r "no" 
E!""1s ... .-1e-:~, o·t g1..:es.~f.1.~·. 

"'~'. .:.-repcr2 and ·.1~?. "" t"-c:s'· -:--onsis::'cng of ai;ipro:x::i.ma1:ely 2 ,iozen 
"''~:i.'.~teu ,;uesc::i.o::s i.n ::he fc,rm of. statements that car-, b;;: aG.swersd 
:e.-, ry,: nc, ;;f a."r·,ont: s ,:;r)zsr. rn11l_·;~i.p'_.;; ~:hoic;:: r:l:ateme,:-,t,c:. Irnmed·ic'"'2ly 

;_,_fJt-e.r i:be. oir::r~ l1a·v~ c.nFi·h1ere:d L:he r:.:=:.~.::t she.et, give. the 2c1 :. ... r-'=.ct 
Bnst\,er.s. T;.,:. 1:i1 1r1.ar,. '--:a1. 1 •• s~r.=.de 1-1:i.E~ ow~• tE.st, with only he k11.o·wir~g 
~,;'_s sco~:e.. Ev.:.:1.··:1•.me. ,•/iU. le s.\e ._:-,~ :iessior, with the corre::-t 

.~,:c~: g~·c, 1.1<; . .,;.~1;11·:.:. :J'.u~.s :~·i_cns 1 u writing· a da\, in advance. Hc,l,:: 
•·1: ,_1uc> 'J'J.'=:C•~i.•t~ ,:-2.f:_ce: ~hE g,,:,~,up, ,;rat8 t!:oa-:-: i.t n.as tee:c1 SLtbmit.ted 
=·? ~ nv~i.til~-s.·r_- ~-·•f ~..:hr;: gr::q..; 1 re.ad the :p .. .r'::StianJ ask fc~:.: a vGluntee·c 
t•.' 2.HfWE:l' :~1:',e: '1'.cSst-~.cu., hav2 2. beard ;-:f exp~1·;·,:: si::: i.n t!-:e 

j n ch s s ame we. y w :i. i: 't a 
2.L,h.ml ttoC:d 'by th<c g::-our. 

:~~~_t1~s.· t!-'2.,:.. ;,.~; !.:i"I0::.(~ 1Js~: ._ f 1ueL~t~i_."-:r.~s~ L,~ c,i.air1tai,e1 tcJt~::est th~(1r_1.gl~ 
F-'. ..:d .L-.::-r1. ". e ~fC.r t :i. :::, ·.:.rc1 ;~ j'J:1rl ~ 

·.o.) :•.~5·2:; ,>:.rE,-,,-:: a6-snda :i_:,:-;, art·icil1G2. At r.he timl? c.f d:Lstributing 
t 1 J" e.g~,-da Ask :i1e,se ,:·: wh•~Jm ':b.2 instru:::tion ~.s bsing p:covided 
t:i· 1:,,:":1.L?: ,,r;.. d, ,:11em £,Jr: scl 1ltc_or, a )YtobJ.em 1:elevs11 ;'· cc, the 

11ct t. ~.rne ,.,:,: i.s.~:,_ang che cou:cse agencia send a pron:em and as 1.c 
gtc,1.1:;:: raembr.r..'> tr:, tri.ng iD wr~tiri.g t::l:,eh· solvi::ior tr, ic (or 
2,wrn:i.t it a weeK befor2 the. -:ou'J."se beg::_ns, so the.i: you :::an 
·::-2v:~2w "iH:' s,.~ u:·j,·,;:,;o; he!:cr.e 1:he group .?.ssembles ,< 

: ;~ ·:, When •- 'c i-:sx;·1'.:,r.•t<: :•,1 H:i.ghway 'J:e& fi:,t.c Reguli,.,~ic•n in Emergency 
"is '''-v2.i].e.b.Le. send :i.t ,:,,.,;.t in adva,,ce of the course, tcgeth'3r 
wj_;-:('. a >:e2:::~~ug a.ssJ.grnn211-:: a.nd ari c:pen bi.Jok self-cest on 
::.f~e ~~!.""1 . .:2..-~i::e~. Ccnduc~ an ~cl~;;~ve q11estiort anci 2:)rnment sess:Lon 
::n, r:r.0.t: ,,::ha~~er 2.nd te.si: E.t i..:hi': first meetir1g 0£ the group 
Ro es c~ Rat£ pacre~n 0f ~~tive ?articipscton for the ent~T-e 
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(d) Distribute pertinent, summary mate~ial in advance of a 
particular session in the course and then at that session 
start: a questie;n and ~orrnnent period based on th(;: "handout,;, I 

(e) Request members of the g1:oup to do any c-,f t:he follm1ing: 
define, compare, cont::ast, e:xplain, outlinE:, give exa,npl.es 
of, 

( f) Ask sev~ral men tc each make a short talk on a segment of 
the aubj ect and g:ive them advar:.ce uc,tice so they can prepare 

(g) Have a pa.:iel of three to five men think a.bout .s. subject fr,!: 

a week or two and then discuss :.t befo:-e the grcup. 

(h) Select two o:r thi:e.e men with oral far..:ility tr. enact fl skit 
of e Ekely typ:U.·.al e·vP-nt ~u highway traff'.f.c ,:egulatb'ri in 
eme1:gency. 

(:!.) Wri.t:e sevc:ral solvable p·0b1.ems on the chalkboard. Divide the. 
er.tire group into as many work gl'oups a:; ·ther~ a:,:e problernp, 
on t;he board. Five prob1erus are e. suitable numbe::· for a 
group of 40 to 50 persons.. Assign 011.s problem to each w::irk 
group to soh1 e. Di;;perse the groups (to separate -cooms it 
available) and ,_econvene tharn into "Commi t::-::-e-. of 1:he Whole" 
in 30 rn .. i.nutes or an hour or two, :leteD.dirig on how quickly 1:h:, 
respective groups will be able ,;:0 solve t.he p1..'01::.1,?n1.S. Select 
a cha.inns.n for E,ach work g:cm:.p or ha.ve t:lw wm:k g:::·tn.ip.S select 
their own :hair!Ill::.1, 1 to repoct oral.ly ~;he a.:::J.ution of the wc::::k ' 
g:::-oup to the. e.sseniclad work groups, 

J_:... Hz.1,,:e group pr-?.pare ite. own test of t1""ua anci false or multiple choice 
at.s.(:(0:1.M=.rn.ts anci sevo=ral essay qu.esliorie. an<I !1av~ them gr;,.dl:: the ~est 
papers i,y e.!.lking each pe.rson t.:o grade_ his own paper, ,_,r the paper nf 
persot on his right (or his left.) 

Rehearse 

L Review y;)ur outline to become familiar with it. 

'.l.. Jacige y1.:iur time ~ determine. how mu ... ~h che •.J1.,tlii:ie sho•.1ld be leri.gthened 
OL ahort.enec in order •:-:) make good use vf th.; allot·.:e::l. time. 

(a.~ 1'o $ee if you have judged y•jt,ff time ,·te:i.1. _ 

(,;:) 'ro see if you hav<c: ~~ncl:1d,<:d enougt, ~onten;: &ild techniques to 
:!i':e 1!1.i.fe" t.J t:he outli,:1e. 
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j, Make final check before presentation 

l. See that yo•.1 have t:he handouts that you plan to use, and in large 
enough quantity, 

2. Arrange your materials in the order in which they at"e to be 
discussed, exhibited, or distributed. 

3, See that the room is well ventilated and properly lighted. If 
you. are responsible for physical arrangements, provide reasonably 
comfortable seati~g. If you can make coffee available at breaks, 
in or adjacent to the room where the group meets, time will be 
saved and t.'ie g::-oup will probably mix well and get down to business 
the first morni'::1g, 

,:.. Be sure. yol_:;, ha...,,;c yo'ltr 0t1tJ.ine, c.ilalk, and ai:.y other :iecessar~/ items 
so t11at you wil'.i. net limp alor.g, 

As a fina). che:ck, 1:em-l\1d yom:self that the group wii.l probably 
judge yoi.: E.B much :.JY ~wu:.:- ap1?ea::ance and enthusiasm, or lack :,£ 
:'..::, as by ".·1hat yo~ s2.y. 
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PREFACE 
This publication revises and supersedes emergency planning information pre­

viously issued. The information contained herein appeared in the following 
publications: A Guide for Highway Traffic Regulation in an Emergency, 1967 draft; 
The Police Function in Highway Regulation in an Emergency, 1967 draft; and 
Nuclear Radiation Hazards to Highway Transportation, May 1967 draft. This revised 
and updated Guide is incorporated by reference in paragraph 3b of FHW A Order 
10-4.30, Emergency Standby Order, Establishment of Emergency Highway Traffic 
Regulation (EHTR), dated January 28, 1972, and is published with dated replaceable 
pages so as to simplify future revisions. This Standby Order has been incorporated 
in the Emergency Code of Federal Regulations as Document 22--40. 

i 



CONTENTS 
Page 

Preface-----------------------------------------------------------
Appendixes and List of Figures ___________________ ___________________ iii 
Glossary _____________ _________ ___ ________ __ ______ ______ ___ _________ iv 

PART I-General Background of Emergency Highway Traffic Regulation _ I-1 
Chapter I-Introduction _________ ________________ ____ ___ I-I 

Chapter II-Origin and Evolution ______ _________ _ __ ______ 1-4 

Chapter III-Emergency Highway Traffic Regulation in the 
Emergency Planning Field _ __ ________ _ _____ __ 1-5 

Chapter IV-Emergency Highway Traffi~ Regulation and 
Natural Dfaasters __ _ ______ _ _________ _______ _ 1-6 

Chapter V-Organizations Involved in Emergency Planning __ 1-7 
General Services Administration ______________ 1-7 
Defense Civil Preparedness Agency ___________ I-7 
Office of Emergency Transportation __ _ ______ _ _ l---8 
International Association of Chiefs of Police __ _ __ 1--8 
Federal Highway Administration ______________ I-8 
American Association of State Highway and 
Transportation Officials ---------------------- 1-10 

Chapter VI~Organizations Involved in EHTR Operations ___ 1-11 
State Highway Departments __________________ I-11 
Department of the Army ____________________ 1-11 
State and Local Police Organizations __________ 1-11 
Highway User or Regulatory Commissions _____ 1-12 

PART II-Emergency Highway Traffic Regulation Operations ___________ 11-1 
Chapter I-Functions, Personnel, Equipment and Communi-

cations __________ ____________________ ___ _ 11-1 

State Emergency Operating Center ____________ II-1 
State EHTR Center ______ __________________ 11-2 
District EHTR Centers _______________ ___ _ ___ 11-5 
Sector EHTR Centers _______________________ II-6 
EHTR Posts _ ______ _ ______ _________________ II-7 

Chapter II-Regulated Routes, Road-Use Permits and EHTR 
Signs _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 11-12 

Class "A" Routes _ _ _____ ___ _________ ________ 11-12 
Class "B" Routes _ __ ______ ______________ ____ 11-13 
Class "C" Routes __ _________________ ________ 11-14 

Road-Use Permits ---------------------- __ __ II-19 
Issuance of Permits ______ _ _______ _ ________ U-21 
Cargo Priorilif'.s _ __ _ ___ ___________________ II-24 

EHTR Signs ______ ------------------------- 11-26 

PART JII-Role of the Military ______________ . ______________________ III-1 

PART IV-'-Nuclear Radiation Hazards to Highway Transportation ________ IV-1 

ii 



APPENDDffiS 

Appendix A-Executive Order 11490, October 30, 1969, Assigning Emergency 
Preparedness Functions to Federal Departments and Agencies ---------- A-1 

Appendix B--Arrny Regulation 55-355, Paragraph 109008, Highway Traffic 
Regulation, October 24, 1972 _______ ------------------------------ B--1 

Appendix C-Army Regulation 55-80, Chapter 6, Special Defense Utilization 
of Public Highways, December 6, 1968 ---------------------------- C-1 

Appendix D-Federal Highway Administration Order 10-1, Emergency 
Preparedne~, February l, 1972 --------------------------------- D-1 

Appendix E-Federal Highway Administration Order 10-4, Emergency 
Standby Orders (ESO's), December 30, 1971 ______________________ E-1 

Appendix F-Federal Highway Administration Order 10-4.01, Emergency 
Standby Order, Protection of Critical Highway Facilities Against Sabotage, 

January 28, 1972 ---------------------------------------------- F-1 
Appendix G-Federal Highway Administration Order 10-4.02, Emergency 

Standby Order, FHWA Situation Reporting, January 14, 1972 ________ G-1 
Appendix H-Federal Highway Administration Order 10-4.30, Emergency 

Standby Order, Establishment of Emergency Highway Traffic Regu]ation, 

January 28, 1972 ---------------------------------------------- H-1 
Appendix I-Federal Highway Administration Order 10-4.50, Emergency 

Standby Order, Damage Assessment, August 18, 1972 _______________ 1-1 

Appendix I-Chapter 6, Transportation, of the National Plan for Emergency 
Preparedness, December 1964; Prepared by the Office of Emergency 
Preparedness with the Assistance of Other Interested Federal Agencies J-1 

Appendix K-Executive Order 11725, June 27, 1973, Transfer of Certain 
Functions of the Office of Emergency Preparedness ------------------ K-1 

List of Figures 

Figure 1-Map showing application of emergency highway traffic regulation __ I-3 
Figure 2-Emergency organization of the Federal transportation community _ 1-9 
Figure 3-Police "chain of command" for emergency highway traffic 

regulation _ _ _ ____ _ _ _ ___ _ _ _ ____ __ _ _ _ __ _ __ _ _ __ _ _ _ __ ___ _ _ _ l-12 

Figure 4-Diagrammatic representation of a typical EHTR organization and 
opera ti on __ _ ______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____ _ _ _ __ _ __ __ __ _ _ _ 11-4 

Figure 5-Roadside EHTR control post operation on a high-volume regulated 
class "C" route ---------------------------------------- 11-9 

Figure 6--Road-use permit form _____________ ------------------------ Il-20 
Figure 7-EHTR daily road-space allocation sheet ______________________ 11-25 

Figure 8-Fallout patterns _______________ --------------------------- IV-2 

iii 



GLOSSARY 

"Administralor" means the Federal Highway Admin­
istrator, 

"Areas of unrestricted /,ravel'' means those areas desig­
nated as being safe for travel. Traffic regulation 
( class "B" or class "C") may or may not be in 
effect. 

"Blockf!d routes'' means highways which are impass­
able as a result of physical damage or a radiation 
level so high that the highway is not usable as a 
clnss "A" route. 

"Clear ro1Ltes" means highways which are available 
to unrestricted use. 

"Defense Civil Preparedness Agency" (formerly known 
as tlw "Office of Civil Defense'') is the Agency at 
national level responsible under the Department of 
Defense, created May 5, 1972, for discharging the 
civil defense functions assigned to the Department 
of Defense under Executive Order 10952. This 
Agency is abo responsible for providing natural dis­
aster preparedness planning assistance to State and 
local governments. 

"District emergency highway traffic center" means 
the centers dcsignatecl by a State as subordinate to 
the State EHTR center and responsible for au appn,. 
priate part of the State supervised by the State EHTR 
center. The title of these centers varies from State 
to State depending on the State agency responsible 
for emergency highway traffic regulation. 

''Emergency highway traffic regulation'' means a sys­
tem of traffic management and control deviH~d to 
regulate the use of highways and to expedite and 
facilitate essential movements during a national 
defense emergency or a natural disaster. 

"Emergency highway traffic regulation boundaries" 
means the boundaries of those areas falling within 
the primary jurisdiction of the State traffic rcgula· 
tion center, the district traffic regulation center, and 
the traffic regulation sector. The area of jurisdic• 
tion of the State center is the entire State. The 
area of the district center is explained in each State 
plan and differs from State to State. The area of 
jurisdiction o{ a sector center is that portion of an 
emergency highway traffic regulation district which 
is assigned to the ~ector by the highway department, 
or other State agency responsible for emergency 
highway Lraffic regulation. 
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"Emergency /u'.ghway traffic reg1tlntion sector center" 
means the centers designated by the State as sub· 
onlinate to the district EHTR center and responsible 
for an appropriate part cif the State supervised bv 
the district EHTR centers. · 

"Emergency highway traffic regulation posts" means 
control points at each end of or along regulated 
routes, for the purpose of controlling the flow of 
traffic onto or on the route, checking road-use per­
mits, and advising occupants of vehicles of any dan­
ger from radioactive fallout. 

"Highways" means al! Federal, State, city, local, and 
other highways, roads, streets, bridges, tunnels, and 
appurtenant structures. 

"Highway Users representaiive" means personnel from 
trucking associations, State public utility commis­
sions or volunteers from any class of highway users 
acceptable to the State EHTR organization. This 
group will augment, as necessary, the personnel staff­
ing State emergency highway traffic regulation cen­
ters, district centers and sector centers. 

"Liaison representali'.ves" means military and civil de• 
fcnse organization representatives at the State traffic 
regulation center, and at ·district and sector centers 
as necessary. They will consult with and submit 
claims to the highway department, or other State 
agency responsible for emergency highway traffic 
regulation, for highway space or for the temporary 
cstablisbmcnt c,f class "B" routes as required by their 
respective agencies. 

"Nation.of defense cmergen,..-y" means all adverse situa, 
tions affecting the Nation's security so recognized 
hy the President, the Congress, or other competent 
authority. 

"Natural disaster" means any act of nature which is 
or threatens to be of such severity and magnitude 
as to cause extensive loss of life, persona! injury 
and/or damage to/loss of property. 

"Police" means any duly constituted peace officer en­
gaged in law enforcement at the State, county, 
parish, or municipal level. 

"Regufoled routes" means highways which must be 
subjected to regulation because of hazardous condi­
tions, 5pecial U5C5, or limited capacity in relation to 
rlemand. 

''Reguforcd routes-class "A" means highways which 
lie within an area contaminated by ra<lioactivity that 
is hazardous to the life and health of highway users. 



These roads may be used with special guidance 
precautions and practices. 

"Regulated rautes-cla,,s "B" means highways which 
are temporarily reserved exclusively for a special 
purpose, such as military or civil defense movements. 

"Regulated routes-class "C" means highways which 
are determined to have, or which are expected to 
develop, critical traffic capacity restrictions, and on 
which travel is generally limited to holders of "road­
use permits." 

"Road-use permit' means a legal permit form issued 
to authorize specific travel over a desiguated regu­
lated route during a specified time. (Some State 
plans use the synonymous term "road-space 
permit"). 

"State emergency highway traffic regulaiwn center" 
means the center designated by a State as the agency 
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responsible for overall superv1s10n of emergency 
highway traffic regulation within the State. 

"Staie police" means highway patrol, State highway 
police, and State troopers, 
The sources of these definitions are listed below: 

1. Glossary of Terms and Abbreviations for Use in 
Transportation Preparedness Planning, October 
1971, Department of Trausportation (DOT P 
1945.l) 

2. Example Plan for Highway Traffic Regulation in 
an Emergency-1968 Draft 

3, A Guide for Highway Traffic Regulation in an 
Emergency-1967 Draft 

4, The Police Function in Highway Traffic Regula­
tion in an Emergency-1967 Draft 



Part I GENERAL BACKGROUND OF 
EMERGENCY HIGHWAY TRAFFIC REGULATION (EHTR) 

CHAPTER I-INTRODUCTION 

Our nation is composed of people on wheels. For 
transportation, they are accustomed to using cars, 
trucks, or buses anytime they choose, traveling as far 
as they wish by whatever route they desire. As long 
as drivers conform to the rules of the road no one 
normally interferes with their movement nor challenges 
their right to be on the highway. These travelers 
accept certain restrictions in emergencies when it is 
necessary for police to block off local areas in the 
vicinity of accidents ;md fires, for example. They also 
tacitly accept detours established by highway au­
thorities to guide them around road construction, 
washouts, and mountain slides. In brief, the highway 
traveler generally will accept control measnres that 
are plainly and understandably presented for his bene­
fit or safety, but he has no tolerance for any artificial 
restrictions to his freedom to go where or when he, 
wants. Particularly repugnant would be any system 
imposed upon him which would require him to obtain 
a permit from government authorities to make any 
unusual highway trip. 

These are the attitudes of Americans in peacetime. 
But what about a wartime or a natural disaster situ­
ation? Transportation assumes more critical propor­
tions. Immediately the traveler thinks in terms of 
carpools, and gas and tire rationing which were 
endured in World War II. He reluctantly accepts the 
inevitability of a repetition of such control measures. 
There are other problems, however, which Americans 
did not have to face. The United States was not 
under attack and nuclear weapons and radiological 
hazards were not a problem. At Dunkirk, the British 
faced disaster when hordes of refugees clogged roads 
and immobilized troops. Transportation of essential 
material and personnel needed top priority. Out of 
necessity a system of traffic regulations was instituted 
and practiced during World War II by the British in 
North Africa and by the allies in Europe. The United 
States Army also, by necessity, devised a similar sys­
tem called by the military "highway traffic regulation." 

Defense officials foresaw a need for highway traffic 
regulation in the United States in the event of a 
national defense emergency, and requested the then 

Bureau of Public Roads (now the Federal Highway 
Administration) to devise a nationwide system of 
emergency highway traffic regulations for implemen­
tation by civilian authorities. Under this system the 
Bureau furnished guidance to the States in achieving 
a readiness to perform emergency highway traffic 
regulation, and to coordinate this function between the 
various States, including the planning for Interstate 
directed movements by highway. In the furtherance 
of this program, the Federal Highway Administration 
has entered into an agreement with each of the 50 

. States, the District of Columbia and Puerto Rico 
which, among other things, requires each of those 
governments to prepare emergency highway traffic 
regulation plans and to update them annually. Ac­
cordingly, emergency highway traffic regulation plans 
have been prepared following the procedures covered 
in this Guide. 
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Briefly, the State EHTR plans envision, in the post­
attack period, a survey which would be conducted on 
the road and street network for both physical damage 
and radiation hazard. Barricades and warning signs 
would be placed where needed on those roads which 
were deemed to be hazardous. Following this, esti­
mates would be made of potential traffic demands 
and the traffic-carrying capacities of facilities remain­
ing available for use, If emergency highway traffic 
regulations were found necessary, road-use permits 
would. be issued for traffic movements on routes which 
otherwise would be heavily congested. These activ­
ities would he conducted by the State EHTR organi­
zation. Regulation of traffic on the road would be 
accomplished at strategic checkpoints {posts) on each 
regulated route section. 

It is a basic EHTR principle to allow as much as 
possible unregulated traffic to use existing facilities, 
Regulation would he instituted only where, and for as 
long as necessary, The State organization would 
necessarily continuously adapt and modify its opera­
tions to meet the constantly changing situation. For 
emergency situations, plans would have to be de­
veloped for an orderly movement of traffic. The 



emergency highway traffic regulation operation must 
involve a close·working, three-party team as follows: 

I. State Highway Department-Assisted by county 
and/or city highway department personnel as needed, 
the highway organizations would assess damage and 
estimate traffic demand and l:raffic-carrying capacity 
of usable highways. 

II. Highway User Organizations-This group C01lld 
consist of personnel from the State's Public Utilities 
Commission ( Commerce Commission, Public Service 
Commission, etc.) or from highway user organiza­
tions such as the various trucking asrnciations, for 
example. For simplicity throughout the remainder of 
this Guide, this member of the three•party team will 
be referred to as the "highway users." 

Their primary assignment would be lo make pe• 
riodic estimates of potential commercial traffic move­
ments and, under the supervision of the EHTR center 
to which assigned, to issue road.use permits. 

III. State Police-Assisted by local police organi• 
zations as needed, the police would actually control 
the regulated traffic movements that have been au­
thorized by the State EHTR organization. 

In close association with tne three-party team would 
be liaison representatives of the local defense civil 
preparedness organization and of the military com• 
rnand. The Federal Highway Administration, iden· 
tified hereafter as FHWA, while playing an important 
role in the development of emergency highway traffic 
regulation plans and preparedness, would have dis­
cretionary functions in the actual operation; probably 
only that of coordination among the States where and 
when needed. Executive Order 114-90, Part 21, speci­
fies that national emergency plans and preparedness 
programs be prepared by the Interstate Commerce 
Commission (ICC) under the coordinating authority 
of the Secretary of Transportation. The role of the 
ICC in relation to EHTR is described in the section 
"Operation of Regulated Routes" beginning on page 
II-24 and in Appendix "A". The Office of Emergency 
Transportation is an emergency planning organization 
in the Office of the Secretary of Transportation. Its 
functions are summarized on page I-8. The role of 
the military in EHTR is explained in Part III of this 
Guide. 

It is expected that for an extended period follow• 
ing an enemy attack, normally available highway 
traffic.carrying capacity may be greatly reduced in 
many areas. At the same time transport demand for 
essential needs may increase. Some routes could be 
blocked or closed. Some may be wholly reserved for 
defense civil preparednes.s or military operations. And, 
on some, rationing of road space will probably be 
required in order to give appropriate priority to traffic 
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rno,·ernents essential to sustenance of the population 
and to restoration and maintenance of industry and 
the national economy. Some inrlication of the effects 
of a nuclear attack ~n our highway network, and the 
regulation that would be required to meet traffic needs, 
is illustrated in figure l. 

Even from this brief introdL1Ctory resume, it is 
evident that highway traffic regulation in a national 
defense emergency, in these United States, may indeed 
be a herculean undertaking. Under extreme condi­
tions brought about by a massive nuclear attack, it is 
possible that as many as 100,000 persons might be 
engaged, during a considerable period of time, in the 
struggle to keep essential highway transportation from 
costly congestion and complete stagnation. The real 
eventuality, if it should come, may not attain the 
maximum possible anticipated scale but prudence 
dictates that planning. organization, preparation, and 
the recruitment and training of personnel for emer• 
gency highway traffic regulation must he rapidly un• 
dertaken and carried forward unremittingly until we 
have reached a full state of readiness. The only 
alternative is chaos. 

The nature, scope, and operation of emergency 
highway traffic regulation is discussed at some length 
in this Guide. This publication has been coordinated 
with the Office of Preparedness of the Genera] Services 
Administration, the Office of Emergency Transporta­
tion, the Department of the Army, the Emergency 
Preparedness Committee of the American Association 
of State Highway and Transportation Officials 
(AASHTO), formerly the American Association of 
State Highway Officials (AASHO), the Defense Civil 
Preparedness Agency and the International Associa­
tion of Chiefs of Police. 

The original draft edition of this Guide was de• 
signed to help the States prepare plans which would 
work effectively, individually and collectively. The 
function of this revised Guicle is two-fold. First, since 
the Guide has been incorporated by reference in 
FHW A Order 10-4.30, it will, by the use of replace• 
able pages, serve as a tool to aid in the updating of 
the State's plan through the publication of changing 
national policies and programs. Secondly, this Guide, 
when used in conjunction with the State plans, will 
serve as a logical and effective aid for local level 
emergency highway traffic regulation training pro­
grams. It is obvious that in times of catastrophe, 
even more than in peacetime, the needs of the nation 
and its people know no political boundaries or high­
way jurisdictions. All available roads and streets must 
be used to Lest advantage as a continuous, eoordi• 
nated transportation network. If highways are the 
arteries of our nation in time of peace, they arc more 
so in time of war. 
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CHAPTER TI-ORIGIN AND EVOLUTION 

The emergency highway traffic regulation program 
as it is now conceived and developed is not a revolu­
tionary but rather an evolutionary program. A brief 
account of its development is presented here as matter 
of interest. 

Since its inception, the FHW A has recognized the 
strategic importance of our highways in relation to 
the national defense and in this regard bas consistently 
worked closely with the military establishment. FHW A 
had also sought and obtained the full cooperation of 
all the State highway departments in helping to deter• 
mine and meet the highway needs of the national 
defense. Included among the series of outstanding 
study reports published by the FHW A over the years 
are two which are especially noteworthy: Highways 
for the Nati.onal. Defense (1941) and Highway Needs 
of the Natwnal Defense (1949). 

Consideration of highway needs of the national 
defense, however, was limited for many years to con• 
cern for provision of adequate routes for military 
use and war production service. Enemy invasion was 
considered almost inconceivable; air, sea, or sabotage 
attacks were visualized as possibly heavy but pre­
sumably localized. The vital importance of an or• 
ganized program for highway traffic regulation in an 
emergency was forcibly brought home by the con­
gestion on the refugee-choked roads of Europe in the 
early part of World War II. Subsequently, highway 
traffic regulation became a wartime commonplace. 

After World War II, however, the subject was given 
low priority, even though emergency readiness plan­
ning in the thennonuclear age was authorized by the 
Congress in the Civil Defense Act of 1950, in which 
FHW A, by Presidential Order, was assigned an ad­
visory role. 

Interest picked up in 1957 when the American 
Association of State Highway and Transportation 
Officials ( AASHTO) promised the cooperation of the 
State highway departments. In 1958, at the recom­
mendation of the Secretary of Defense, FHW A was 
formally assigned responsibility for developing an 
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emergency highway traffic regulation program. In 
1962 AASHTO approved the participation of the 
highway users as members of the EHTR team and in 
1964 the International Association of Chiefs of Police 
solicited the support and cooperation of police officers 
throughout the country. 

The Federal Highway Administration position in 
emergency operations was formally reaffirmed in 1969. 
(Appendix "A") Executive Order 11490 assigning 
emergency preparedness functions to Federal depart­
ments and agencies, directed the Secretary of Trans­
portation to ". . . develop a capability to carry out. 
the transportation operating responsibilities assigned 
to the Department, including but not limited to . 

(3) Emergency management of all Federal, 
State, city, local, and other highways, roads, 
streets, bridges, tunnels, and appurtenant 
structures, including: 

(a) the adaptation, development, construc­
tion, reconstruction, and maintenance of the 
Nation's highway and street systems to meet 
emergency requirements; 

(b) The protection of the traveling public 
by assisting State and local authorities in 
informing them of the dangers of travel 
through hazardous areas; and 

( c) The regulation of highway traffic in 
an emergency through a national program 
in cooperation with all Federal, State, and 
local governmental units or other agencies 
concerned." 

The Secretary of Transportation delegated the above 
and other highway related emergency responsibilities 
to the FHW A. This Administration then formally 
stated its emergency highway traffic regulation respon• 
sibilities, with the approval of the Secretary, in a brief 
statement which appears in FHW A Order 10-4.30, 
dated January 28, 1972, Emergency Standby Order­
Establishment of Emergency Highway Traffic Regu­
lation (EHTR). (Appendix "H") 



CHAPTER III-EMERGENCY IDGHWAY TRAFF1C REGULATION 
IN THE EMERGENCY PLANNING FIELD 

The broad field of civil emergency planning in­
cludes, from the point of view of enemy attack, two 
major areas: defense civil preparedness ( formerly 
civil defense) and emergency resource management. 

The defense civil preparedness program includes 
warning, fallout shelters, radiological monitoring, 
damage assessment and post-attack survival activities 
such as tire fighting, rescue, debris removal, medical 
care, police services and related actions in damaged 
areas. State civil defense plans were prepared in 
accordance with guidelines issued by the then Office 
of Civil Defense of the Department of the Army. 

Emergency resource management is concerned with 
the post-attack management of resources including 
communications, construction, housing, economic sta­
hlization, electric power, health, transportation and 
others. State resource management plans were pre­
pared in accordance with guidelines issued by the 
former Office of Emergency Preparedness (now the 
Office of Preparedness General Services Administra­
tion), and these are separate and distinct from ci vii 
defense plans. The EHTR program i,s identified a,s a 

· resource management program in Chapier 6 of the 
National Plan for Emergency Preparedness and is 
rwt a civil defense program. (Appendix "J") 

An understanding of the time-frame relationship 
of civil defense (the term used at the local level for 
defense civil preparedness) and EHTR will be helpful 
in understanding where the latter fits in the emergency 
planning field, The EHTR program, as a post-attack 
program, will not be activated until radiation levels 
have decayed to the point where shelter emergence 
is feasible. As a resource-oriented program, the EHTR 
program will commence when the State emergency 
resource management plan becomes operative in sup­
port of the Office of Defense Resources. 

In view of the above information and the agree­
ment signed by the Stales to cooperate in emergency 
preparedness planning for the highway resources, 
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virtually every State has prepared separately bound 
EHTR plans, There are, however, other reasons why 
it is desirable to have separat~ plans. Most of the 
reasons are related to the fact that the users of the 
plan will not be concerned with other portions of a 
larger resource management document but will have 
a specialized interest in the highway traffic regulation 
phase. Separate plans facilitate training and make 
for easier emergency use at relocation sites. Also, 
the activation of a separate plan is simpler than the 
activation of a separate part of a larger plan. A sepa­
rate plan will facilitate the execution of FHW A Order 
10-4.30, Emergency Standby Order, Establishment 
of Emergency Highway Traffic Regulation (EHTR), 
dated January 28, 1972. In addition, the existence 
of separate State EHTR plans will greatly assist the 
FHW A in the discharge of its responsibilities under 
Section 1303 of Executive Order 11490, 

A copy of each State EHTR plan must he main­
tained at the national relocation site of the Federal 
Highway Administration for use in the event of a 
national defense emergency, Also, the Military Traffic 
Management and Terminal Service, Department of 
the Army, has directed that each Army commander 
develop a military EHTR plan and cooperate in the 
development of State EHTR plans. It is the respon­
sibility of the FHW A, Washington Office, to furnish 
copies of all approved State EHTR plans to the Mili­
tary Traffic Management and Terminal Service. 

It is realized that in most of the States that resource 
management functions and the civil defense functions 
are administered by the same State office. This, of 
course, is the prerogative of the Governor and naturally 
no issue is taken with this arrangement. It follows, 
therefore, that the Federal Highway Administrator 
has no preference as to who performs these functions 
at State level; however, it is essential that the EHTR 
plans he so identified and hound separately for the 
reasons stated above. 



CHAPTER IV-EMERGENCY IDGHWAY TRAFFIC 
REGULATION AND NATURAL DISASTERS 

Emergency highway traffic regulation could likely 
be a necessity following natural disasters such as 
earthquakes, hurricanes, severe snowstorms, floods, 
etc, The degree of such regulation will depend, of 
course, on the magnitude and extent of the disaster. 
Each State plan should contain a provision for the 
use of EHTR during natural disasters and many do. 
For example, in the Illinois EHTR plan it is explained 
that each highway district has prepared a district 
"EHTR plan for a natural disaster." These district 
plans are voluminous and contain an alerting system, 
an SOP for alerting for various emergencies, names 
and addresses of key and field personnel for different 
areas of the district, map and listing of storage loca­
tions with material and equipment available at each, 
listing of mobile radios and call numbers by areas, 
location of stockpiles of signs and barricades, listing 
of news media, radios, television, for dissemeninating 
information to the public. These district plans were 
made in cooperation with the State police and the 
heads of the leading communities in the district. 

The Louisiana EHTR plan also contains a section on 
emergency highway traffic regulation during natural 
disasters, This plan refers the reader to the Depart­
ment of Highways Civil Defense Plan for the detailed 
procedures to be followed. 

The Maryland Plan contains the following reference 
to natural disasters: 

"Following natural disasters such as floods, hur· 
ricanes, etc., an immediate survey of the road 
and street networks will be made to determine the 
extent of physical damage. Necessary signs and 
barricades will be erected to protect and reroute 
traffic. 

"Experience to date indicates that damage will 
probably be limited to an area assigned to a 
district engineer. The district engineer has the­
responsibility for survey of physical damage and 
the initiation of repairs to place the roads affected 
back into service. District highway personnel 
and equipmPnt are available for the above action. 
This policy will continue in the future.'' 

In the event that a large part of the State is stricken, 
the Maryland EHTR plan will be placed in effect to 
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the degree felt necessary. The activation of the EHTR 
plan could vary from full implementation to partial 
(i.e., sector or district) activation. The extent and 
severity of the disaster will dictate to what degree 
the plan is implemented. 

The 1972 tropical storm Agnes was the largest 
single disaster that has ever hit the United States in 
terms of damage and destruction to public and private 
property. It was greater than the combined total 
destruction of the 10 most devastating natural disasters 
of the past decade. The need for highway engineers 
for inspection of damaged bridges and highways was 
critical. In addition to 700 engineers from the affected 
State highway departments the FHW A furnished 260 
engineers to assist in the damage inspection program. 
To illustrate the damage, a total of 718 bridges were 
either out of service or destroyed in Pennsylvania 
alone and a grand total of 1,170 were damaged or 
destroyed in the four States involved. 

The FHW A was called upon by the Department of 
Housing and Urban Development to assist in the 
movement of 18,500 mobile homes over the highways 
to Pennsylvania and New York. A traffic regulation 
problem arose concerning Stat,~ requirements and 
permit handling procedures which were hindering 
expeditious movement of these mobile homes. In 
view of the regional nature of this problem, the FHWA 
by working with the heads of the highway depart­
ments of the 37 States involved was able to expedite 
the movement of these emergency homes. Restrictions 
on load length and width of mobile homes, permissible 
hours for moving and requirements for escort vehicles 
and flagmen were eased. Permit handling was simpli­
fied and delays at State border crossings were mini­
mized or eliminated. 

Natural disaster EHTR in States as diverse as 
Alaska, Florida, North Dakota, and Pennsylvania 
will vary greatly. It is not feasible, therefore, to spell 
out detailed guidelines for this type of regulation in 
this publication. Because the size, topography, popu• 
lation, and highway system of each State varies so 
greatly, this type of regulation is better left to the 
individual State emergency highway traffic regulation 
planning officials. 



CHAPTER V-ORGANIZATIONS INVOLVED 
IN EMERGENCY PLANNING 

GENERAL SERVICES ADMINISTRATION 
(GSA) 

Office of Preparedness 

The General Services Administration is an inde­
pendent agency which provides the Federal Govern­
ment with an economical and efficient system for the 
management of its property and records. This agency 
has 10 regional offices scattered throughout the United 
States. 

Exe cu ti ve Order 11725 (Appendix K) dated June 
27, 1973, I ransferred the certain responsibilities of the 
former Office of Emergency Preparedness (OEP) to 
the Office of Preparedness, GSA as follows: 

Section 1: Disaster assistance ( under the Dis aster 
Relief Act of 1970 as amended, and oth~r authorities), 
including management of the. President's Disaster 
Relief Fund and coordination of Federal agency efforts 
to the Secretary of Housing and Urban Development. 

Section 2: Investigation of the effects of imports 
on national security ( under Section 232) of the Trade 
Expansion Act of 1962, as amended, !o the Secretary 
of the Treasury. 

Section 3: Civil emergency preparedness {under 
all other authorities) including continuity of Govern­
ment and emergency resource management to the 
Administrator of General Services. Included in this 
section are the functions under Executive Order 11490 
"relating to the assignment of emergency prepared­
ness functions to Federal departments and agencies." 

Section 4: All rules, regulations, orders, determi• 
nations (including delegation of authority) and per­
mits, etc., which have been issued by the OEP and 
are in effect at the time this order takes effect shall 
continue in effect until modified or terminated. 

The National Plan for Emergency Preparedness, 
published by the former Office of Emergency Pre­
paredness, contains the basic principles, policies, re­
sponsibilities, preparation and responses of civil 
government to meet any kind of national defense 
emergency and identifies the FHW A as a transporta­
tion operating agency. It describes the roles of the 
Federal Government, the States and their political 
subdivisions and, as appropriate. nongovernmental 
organizations and individual citizens, It brings to­
gether in one unclassified document an overview of 
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individual emergency preparedness plans developed by 
Federal agencies in accordance with their responsi­
bilities under the above-mentioned and other pertinent 
statutes and Executive Orders. Chapter 6 of this plan 
is attached as Appendix J. This chapter assigns to 
the FHWA the responsibility for the National Emer­
gency Highway Traffic Regulation program. 

DEFENSE CIVIL PREPAREDNESS 
AGENCY (DCPA) 

This agency, in the Department of Defense, is en­
gaged in a wide range of activities related to national 
civil preparedness. The primary thrust of the national 
program is to develop defense against the threat of 
enemy atlack, including a shelter program, a national 
warning network, a radiological defense system, and 
other attack-oriented capabilities. The DCPA pro• 
vides leadership, matching funds, and other assistance 
lo State and local governments to develop civil pre­
paredness. This includes on-site assistance in the local 
emergency planning and exercising, and related pre• 
parations, providing the ability to conduct coordinated 
lifesaving operations in emergencies. 

Because most of the local capabilities needed for 
lifesaving operations under attack conditions are al.so 
applicable in major peacetime disasters or emer­
gencies, DCPA's work with local governments aims 
at improving their ability to act swiftly and effectively 
to save life and protect property when the community 
is threatened or hit by any kind of disaster, 

Working through their regional offices, DCPA 
would in time of emergency, house representatives 
of a number of Federal agencies in addition to the 
DCPA staff, and would be the focal points for com­
munications to the States and for interchange of in­
formation neces$ary for effective operations. 

Each State and many local governments maintain 
a civil preparedness, civil defense, or disaster office, 
with the name of the agency varying from area to 
urea. These agencies are involved in preparing State 
and local government forces and departments for op• 
erations in major emergencies. Each State and many 
local communities have established and maintain an 
Emergency Operating Center (EOC), where the deci­
sion makers of a State or local government assemble 
in emergencies lo direct, coordinate and control emer-



gency actions. Liaison representatives provide close 
coordination with Federal civil and military agencies 
and activities. 

THE OFFICE OF EMERGENCY 
TRANSPORTATION (OET) 

The Office of Emergency Transportation in the 
Department of Transportation is solely dedicated to 
emergency preparedness. It is the primary staff ele­
ment of DOT engaged in the development, coordina­
tion, and review of policies, plans and programs for 
attaining and maintaining a high state of emergency 
preparedness. With the active participation of appro• 
priate Secretarial offices, operating administrations ex• 
ternal agencies, and industry, OET oversees the effec• 
tive discharge of the Secretary's responsibilities in 
emergencies. The OET ensures that emergency plans 
are developed and an acceptable state of readiness is 
achieved in each transportation operating and support 
agency. 

Should a nuclear attack on our nation occur, the 
OET as a planning agency would probably he ab­
sorbed by the Department of Transportation Emer­
gency Organization which wollld exercise Executive 
Management of the emergency functions of the 
Department, under the direction of the Secretary of 
Transportation. 

THE FEDERAL HIGHWAY 
ADMINISTRATION (FHW A) 

The first Federal agency concerned with highways, 
the Office of Road Inquiry, was established in 1893. 
However, the national influence of it and successor 
agencies was not fully developed until Congress passed 
the 1916 Federal-Aid Road Act. This statute, as 
amended, established the present pattern of Federal 
assistance to States for highway construction and im­
provement. The landmark impact of this Act was, 
however, the requirement that in order for each State 
to receive Federal-aid funds it must have a highway 
department with adequate powers, suitably equipped 
and organized to eff~ctively carry out the duties re· 
quired by this Act. This requirement generated a 
strong engineering skill capable of responding to the 
steadily expanding national highway program. 

The Federal-aid program is a cooperative one. The 
States choose the systems of routes for development, 
select and plan the individual projects to be built each 
year, acquire the right-of-way, and award and super­
vise the construction contracts. The States pay for 
the work as it progresses and then claim reimburse­
ment from the Federal Government for the Federal­
aid share of the cost. The function of the FHWA 
is to administer this grant-in-aid program and furnish 
guidance, control and approval, with respect to the 

1-8 

financial obligation of the Government, in each suc­
ceeding step of the progress. 

The Federal-aid highway program operates on a 
pay-as-you-go basis and its cost is paid by highway 
users. Most of the Federal highway activities are 
financed from the Highway Trust Fund, supported 
entirely by Federal road-use taxes. The Federal lax 
on motor fuel, and certain other highway-related 
taxes, go into the Highway Trust Fund and provide 
the money for the Federal payments to the States. 
The annual amounts of Federal highway funds to be 
made available (authorized) to the States are set by 
Congress, and the funds so authorized arc divided 
(apportioned) among the States according to methods 
prescribed by law. 

The cooperative relationship between the States 
and the FHW A which has developed over the years 
is often cited as a model of Federal-State cooperation. 
This relationship is a logical 'basis for assigning the 
guidance and coordination of emergency highway 
traffic regulation to this Administration. In this spirit 
of cooperation, the responsibility for the direct emer­
gency regulation of highway traffic has been accepted 
by the States and each State has prepared a detailed 
plan explaining how emergency highway traffic regu• 
lation will be administered. These State plans have 
been coordinated by t_he FHW A in accordance with 
national guidelines. This program is, therefore, de­
centralized and in the event of an attack on our nation 
the role of this Administration would consist of pro­
viding advice and aMistance to the States as requested 
and coordination between the States as necessary, to 
provide for the smooth functioning of this program. 

THE INTERNATIONAL ASSOCIATION 
OF CHIEFS OF POLICE (IACP) 

The International Association of Chiefs of Police 
serves the law enforcement profession and the public 
interest by advancing the art of police service. Its 
staff of police management consultants, educators and 
trainers, highway safety consultants, researchers, and 
systems analysts develop and disseminate improved . 
administrative, technical, and operational practices 
and promote their use in police work. Its aims are 
to foster police cooperation and the exchange of in­
formation and experience among police administrators 
throughout the world; to bring about recruitment and 
training of qualified persons; and to encourage ad­
herence of all police officers to high professional 
standards of performance and conduct. 

Traditionally in the forefront of efforts to improve 
and professionalize police service, the IACP has 
provided assistance and advice to a large number of 
police agencies, State criminal justice planning 
councils, congressional committees and presidential 
commissions. Because of its broad representation 
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(approximately 8,000 members) this association was 
the logical group to be called upon for collaboration 
in developing concepts and general plans for emer­
gency highway traffic regulation. The IACP prepared 
the original text of the section of this Guide which is 
concerned with the police function in emergency high­
way traffic regulation. 

THE AMERICAN ASSOCIATION OF 
STATE HIGHWAY AND TRANSPOR­
TATION OFFICIALS (AASHTO) 

AASHTO is organized to foster the development, 
operation and maintenance of a nationwide integrated 
system of highways, and to cooperate with other 
appropriate agencies in considering matters of mutual 
interest with the other modes of transportation in 
serving the public need. To this end, the highway 
officers of all the States, Puerto Rico, the District of 
Columbia, and the FHW A have pledged their coopera­
tion: to develop and improve methods of administra-
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tion, planning, research, design, construction, mainte­
nance and operation of highways to provide the 
efficient, safe and effective transportation of persons 
and goods in support of national goals and objectives; 
to study all problems connected with highway trans­
port and its interaction with other modes of trans­
portation; to counsel with Congress on highway legis­
lation; to develop technical, administrative and high• 
way operational standards and policies needed to carry 
out the highway program. 

AASHTO has a special committee on emergency 
preparedness created by request of the FHW A. The 
committee is composed of one deputy chief admin­
istrative officer from one State highway department 
in each of the FHW A regions, and the Secretary is 
an FHW A official. It is the function of this com­
mittee to advise and assist the FHW A in the develop­
ment of plans, procedures and training in the areas 
covered by the Emergency Standby Orders which 
appear in Appendixes D, E, F, G, H, and I. 



CHAPTER "1-ORGANIZATIONS INVOLVED 
IN EHTR OPERATIONS 

STATE HIGHWAY DEPARTMENTS 

Every State has a highway department, although 
the name and nature of the agency vary among them 
to some degree. Because of their long experience in 
cooperating with the Pederal Government, their broad 
operations and large corps of trained personnel, and 
their considerable ma1:.1.gcrial and technical capability, 
the State highway departments generally have been 
assigned responsibility by the Governors of their re­
spective Stales for emergency highway traffic regula­
tion. In some cases, however, another State agency 
such as the State police has been assigned this respon• 
sibility. (In this Guide, when "State highway 
department" is mentioned it is intended to refer to 
the State agency responsible for emergency highway 
traffic regulation, unless the context indicates other­
wise). In preparing for and operating emergency 
highway traffic regulation, the State enlists the coopera­
tion and assistance of county and local rural and 
urban highway departments as necessary, 

With only a few exceptions, each State highway 
department has divided its State into working areas 
for purposes of a<lministration and operation. Tn most 
of the States, these areas are identified as districts 
or divisions. (In this Guide they are called districts 
hereafter, but divisions should be understood where 
applicable). 

These highway districts usually comprise several 
counties and many are coextensi\'e with county lines. 
Each has a district central office responsible for all 
or many of the normal State highway operations in 
the area, including road locaLion, design, construe· 
tion, maintenance and repair, traffic signing and 
signalization. These districts are usually further 
divided into smaller administrative areas which are 
responsible for highway maintenance, etc. The logical 
subdivision, therefore, for EHTR operations is the 
State highway department district and subordinate 
offices. 

DEPARTMENT OF THE ARMY 

The Department of the Army represents the military 
services for the Department of the Defense in the 
development of the concepts and pluns for emergency 
highway traffic regulation. The Army EHTR plans 
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provide for the assignment of a team to each State 
EHTR center when activated. Upon activation of 
these centers, these teams will coordinate military 
movements, arrange for the establishment, when appro• 
priate, of routes which will be reserved for the exclu• 
sive use of tl1e military (for the duration of the 
movement) and/or effectuate the issuance of road-use 
permits for military movements. (See Part III below 
for a full explanation of the role of the military in 
EHTR.) 

STATE AND LOCAL POLICE 
ORGANIZATIONS 

The restoration and regulation of traffic in a national 
defense emergency is the responsibility of each State. 
Because the Governor has the prerogative of designat• 
ing the agency having the authority to direct emer­
gency traffic: supen'ision, the police responsibility may 
vary from State to State, and the Governor will nor­
mally delegate the authority for statewide police 
emergency operations to the commanding officer of 
the State police agency. Since EHTR is but one of 
his many duties, the Stale police commander would 
U!;ually designate another high.ranking State police 
officer to represent and direct police operations from 
the State EHTR center. 

Whether police have full or only partial responsi• 
bility for enforcing emergency highway traffic regula­
tion, the magnitude of the problems involved requires 
the full cooperation and coordinated efforts of many 
agencies and individuals. 

Figure 3 illustrates the police "chain of command" 
for purpose of assigning responsibility, delegating au­
thority and establishing lines of communication in the 
EHTR organization. 

It is important to note the implications of the chain 
of command illustrated on Figure 3. Although it 
represents the most logical approach to performance 
of the police role, the success of the mission is solely 
dependent upon the complete devotion of all police 
agencies involved to a singular purpose. There must 
be a coordination and cooperation among State, 
county, and municipal police. Each must make his 
plans so as to mesh with the total effort. All officers 
need to be well and uniformly trained in highway 
traffic regulation during an emergency. Police have 
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many responsibilities. A commanding officer must 
predetermine what portion of his force will be assigned 
to emergency highway traffic regulation duties and 
decide in conjunction with EHTR officials just what 
those duties are to be. A well-coordinated organiza. 
tional, planning, training, and operating effort may 
be enhanced by using already existing groups such 

as State associations of chiefs of police or the enforce­
ment committee of a State safety council. 

The decentralized nature of State police operations, 
communications capability, proximity in some cases 
lo State highway offices and garages, familiarity with 
routes throughout the State and their experience in 
handling areawide situations which frequently cross 
jurisdictional lines makes them the logical organiza­
tion to assume responsibility for police highway traffic 
regulation command at the EHTR district level. Below 
this echelon, command responsibility may be assigned 
to State, county, or municipal police depending upon 
the availability of police manpower and the location 
of the EHTR sectors and posts. The police function 
at an EHTR sector established in or near a metro• 
politan area would normally be delegated to a county 
or municipal police officer. This will also be appli• 
cable to EHTR posts serving the sector area. This 
situation does not preclude the probability that State 
police or officers of other jurisdictions would he sub­
ordinate to such a command. 

HIGHWAY USER OR REGULATORY 
COMMISSIONS 

Historically the States have accepted the highway 
user representative as the third member of the EHTR 
team to work with the highway department and the 
police as staff members of the EHTR organization. 
Most State EHTR plans contain an explanation of 
how representatives of State highway user groups 
will function as part of the EHTR organization. As 
highway users, it is expected that the trucking in­
dustry will be more than willing to become an active 
participant in the EHTR organization and participate 
in peacetime training exercises designed to familiarize 
trainees with EHTR operations. 

Within each State government is an organization 
which, among other things, regulates the intrastate 
trucking industry. The titles of these organizations 
vary from State to State among which are Public 
Service Commission, Department of Motor Transpor­
tation, Commerce Commission, and Public Utilities 
Commission. Some States are considering using these 
organizations to discharge the highway user function 
in the EHTR organization. This concept has the ob­
vious merit of enlisting the support of an existing 
full-time organization of public employees. 

It is important that each State EHTR plan provide 
for the highway user function and the States should 
assure themselves that the organization selected can 
be fully depended upon to participate should the need 
arise to activate the EHTR organization. This implies 
a willingness to furnish more than a token participa­
tion in peacetime training exercises, 
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Part II EMERGENCY HIGHWAY 
TRAFFIC REGULATION OPERATIONS 

CHAPTER I-FUNCTIONS, EQUIPMENT AND PERSONNEL OF EMERGENCY 
HIGHWAY TRAFFIC REGULATION CENTERS AND POSTS 

In case a national defense emergency is declared 
by either the President or the Congress of the United 
States, all pertinent Federal emergency plans would 
be implemented. Certain Federal plans require in• 
dividual, specific Presidential orders to become opera­
tive; hut for the purpose of this Gui de it is assumed 
that State EHTR plans will become effective as re­
quired in a national defense emergency. 

THE STATE EMERGENCY OPERATING 
CENTER 

Introduction 
Each State has an emergency operating center from 

which a minimum staff of key State officials would 
implement emergency plans and carry on essential 
governmental functions in the event of a national 
defense emergency. 

Functions 
As soon as a national defense emergency is de­

clared, the Governor of each State presumably will 
order the full activation of his State emergency opera!• 
ing center. This center, planned and organized by 
the State civil preparedness agency, would thereafter 
be exactly what its name implies; a fallout protected 
center for emergency operation of the State govern­
ment. 

The State emergency operating center would be the 
focal point for receiving and disseminating all kinds 
of information; for contact with the Federal Govern­
ment; for communication with the general public; 
and for issuance of directives relating to specific and 
general emergency functions and responsibilities as­
signed by established emergency plans. The State 
operating center would determine when and which 
kinds of emergency procedures and activities would 
be undertaken ; it would provide information to, and 
direction of aid and relief for, the State's surviving 
population. Most, if not all such operations, including 
emergency highway traffic regulation, would be carried 
out by previously designated responsible State agencies. 
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Personnel 
The State emergency operating center would be 

utilized by the Governor and his advisers, the State 
civil preparedness director and his staff, and repre• 
sentatives of the regular and emergency State operat• 
ing agencies. The latter logically would include the 
heads or top.level representatives of the emergency 
highway traffic regulation organization. Under pre• 
arranged emergency plans and assignments, the Gover• 
nor probably would invite to the State emergency 
operating center representatives from those Federal, 
civil and military agencies that have emergency respon· 
sibilities. These individuals would serve in liaison 
capacities between Federal and State operating centers. 

Equipment 

Each State has a fully equipped hardened emer­
gency site. Many States are currently using these 
centers full-time for peacetime activities with the 
knowledge that, should a national defense emergency 
occur, the peacetime functions would terminate and 
emergency operations commence. The emergency 
operating center would be augmented as required and 
become the focal point for coordination of emergency 
operations. Whether or not the site is currently in 
use or not, each emergency operating center has fa. 
cilities for full-time in•shelter period operations. All 
necessary sleeping, cooking, sanitary facilities, office 
equipment, food supplies, medical stores, water and 
fuel are stockpiled and rotated at predetermined 
intervals. 

Communications 
Without adequate communications it is obvious that 

an emergency operating center would be unable to 
effectively carry out its mission. Most such State 
centers have redundant communication facilities. These 
vary, of course, from State to State. Some centers, 
for f'Xample, have radio telegraph, radio teletype, land­
line teletype, voice radio, etc. In some cases, dupli• 
cate standby antennas are stockpiled for use in case 
a nuclear blast destroyed the existing antenna field. 
Other States may have comparable but less elaborate 



facilities. At any rate, it is abundantly clear that 
each State has recognized the need for and has pro­
vided an adequate long-range communication facility 
for use in both natural and nuclear disasters. 

THE STATE EHTR CENTER 

Introduction 

Each State EHTR plan provides for a State EHTR 
center. The purpose of this center is to coordinate 
all EHTR operations within the State. 

Functions 
The most important and largest EHTR office, since 

it will be the nerve center of the entire operation, is 
the State EHTR center. It would be the first acti­
vated after an enemy attack, and, if there is an early 
warning, it may be activated in advance. The State 
EHTR center should be located as near as feasible 
to the State emergency operating center, which will 
be the focal point of all State activities. The State 
EHTR center preferably should be protected against 
blast and have an adequate radiological protection 
factor. 

The initial operation of the State EHTR center 
would be to size up the statewide situation with respect 
to highways. Information ·would be available from 
the State emergency operating center after an enemy 
nuclear attack as to the locations, intensities, and 
nature of the bomb strikes within the State and the 
surrounding region. Such information, based on 
rapidly collected and perhaps sketchy facts, and inter• 
preted by means of precalculated probabilities, should 
provide with fair reliability the locations of "ground 
zeros" of each blast. The probable extent of the area 
affected by heavy destruction and fire damage, and 
the area exposed to varying degrees of radioactive 
fallout and contamination would be determined. 

The State EHTR center would make final deter• 
ruinations on all matters concerned with emergency 
highway traffic regulation. This center would direct 
and coordinate the activities of district and sector 
centers. The State EHTR center would affect all 
necessary coordination with adjoining States on 
matters of mutual concern, having recourse to the 
Federal Highway Administration for assistance in 
those instances where mutually satisfactory solutions 
cannot be developed. 

Under the national emergency highway traffic regu• 
lation program each State has adapted the diagram­
matic representation of a typical State EHTR organi­
zation illustrated in figure 4. The selection of locations 
for the EHTR centers is a matter of great importance, 
for once an emergency arises those centers that are 
needed must be activated without delay and immedi­
ately put into full operation. 
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One of the most difficult and yet most important 
functions to be performed by EHTR personnel is to 
acquire, assimilate, and appropriately disseminate the 
best information possible for public consumption as 
it relates to highway traffic. It is essential that the 
release of this information be coordinated with the 
State emergency operating center. The real test of 
a post,attack recovery ability is the effectiveness of 
communication with the surviving population. An 
effective public information capability will insure com­
pliance with EHTR center policy and directives; fa. 
cilitate the safe and efficient evacuation of goods and 
people as well as the prompt and orderly ingress to 
disaster areas. It will help lift the spirit of a shocked 
and terrified people and minimize further injury and 
loss of life and property. This important function 
of public information capability would best be per• 
formed at the State EHTR center which will be at the 
tip of a pyramid of information flowing to it from its 
subordinate centers and traffic regulation posts. 

The State EHTR center, upon activation would: 

(1) Identify and evaluate the availability and the 
traffic-carrying capacity of usable highways, roads 
and streets within the State, including all those 
within areas of unrestricted travel and those that 
can be opened to controlled use through contami­
nated areas. 

( 2) Develop and maintain, in cooperation with 
the State highway department, a State situation 
map showing damaged or destroyed highways and 
highway facilities, and the radiation intensity along 
highways, particularly those traversing contami­
nated areas. This map would identify points show• 
ing H + l radiation levels and/or actual readings 
in accordance with Part IV of this Guide. Aerial 
radiological surveys may be requested through State 
or local emergency operating centers when suf• 
ficient data is not otherwise available. 

( 3) Make all information regarding radiation 
levels available to the State radiological defense 
organization, and to the public. The release of this 
information to the public should be coordinaJed 
with the State emergency operating center. 

(4) Inform the public of highways closed by 
reason of damage or radiation. 

( 5) Estimate traffic demand for essential move­
ments for the entire usable highway network. 

(6) Determine the percentage of highway traffic 
capacity to be reserved at the State emergency 
highway traffic regulation center for Interstate 
traffic. 

(7) With assistance from district and rector 
centers, make periodic traffic counts on main routes 
to determine whether the traffic volume is approach­
ing the capacity of the route. As the volume 
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reaches the capacity of the route, take action to in­
stitute partial or complete traffic regulation of the 
route to insure the movement of essential traffic. 

(8) Erect signs on routes through restricted and 
unrestricted areas in accordance with this chapter. 

(9) Prescribe maximum and minimum speeds in 
keeping with local conditions. Minimum speeds 
would be prescribed for routes through radiological 
areas to reduce the radiation dosage to the driver 
and other occupants of the vehicle. It is realized 
that the higher the speed (above 30---35 m.p.h.) the 
lower the volume that can be handled. 

( 10) Issue road-use permits for the use of high­
way space on regulated routes and recognize permits 
issued in other States for single long trips involv­
ing use of highways within the State. Such travel 
will be allocated to that portion of reserved high­
way space as provided in paragraph (6) above. 
(For an explanation of road-use permits see below.} 

( 11) Assign to each regulated route, at the time 
it is established, an identifying number, letter, or 
name. The use of existing route numbers, letters, 
or names as shown on existing State highway road 
maps is strongly recommended. In urban and/or 
metropolitan areas street names may be more appro· 
priate than route numbers. The use of well-known 
existing route numbers, letters, or street names, as 
modified by attack conditions, will lessen the con­
fusion which would arise were new numbers or 
other identification suddenly presented to a public 
suffering from the inevitable shock and confusion 
following an enemy attack. These route identifica­
tions would appear on all road-use permits issued 
by State, district, and sector EHTR centers. 

( 12) Inform all district centers of the regulated 
routes within their boundaries and the number of 
road spaces allocated to such centers for issuance 
of road-use permits. 

Personnel 
Upon activation of the State EHTR center, key 

personnel should be: summoned immediately, to this 
center, in accordance with the current State plan. 
These would include the upper-level administrative 
officials; the technical staff-highway and traffic en­
gineers, rudiation experts, etc.,-who are responsible 
for assessment and analysis of the general traffic situa­
tion and necessary support personnel. Presumably a 
maximum operations staff would not be needed im• 
mediately at the State EHTR center; but all assigned 
and recruited staff should be contacted at once. This 
will serve a dual purpose: it will put the entire staff 
on alert, either to come to the center or to standby; 
and it will establish, at least for the moment, who is 
available and who is not. The staff, especially key 
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personnel, should be forewarned to contact the center 
on their own initiative if they have not been con• 
tacted in a reasonable time. 

The initial check and call-up may show the need 
to summon to immediate duty some substitutes for key 
individuals who cannot be contacted or who are known 
to be dead or incapacitated. The center's roster 
should include substitutes or alternates for this pur­
pose, and they should be trained to assume their 
principals' functions. 

Personnel at the State EHTR center would be re• 
sponsible for the administration of emergency highway 
traffic regulation within the State. Each State plan 
provides for this function and in most cases identifies 
this center as an emergency operating center staffed 
with personnel from the State highway department, 
the State police and, when feasible, representatives 
from the highway users. 

Since only 5ome of the personnel assigned to EHTR 
activities would be in uniform, suitable official iden• 
tification is required for them. When available, the 
State emergency identification card should he used. 
In addition, EHTR personnel should probably be pro• 
vided with a quick-identification device such as an 
armband or badge with a readily recognizable symbol 
and/or inscription. 

An important record to be kept by the State agency 
responsible for EHTR is a full, up-to-date roster by 
job title, rather than name, of all personnel assigned 
to report to the center, including State highway and 
police officials, highway users, and military and civil 
defense liaison representatives. The State EHTR 
center's list should also include similar listings of the 
principal staff assigned to each district and sector 
EHTR center, Each State EHTR plan should contain 
these rosters. 

An alerting system capable of summoning all or 
selected members of the EHTR staff to the center in 
rapid fashion should be developed in association with 
the personnel rosters. Arrangements may also be made 
for the staff to report to the EHTR center even with­
out notification, in a recognized emergency, or the 
staff may be instructed in advance to listen to radio 
broadcasts for general alerts or assignment messages. 

Equipment 

It is desirable that the State EHTR center be 
physically established and equipped now. Ideally, it 
should be fully stocked with office furniture, equip• 
ment, and supplies, communications equipment, and 
living and feeding equipment and supplies-all in 
place and ready to use. Where this optimum situa­
tion is impossible to achieve at once, it may be accom­
plished gradually. In any event, every effort should 
be made to approach full operational i:eadiness as 
quickly as possible. For example, the State EHTR 



center may be physically established but only partially 
equipped and stocked with the remaining needed 
equipment and materials stored at the State highway 
department headquarters or warehouse. Some of the 
equipment in use at the highway department may be 
earmarked for quick transfer to the State EHTR 
center when needed. In this case, lists of such items 
and their locations must be kept current, and ade­
quate plans arranged £or their ready identification and 
quick transfer. 

An essential need in the EHTR center would be 
adequate, large-scale State maps as well as maps of 
the State's urban areas showing all roads and streets. 
These various maps should be mounted on the wall, 
in a suitable location and covered with sheets of clear 
acetate so !hat information may be posted, and re• 
vised as changes occur. Such maps, properly posted, 
would give a quick,. current picture of both !he overall 
situation and its details. 

Ideally, provisions should be made for continuing, 
24-hour occupancy and operation of the State EHTR 
center. This requires adequate though spartan facil­
ities for living, sleeping, and eating-and, of course, 
food preparation-sufficient for the maximum staff 
anticipated, Thus, floor space is required both for 
office operations and for living quarters. The office 
operations would require furniture, typewriters, and 
other office machines, as well as paper and other office 
supplies, printed forms, and all the varied equipment 
necessary for competent office operations. Adequate 
toilet sud washroom facilities are required. For "live• 
in" accommodations, dormitory-type furniture and 
bedding are necessary. For feeding, cooking utensils, 
stove and refrigerator, china and cutlery, etc., are 
neecled. And, of course, food itself, and above all, 
drinking water. are essentials. In certain States, exist­
ing office facilities have been designated for use as 
the State EHTR center. Should an emergency occur 
the peacetime functions would cease and emergency 
operations would begin. In other States, an appro• 
priate area has been designated for activation should 
the need arise. 

Communications 
Highly important in the State EHTR center is a 

full complement of communications equinment, link• 
ing the State center to each district EHTR center, to 
the State emergency operating center, to the State 
highway deparment and State police headquarters, 
and to the State EHTR centers in adjacent States, 
Two-way raclio, teletype, and telephone communica­
tions are all desirable facilities to ha,·e, and it would 
probably be best not to depend on any single system. 
Interlinkage with the establisheil State highway depart­
ment and State police radio networks, if such exist, 
would be extremely useful. Communications are so 
important to the EHTR operation that, if at all pos-

sible, these facilities should be installed in the State 
EHTR center and maintained on a standby basis. 

Each State highway department has an extensive 
communication capability which enables it to main­
tain contact with its subordinate units. If emergency 
communication with contiguous State highway depart• 
ments has not been coordinated, this vital connection 
should be established as soon as possible, Each State 
plan should contain an explanation of its communi­
cation capability including its ability to contact the 
agency in the adjacent States which would be respon• 
sihle for emergency highway traffic regulation. 

DISTRICT EHTR CENTERS 
Introduction 

The State EHTR center must have ready means of 
accumulating information from throughout lhe State, 
of evaluating area and local situations, and of giving 
general direction to field operations. For these pur• 
poses, each State plan provides for EHTR districts 
to assist in this administration. 

To the extent possible, all of the preattack arrange• 
ments described previously in particular application 
to the State EHTR center should also be made for 
each district EHTR center. If the State highway 
department's district headquarters itself cannot he 
located in a properly protected site in which its own 
operations and those of the district EHTR center can 
he situated, it would he desirable to plan, and if pos· 
sible establish in advance a safe and adequate location 
for use in time of emergency by both the district high• 
way office and the district EHTR center. The emer­
gency operations of these centers are closely related 
and they will function to best advantage if housed 
together. Specific arrangements should be made by 
and for each district EHTR center, adapted to itti 
local situation and problems. 

Functions 
The district EHTR center upon activation would: 

(1) Receive from the State EHTR center al!' 
necessary information and guidance for its opera• 
tion. 

(2) Develop and maintain, with respect to the 
district a situation map showing damaged or de­
stroyed highways and highway facilities in the dis­
trict, available detours, and the radiation intensity 
on highways. On the situation map, identify points 
showing H + 1 radiation levels and/or actual read, 
ings in accordance with Part IV of this Guide. 

(3) Within limits assigned by the State EHTR 
center, issue road-use permits for trips originating 
in the district. 

( 4) Reserve a prescribed percentage of the high­
way traffic capacity of each regulated route for 
through traffic, 
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( 5) With assistance from sector centers, make 
periodic traffic counts on main routes to determine 
whether the traffic volume is approaching the ca­
pacity of the route. As the volume reaches the 
capacity, institute partial or complete traffic regu• 
lation and notify State and sector emergency high­
way traffic regulation centers. 

(6) Establish sector centers (county, city, or 
metropolitan area) as prescribed by the State EHTR 
center, and recommend to the State EHTR center 
such other sectors as should be established to fa. 
cilitate the movement of essential traffic. 

(7) Inform sector centers of regulated routes 
within the sector boundaries and the amount of 
space available to the sector against which it may 
issue road-use permits. 

(8) Coordinate operations with the appropriate 
area emergency operating center. 

Personnel 

Much like the main office of the State highway 
department, the district office is staffed with admin­
istrative, fiscal, and clerical personnel, highway, 
bridge, trnffic engineers, and other specialists. Usually 
the district office also has a force of equipment op­
erators and mechanics; a fleet of automobiles, trucks, 
and road maintenance and repair equipment; and a 
substantial garage and repair shop. Often, the high­
way districts are subdivided into working areas, each 
with a headquarters depot or garage for maintenance 
staff, equipment, and materials stockpiling. These 
depots generally contain a small amount of office space. 

Equipment 

Each district EHTR center should have an appro­
priate amount and similar type equipment to that con. 
sidered necessary for the operation of the State EHTR 
center. In those cases where the highway department 
district office will he the site for the district EHTR 
center, adequate equipment should he in place and 
ready for multipurpose use. 

Communications 

Each State highway department district ( or divi­
sion) office has as a minimum capability telephone 
and radio communication with its central office. Some 
highway departments have centrex telephone systems 
in operation. In addition, a few such departments 
are connected by teletype ~ysterns which provide for 
simultaneous messages to all district offices as well as 
individual communication. The district office radio 
capability also includes communication with mobile 
highway department units. It is expected that the 
district EHTR center will maintain communication 
with the appropriate emergency operating center. 
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SECTOR EHTR CENTERS 

Introduction 

The EHTR districts are further divided into EHTR 
sectors. In the State plans each EHTR sector covers 
a county or some logical portion of a county. These 
sector EHTR centers are usually located in State high­
way department or local highway or police depart­
ment facilities or in some other preselected site which 
is available and suitable for the operation of such 
a center. 

Functions 

The EHTR sector centers ( county, municipal, or 
metropolitan area) upon activation would: 

( 1) Maintain a situation map with respect to 
the sector, showing the information prescribed to 
be maintained at the district traffic regulation center 
with respect to the center. 

(2) l\fake periodic checks on traffic volume and 
n:comrnend to the District Center the institution 
of emergency highway traffic regulation as traffic 
volume on a highway reaches its traffic-carrying 
capacity. 

( 3) Within limits assigned by the district center 
issue road-use permits for trips originating in the 
sector, 

( 4) Requests for inter-sector movements which 
arc received would be coordinated with the district 
headquarters. 

Personnel 

Similar to the district EHTR centers but to a lesser 
degree, the EHTR sector centers ~ould be staffed 
with appropriate personnel in accordam.:e with each 
State's EHTR plan and/ or as deemed appropriate by 
the State EHTR organization. 

Equipment 

The sector centers would require aJl of the work­
ing and living furniture, equipment, and supplies 
which are needed at the district center although 
probably in different proportions and scale. The need 
for equipment will be affected by the nature of the 
activity which will be used for the sector center. If 
it is a highway department maintenance office one 
type of equipment will Le on hand. If a police depart• 
ment facility is selected by the State for a sector 
center a different type of equipment will, of course, 
be available. 

Communications 

Depending on the State plan, the sec;tor Clcnters 
may be located in highway department offices, police 
facilities, or some other logical location. Whatever 
communication facilities are available must he sup-



plemented, if necessary, so that a constant communi• 
cation may be maintained with the district EHTR 
headquarters and those EHTR posts under the contml 
of the sectors as well as the appropriate emergency 
operating center. This plan provides a fl.ow of in• 
formation up from the sectors and posts through the 
districts to the State EHTR headquarters. 

Metropolitan Area Sectors 
Our metropolitan areas usually comprise a large 

and congested central city surrounded by populous 
suburbs and scattered suburban developments or• 
ganized into larger or smaller political units as 
cities, villages, towns, etc. The conglomeration is very 
likely to be situated in several counties, and often in 
two States. A few have further 1iolitical complexities 
since they lie on an international boundary. In such 
multi-structured metropolitan areas, each political 
jurisdiction is apt to have its own individual civil 
defense organization and emergency plans. To the 
extent that these plans affect highway transportation 
and regulation, there should be careful coordination 
on both sides. 

In a large scale nuclear attack, many of the large 
metropolitan areas may be devastated by blast and 
fire and heavily contaminated ):iy radiation. In such 
a situation, the function of EHTR in relation to these 
areas, after shelter emergence, would be to arrange 
for safe and adequate bypasses. 

Because of the size, both in area and population, 
of the metropolitan areas, and their political, economic, 
and traffic complexity, it would be advantageous lo 
plan for the division of each metropolitan area into 
several workable EHTR sectors. This will be a neces­
sity when the metropolitan area is divided between 
two States. For management advantages, it would be 
best for all sectors covering the metropolitan area 
( within each State) to he under the jurisdiction of 
a single EHTR district; or for the area itself to be 
constructed as an EHTR district. Closely coordinated 
planning and operation between all agencies involved 
are obvious necessities. Many State EHTR plans re­
flect this planning. 

EMERGENCY HIGHWAY TRAFFIC 
REGULATION POSTS 

Definition 
EHTR posts are control points at each end of or 

along regulated routes, for the purpose of controlling 
the flow of traffic onto or on the route, checking road­
use permits, and advising occupants of vehicles of any 
danger from radioactive fallout or other hazard. 

Introduction 
The several levels of authority which exist above 

the EHTR posts are concerned primarily with plan-
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ning, orgamz111g, and administering the EHTR opera­
tion. It is at the EHTR posts themselves where this 
type of traffic regulation will occur. The police would 
have the responsibility for the operation and control 
of the EHTR posts and the traffic on the regulated 
routes. The detailed functions and operations of the 
posts are quite different from those of the EHTR head­
quarters, districts and sectors and for this reason are 
explained in considerable detail. 

Functions 
Choosing EHTR Post Locations-As soon as the 

decision to institute regulation on a route section is 
reached, it will be necessary to choose locations for 
roadside control posts and provide for equipping and 
manning them. Making such arrangements is the 
responsibility of the EHTR organization, usually at 
the level controlling the regulation and the hulk of 
the permit issuance for the particular route section. 
Generally this would be the EHTR sector center; 
occasionally, tl1e district. 

In the simplest kind of situation (regardless of 
traffic volume), involving a short route section which 
has no intermediate inlets or crossings, or at least 
none of traffic consequence, a control post at each 
terminus presumably wi!l suffice for control needs. 
Longer route sections, with intermediate access points 
of traffic significance, may require additional control 
posts; certainly they would be needed at intersections 
along the route where any appreciable traffic may 
have to be fed onto and off (or barred from) the 
regulated route. 

No arbitrary traffic-volume criteria can he suggested 
for this consicleration, since it is a relative matter, 
depending on the possible inflow volume in relation 
to the total traffic volume anticipated on the regulated 
route, and to the proportion of that total which is 
opera ting with priority preference; in addition, the 
geometrics of the route and its intersections may have 
a bearing on the matter. 

It can ·be realized from the above discussion that 
roads crossing or feeding into a regulated route sec• 
tion, if they carry any appreciable traffic, can create 
problems for the EHTR organization throughout the 
operation process. The crossing, entering, and leav­
ing traffic has to be taken into account in attempting 
to estimate the total traffic.carrying capacity of the 
regulated route. It would also he a factor in total 
traffic demand; additionally, there may he some cargo 
priority-certified traffic en!ering or leaving these inter­
mediate points, and this would have to be reckoned 
with in allocating road space and is.suing road-use 
permits. 

Wherever possible, each terminus and intermediate 
control post should be established close to a suitable 
road junction, so that traffic which must he barred 



from the regulated route may have an available alter­
nate route open to them, even though it may be cir­
cuitous. 

Almost inevitably, the control posts are going to 
create traffic bottlenecks just by their very existence. 
Vehicles would have to be stopped or slowed, even if 
only momentarily, tr, check their road-use permits. 
Muny others, arriving on the 'scene without road-use 
permits or even unaware of the existence of control 
on this route or anywhere else, may have to be given 
an individual (and hopefully brief) explanation of 
the situation. Some might want to take an alternate 
route to their destination. Some may want lo turn 
around and head back. Others may want to wait 
and take their chances of getting a permit, or being 
allowed to slip into the traffic stream· in a slack 
moment. 

Because of these possibilities, control posts on routes 
with sizable traffic streams should be located where 
plenty of off-the-road parking is available to serve as 
a holding area. In fact, the post can hardly operate 
successfully without this. The space may only be a 
pasture; or, with luck, it may be the parking lot of 
a big shopping center, ind!clstrial plant, drive-in 
theatre, or athletic field. In addition to space needs, 
the holding areas will require suitable entrances and 
exits, as will be evident a little later. 

The shoulders along the regulated route, whether 
paved or not, cannot be- used as a holding area. Their 
use for this purpose would seriously endanger mov­
ing traffic; they would not have adequate capacity 
within a reasonable distance; and vehicles stored on 
them could not satisfactorily be controlled or shifted. 

Control, Post Operation-The nature of operations 
at control posts on a regulated route section would 
depend on the volume of traffic and complexity of the 
situation, and on the understanding and cooperation 
of the public. At many locations the problems dis­
cussed here may be of small scale or nonexistent; at 
others they could he full-blown, indeed. 

Essentially, the operation at the control post is to 
feed road-use permit.bearing vehicles onto the road 
{or let them continue on it) and to turn others away; 
taking care of the latter, however, as road space allows. 
It is for this process that a suitable holding area of 
adequate size is required at or very near the control 
post ( see Figure 5) . 

If the display portion of the road-use permit were 
fastened to the vehicle windshield, its color and a 
large written-in number would show at a reasonable 
distance the day of the week and the specific regu­
lated route section for which it was issued. Date 
and permit hour, also would appear on the permit, 
but will not be visible except in close-up examination. 

A complete check of the road-use permit on every 
vehicle would almost certainly result in a tremendous 
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traffic bottleneck. For that reason, it is proposed that 
vehicles hearing road-use permits apparently proper 
for the day and the route section will be waved on 
without stopping. It must be remembered that a 
sizable proportion of the priority traffic may be heavily 
laden trucks and combinations which, once slowed or 
stopped, take considerable time and distance to accel­
erate to road speed. This leads to the further thought 
that control posts should preferably be located on level 
ground, and certainly not where an appreciable, sus­
tained upgrade is involved. 

While road-use permits will thus be cursorily 
checked as the vehicles drive by, it would be desirable 
to pull an occasional vehicle out of the traffic stream, 
for a closer check. As with peacetime road-regula­
tion checks, the "word" probably would get around 
pretty quickly. 

Vehicles not Displaying Ro.ad-Use Permit5-Those 
vehicles that do not have road-use permits for the 
regulated route section would have to be pulled out 
of the traffic stream into the holding area without 
hesitation, regardless of whether they are going to 
stay or not. It would be impossible to answer ques­
tions or give advice to drivers while they are on the 
road and thus blocking all traffic. And they cannot 
be permitted to stop at the entrance to the holding 
area, either, or the same problem would result. Hope­
fully, the use of advance warning and information 
signs, or of advance information posts, coupled with 
news broadcasts or other dissemination to the general 
public of information about regulated route sections in 
the area, would keep to reasonable proportions the 
number of vehicles that have to be diverted to the 
holding area. 

General experience, however, indicates that regard­
less of such information devices, the holding area had 
better be of considerable size on a main route, par• 
ticularly if there are no or only limited-capacity avail­
able "free" routes in the vicinity. Similarly, the work 
force operating in the holding area would have to be 
adequate for the task. 

Several alternatives will he open to the vehicle op-, 
erator who does not have a road-use permit and who 
has been diverted to the holding area. One of these 
is to take an alternate route to this destination; and 
the staff working in the holding area should he pre­
pared to give useful, up-to-the-minute detour and 
alternate route information. Coupled with this choice, 
if taken by the vehicle operator, is the need for suitable 
exits from the holding area leading to the alternate 
routes without crossing or interfering with the main­
line traffic any more than necessary. Where such 
crossings arc necessary, a police officer should be sta­
tioned to direct traffic. 

The second alternative open to a vehicle operator 
who has no road-use permit would be to turn back 
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Figure 5----Roadside EHrR control post operation on.a high~volmne Regulated Class C Route, 



toward his starting point: tk1t is, gi\'e up the trip 
altogether for the Lime being. Again, there rnust be 
means for him to exit from the holding area and 
start his return trip. This may not be a simple op· 
eration, because the dri\"er would han, to cross the 
mainstream of traffic going in the direction he 
originally intended to follow. In addition, once he 
has cros.~ed that traffic stream, he would want to enter 
the traffic stream going in the other direction; but 
this would be the traffic coming from the other end 
of the regulated route St'ction and presumably already 
would be running at or near the capacity of the Ian<' 
,)r lanes in that dirccli()n. 

Thus, it will be seen thut handling the nonpermiL 
diverted traffic nm be a very difficult task, and where 
traffic volumes arc heavy it may require a \Try sizable, 
well-organized staff. E\'en in peacetime, am:! even 
then if all drivers were amiable and docile, the job 
would still be complicated; witness the traffic jams 
before and after big athletic or entertainment events. 
In an emergency, and dealing with anxious ancl dis­
traught dri\"crs, it is going to be perhaps the most 
taxing, both in planning and execution, of the EHTR 
operations. In addition to managing and directing 
traffic, there may occasionally be nccd for police action 
against recakitrant drivers. 

A third alternati\'e may be open to the \·chicle 
operator who has no road-use permit: tlw possibility 
of obtaining such a permit; or the chance of being 
"metered" from the holding are;i into the traffic stream 
on the regulated route section, if the route is being 
operated in such a way as to c1llow this; or his election 
t.o take his chances and wait in the holding area. In 
the first instance, und in !he second if the answer to 
both "ifs" is affirmative, the vehicle operator should 
be directed to a special part of the holrling area, 
from which there is a suitable entrance to the regu­
lated route. 

Three levels or classes of consideration may exist 
for those vehicle operators who arrive at a ~ontrol 
post without a permit, nnd nevertheless want to 
CGntinue. 

Among the three levels of nonpcrmit-braring ve­

hicle classes, the first class to he considered would be 
those on an interstate trip for whom permit authority 
was arranged between the two State EHTR centers, 
and who had been instructed Lo pick up the actual 
permit at the Ii rst roadside control post they reached 
in the State. In some cases the control post staff 
would already h1l\'e been a{h·iscd of the arrnng,m1ent 
and have u permit reserved; in others they may haw 
to contact the EHTR center Lo verify it. 

The second class would be thosf'. operators who an: 
making a demonstrably essential trip, but have no 
road-use permit. Such individuals may ha\"C: been 
directed by telephone, by the EHTR center or one 

of its satellite stations, to go to the r:ontrol post, be­
cause it is much closer to the trip origin; or the 
indi\·idual may not even he aware of the need for a 
permit. The control post staff would have to make 
quick decisions in these cases, using their own judg­
meHt and without any specific guidelines. Those ve­
hicles accepted as being on essential trips would be 
fed into the traffic stream as soon as possible. 

The third and lowest level or class of operators 
would be those who have neither priority nor essen­
tiality to justify using space on the regulated route, 
but still have, in their own mind, at least, a strong 
reason or desire to make the trip. These, if there is 
a reasonable possibility of accommodating them, may 
be allowed to wait in the holding area and take their 
chances. If there is no reasonable chance of this, 
however, they should be shunted out of the holding 
area, either to an alternate route or to return to their 
ongm. It is expected that gasoline rationing or other 
restrictions on travel will reduce this class to a mini­
mum. 

Vehicles in all three of the classes described above, 
with those of the first and second level gelling prefer­
ence, may be lined up in the holding area close to 
the entrance to the regulated route. As the control 
post staff assigned to this location sees that there is 
a reasonable gap in the traffic moving on the route, 
he would feed one or more vehicles from the holding 
area into the mainstream. In this manner, it would 
be possible to take care of all of the first two classes 
of nonpermit-bcaring vehicles, and a good many of 
the third class, over a reasonable period of time. The 
odds are ,;trong that the mainstream traffic past the 
permit checkpoint would be irregularly spaced and 
rather slow-moving. 

\\'here regulated routes are operated under regula­
tion only during certain hours, the nonpermit vehicles 
may be kept in the holding area and released ( with­
out permits) when the controls are dropped. 

Latecomers; Overloading~The scheduling of road 
space on regulated rontes would be on an hourly basis, 
and each permit issned would indicate for what hour 
it is applicable. Those who arrive early or late at the 
entering control po~L (and are detected), should be 
shunted into tht' holding area, but metered into the 
route as soon as clear space is available in the traffic 
stream. 

There may be occasions whl'n, through inadvertence, 
road-use permits haw; been issued for more road 
space than is actually available on a regulated route 
during a particular hour: or the route capacity may 
unexpectedly and temporarily be decreased; or a sud­
den and urgent priority need may have arisen after 
all the space harl been allocated. In such cases, the 
control post staff will have to make whate\'er adjust­
ments they can, that seem reasonable and will aceom-

II-10 



plish the purpose. Any permit-bearing vehicles that 
have to be delayed, however, should be permitted to 
pro r;eed as soon as possible ; if necessary, by pre em pt­
ing part of the next hour and delaying vehicles sched­
uled for it. 

Summary of EHTR Post Responsibilitie&--The fol­
]9wing responsibilities for EHTR posts are taken from 
State plans or were developed at EHTR training ses­
sions. . They should be included as appropriate in the 
State plans. 

{ 1} Restrict the usc of regulated routes to those 
vehicles displaying road-use permits. 

(2) Place and maintain as necessary appropriate 
traffic regulation signs and barricades. 

(3) Maintain where feasible adequate lighting 
and personnel for 24--hour operation. 

( 4) Personnel assigned to control posts on class 
"A" routes should be sufficiently knowlcdeable of 
radiation hazards to enable them to warn vehicle 
operators of the dangers of travel through contami­
natecl areas. 

(5) ilfaintain a communication capability for 
liaison with the EHTR headquarters respon8ible for 
supervising the post. 

( 6) Through the exercise of sound judgment, 
meter into the traffic stream emergency vehicles 
such as ambulances, fire fighting equipment, vehicles 
bearing physicians, etc. 

(7) Maintain a suitable off-the-road holding 
area for vehicles which do not have road-use permits. 

(8) Procedure for handling nonemergency ve­
hicles without road-use permits: 

(a) Send to holding area for advice concern­
ing al'ailability of another appropriate route. 

(b) As appropriate, retain in holding area with 
the possibility of metering such vehicles onto the 
roLJte if light volume traffic develops. 

( c) As necessary. detour to point of origin. 

Personnel 
Each State plan provides that the police would 

have the responsibility of manning the EHTR posts. 
Naturally, manpower would present a large problem. 
It is recognized that EHTR would be only one of the 
many post attack responsibilities which the police 
would receive. 

It woulcl be impossible through current planning to 
determine how many men will be necessary to serve 
at these posts. The number will vary with the traffic 
\'olume. A low volume post would require a few 
men to handle the traffic, whereas a complex post with 
a high-volume traffic would require a larger staff. It 
is anticipated that the police would receive assistance 
from the highway department, local civil defense per­
sonnel, and such other logical sources as the State 
may determine is appropriate. 

Equipment 
Certain obvious supplies will be needed at EHTR 

posts. These and others, as appropriate, should be 
listed in each State plan. Motor vehicles would be 
needed for the transport of staff, patrolling the regu­
lated route section, or possible pursuit of vehicles not 
bearing road-use permits whfoh attempt to slip through 
a busy post. It may be desirable, especially in con­
nection with control posts on heavily traveled routes, 
to have available such equipment as tow trucks, 
wreckers, or rescue vehicles and ambulance$. Addi­
tional supplies such as gasoline, first-aid materials, 
fire extinguishers, drinking water, an<l food for post 
personnel shoulcl be on han<l. Shelter of some sort 
would be neede<l, at least in inclement weather; and 
sanitary facilities. A supply of road-use permits for 
emergency use should also be available. Radiological 
monitoring: equipment should be available and, of 
course, some of the post staff should have been trained 
in its use. 

Communications 
Generally, police have the best existing emergency 

communication system. Therefore, with some modifi­
cations the system can be coordinated with the systems 
discussed abo\'e and used to maximum advantage 
for EHTR operations. Plans should be developed 
which will provide emergency adaption. The inven­
tory of communications equipment, personnel, and 
facilities will reveal needs. Alternate communication 
plans should Le drawn where possible. Plans should 
include emphasis on ahbreviate<l or minimal messages 
and transmission discipline. Acquisition of pack sets 
and walkie-talkies is recommended. The great im­
portance of emergency communications deman<ls that 
greater impetus given now to increasing comm un ica­
tions contact, particularly yoice radio, between all 
police agencies. 
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CHAPTER II-REGULATED ROUTES, ROAD.USE 
PERMITS AND EHTR SIGNS 

introduction and Definitions 
Following a nuclear attack or a natural disaster 

two main types of usable highways will remain: those 
that are clear and open without restriction for travel 
and those that must be regulated in some manner. 

Regulated routes are of three types: Class "A," class 
"B" and class "C." Class "A" regulated routes are 
highways which lie within an area contaminated by 
radioactivity that is hazardous to the life and health 
of highway users. Class "A" routes may be used with 
special guidance and precautions. Class "B" regu­
lated routes are highways which are temporarily re­
!!erved exclusively for a special purpose, such as mili­
tary or civil defense and users of these routes will 
not need road-use permits. Class "C" regulated routes 
are highways which are determined to have or which 
are expected to develop critical traffic-carrying 
capacity restrictions and on which travel is generally 
limited to holders of "road-use permits." 

CLASS "A" ROUTES 

Establishment of Class "A» Routes 
The hazard of radiation has its effect in many areas 

and on many things. In evaluating the radiation 
effects on highway personnel and highway operations, 
the Defense Civil Preparedness Agency principles and 
objectives are followed by the Federal Highway Ad­
ministration. {See Part IV) 

The Defense Civil Preparedness Agency says in 
effect-don't expose yourself to any radiation if. you 
can avoid it, unless there is no alternative way of 
accomplishing your objectives. 

This Agency also established the following wartime 
principles of limiting the exposure of people: 

First: Protect them from radiation injury. 
Second: Protect them from radiation injury severe 

enough to require medical care. 

Third: Minimize the long-range effects of radiation. 
The objective is to keep the exposure of the general 

public to the lowest possible level. 

In the final analysis before a command decision 
to jeopardize lives in any operation is made, one 
must understand the consequences of radiation ex­
posure. Consultation with radiological experts prior 
to such decisions is of utmost importance. 

In addition to the effect on human life, fallout 
would have a detrimental effect on highway trans• 
portation, especially when one envisions that most of 
the country would be covered with radiological fallout 
if the attack was large and well planned. 

The EHTR organization should have personnel 
trained in radiological defense so that an intelligent 
evaluation of radiological data can be made. In turn, 
this information can be used to develop the operational 
aspects of travel through fallout areas which is neces­
sary for establishing class "A" routes. In this con­
nection, it is recommended that the EHTR organiza. 
tion work in close coordination with the State 
radiological defense officer and obtain his assistance 
in this area. 

We must keep in mind that highway department 
radiological monitors, even though they begin monitor­
ing on D + 1, will only have a minimum of radiological 
data; that is, the beginning of the danger zone. The 
State radiological defense officer would receive radio­
logical data from a variety of sources including aerial 
monitoring data. His data would be received sooner, 
would be more inclusive and more complete. (Part 
IV of this Guide contains further information concern­
ing radiation.) 

Within each area contaminated by radiological fall­
out there would be an infinite range in the degree of 
danger to exposure, from a slight health hazard at 
the periphery to perhaps high risk or certain death 
at the focal center ( which necessarily may not be the 
geometric center of the area.) The radiation experts, 
having mapped the current radiological situation, must 
next assess the feasibility of road usage within the 
contaminated area. This assessment would include 
the potential effects on exposure, taking into account 
radiation exposure criteria and the characteristics of 
travel. 

The radiation intensity, distance of travel across the 
area, and anticipated sustained travel speed would 
determine the radiation exposure to which travelers 
would be subjected. 

Before opening class "A" routes for travel, a number 
of things must be considered: 

{ 1) The use of the road ( for general public or 
for special purposes.) 

(2) The radiation intensity. 

11-12 



( 3) The distance of travel I hrough the fallout 
area. 

(4,) The total radiation dose received by the 
traveler. 

( 5) The safe speed required for traveling through 
the area. 

( 6) Allowance for breakdowns within the fallout 
area. 

{7) Frequency of trips, 

The control of class "A" routes through fallout areas 
would vary. Where the radiation intensity is low, 
the posting of a sign warning of !he hazard ahead 
would be sufficient. Where the route is long and/ or 
the radiation intensity is high, a barricade with warn­
ing and detour signs would be posted. These routes 
should be completely closed, Intermediate routes 
would be opened for special purposes or for the gen­
eral public, but controlled by EHTR personnel. Per­
sonnel operating control posts on a class "A" route 
should have sufficient knowledge in radiological effects 
to understand its dangers and provide advice to the 
traveler. The basic qu·estion to he resolved for each 
contaminated route section is whether it is safe to 
use at all; and if so, under what conditions. Re­
membering that radiation is invisible, it is highly 
important that routes which ~·ould he dangerous or 
fatal to traverse, should he barricaded and posted as 
quickly as possible. Less dangerous, hut nevertheless 
hazardous routes would be operated under regulated 
conditions. The regulatory control, based on relative 
risk, may vary from only a warning sign to pass 
through the area at a rea5onable sustained speed, 
without stopping, to specification of minimum travel 
speed or traverse time, trip frequency limitation, or 
even recommendation to seek medical check-up or 
attention immediately after crossing the area. For 
the travelers' information, the distance from the con­
trol point to the radiation-free boundary on the other 
side of the contaminated area should he posted. 

Where heavy radiation exists and health hazard is 
extremely high, the general rule, as stated above, 
would he to close the route completely. Alternate 
routes to various destinations should be plotted and 
posted, if possible, and they should be of sufficient 
capa.-;ity to handle anticipated traffic. Urgent needs, 
however, may force consideration of the use of a 
highly contaminated route for certain traffic move­
ments under specified conditions; e.g., that a par­
ticular driver travel at a high (but safe) speed and 
make only one trip. (It is known that rather high 
radiation exposure can be tolerated for relatively short 
periods without serious or permanent health impair­
ment.) 

Radiation contamination and hazard would he in 
a continuous state of change. Normal rates of decay 
are known, so the <lecline of hazard can be predicted 

with some reliability. However, shifting winds, rain 
or snow, and other climatic con<litions can bring about 
gradual or even sudden changes in ra<liation intensity, 
sometimes quickly reducing the danger in an area, 
and sometimes just as quickly bringing danger to an 
area previously found hazard free. Con~equently, 
frequent field monitoring must he maintained, to­
gether with a constant weather watch, so that changes 
in the radiation situation can he anticipated or at 
least detected as.rapidly as they occur. 

Routes endangered by radiation would he regulated 
by manned roadside control posts if the EHTR or­
ganization can muster sufficient manpower. It seems 
unlikely that there would he enough personnel avail­
able for this duty in all cases; their need would he 
greater on class "B" and "C" regulated routes-those 
wholly reserved or available only for priority traffic 
movements-and in other urgent activities. 

In any event, as soon as the necessity of designat­
ing a route for class "A" regulation is determined 
on the basis of radiological monitoring and analysis, 
the District or Sector EHTR center should immediately 
arrange for the placement of barricades and/or appro­
priate warning and information signs by the highway 
or police departments. 

Mauning of control posts on the roadside at the 
termini of class "A" regulated road sections should 
be arranged if possible. If only a limited number 
can be manned, it would be preferable to do so al 
locations where individual decisions are required. 
Routes that are completely closed to all travel and, 
at the other extreme, routes that may he traversed with 
on! y small risk, can he barricaded and signed, but 
not manned. Where an intermediate hazard is in­
volved, a manned post is desirable so that the risk 
circumstances of each traveler may quickly he 
assessed. The manning of such posts presumably 
would he by one or more police officers, through 
arrangement by the EHTR center. Such control 
offi.-;ers should have previous instruction in radiological 
exposure problems, or at least he equipped with suit­
able guide material. 

CLASS "B" ROUTES 

Establishment of Class "B" Routes 

Class "B" routes would usually he clear routes 
which means they are exposed to little or no radio­
activity. It is conceivable, however, that a class "B" 
route may have to pass through a contaminated area. 
In this case, the portion which passes through the 
contaminated area will he identified as a class "A" 
route. The need for designation of class "B" routes 
is apt to occur quickly after the beginning of the 
emergency. In the initial post-attack period, such 
movements are likely to he at a peak in frequency and 
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volume. Later, civil defense and military traffic should 
stabilize and diminish. Since class ''B" routes are 
reserved exclusively for the use of the military and 
the civil defense, their organizations will not need 
road-use permits whik using their routes. 

The movement requirements that engender class 
''B'' route designation may be characterized by the 
number of vehicles, their overall speed capability, the 
critical importance of a time schedule and of the 
materials or persons being transported, and the need 
for a unified or convoy type of movement. Initiation 
of a request for a reser\'ed route, which may be a 
specified highway or any route between two designated 
termini, would probably come to the EHTR center 
through the civil defense or military liaison officer 
sen·ing on the center staff. 

The need and importance for class "B" movements, 
certified by eivil defense or military authorities, would 
be accepted by the EHTR organization without ques­
tion. However, there may he competing priority 
travel demands and limited route capacities. If so, 
it would then be the responsibility of the EHTR or­
ganization to resolve the competing requirements for 
road space according to their best judgment and 
ingenuity. 

The size of a single, indivisible movement needs 
some consideration, and it would be desirable to pro­
vide some size criterion for application on reserved 
routes. However, much clcpt(nds on the overall speed 
of which the convoy is capable, and on the nature of 
the route itself: Obviously, a four-lane freeway can 
handle a situation better than a two-lane highway; 
an unobstructed, well-aligned road better than one 
with existing bottlenecks or attack-damaged payement 
and bridges. Thus, it hardly seems possible to gen­
eralize with respect to the size criterion for a reserved 
route. 

It seems probable that in most areas, within a short 
time after an attack, the need for reserved routes would 
have stahlized or diminished. Time would be less 
of a factor, and the EHTR organization, as well as 
the civil defense and military agencies, would be able 
to plan at least a day or two ahead. 

In this situation it is quite probable that route sec­
tions would riot have to be held wholly in reserve under 
class "B" regulation. Two possibilities are likely to 
offer themselves: Either a reserved route may be 
maintained as such, but opened on an "as-available" 
basis during scheduled periods for other traffic move­
ments; or tbe reserved route classification can be 
discontinued and convoy or other civil defense and 
military traffic can be accommodated preferentially 
at all times or during certain periods on class "C" 
routes. 

It should be borne in mind that the unnecessary 
application of the full-time reservation of a route as 

class "B" may well place unwarranted restrictions on 
other essential traffic movements. Before a route is 
fully reserved for special use, therefore, all alternatives 
5hould be considered. 

It is expected that civil defense and militar)' large­
scale traffic movements would generally be eon\'oy op• 
erations planned and controlled by their own organi• 
zations. While they would thus manage their own 
oper:i.tions, the EHTR organization would provide 
approval, reserve the highway for use, and provide 
any coordination with other agencies th:it may lie 
needed. 

Problems of coordination that immediately come 
to mind are the possibility of demand for road-space 
time on the same route and at the same time by both 
a ch·il defense agency and the military; or the traffic 
conflict that would result if two convoys were sched­
uled to cross an intersection at the same time. While 
urgent movements of this type should not be bogged 
down in procedural red Lape, neither can they be 
sanctioned without examination of the situation simply 
because the request comes from the civil defense or 
military authorities. 

CLASS "C" ROUTES 

Establishment of Class "C" Routes 

The determination of contaminated (class "A"), 
and reserved (class "B") routes by the EHTR organi­
zation, and activities in connection with them, are by 
no means simple functions. Regulation of class "C" 
routes would be even more difficult and complex, for 
it would deal with many imponderables and would 
rely much more heavily on widely scattered informa­
tion sources and on quick. but hopefully, sound judg­
ment. While highway and police personnel in the 
EHTR organization can handle problems of blocked 
and class "A" and "B" routes, class "C" route regu­
lation would require assistance and effort from the 
highway-user members of the EHTR team. 

The probable need for class "C" type of route 
regulation is fairly evident: The capability of the high­
way network would be severly reduced by a nuclear 
attack. As the nation recovers and transportation 
needs grow, highway capacity is unlikely to recover 
as fast as the demand; and in some locations, at least, 
essential demands alone may equal or exceed the 
capacity of serviceable highways. Simply put, there 
would be times and places in the post-attack period­
perhaps for an extended time-when road space must 
be rationed. 

Looking for the favorable side of the picture, it is 
probable that highway transportation would not suffer 
total paralysis; except in or close to bomb strike loca­
tions, much of the route dislocation would be confined 
to localized problems or specific bottlenecks, Radio-
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active contamination would decay in time to safe 
levels, except in or close to the blast areas. Also, the 
need for large volumes of highway transport other 
than for urgent civil defense and military movements 
is unlikely to develop until at least some days after 
an attack. Therefore, there would be an interval dur• 
ing which the EHTR organization could get into high 
gear, for class "C" route regulation. 

How soon the operation would need to begin, how 
extensive it would have to be, and how long it must 
continue, are questions which are open to conjecture. 
But the EHTR organization should maintain as a basic 
premise that regulation ought to be restrained in scope, 
extent, and duration to a necessary minimum. At the 
same time, the EHTR operation must seek to foresee 
and forestall highway overloading and the delays and 
interruptions to important traffic movements. 

It is the responsibility of the EHTR organization 
to evaluate both the demand and the capability for 
highway transportation, and once the decision to regu­
late has been made, it must regulate or ration road 
space, route by route and hour by hour, as necessary. 
Priorities for urgent and essential shipments would 
he issued by other agencies as explained below. 

Determining Demand 
It is obvious that estimating the capacity of usable 

highways in a time of emergency is not the simplest 
of tasks, hut it should present no great difficulty to the 
engineers who would be responsible for that function. 
Estimating the traffic demand-the volume of traffic 
movements-under emergency conditions, however, is 
quite a different matter. In this task,, the organized 
highway-user representatives recruited to the EHTR 
organization could play the principal role since they 
can best establish and maintain close contact with the 
highway users throughout the State and in the district 
or sector areas that they would serve. · 

Information. on normal peacetime traffic demand is 
plentiful and well known to the highway departments, 
and thus readily available to the EHTR organization. 
On main highways and arterial streets, the seasonal, 
weekly, and hourly traffic volumes and fluctuations 
are on record. Information is also available in many 
cases of traffic composition ( cars, buses, trucks, and 
combinations), trip lengths, origins and destinations, 
car occupancy, and cargo characteristics. Much less 
is normally available for secondary and local roads 
and streets, but, for all of these, there is an annual 
1-day traffic cotmt and generalized knowledge of sea­
sonal fluctuations. 

On the basis of such peacetime information, the 
EHTR staff engineers may be able to form judgments 
on probable traffic demands in an emergency.' Of 
course, the whole picture, and certainly the local situ­
ation route by route, may be altered because of heavy 

losses and shortages or changed needs. System con­
strictions may shift or concentrate demands elsewhere 
than their normal channels. Also there is no possible 
means for anticipating the puhHc's reactions-and 
actions-in facing the crises of a large-scale emer­
gency. In addition, of course, as activity above bare 
survival develops in the post-attack period, many of 
the conventional peacetime traffic demands would tend 
to reestablish themselves. 

So, in trying to estimate the size, locations, and 
nature of traffic demand in the post-attack period, the 
EHTR organization's highway and police staff mem­
bers would be doing their best to apply emergency 
adjustments to peacetime data. They would make 
full use of the EHTR field forces to constantly monitor 
and report on actual traffic volumes and compositions 
on the road. 

It is the highway-user representative on the staff 
of the EHTR centers that would be expected to do 
the major job in estimating commercial traffic demand. 
They should collect whatever information they can 
on probable traffic movements from all available 
sources and play the principal part in forecasting route­
by-route demand. 

The needed traffic demand information can best be 
collected by the highway-user members of the EHTR 
staff, to the extent possible, directly from all classes 
of highway users and traffic generators; and it would 
be a continuing, daily operation as long as there is 
a need for class "C" routes in the EHTR unit's juris• 
dictional area. 

Information should he sought not only from the 
vehicle operators more commonly thought of, such as 
commercial truck and bus fleet owners, but also from 
all active and potential traffic generators and attractors. 
These would include, among others, manufacturing 
plants and other commercial enterprises employing or 
servicing large numbers of people, shopping centers, 
high schools and colleges, and any other establish­
ments which continue or resume operation in the post­
attack period. It would be important to know, for 
example, that a temporarily shut-down plant is about 
to reopen and thus generate a flow of automobiles 
and trucks. 

Collecting traffic information from vehicle operators 
and traffic generators should be developed as a two­
way pattern, with the EHTR highway-user team mem­
bers "pulling" and the road users "pushing." The 
"pulling" phase simply means that the highway-user 
members of the EHTR staff would telephone all ve­
hicle-operating companies and organizations and traffic 
generators they know of-and because of their peace­
time positions and activities they are well acquainted 
with many of them-and ask what prospective road 
trips they expect to have; e.g., on the following day: 
Hciw many vehicles and what kinds; what routes will 
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be used; the time of trip; and also, what official 
priority or practical essentiality there may be for such 
trips. The "pushing" phase would simply be an in• 
formation flow in the opposite direction: Vehicle op­
erators will telephone their friends who are the high­
way-user members on the EHTR staff to inform them 
of pending or anticipated trips, and asks for advice. 

Naturally, the more "pushing" that develops in this 
two-way pattern, the less "pulling" that will be neces­
sary. For this reason, the peacetime education of 
vehicle operators in the purposes and mechanics of 
EHTR should prove valuable in the eventuality that 
it has to be put into actual practice. 

How often intercommunication between the high­
way-user members of the EHTR staff and the vehicle 
operators and other traffic generators is needed would 
depend on the day-to-day situation with respect to 
traffic demand versus highway traffic-carrying ca­
pacity. It would be especially needed shortly before 
a route section is expected to reach its operating 
capacity and class "C" regulation is being considered; 
and during the entire control period until it becomes 
evident that such control is no longer needed. Dur­
ing that entire time, it is vital to collect projected trip 
information in as much detail, and as far in advance, 
as is possible. 

Theoretically, contact should be established and 
maintained between the EHTR organization and all 
vehicle operators and other traffic generators. How­
ever, a practical aspect must be recognized; e.g., it 
is going to be much easier to contact and obtain in­
formation from operators of fleets of trucks and buses 
-and perhaps the larger, the easier-than it will be 
from operators of one or a few vehicle. Similarly, 
it is going to be easier to collect information from 
commercial operators than from private vehicle owners. 

While the private automobile is by far the pre­
dominate vehicle on our roads and streets in peace­
time, both in numbers and total vehicle mileage, it 
may he much less so in time of emergency, especially 
in relation to priority or essentiality of trip needs. 
Scarcity of gasoline and its rationing are likely to 
severely curtail nonessential automobile use. As the 
national recovery progresses, legitimate private car 
trips may increase; e.g., for carpools to work, etc. 

In any event, it will clearly be beyond the capability 
of the EHTR staff to contact all automobile owners 
about their trip intentions and needs, either early or 
late in the post-attck period; and there are no organi­
zations that can speak for them on this subject, ex­
cept perhaps in generalities. However, there are some 
possibilities that may develop into practical opera­
tions: For example, an industry important to the 
national economy or defense might obtain priorities 
for its carpool traveling employees, and report en 
bloc on their daily trips to the EHTR center. 

Within the total traffic demand, no matter how 
estimates are compiled, consideration of essential needs 
would be highly important. When the total demand 
exceeds the capacity of a route, class "C" regulation 
must be instituted; but rather than a catch-as-catch• 
can operation, the EHTR organization must see to it 
that essential traffic movements are preferentially 
handled. In the emergency situation, and quite prob• 
ably extending long .into the post-attack and recovery 
periods, there would be an official cargo and personnel 
priority shipment system for expediting essential and 
urgent transportation movements. 

Traffic-Carrying Capacity of Surviving 
Highways 

It is basic that the EHTR organization, as one of 
its first operations, must have obtained sufficient in• 
formation from all available sources to permit record• 
ing and plotting the road and street situation through­
out the State. The result would be a visual repre• 
sentation, on a large-scale wall map of the road and 
street network, of those route sections that are im• 
passible because of physical damage or radiation, and 
those under regulation as class "A" and class "B" 
( contaminated and reserved routes) . The remaining 
roads and streets presumably are all usable; and from 
this base a workable transportation system must he 
patterned. The first concern would be to provide 
continuity in interrupted or bottlenecked primary and 
principal secondary routes. This can he accomplished 
by arranging for quick repair, bypaMeS, detours, or 
alternate connections by way of existing adjacent 
roads. 

Intimate knowledge and available records of road 
geometrics and conditions are prerequisites to this 
work of assessing the capacity of surviving highways, 
and planning for temporary system "patchwork." It 
would do no good, for example, to map a narrow, . 
dirt road as an adequate detour for a damaged sec­
tion of mainline highway. Road inventory informa­
tion is generally available for all State highways; and 
State and local highway department staffs would he 
fully acquainted with the status of all roads and .!!treets 
under their jurisdictions. As a consequence, the selec• 
tion of detours, bypasses, etc., to provide needed route 
continuity can best be accomplished as a joint, co­
operative effort of the EHTR centers at all three levels, 
with the collaboration of the State and local highway 
departments, 

It is obvious that the relief section for a blocked 
route must be adequate for the job or it in tum 
would become a bottleneck. When full relief cannot 
be arranged, that is, if traffic capacity adequate for 
all, anticipated traffic demand is not going to be avail­
able, then class "C" route regulation, using road-use 
permits, must be instituted. 
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So it is evident that in mapping routes and systems 
for post-atlack highway transportation, in reaching 

' decisions on the need for EHTR control of class "C" 
routes, and in operating those routes, the capacity of 
the surviving available highway network, especially 
the primary and principal secondary routes, must be 
determined. This would be done by the traffic engi• 
neers of the EHTR staff. 

Traffic-carrying capacity may be estimated, route 
section by route section, depending on foreknowledge 
and existing conditions. The geometrics and, in fact 
the calculated traffic capacities, would be known and 
on record for most State highways and many secondary 
roads. However, within affected areas, the suddenly 
created bottlenecks and the effects of necessary de­
tours and emergency route connections would upset 
the normal characteristics of traffic flow and must be 
taken into account. There is a reasonable background 
of experience in such matters from situations 
occasioned by construction detours and the aftermath 
of natural disasters such as floods. 

A possibly even more disruptive bottleneck in emer• 
gency route regulation may he the roadside control 
post itself. While trying to sort out permit-carrying 
vehicles from others, and expediting the former while . 
turning back the latter, the control post may also 
create a major turbulence in the traffic flow along the 
regulated route. Operations planned and executed 
with extreme care may keep such turbulence at a mini-

1 mum, but it cannot he expected that traffic would 
run smoothly past a control post at a capacity rate 
indicated by geometrics alone. This situation must 
be reckoned with in estimating traffic-carrying capacity 
under emergency conditions. There is little experience 
to use as precedent, although perhaps route measures 
can be developed from operations at toll bridges, drive• 
in theatres, and paid parking lots at football stadiums, 
etc. Estimating the effect on traffic capacity of the 
roadside control post may amount to liule more than 
skilled guess-work. 

Highway capability may he expressed as vehicular 
capacity or tonnage capacity. Vehicular capacity re­
lates to the maximum number of vehicles that can 
pass a given point on the road in a specified period 
of time under prevailing roadway and traffic condi• 
tions. Roadway characteristics that influence the 
vehicular capacity include: Type of highway or road, 
number of lanes, grades, horizontal curvatures, road­
side clearances, and lane widths. The percentage of 
each type vehicle in the traffic stream and weather 
and visibility conditions also influence the traffic-carry­
ing capacity. 

While vehicular capacity is the capability analysis 
most familiar to the traffic engineer, the tonnage 
capacity of a roadway must he considered. For ex­
ample, a "parkway" with a pavement structure de. 

signed for passenger-car use only might he under 
consideration as a heavy truck detour road to a vital 
industry. The "parkway" may he able to accom­
modate as much as 10,000 trucks a day if the roadbed 
is dry or frozen, but during a wet spring thaw after 
a few heavy truck passages, the roadbed might become 
impassible. 

Tonnage capacity analyses are more familiar to the 
military. A short Section of the Department of the 
Army Field Manual 55-15 titled, HIGHWAY CA­
PABILITY ESTIMATES, is a good reference for aid­
ing the traffic engineer in evaluating routes before 
and after the disaster, and a copy should he in each 
EHTR center. The reference for making vehicular 
capacity analyses is the Highway Capacity Manual, 
Special Report 87 of the Highway Research Board. 
A point to make here is that· there will not be time 
to learn the details of the subject, hut there should 
he a traffic engineer in each center capable of making 
highway capacity analyses and that at least the dis­
trict and sector centers should have route logs and 
other records of the roadway pavement structure and 
geometrics available for his use. 

The Decision to Regulate 
The comparison of highway traffic capacity and 

traffic need-that is, supply versus demand-would 
indicate for each route section studied whether and 
where trouble or potential trouble, in the form of 
congestion, exists or may soon develop. The EHTR 
chief, with the advice of bis staff, must then make 
one of three decisions: 

( 1) That no regulation is needed, because the 
trouble is not imminent enough or has a reasonable 
prospect of being alleviated within a short time. 

(2) That some regulation is_ required, but need 
be operated only on a partial basis as during 
specified hours or with the recognition that a con­
siderable amount of non-priority traffic can be ac­
commodated, some of it even during the controlled 
hours. 

(3) That full-scale, full-time control is required, 
with accommodation limited largely to priority 
traffic movements, at least during some time periods. 

In some cases, the decision to regulate may not 
come until after the congestion or other route dif. 
ficulty has actually materialized; hut it would be 
highly clesirable to anticipate the need for and in­
stitute control reasonably well beforehand, so that 
serious congestion is averted. Many decisions would 
be difficult to make, for they will he concerned with 
questionable information and borderline situations. 
Two opposing forces could exist in extreme cases: the 
losses incurred through congestion, if regulation is 
begun too late; and the inconvenience and wasted 
effort to shippers and the EHTR organization alike, 
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if control measures are put into effect much too soon 
or in locations where anticipated congestion cloes not 
materialize. The EHTR chief must indeed thread 
a fine needle. 

In the earlier discnssi(+n for determining demand 
for the use of class ''C" routes, no mention was made 
of operating level; that is, whether the decision is 
made by the State, district, or sector EHTR chief. An 
inflexible pattern of responsibility does not seem ad• 
visable; of overriding importance is an arrangement 
to ensure that each office knows what the others are 
going to do, and that possible conflicts be eliminated 
before they happen. As a general rule, it is logical 
for the EHTR office closest to the local situation to 
make, or at least initiate, decisions to control. 

For example, a sector chief may decide that a par• 
ticular route section will need class "C" regulation 
by the next day. If the situation is purely local, he 
should huve authority to proceed with the arrange­
ments, but be required to immediately inform his dis­
trict chief, and adjacent sector chiefs, of his intent. 
If, however, route control need appears to span the 
entire sector, or extend across a sector t,oundary, then 
presumably the district EHTR chief should be respon· 
sible for the actual decision or for coordination be­
tween sectors. Similarly, a situation that extends to 
or beyond a district boundary shou!J be the decision­
making or coordinating responsibility of the State 
EHTR chief. 

In every case, of course, it is imperative that each 
EHTR center-State, district, and sector-be promptly 
informed which route sections are going to be con­
trolled, and when; which are operating under controls, 
and under what conditions; and which now under 
control are going to be released. Once again, it is 
evident that good communications are vital. 

When and if the decision is made that class "C" 
regulation of a particular route is necessary, two 
considerations are required: One as to length of route 
to he put under regulation, and the other as to timing. 

Individual decision that class "C" regulation is re­
quired would usually be related to specific location 
or limited area, and to a particular route, since in 
all probability the need would be occasioned by a 
bottleneck at a single spot or along a short stretch 
of road or street. Conceivably, control might he in­
stituted on a route extending for many miles; perhaps 
across the entire State. But this seems less than likely 
to he a common need, based either on road capacity 
or traffic demand. In addition, control of a long 
route might well be difficult from an operational stand. 
point, and would involve considerable manpower and 
paperwork. 

As a general principle, then, regulated route sec• 
lions should be no longer than is necessary to ensure 

that congestion will not develop, because of the control 
operation itself, at the route section termini. 

There may be situations where two route sections 
which require regulation are part of a continuous 
major rou!e and are so dose together that control as 

a single unit would function more efficiently. Also, 
contrnl of one route section may create traffic problems 
on other nearby routes, particularly those crossing 
or closely paralleling it. Thus in preparing to make 
the clecision to institute class "C" regulation on any 
individual route section, full consideration must be 
given to the consequent effects on other roads and 
streets in the vicinity. 

The decision to institute class "C" regulation is, 
of course, concerned with a time period in the future. 
Regulation, whether partial or run scale, cannot effec­
tively be applied at a moment's notice. Roadside 
traffic control posts must he spotted, equipped, and 
manned. Requests for road space must be solicited 
and received, and permits issued or authorized. 

A logical and practical system of control operation 
is what might be called the "following-day" pattern 
( a plan commonly used by the military services) , in 
which preparations are made each day for the follow­
ing day's operations. In EHTR operation, informa­
tion collected hy the EHTR organization during the 
morning might indicate that traffic demand may soon 
exceed capacity on a particular route section. The 
decision to regulate might he reached by noon. Dur­
ing the afternoon, arrangements would be made for 
establishing and manning roadside control posts; re­
quests for road-use permits would be solicited and 
processed; and information wou l,d be disseminated 
to the general public on the situation. The actual 
regulation would begin on the road at a prescribed 
hour on the following day, probably at a very early 
hour. 

A further consideration in timing is the duration 
of regulation on a particular route section. Sufficient 
information may be available, or careful judgment 
may indicate, that control should remain in force for 
sel'eral days, a week, or even· a more extended period. 
This will be an initial decision, of course, subject to 
amendment as the situation dcvelops from day to day. 
The extent of control on one route may also be affected 
by the situation on other nearby regulated routes. 

Class "C" regulation may be net~ded only during 
certJ.in hours of the day when congestion is likely to 
occur ( for example, the peak-hour surges in an 
around urban areas) or it may be required for the 
full 24-hour period. Similarly, it may be required 
in one or both directions. 

Instituting traffic control only during the day or 
even during just the few heavv,Jemand hours would 
greatly sim.plify the task, both. as to manpower and 
paperwork. In addition, it would very well encourage 
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many highway users to travel in off-peak, no-control 
periods, thereby actually reducing the peak-period 
demand. 

One other point about timing should be emphasized. 
The beginning point for class"C" route regulation as 
a general type of EHTR operation cannot be defined. 
The needs for class "A" and class "B" route control 
would arise almost immediately after an enemy attack; 
but the needs for class "C" regulation arc not likely 
to develop so quickly. Additionally, the EHTR or­
ganization may not be sufficiently activated and staffed 
for managing class "C" route regulation on any ex­
tended basis until at least several days after the attack. 

Operation of Regulated Routes 
It must be borne in mind that EHTR would be far 

from a simple and static operation. Many of the 
situations and operations described in this Guide are 
necessarily treated as individual subjects, but in prac­
tice many will be simultaneous, interacting, and some­
times in conflict with each other. 

Routes wholly reserved for essential movements 
( class "B") and those operated on a road-use permit 
basis (class "C"), may also be exposed to radiological 
hazard. Class "C" routes may be operated as such 
only part time or they may be reserved during cer­
tain periods for class "B" use. Post-attack traffic 
needs will fluctuate; physical conditions will improve 
or worsen; radiation hazards will decay and shift; 
planned road repairs will be completed or deferred. 
It is thus evident that EHTR operations would be in 
almost constant state of Aux. Only by having full 
and current information posted on the maps at the 
State, district, and sector EHTR centers would it be 
possible to continuously assess the situation and plan 
and effect changes to accommodate anticipated traffic. 
Each regulated route, each barricade and sign instal­
lation, each roadside control post, each detour, each 
blocked route, each repair or reconstruction job, and 
every other pertinent detail that would aid in assess­
ing the current situation, and in planning ahead should 
he recorded in readily usable form at all the EHTR 
centers. As a general principle, the EHTR operation 
should be as little encumbered by paperwork as pos­
sible. But details of the current situation are a prime 
essential for without them confusion could be extreme 
and disastrous. 

Routes which are found to be blocked by physical 
damage, such as destroyed pavement or demolished 
bridges, or which are impassible because of debris 
on the roadway, would be assessed as to their repair­
ability and restoration to full or partial service. In­
formation on the priority ranking of work to be under­
taken in debris removal, road and structure repair 
or replacement, construction of bypasses, and provid-

ing adequate detours should be obtained from the 
highway department. 

Highway department decisions on a priority work 
schedule should be based on the developing post-attack 
traffic needs and general route availability. The rela­
tive and absolute conditions at each location: The 
advantage to be gained for traffic movement; the local 
availability of construction equipment, manpower, and 
materials; and the speed and safety (e.g., from radia­
tion hazard) in which the work can be done should 
be taken into account. 

Both the situation survey and the judgments in­
volved in arriving at the reconstruction priority sched­
ule should be handled as a collaborative effort of the 
EHTR staff and the State highway department. This 
is important since the former would have the respon­
sibility for traffic estimation and regulation while the 
latter would have responsibility for doing the road 
repair work. Such collaboration can readily be 
planned and readily effected in actual operation. This 
is true since State highway department personnel 
would be a principal part of the EHTR organization, 
and in most States, the State highway department 
itself has been given the primary responsibility for 
planning and organizing for emergency highway traffic 
regulation-that is, the highway department is the 
"parent" of the EHTR organization. 

It should be remembered that in time of emergency 
the State highway department should have full au­
thority over all roads and streets, not just the State 
highway system alone. With this authority, it can 
use its own forces to undertake needed work on local 
roads. It can also take over jurisdiction and use local 
roads as detours for State routes and it can requisition 
the help of the local highway departments. 

An immediate need in connection with physically 
damaged or otherwise blocked highways would he to 
barricade the impassable sections. Probably the bar­
ricades should be placed at the nearest crossroad still 
open to traffic; and as soon as possible information 
signs prescribing available detours to various nearby 
destinations should be posted at the barricades. The 
barricades and signs would he placed by crews dis­
patched from the highway or police departments. As 
previously noted, barricades and signs of a type that 
would be needed should be prepared and stockpiled in 
advance at convenient, safe locations. 

ROAD-USE PERMITS 

Definition 

The road-use permit is a legal form issued to au­
thorize specific travel over a designated route during 
a specified time (see Figure 6.) The essential elements 
of this permit are: date, route number, time of entry. 
destination, number of vehicles, etc. 
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FIGURE 6 

No. A 0,000,001 
Trip origin ______________ _ 

:=::;::===, Trip destination fa\ Number and type o--:-f_v_e_h_i_c_l_e ______ _ 
.,:.;.: 

X::t Owner ------------------,,,,,,,,,,, Commodity _______________ _ 
=:=:=:=:==: Shipment priority -e-----------
1\t Regulated route number 
t)i Authorized time of entr--y--------
11§ (and/or such other items of information 
{)[ as may be appropriate) 

ill !?~'~:n~e~ _ _ _ _ _ _ _ _ _ _ __ _ 
12 12-1 

11 

10 
H1gt1way 
Road-use 

1-2 
2-3 

~ 3-4 
g . 4-5 

] Permit for ~ ~ 5-6 
9 -~ Regulated route ~ <C 6-7 

t: number ~ 7-8 
8 ~ ~ 8-9 

7 
~ ~ 9-10 
00 ~ 10-11 
~ ~ 11-12 

6 -~ i:: 12-1 
~ 0 1-2 

5 > c 2-3 

4 
~ ~ 3-4 

~ ---- '----- w 4-5 

1:;; : i Issuing EHTR Center i ~ ~~~ 
9-10 

i!l1;;;;%;;;;f;,;MJ!J!##t.iWIDWJitfilffilW1~'.; ~ 

STUB TO BE RETAINED 
BY ISSUING EHTR CENTER 

.,_ (Perforated line) 

ROAD-USE PERMIT 
TO BE ISSUED 

STATEMENT OF PENALTY FOR MISUSE TO BE PRINTED ON BACK OF FORM! 

This permit is the property of the United States Government. Its counterfeiting, 
alteration or misuse is a violation of 18 U.S.C., Section 499 (1948). Violators 
shall be fined not more than $2,000 or imprisoned not more than five years, or 
\.ioth. 
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Issuance and Record Keeping 
The key to successful traffic regulation on class 

"C" regulated routes is the planned issuance of road­
use permits, A revised form of this permit is repro• 
duced in Figure 6. It is expected that State organi­
zations responsible for emergency highway traffic 
regulation will stock a master copy of this permit form 
available for quick reproduction in the event the need 
for it arises. Each State plan should also contain a 
copy of this form. 

The display portion of the permit is intended to· be 
taped on the vehicle windshield, so it may be quickly 
scanned at the roadside control posts. As illustrated 
in Figure 6, the route control number would be written 
in the center of the permit in large lettering, so it 
can be checked "on the fly." It is proposed also to 
make the date evident at a glance, simply by using a 
different color for the permit form, for each day of the 
week. The permit should be serially numbered, both 
on the stub and the display portion; the remaining 
details evident in the illustration are self-explanatory. 

As a premise to further discussion of permit issu­
ance, class "C" route regulation is instituted only when 
it appears that anticipated traffic will overload the 
route section, so that all traffic cannot be accom­
modated-at least, at the particular time each vehicle 
operator himself would choose. It follows, then, that 
some traffic must be tu med back or delayed; con­
versely, that traffic involving priority shipments must 
be given perference over any other. Then, reduced 
to its simplest concept, road-use permit issuance may 
be concerned only with shippers who have already 
receh•ed cargo priority certification from the trans­
portation agency charged with that responsibility. (If 
this latter statement seems oft-repeated, it is to ensure 
that EHTR participants constantly remember their 
own function is to accommodate official cargo. and 
personnel priority shipments, not to authorize them. 
See page II~24 for further information concerning 
cargo priorities.) 

Reducing the concept to this basic position, then, 
it can be assumed that a large proportion of permit 
issuance would be accomplished by contact between 
the highway users of the EHTR staff and the com­
mercial vehicle operators, particularly those with fleets 
of more than just a few vehicles. It is such operators, 
in all likelihood, who would be handling the types of 
highway movements that warrant cargo and personnel 
priority certification: i.e. The handling of critically 
needed foodstuffs and other goods, and the operation 
of bus transportation. 

Actual permit issuance would be far more easily 
handled if these commercial and military vehicle op­
erators are furnished with pads of permit forms, and 
instructed as to their purpose and use, as a part of 
the EHTR organization's planning and preparatory 

work. If this advance distribution has not been 
accomplished, then it should be done quickly after the 
beginning of an emergency. It is evident, of course, 
that handing out blank permit forms must be done 
with some discretion and that they should be given 
only to trustworthy individuals in established and 
reliable concerns. 

Assuming that the major vehide operators have 
the blank forms in hand, the rest of the permit issu• 
ance operation is simplicity itself insofar as they are 
concerned. As soon as an operator has a specific 
shipment planned and has received a cargo priority 
certification for it, he would telephone the nearest 
EHTR center to find out if a road-use permit is 
needed, and to request its allocation. In all probability 
he would be talking by telephone with one of the high• 
way user members of the EHTR staff with whom h"e 
has already had contacts, since the beginning of the 
emergency, and whom he knows through peacetime 
associations. The shipper would inform his EHTR 
contact of the trip origin and destination, number, 
and types. of vehicles, nature of shipment, and all the 
rest of the information called for on the road-use 
permit form, including, of course, the desired travel 
route and time. 

The EHTR staff man would check his map and his 
day's allocation sheet, and if the route has only a 
locally controlled class "C" regulated section, he would 
be able to issue road-use permit authority then and 
there. If an intermediate or long-range trip is in• 
volved, with regulated sections controlled elsewhere, 
the EHTR Sector. center would have to make arrange• 
ments through the District center and possibly the 
State center. Interstate arrangements may have to 
be made, as described previously. In these situations 
beyond local control, as soon as it is known that road 
space on regulated route sections is available for t~e 
trip, the EHTR Sector would advise the shipper 
accordingly. 

For any allocations of road space within the State, 
the shipper would be told to fill in his own road-use 
permits, on the blank forms he already has at hand. 
Necessary information would be interchanged; for 
example, the shipper would inform the EHTR con• 
tact of the serial number on the permits being used; 
the contact man would inform him of the route sec• 
tion control number. The EHTR man would tally the 
proper number of vehicles in the appropriate box on 
his day's allocation work sheet. The shipper would 
tape the display portions of the permits on his vehicle 
windshields; and they are ready to go-at the proper 
time, of course. 

It is recognized that this procedure depends on 
the cooperation and integrity of the shippers involved, 
and it is possible that in isolated cases this confidence 
would be violated. But the alternative, to phys.ically 
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issue permits to major ct1mmercial vehicle operators 
only at EHTR centers or even al more numerous other 
locations, would inevitably result in inconvenience and 
delay to those handling the bulk of the priority ship­
ments and, of course, delay to the shipments them­
selves. 

While much of the cargo priority-certified ship­
ments may be handled by the larger concerns among 
the commercial vehicle operators, it would also be 
probable that c1Hgo priorities would be issued to 
commercial operators who own only one or a fow 
vehicles, and to private automobile users-the business­
man, doctor, or defense worker, or the family travel­
ing to a new job and home. 

To take care of tl1esc, permit-issuing statimis can 
be established in fairly forge numbers, well distributed 
for convenience throughout the area serviced. They 
can be located at police and fire stations, post offices 
substations, and other government buildings, including 
libraries and schools. They might even be located at 
shopping centers, _the entrances to major stores and 
factories, etc. Each could be manned by an appro­
priately instructed volunteer, who need not have had 
any previous exprrience but who is willing to co­
operate in the simple process involved; a telephone 
would he required in order to communicate with the 
nearest EHTR sector center; and a supply of permit 
forms. One additional simple requirement is a sizable 
cardboard sign that can be placed in the window 
or tacked t() the door, to show that there is a road­
use permit station at the location. 

The operation of a permit issuance from such sta­
tions would not be essentially different from that de­
sribed above, except that it would he done through 
an intermediary. The individual seeking a permit, 
or information as to whether he would need one for 
a planned trip, would present his cargo priority cer­
tificate and/or request, in person, at the neare~t permit 
station he can find. If p(,ssiblc, the location of these 
stations shoulcl be announced by radio broadcast or in 
newspapers tf they are being published. The person 
manning the station w,:,u]d call the EHTR sector center 
on the telephone and relay the request, with appro­
priate information. Quite possibly the request can 
be granted at once, and the station "agent" would 
make out the permit If a delay is necessary, the per­
mit seeker can he asked to return at a specified time 
to the same station to complete the trip arrangements. 

Under some circumstances, it would be anticipated, 
or found through experience after a few days' opera­
tion, that permit i.~suance i~ required on a route section 
because total trallic that would like to use it exr.eeds 
its capacity, yet the capacity is not nearly reached 
by the priority shipments. This situation may exist 
around the do ek, or on! y du ring pa rtic ula r pi;riods. 

If the difference between cargo priority shipment 
volume and total capacity is sizable enough and fairly 
steady, the EHTR organi;,:ation may issue additional 
road-use permits for what it considers essential trips 
which, for various reasons, have not been granted an 
official cargo priority. Such trips might be of an 
urgent nature, that cannot wait for formal cargo 
priority action; or they may involve needs or pur­
poses that arc les8 important than those warranting 
a cargo or personnrl priority but still. for economic 
or humane reasons, seem more essential than run-of­
the-mill traffic. It is probable that the great majority 
of such trips would lie local in character, and could 
almost wholly be processed by the EHTR sector center 
alone. 

If permits of this category are to be issued, the 
daily road-use allocation tally sheets should be modi­
fied accordingly. For each regulated route section 
to be operatccl in this manner, it would be necessary 
to allocate separately for priority trips and for essential 
nonpriority trips. Actual physical issuance of permit 
forms would be handled primarily at the stations de­
scribed in the preceding section, and in the same 
manner. 

In addition to nonpriority but essential road-use 
permit issuance at EHTR centers and satellite stations, 
arrangement could be ma<le for accommodation of such 
trips at a roadside control post. 

Just how the total traffic-carrying capacity of the 
route is t-!ivided for the purpose of permit issuance 
would depend to a considernble extent on the route 
itself. As a generality, perhaps 10 percent is rea• 
sonable for State allocation, 20 percent for the district, 
and 70 percent for the sector; but the peacetime trip­
length distribution of the route, and any other past 
or current indications, may be used as criteria. 

The mechanics for arranging tl1e allocation probably 
are hest handled in a descending order of EHTR level 
and should be explained in each State plan. The 
general routine of the operation is likely to begin with 
a tentative decision at an EHTR sector center that a 
particular route section ought to be regulated; this 
decision would be recommended upward through the 
EHTR organization structure. Confirmation, approval, 
or alteration of the tentative decision (for instance, 
the district may see the need lo extend the controlled 
section into an adjacent sector) would be made first 
at the district center and then at the State center. 
In communicating the confirmed decision downward, 
the State first, and the district next, would specify 
the hourly allocation of road space that each has 
reserved from the tot.al traffic-carrying capacity for its 
own anticipated needs in permit issuance. 

The reason for adopting the tri-level split-allocation 
method of handling individual trip allocations and 
road-use permit issuance is fairly obvious. Local ve-
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hide operators naturally would contact the local EHTR 
sector , ;enter for road-use permits, particularly since 
they have already been in communication with that 
center, during the canvass of possible traffic demand, 
and would know from such contacts or from local 
news broadcasts that the particular route they want 
to use is now or shortly will be operated under 
regulation. 

The other extreme in the picture can best be de­
scribed by the following example. A trucker at a 
distant point, say in Iowa, may have a priority-cer­
tified cargo involving several vehicles which, in the 
course of their long trip, must cross Ohio. Of course, 
only from the Ohio EHTR organization can he learn 
whether any part of the proposed trip route in Ohio 
is closed or under class "C" regulation. But it can 
hardly he expected that the shipper as an individual 
in Iowa should make direct contact wilh the Ohio 
EHTR organization, even if hr~ knew how to do so. 
His logical and probable action would be to get in 
touch with the EHTR sector ( or perhaps district) 
center in Iowa that is closest to him-one which un• 
doubtedly he is already in contact with about local 
trips. From there, his request would be transmitted 
to the Iowa State EHTR center and thence to the 
Ohio State EHTR center. (In this example, the State 
EHTR centers of the intervening States of Illinois 
and Indiana may act as intermediaries, especially since 
their own highways would be involved in the Iowa­
Ohio trip). 

Information and authority for issuance of road-use 
permit would return to the Iowa shipper via the same 
communications channels, and the local EHTR center 
in Iowa would be able to give him fairly sp!ccific in­
structions. One of these would be to pick up the 
actual permit displayed on the vehicles. Presumably 
this would be the first roadside control post he reaches 
in Ohio. All this sounds involved, but radio or phone 
communications should make it possible to accomplish 
the entire transaction in a few hours. 

On long-range trips of the type discussed above, it 
is probable that the vehicles invol\"cd would have lo 
traverse several different class "C" regulated route 
sections within the States but each in a different EHTR 
district or sector. The State EHTR center would 
be able to handle all of the allocations and permits 
for the separate route sections within a State. If 
the initial contact with the shipper was at the local 
level, the State EHTR center would instruct the EHTR 
sector center to issue the required permits. 

Concerning EHTR districts, intermediate-length 
trips can be handled by the EHTR district center in 
the same manner that lung-range trips arc handled 
by the State center. 

At each level-Stale, district, and sector-the staff 
members handling the allocations would know the 

number of vehicles for which they could issue road­
use permits, for each hour of controlled operation on 
each regulated route section. When it appears that 
the number of \'chicles carrying priority-certified 
cargoes will exceed the quota, two alternatives are 
open. 

One of these is to attempt to "borrow" space from 
the reserved block of another EHTR level; for ex­
ample, the sector might query the district and State 
centers to ascertain whether either one could spare 
some of its originally allocated space. The other 
alternative is to attempt to get the shippers to re­
arrange their trip-time schedules; thus, a shipper 
could Le informed that a particular time slot is rapidly 
filling up, and that some earlier or later hour is avail­
able, which might serve just ( or almost) as well. 

When a specific hour is already loaded hy permit 
issuances, further reque~· for that particular time 
will have to be refused. I 11 urgent cases, however, 
it may be possible to get some shippers to relinquish 
their permits in exchange for others at a different 
hour. This sort of trip-time shifting or swapping can 
most readily be managed at the local level, where 
the highway users on the EHTR stafl are well ac­
quainted with many of the commercial vehicle op• 
era tors. 

There is a quite different type of situation which 
could occ,Jr with some frequency. This situation would 
complicate the handling of allocations for road space 
unless it is anticipated and arranged for in advance. 
This involves the class "C" regulated route section 
that crossr.s EHTR unit lines; for example, a route 
that has one terminus in one EHTR sector and the 
other terminus in an adjacent EHTR sector. Depend­
ing on the individual situation, each of the two sectors 
involved could handle the allocation of road space 
for local traffic originating in that sector; that is, each 
sector center would be handling traffic in only one 
direction on the route. An alternative would be for 
the district EHTR center to handle both local and 
intermediate trip allocations. 

The possibilities of variety in situations of this type 
are so manifold that it hardly seems practical to at­
tempt to concci,,e of and plan for all of them in detail. 
Ne\'ertheless, in actual operation, each time the deci­
sion to regulate a route section is about to be made, 
careful (but quick) consideration must be given to 
all possible unusual and complicating circumstances. 

It is obvious that some basic records of permit issu­
ance must be kept in each EHTR center, in the process 
of allocating regulated route section space, but they 
should be kept to a minimum. It is suggested that 
these records may be crude in nature just so long as 
they are accurate. Even accuracy is relative, since 
over-issuance of trip permits by 10 or 12 on a road 
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section with an hourly capacity of 800 vehicles is 
not going to create any great amount of congestion, if 
any. 

In its barest essence, the road space allocation and 
road-use permit issuance operation in any one EHTR 
center (especially at the local level) can largely be 
managed by a man with a telephone and a tally sheet. 

In more specific terms, a sen~ihle method of aJJo. 
cation control would be to post each day's permit 
issuance on a single, large sheet of paper. At any 
one time, of course, it would probably he necessary to 
have available and work on separate sheets for the 
current day and three or four days ahead, 

These work sheets might be mounted on a wall 
panel in the EHTR center, adjacent to the large-scale 
maps of the area. Here they would be available for 
all of th~ staff to see; and a number of EHTR staff 
members, engaged in contacting vehicle operators and 
issuing permits, could check the situation and post 
their records without unduly interfering with one 
another. If the operation is on a small scale, and one 
or two men can handle most of · the contacts with ve­
hicle operators, the posting sheets could be kept on 
a desk table where the men are working. 

Each sheet, for a single day's operation, would be 
divided into columns and lines; each column repre­
senting an hour of the day and each pair of lines 
a regulated route section. Figure 7 illustrates a part 
of such a posting sheet. The day and date are promi­
nently displayed, and the center indicated (whether 
sector, district, or State) . For each regulated route 
section, the control number assigned to the route sec­
tion (and there should he a prearranged plan for this 
numbering), the Interstate, U.S., State, or county 
route number ( as signed on the roacl) , and the termini 
should be shown. Because two-directional travel is 
involved, each route is given two lines, one for each 
direction. The combination of route numbers termini, 
and travel direction is proposed as a means of avoid­
ing nny misunderstandings apout which route section 
is involved, both in talking to vehicle operators and 
in posting permit issuances. 

As shown by the enlarged inset in !he illustration, 
each block represents 1 hour of space in one travel 
direction. Tbese would initially be posted in a small 
box in the upper left corner (perhaps in red pencil), 
four figures representing the route section capacity. 
The topmost figure is the capacity portion allocated 
to the State for permit issuance; the next, the capacity 
allocated to the district; the next, the capacity allo­
cated to the sector; a~d, at the bottom, the total. To 
avoid any confusion, the figure applicable to the allo­
cating office should be pircled. As illustrated in Figure 
7, the posting sheet is that of an EHTR sector center, 
and the circled figure 280 indicates the number of 

vehicles for which the sector can issue permits in the 
12-1 a.m. period for eastbound trips on controlled 
section No. l, on Thursday, December 6. 

The tally of permits issued or authorized is kept in 
the simple, old-fashioned pencil stroke system, with 
every fifth count recorded as a cross-stroke. Since 
large numbers of tallies are likely lo be recorded, it 
is recommended that a cumulative total of the tally in 
each box to be noted on the right, as each line is 
completed. This technique is illustrated in the 
example. 

It hardly 5eems necessary to keep any record of 
permit issuance other than that described here; even 
trying to make carbon copies of the daily sheets 
would be difficult because of their size and constant 
handling. At the end of each day the day's sheet 
can he filed away, or for that matter simply discarded. 
The records are worth saving only for possible analysis 
of successes and failures of the operation, at some 
long•distant future time. During the operation there 
would be no time for much analysis; and the day's 
work, insofar as it helped or hindered essential traffic 
movement, cannot be undone. 

It is important that eacl1 State consider the fore­
going ideas for record keeping and incorporate in 
the State EHTR plan these or similar ideas whichever 
are best suited to the individual State. 

OPERATION OF REGULATED ROUTES 

Cargo Priorities 

Each State EHTR plan should contain specific de­
tails as to how cargo and personnel priorities would 
be obtained by shippers subsequent to a nuclear attack. 
Clear! y ( see FHW A Order 10-4.30) it is not the func• 
tion of the EHTR organization to issue these priorities. 
It is the function of this organization to ration road 
space as necessary by the issuance of road-use permits 
so that available traffic-carrying capacity may he effi­
ciently utilized. The EHTR staff will make decisions 
of precedence of movement only when the number of 
equal-priority vehicles seeking road space at the same 
time exceeds the particular route capacity. Most State 
emergency management plans contain a provision for 
the post-attack creation of Federal-State Emergency 
Motor Transport Boards. The dual Interstate Com­
merce Commission (I CC )-State responsibility has 
been resolved by the formation, jointly by ICC, the 
States, and the District of Columbia of these boards 
to coordinate action concerning motor transportation. 
In most cases, each board is composed of a representa­
tive of the ICC, the State regulatory agency, and the 
motor transport industry, The ICC representative is 
responsible for ICC policies and procedures, the State 
representative is responsible for State policies and 
procedures, and the State motor carrier association 
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manager or someone designated by him acts as the 
industry consultant or advisor to the board on motor 
transportation. In order to assure coordination, each 
board has a chairman. Tl1e chairman's function is one 
of coordination and central guidance to the board in 
order to assure unified actions. In an emergency the 
hoard would be activated and operate from the emer­
gency head•1uarters as established by the State. Among 
the several responsibilities of these joint Federal-State 
boards would be the issuance of permits authorizing 
the shipment of resourr;e commodities. The ICC will 
have no control over and would not participate as a 
member of the EHTR organization when the EHTR 
organiiation is activated. The ICC has the responsi­
bility for the development of emergency preparedness 
plans and programs for the domestic surface transpo:r­
tation industries, and for guidance to States in the 
development of their transportation plans. This in• 
eludes industry operational guidance, standby programs 
for reduction of vulnerability, maintenance, restora• 
tion and utilizotion of the capacity of domestic surface 
transportation in an emergency. 

In order lo better explain tl1e procedures for motor 
freight shipment during a national ·defense emergency 
the steps required for a delivery after controls have 
been established are listed below. 

(l) A shipper requests a ·priority for a load of 
critical material from the abovc-referenc.ed ICC­
State Emergency Motor Transport Board. 

(2) The shipper eitl1er uses his usual carrier or 
requests from the ICC-State Emergency Motor Trans­
port Board a carrier assignment; in which case a 
trucker having the required equipment would he 
assigned to make the delivery. 

(3) If the State EHTR organization has con• 
duded that highway regulation is unnecessary on 
the route which the trucker wishes to use, the trucker 
would deliver his load in a normal manner. 

(4) If, however, the EHTR organization has in• 
stituted traffic regulation then the trucker must 
obtain a road.use permit from the nearest EHTR 
center which would be evidence that he has been 
cleared to nse a particular regulated route. 

Admittedly, during periods of class "C" route regu-
lation, there will he representations of esscntiality o:r 
urgency of trips by those who cannot obtain or do 
not have sufficient time to seek a formal cargo or per­
sonnel priority certification. The EHTR organization, 
whenever possible, should give preferential considera• 
tion to bona fide cases of this type. They can best be 
taken care of at road-use permit issuance "stations" 
or at roadside control posts, as will be discussed later. 

The following information from Paragraph VIII. 
( c) (1 ) of the Louisiana EHTR Plan ( October 1, 1971) 
exemplifies how a State plan should identify the organi-

zation which is.sues numerical priorities covering car• 
goes and personnel: 

" ( c) Priorities and allocation of road space 

( 1) Federal and State transportation agencies 
of a joint Federal-State ;\fotor Transport Board 
wil! establish numerical priorities covering per• 
sons and goods to be transported and services to 
be rendered thus determining which should he 
given the p:reforence in road space. Recognition 
of such priority by regulation centers in the issu­
ance of road space permits will he based solely 
upon the priority classification as.signed to the per• 
sons or goods for which road space permits are 
requested. The type of vehicle or the ownership 
thereof shall not be considered, nor does the pos­
session of an Interstate Commerce Commission 
'permit' to operate on all or certain routes during 
normal conditions, establi~h any form of priority 
or preference." 

EMERGENCY HIGHWAY TRAFFIC 
REGULATION SIGNS 

Under Section 102 of Executive Order 11490, in 
addition to preparing plans for a national emergency, 
as assigned to each department, the heads of depart­
men ts and agencies sha II " ( c) . . . ( 3) be prepared 
lq implement, in the event of an emergency, all appro­
priate plans developed under this order." 

With respect to the responsibilities assigned to the 
Department of Transportation, Section 1303 of the 
Executive Order directs the Secretary of Transpor• 
tation to "prepare emergency operational plans and 
programs for, and develop a capability to carry out, 
the transportation operating responsibilities assigned 
to the Department, including hut not limited to: 

(3) Emergency management of all Federal, 
State, city, local, and other highways, roads, 
streets, bridges, tunnels and appurtenant struc­
tures including; 

(c) The regulation of highway traffic in au 
emergency through a national program in co­
operation with all Federal, State, and local gov- -
ernmental units or other agencies concerned." 

It appears from the foregoing requirements of the 
Executive Order that, in order to "develop a capability 
to carry out" the obligations of the Department of 
Transportation with respect to emergency signs, it is 
necessary to p:repare the signs now for immediate 
installation when an emergency is declared and to 
stockpile the same for such u;,e_ 

Under certain conditions, Federal-aid funds may he 
used to participate in the cost of pu:rchasing and stock• 
piling emergency highway traffic regulation signing. 
It has been determined that no legal objection exists 
lo the funding of such signs from funds otherwise 
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available under 23, USC, 109 ( d). inasmuch as such 
signs, during a national emergency, "Will promote 
the safe and efficient utilization of the highways." 
However, since the funding of emergency signs appears 
to be also an obligation of the Defense Civil Pre­
paredness Agency, in each instance in which Federal­
aid funds are used, a State should first request 
assistance in the purchase of such signs from its State 
civil defense director. A denial of such funds by that 
office can be used as the basis for the determination of 
the eligibility for Federal-aid participation. 

It is expected that all required signs will be initially 
purchased under one Federal-aid project and ade­
quately warehoused so as to prevent undue deteriora­
tion. 

Therefore, at the State's election, the project may 
be financed with either Federal-aid primary, secondary, 
or urban funds at the prevailing matching ratio. 
Interstate or special Federal-aid funds may not be used. 
The Federal Highway Administration should be con• 
tacted for 5pccific instructions concerning the appro­
priate project and agreement number. It is expected 
that adoption of such simplified procedure will reduce 
administrative costs of these projects. 

The Manual on Uniform Traffic Control Devices is 
the national standard to which all traffic control devices 
must conform. The standards contained therein apply 
to all classes of streets and highways that are open 
to public travel. A section of the Manual titled, "Sign­
ing for Civil Defense," includes signs for use during 
a national defense emergency. These signs &hould be 
available when needed in an emergency ~nd provision 
should be made, therefore, for having these signs 
stockpiled and ready for use should the need arise. 
Reference should be made to the current booklet con­
taining designs of Standard Highway Signs. 

The following signs are identified below as having 
particular application to the emergency highway traffic 
regulation program since this program is a post-attack, 
post-shelter emergence program. 

Area Closed Sign 
The AREA CLOSED sign shall be used to close a 

roadway entering an area from which all traffic is 
excluded because of dangerous radiological or bio­
logical contamination. It shall be erected on the 
shoulder .as near as practicable to the right-hand edge 
of the roadway. or preferably on a portable mount• 
ing or barricade partly or wholly in the roadway. For 
best visibility, particularly at night, its height should 
not normally exceed 4, feet from the pavement to the 
bottom of the sign. Unless adequate advance warning 
signs are used, it should not be so placed as to create 
a complete and unavoidable blockade. Where feasible, 
the sign should he located at an intersection that pro• 
vides a detour route. 

AREA 
CLOSED 

Background white (refl.) 
Border black 
Letters black 

Traffic Regulation Post Sign 
The STOP TRAFFIC REGULATION POST sign 

shall be used to designate a point where an official 
post has been set up to impose such controls as are 
neces5ary to limit congestion, expedite emergency 
traffic, exclude unauthorized vehicles, or protect the 
public. It shall be erected in the same manner as the 
Area Closed sign at the point where traffic must stop 
to be checked. 

The standard R-1 STOP sign shall be used for this 
mandatory stop restriction. The supplemental panel 
TRAFFIC REGULATION POST should be mounted 
directly below the STOP sign and shall consist of a 
black legend on a reflectorized white background. 

TRAFFIC 
REGULATION 

POST 

MAINTAIN 
TOP 
SAFE 

SPEED 

Background Red ( reff.) 
Border white ( refl.) 
Letters white ( refl.) 

Background white (ref!.) 
Border black 
Letters black 

Background white (refl.) 
Border black 
Letters black 

Emergency Speed Sign 
The MAINT AlN TOP SAFE SPEED sign may be 

used on highways where radiological contamination is 
such as to limit the permissible exposure time for 
occupants of vehicles passing through the area. Since 
any speed zoning would be impractical under such 
emergency conditions, no minimum speed limit can be 
prescribed by the sign in numerical terms. Where 
traffic is supervised by a traffic regulation post, official 
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instructions will usually he given verbally, and the sign 
will serve as an occasional reminder of the urgent need 
for a11 reasonable speed. 

The sign should he erected at random interva1s as 
needed, in the same manner as other standard speed 
signs. In rural areas, it shall be mounted on the 
right-hand side of the road with its lower edge not less 
than 5 feet about the crown of the roadway, 6-to-10 
feet from the roadway edge. In urban areas, the 
height shall be not less than 7 feet, and the nearest 
edge of the sign shall be not less than 1 foot back 
from the face of the curb. Where an existing Speed 
Limit sign is in a suitable location, the Top Safe Speed 
sign may conveniently be mounted directly over the 
face of the older sign, which it supersedes. 

Road-Use Permit Sign 
The ROAD USE PERMIT REQUIRED FOR THRU 

TRAFFIC sign is to be used at an intersection, at the 
entrance to a route on which a traffic regulation post 

is located. Its intent is to notify drivers of the presence 
of the post so that those who do not have road-use 
permits issued by designated authorities can detour on 
another route, or turn back, without making a needless 
trip and without adding to the screening load at the 
post. Local · traffic without permits may proceed as 
far as the regulation post. The sign shall be erected 
in a manner to that of the Emergency Speed sign. 

ROAD USE 
PERMIT 

REQUIRED 
FOR THRU 

TRAFFIC 

Background white ( refl.) 
Border black 
Letters black 
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Part III ROLE OF THE MILITARY 

Beginning in the early days of the Federal-aid High­
way Program, and continuing through the years, there 
l1as been a close link between American highways and 
national defense which has been of inestimable im­
portance in strengthening the country's security. 

As far back as 1922, the then Bureau of Public 
Roads, now the Federal Highway Administration, 
sought the advice of the War Department as to which 
roads should be considered of strategic importance in 
the event of war. As a result of this contact, the War 
Department supplied a map of the United States on 
which were marked highways of strategic value. This 
map, signed by General John J. Pershing, became 
known as the Pershing Map. The indicated roads 
have since heen substantially improved as part of the 
Federal-aid System. 

Subsequently, Congress, by the Federal-Aid Highway 
Act of 194-1,, created the National System of Inter­
state and Defense Highways, which initially authorized 
the designation of a network of 40,000 miles of limited 
access highways (subsequently raised to 42,500). 
This Act provided for a system "so located as to con­
nect by routes as direct as practicable the principal 
metropolitan areas, cities, and industrial centers, to 
serve the national defense, and to connect at suitable 
border points with routes of continental importance 
i11 the Dominion of Canada and the Republic of 
Mexico." 

The degree to which the national security is de­
pendent on highway transportation cannot be over­
stated. Industrial plants producing military and defense 
supplies, as well as the military installations them­
selves, would be crippled without adequate highway 
facilities. In effect, highways have become an adjunct 
of industry's production line, taking a vital part in the 
conversion of raw materials to finished products. It is 
estimated that almost 4,000,000 persons are employed 
in defense-oriented industries, with most of them rely­
ing on motor vehicles to get to and from their jobs. 
The Department of Defense operates a substantial num­
ber of vehicles which require adequate highway ca­
pacity. 

With this explanation, let us consider the role of 
the military in the field of emergency preparedness 
as background for emergency highway traffic regula­
tion ( EHTR) planning. The role of the military can, 
of course, be divided into two distinct categories: mili-

tary actions in any theater of operations environment, 
and military support of civil defense-both of which 
will depend heavily upon the most efficient highway 
movement facilities and traffic flow patterns available 
at the time of any disaster. The latter especially re­
quires effective emergency highway traffic regulation 
planning by civil highway authorities and military 
officials. 

The Department of Defense (DOD) has designated 
the Department of the Army as the single manager 
of planning and operation of the military aspects of 
emergency highway traffic regulation. (At the national 
level, this program is administered by the Head­
quarters, Military Traffic Management and Terminal 
Service ( MTMTS) . ) The Department of the Army 
has, in turn, passed this responsibility through Forces 
Command ( FORSCOM) to the Army area commanders 
listed in this part. Each Anny area commander has 
coordinated with the Navy and Air Force commanders 
in his area. It is expected that for some time in the 
post attack period the military will be the largest single 
highway user. 

The Army concept of operation is to send a team 
to each State emergency highway traffic regulation 
center when activated. These teams will, in most 
cases, be jointly manned by all services, with the senior 
officer provided by the service with the highest den­
sity in the area. As an example, in Connecticut, with 
its many naval installations, the Navy would probably 
provide the chief of the team at the Connecticut State 
Highway Traffic Regulation Center, but each of the 
other services may also provide personnel, the number 
dependent on availability and the workload. 

Following initial notification, the officer in charge 
will proceed to the traffic regulation centers to which 
he has been assigned and determine the military per­
sonnel and logistical support requirements. He will 
then notify the military installation commanders of 
these requirements. It is to be expected that the 
number of military personnel at any one traffic regula­
tion center will vary from time to time as conditions 
change. All services will be instructed by the Military 
Traffic Management and Terminal Service-for those 
instances in which such procedures must be imple­
mented-to curtail or eliminate, as much as possible, 
shipments into, out of, or through any affected areas. 

There are several functional areas in which the mili­
tary traffic regulation teams will perform. The prin• 
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cipal function, of course, will be to receive requests 
from military users and obtain the necessary clearances 
in coordination with the other users staffing the emer­
gency highway traffic regulation centers. Another prin­
cipal function of the teams will be to request designa­
tion of class B routes whenever it is felt these routes 
wil! be required. It is the intent of the military to 
attempt to keep convoys to a minimum, although it is 
expected, particularly -<luring the early phase of the 
operation, there will be a large number of emergency 
moves. Whenever possible, convoys will be consoli­
dated and dass B routes used to expedite moves through 
areas controlled by emergency highway traffic regula­
tiqn. 

Another function of the military teams will be to 
obtain information on road status and disseminate this 
to all military installations and activities. Conversely, 
these teams will obtain projections ·rom military users 
and keep State traf!ie centers advised of projected 
moves. Military teams will assist civilian agencies in 
nondefense emergency highway traffic regulation move­
ments, if requested, in accordance with public law, and 
if the military has the capability to provide this 
assistance. 

It should be noted that these teams will not be 
granting dcarnnccs to the military. The military 
liaison officers will arrange for their vehicles to use 
road-use permits just as will any user. A distinctive 
difference, of course, will he the designation of class B 
routes for the use of the military. It is DOD policy 
to use commercial transportation whenever possible. 
In this case, the industry would obtain their own per­
mits, with assistance from the military liaison officers 
if necessary. It should be stressed that the issuance 
of permits -Ly the EHTR centers, referred to above, 
for road space allocation is a separate and distinct 
function from designating priorities of cargo move­
ments. As stated in Part II, the EHTR organization 
is not responsible for the provision or allocation of 
motor vehicles to shippers, nor for designating priorities 
o[ cargo movements. These are th~ assigned functions 
of other emergency transportation agencies. The 
EHTR organization will accept the priority certificates 
of such agencies without question, and will have the 
responsibility in issuing road-use permits to accommo­
date all priority shipments. 

Each Army area command has prepared a military 
EHTR plan which recognizes that the Federal High­
way Administration has national responsibility for high­
way traffic regulation during national defense emer­
gencies. By DOD directives and Joint I'dilitary Service 
regulation, the Secretary of the Army, through the 
Commander, MTl\1TS, is the officially designated repre­
sentative of DOD in all public highway matters, and 
acts to assure that military plans for emergency high­
way traffic regulation are compatible with civil EHTR 

plans. These military plans recognize that each State 
is responsible for emergency highway traffic regula­
tion in accordance with guidelines issued by the Fed­
eral Highway Administration. Accordingly, each 
State should coordinate and distribute its EHTR plan, 
and changes thereto, to the Army area commander 
within whose command the State lies. (Military 
addresses for rlistrihution of EHTR plans are listed 
later in this part.) 

No discussion of the military role in emergency high­
way traffic regulation would be complete without refer­
ence to the military role in support of the National 
Civil Defense Program, which follows. 

The Department of Defense, in recognition of the 
essential interdependence of the civil and military 
,lefense efforts of our Nation in achieving the total 
posture of national security, has directed (DOD Direc­
tive 3025.10) that military support to civil authorities 
in civil defense operations is an emergency task within 
the mission of all Federal active duty and Reserve 
units of the military services and Defense agencies. 
Their mission is to be prepared to employ available 
resources which are n·Jt engaged in essential combat, 
combat support or self-survival operations, to assist 
civil authorities to restore order and civil control. re­
turn essential facilities to operation, prevent unneces­
sary loss of life, alleviate suffering, and take other 
actions, as directed, to insure national survival and a 
capability on the part of the Nation to continue the 
conflict. In such employment, established military 
organizational channels and prearranged plans will 
be followed when possible. 

In the discharge of the mission,, action will be taken 
to: ( l) provide for coordination and control-both 
preattack and post-attack-of available military (active 
and reserve) capabilities and availble resources; 
(2) establishment, under CDR FORSCOivI and the 
CONUS Army commanders, of State military head­
quarters to plan for and conduct operations in support 
of civil defense, utilizing the Stale adjutants general 
and the State headquarters and headquarters detach­
ments; and (3) establishment of a State level system 
wherein the State adjutant general will be responsible 
for the preattack planning and emergency operations 
for such forces of all services as may be available 
within the Stale for civil defense support purposes. 

The channel of command for all military support 
of civil defense planning and operations is from Head­
quarters, Department of the Army, through CDR 
FORSCOM to the CONUS Army Commander in whose 
installation or activity is located. This include& all 
prcattack civil defense planning, the assignment of 
missions, and post-attack civil defense operations. It 
also applies to class II installation commanders and 
the available resources of the defense agencies placed 
under the planning and operational command of 

III-2 



CONUS Army commands for national defense emer­
gencies. 

When authorized by the President, under an appro­
priate Executive order to be issued during a national 
defense emergency, or <luring the prelude to such a 
;;ituation, !he State headqua rtcrs and headquarters 
detachments of the National Guard in each of the 
States, less elements required for conduct of selective 
service and State defense activities, will be ordered 
lo active duty. These detachments will execute the 
CONUS Army commander's plan for control of mili­
tary support within each respective State. 

Upon order to active duty, the State level head­
quarters will continue clobe liaison with the State 
governors, the State civil defense director, and other· 
appropriate State and local authorities. The State level 
commnndt:.·rs will assume command of such units and 
resources for military assistance to ch•il ·authorities as 
may he rlcsignated by CONUS Army commanders. 

Requests for military support normally wi\! be ac­
cepted no lower than the State military headquarters 
level from the appropriate State civil defense director. 

Plans will be developed and maintained, as neces­
sary, to assist civil authorities in times of. emergency 
in restoring Federal, Stale, and local civil operations. 
Such interim emergency assistance will he in coordina­
tion with, and supplementary to, the capabilities of 
State and local governments and other nonmilitary 
organizations, and will be concerned with the specific 
categories of assistance as explained !ater in this part. 

In planning for emergency operations, the comment 
is often heard that planning by civilian authorities is 
a useless exercise because, in a serious emergency, 
martial law would be declared and the military au• 
rhorities would assume the functions of civil govern­
ment. This, of course, is not planned, nor would it be 
possible. Following a nuclear attack, the Armed Forces 
simply would not have the manpower necessary to per­
form lheEe civil functions, even if it were not needed 
for military operations. The military will expect the 

civilian EHTR program to control and regulate the· 
usable highway road net. The military, however, will 
provide staffing at certain and, possibly, all of the 
EHTR centers, just as other users will provide staffing, 
to insure that appropriate road space allocations and 
assignments are made for those high priority military 
and other essential movements. The only occasion for 
the military to assume full control of highway traffic 
regulation would be in a theater of operations. 

The following policy statement is the current guid­
ance for emergency planning purposes: 

"Nationwide martial law is not an acceptable plan­
ning assumption; martial !aw as a local measure is to 
be avoided wherever possible." Consequently, all civil 
emergency planning is based on tl1e premise that the 
military services would assist but not replace civil 
government in carrying out its essential functions. 

Additional information concerning the role of the 
military in emergency highway traffic regulation may 
be found in the following publications, copies of which 
may be oLtained through the nearest military instal­
lation to the requester. 

a. DOD Directives Number 3025.10, "l\ililitary Sup­
port of Civil Defense." 

b. DOD Directive Number 5160.60, "Highways for 
National Defense." 

c. Army Regulation 55-80, "Highways for National 
Defense." 

d. Army Regulation 55-162, "Permits for Oversize, 
Overweight or Other Special Military Movements on 
Public Highways .... " 

e. Army Regulation 55-355, "Military Traffic Man­
agement Regulation." 

f. Army Regulation 500-70, "Emergency Employ• 
ment of Army Resources." 

Copies of these publications will be of interest to anyone 
concerned with emergency highway traffic regulation 
training, and they will be useful tools for State EHTR 
centers. 
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MILITARY ADDRESSES FOR DISTRIBUTION 
OF EHTR PLANS 

Army Area 

Commanding General 
First United Stale» Army 
Fort George G. Meade, Maryland 20755 

Region 1 

Connecticut 
Maine 
l\fassachusetts 
New Jersey 

New Hampshire 
New York 
Rhode Island 
Vermont 

The FH\VA Washington Office is responsible for distribution to the military of EHTR plans prepared by 
Puerto Rico. 

Commanding General 
First United States Army 
Fort George G. Meade, ·Maryland 20755 

Region 3 

Delaware 
District of Columbia 
Maryland 

Maryland, Virginia and the District of Columbia should also transmit a copy to: 

Commanding General 
First United States Army 
Fort George G. Meade, Maryland 20755 

Commanding General 
Fifth United Stales Army 
Fort Sam Houston, Texas 78234-

0hio should send a copy of its plan to: 

Commandina- General 
Military Di~rict of Washington 
Fort Leslie J. McNair 
Washington, D.C. 20315 

Region 4 

Alabama 
Florida 
Georgia 
Kentucky 

Region 5 

Illinois 
Indiana 
Michigan 

Commanding General 
First United Stales Army 

Pennsylvania 
Virginia 
"\'\lest Virginia 

Mississippi 
North Carolina 
South Carolina 
Tennessee 

lVIinnesota 
\Visconsin 

Fort George G. Meade, Maryland 20755 

Commanding General 
Fifth United States Army 
Fort Sam Houston, Texas 78234, 

Commanding General 
Fifth United States Army 
Fort Sam Houston, Texas 7823,t 

Commanding General 
Sixth United States Army 
Presidio of San Francisco, California 94,129 

Region 6 

Arkansas 
Louisiana 
New Mexico 

Region 7 

Iowa 
Kansas 

Region 8 

Colorado 
Montana 
North Dakota 
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Oklahoma 
Texas 

Missouri 
Nebraska 

South Dakota 
Utah 
Wyoming 



I 
.1 

Commanding General 
Sixth United States Army 
Presidio 9£ San Francisco, California 94129 

Region 9 and Region 10 

Arizona 
California 
Idaho 

Hawaii should send a copy of its plan to: 

Alaska should send a copy of its plan to: 

Commanding General 
United States Army Hawaii 
APO San Francisco, California 96557 

Region 10 

Commanding General 
United States Army 
APO Seattle, Washington 98749 
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CATEGORIES OF ASSISTANCE BY THE 
MILITARY TO THE VARIOUS LOCAL 
AND STATE OFFICIALS FOR CIVIL 

DEFENSE PURPOSES 

Restoration of facilities and utilities, including trans• 
portation, communications, power, fuel, water, and 
other essential services. 

Emergency clearance of debris and rubble including 
explosive ordinance from streets, highways, rail 
centers, dock facilities, airports, &heltern, and other 
areas. This will permit rescue or movement of 
people, access to and recovery of critical resources, 
emergency repair or reconstruction of facilities, and 
other emergency operations for lifesaving purposes. 

Fire protection. 

Rescue, evacuatioJJ, and emergency medical treatment 
or hospitalization of casualties, the recovery of crit• 
ical medical supplies, and the safeguarding of public 
health. This may involve sorting and treating of 
casualties and preventive measures to control the 
incidence and spread of infectious diseases. 

Recovery, identification, registration, and disposition 
of deceased personnel. 

Radiation monitoring and decontamination to include 
identifying contaminated areas, and reporting in­
formation through the national warning system. 
Initial decontamination will, of necessity, be directed 
primarily at personnel and vital facilities. 

Movement control, (not to be confused with EHTR) 
to include plans and procedures for essential move­
ments. 

Maintenance of law and order, to include--
General police and law enforcement operations. 
Emergency highway traffic control and supervision. 
Security and protection of vital facilities aud 

resources. 

Enforcement of economic stablization measures, as 
may be required in the immediate post-attack 
phase. 

Issue of food, essential supplies, and material to include 
collection, safeguarding, and issue of critical items 
in the initial post-attack phase. 

Emergency provision of food and facilities for food 
preparation should mass or community subsistence 
support be required. 

Damage assessment. 
Provision of interim communications using available 

mobile equipment to provide command and control. 
Certain general policies and basic principles govern 
planning for military support of Civil Defense: 
Military assistance will complement and not be a sub­

stitute for civilian participation in civil defense 
operations. Plans formulated by both military and 
civilian authorities must recognize that civilian re• 
sources will be the first to be used to meet civilian 
needs. Military resources will be used only when 
essential to supplement civilian resources. 

Military support to civilian authorities in civil defense 
is an emergency task within the mission of all 
Federal active and reserve military units and defense 
agencies. 

A military commander in making his resources avail­
able to civil authorities is subject to no authority 
other than that of bis superior in !he military chain 
of command. 

Measures to insure continuity of operations, survival 
of troops and rehabilitation of essential military bases 
will take precedence over military support of civil 
defense. 
Plans for military support of civil defense will be based 

on and will complement plans developed by civil 
authorities. 

Military assistance to civil authorities is a temporary 
measure. 

It will be terminated as soon as possible, in order to 
conserve military resources and to avoid infringement 
on the responsibility and authority of civil government 
agencies. This assistance is related to. but distinctly 
different from military operations. 
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Part IV NUCLEAR RADIATION HAZARDS TO 
HIGHWAY TRANSPORTATION 

Background 
Highway traffic regulation in an emergency may 

be instituted for several reasons. One of the reasons 
is the presence of radioactive fallout which would cover 
vast areas of the United States, including highways, 
in the event of all-out nuclear attack on this country. 

Nuclear weapons can be exploded in three ways: 
In the air, called an air burst; on the ground, called a 
ground or surf ace burst; and below the ground or 
water level, called a sub-surface burst. The concern 
here is with the surface and sub-surface bursts because 
they produce radioactive fallout. For convenience, 
these two types will be referred to hereafter as ground 
bursts. · 

Radioactive fallout emits dangerous nuclear radia­
tions, which cannot be detected by the five huinan 
senses, but can be injurious or fatal to all living things. 
Radiation emitted by fall out would be most dangerous 
within the first several · hours after the explosion of 
a nuclear weapon. As time passes, the radioactivity 
becomes less intense and in time would be at a level 
low enough to permit normal movement in most areas 
although' some · areas ( e.g. in the immediate area of 
the detonation) would be dangerous for human re• 
settlement for many years. 

Radioactive Fallout 
When a nuclear weapon is exploded at or near the 

earth's surface, it would pulverize everything within a 
certain r~dius, suck up the pulverized material and 
form a hugh · radioactive dust cloud.- The cloud woµld 
then he pushed along by the wind dropping radio­
active particles of dust ( first the larger particles than 
the smaller ones) to ~he earth's surface as it moves. 
The dust cloud would move hundreds of · miles in a 
downwind direction and the dust that falls from the 
cloud would. cov~r ·thousands. of square miles. Because 
of the wind, rain, terrain and difference in radiation 
intensity of dust particles, an irregular pattern of fall­
out of varying radiatfon intensities would be formed 
on the ground. · · 

Fallout on Highways 
Crisscrossing· the United States are over 3 million 

miles of 'highways that are used by the drivers of more 
than 100 million . cars, !rucks, and buses, The fallout 

from a nuclear explosion would also fall on these high­
ways and, highway users, being unaw~re of its presence 
could, unknowingly, expose themselves to lethal doses 
of radiation. 

Even though traf!ic or changing weather conditions 
could blow or wash the fallout from the road surface, 
the radiation hazard· could still be significant, since 
gamma rays given off by the fallout, along the side of 
the road can penetrate many feet of air without a great 
loss in energy. 

Unless the highway user had specially designed 
instruments to detect the presence of radiation, he 
would not know whether a road was safe or unsafe for 
travel. Therefore, he must rely upon and be guided 
by those persons who are specifically trained and 
equipped to conduct radiological monitoring. 

Areas of Unrestricted Travel 
Figure 8 is a 'sketch which illustrates typical fall­

out patterns 1 hour after a nuclear explosion has 
occurred ( H + 1) . While the sketch indicates vary­
ing rates of radioactivity within the fallout patterns, 
it also indicates other areas outside the patterns which 
are practically free of fallout. These areas are called 
"areas of unrestricted travel," and their boundaries 
should b·e established by placing barricades and signs 
at appropriate locations on highways. Unrestricted 
travel beyond these points would be prohibited he• 
cause of the increasing levels of radiation. 

As time passes and radioactivity decay continues, 
barricades and signs should be m;oved forward thereby 
increasing the area of unrestricted travel and cor­
respondi~gly . reducing the area within which travel is 
restricte·d or prohibited. 

The placem~nt of barricades and signs to delimit 
areas of unrestricted travel should be consistent with 
established cr~teria for human exposure for human 
resettlement. 

Travel Throug~ Restricted Areas 
Highway travel would be restricted in those areas 

in which the levels of radiation intensity would not 
permit permanent resettlement of people without sub­
jecting them to serious biological consequences. 

There may he milny miles of highways covered by 
fallout within these areas, and travel would only be 
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permitted on certain regulated routes. Transportation 
benefits from the use of these routes would have to be 
balanced against the dangers of radiation exposure to 
drivers, policing personnel and highway maintenance 
personnel. 

Certain routes extending into or through restricted 
areas would be open for emergency movement of equip­
ment, supplies, manpower, or for postattack evacuation 
of people. Movements on such routes would be strictly 
regulated to keep radiation exposure of participating 
personnel to a practicable minimum. 

Protecting the Traveling Public 
Everyone may be exposed to some radiation hazard 

after a nuclear attack. Unless the genera1 public was 
equipped with reliable dosimeters, it would be impos­
sible to determine how much radiation was absorbed 
except through clinical studies of, and symptoms dis­
played by, those exposed. 

I! is known that radiation increases the chances of 
genetic damage and has other adverse long-term effects. 
In a national defense emergency, however, h is im­
portant, first, to minimize the number of deaths and, 
second, to keep to a minimum the number of people 
who may require medical care. · 

In considering highway travel .in a national defense 
emergency, the following assumptions have been made: 

(1) There may be millions of people in travel 
status after a nuclear attack. 

{2) A large percentage of these travelers would 
be using the highway network. 

(3) Thousands would be located in areas low in 
fallout contamination and would desire to return to 
their homes. 

{ 4) The location of fallout, and its degree of 
hazard, may be unknown to the traveling public. 

(5) The traveling public must be protected im­
mediately after the attack and during lhe long•range 
recovery period. 

( 6) Flexible guidelines for limited exposure of 
the traveling public are necessary. 

(7) Emergency missions will he required and the 
use of highways will play an important part in carry• 
ing out many of these missions. 

Monitoring Adjustments 
With a view to anticipating confusion and the prob­

able lack of an orderly procedure in the early stages, 
State highway department personnel located in rela­
tively uncontaminated areas should begin monitoring 
as soon as fallout has settled and coordinate their 
activities with the local emergency operating center. 

Adjustments in monitoring operations and setting 
of barricades and signs may be necessary as measured 
radiological data are evaluated and interpreted by 

specializt;d technical personnel. The guidelines for 
setting barricades are based on the t-1.2 theoretical 
decay scheme for a nuclear detonation of known time. 
In a real emergency, however, fallout from several 
weapons, which may be detonated at substantially 
different times, would result in a decay scheme other 
than that used in establishing the guidelines. 

Limit of Unrestricted Travel 
The general public, located in a relatively fallout• 

free area, must be protected as soon after the attack 
as possible by establishing the limits of unrestricted 
travel. Where possible, monitoring the highways with 
radiation detection instruments will begin 24 hours 
or 1 day ( D + 1) after the day of the attack or 1 day 
after the nuclear explosion, providing that all of the 
radioactive dust (fallout) has fallen to the ground. At 
D + 1 the personnel doing the monitoring would deter­
mine the limit of unrestricted travel by locating the 
actual on-the-ground radiation dose rate of 2.2 roent• 
gens per hour (R/hr) as determined with appropriate 
radiation detection and measuring instruments. This 
would indicate the area where the initial ( H + 1) radia­
tion intensity was 100 R/hr. Likewise, at D+30, the 
actual boundary would be where the dose rate would 
be 0.14 R/hr. and at 0+90 it would be 0.08 R/hr,, 
thereby establishing the limits of unrestricted travel 
and indicating the areas where the initial ( H + l) 
radiation intensities were 375 R/hr. and 750 R/hr., 
respectively. 

General Exposure Criteria 
The radiation exposure of the traveling public from 

relatively fallout-free areas will be limited by the area 
of unrestricted travel. The maximum dose that can be 
accumulated will be at the point where the highway 
has been barricaded. 

If a person were to remain at this point, he would 
not accumulate more than 200 R of radiation from that 
time to the end of the year ( D + 365) which began on 
the day of the nuclear explosion. 

Emergency Exposure Criteria 
In emergency work, personnel performing monitor­

ing and other highway work should not be exposed 
to more than 10 R in any single day nor more than 
a total of 50 R during the first week, 100 R during 
the first month and 50 R per month during the next 
4 months. 

Where an extreme emergency exists, such as the 
saving of many lives, saving ari essential facility or 
retrieving medical supplies from a warehouse, for ex• 
ample, it may be necessary for a monitor or a con­
struction or maintenance worker to accept an exposure 
of 150 R during a time interval ranging from 1 hour 
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to less than 1 week. Anyone exposed to this amount 
of radiation during such a brief period of time should 
wait 30 days before being exposed again at which time 
the routine emergency exposure criteria will apply. 

In no instance should radiation exposure of emer• 
gency mission personnel exceed a brief dose of 200 R. 

Decision Making 
After a nuclear attack, a major objective in the sup­

port of survival is maintenance of the economy and 
reconstruction. Prime elements in accomplishing this 
objective are the decisions mad~ by officials in charge, 
regarding radiation exposure of individuals, in relation 
to all other elements of the situation. 

Officials who have the respo_n~ihility for making 
command decisions which will expose persons. to addi­
tional radiation must first und~rstimd the biological 
and medical consequences of exppsure. Secondly, they 
must have essential materials readily available for refer­
ence in planning movements arid/or controlling expo• 
sures, These materials mainly consist of exposure and 
dose rate charts published by the fiatfon8:I Council _ori 
Radiation Protection, the Defense Civil Preparedness 
Agency, and other agencies. 

The acceptance of any radiation exposure is war­
ranted . only when there is no practical . or reasonable 
alternative way to achieve an overriding, essential 
goal. 
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APPENDIX A-EXECUTIVE ORDER 11490 
ASSIGNING EMERGENCY PEPAREDNESS FUNCTIONS TO 

FEDERAL DEPARTMENTS AND AGENCIES 

WHEREAS our national security is dependent upon 
our ability to assure continuity of government, at every 
level, in any national emergency type situation that 
might conceivably confront the nation; and 

WHEREAS effective national preparedness planning 
to meet such an emergency, including a massive 
nuclear attack, is essential to our national survival; 
and 

WHEREAS effective national preparedness planning 
requires the identification of functions that would have 
to be performed during such an emergency, the assign• 
ment of responsibility for developing plans for perform­
ing these functions, and the assignment of responsibility 
for developing the capability to implement those plans; 
and 

WHEREAS the Congress has directed the develop• 
ment of such national emergency preparedness plans 
and has provided funds for the accomplishment thereof; 
and 

WHEREAS this national emergency preparedness 
planning activity has been an established program of 
the United States Government for more than 20 years: 

Now, therefore, by virtue of the authority vested in 
me as President of the United States, and pursuant to 
Reorganization Plan No. 1 of 1958 (72 Stat. 1799), 
the National Security Act of 1947, as amended; the 
Defense Production Act of 1950, as amended, and the 
Federal Civil Defense Act, as amended, it is hereby 
ordered as follows: 

PART 1-PURPOSE AND SCOPE 
Section 101. PURPOSE. This order consoli• 

dates the assignment of emergency preparedness func­
toins to various departments and agencies heretofore 
contained in the 21 Executive orders and 2 Defense 
Mobilization orders listed in Section 3015 of this order. 
Assignments have been adjusted to conform to changes 
in organization which have occurred subsequent to the 
issuance of those Executive orders and Defense Mobili­
zation orders. 

SECTION 102. SCOPE. (a) This order is con• 
cerned with the emergency national planning and 'pre­
paredness functions of the several departments and 
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agencies of the Federal Government which complement 
the military readiness planning responsibilities of the 
Department of Defense; together, these measures pro­
vide the basic foundation for our overall national pre­
paredness posture, and are fundamental to our ability 
to survive. 

(b) The departments and agencies of the Federal 
Government are hereby severally charged with the duty 
of assuring the continuity of the Federal Government 
in any national emergency type situation that might 
confront the nation. To this end, each department 
and agency. with essential functions, whether expres!ily 
identified in this order or not, shall develop such plans 
and take such actions, including but not limited to 
those specified in this order, as may be necessary to 
assure that it will he able to perform its essential 
functions, and continue as a viable part of the Federal 
Government, during any emergency that might con• 
ceivably occur. These include plans for maintaining 
the continunity of essential functions of the depart­
ments or agency at the seat of government and else­
where, through pr~grams concerned with: (1) succes• 
sion to office; ( 2) predelegation of emergency au­
thority; ( 3) safekeeping of essential records; ( 4) 
emergency relocation sites supported by communica• 
tions and required services; ( 5) emergency action 
steps; ( 6) alternate headquarters or command !acil• 
ities; and ( 7) protection of Government resources, 
facilities, and personnel. The continuity of Govern­
ment activities undertaken by the departments and 
agencies shall be in accordance with guidance pro• 
vided by, and subject to evaluation by, the Director 
of the Office of Emergency Preparedness. 

( c) In addition to the activities indicated above, 
the heads of departments and agencies described in 
Parts 2 through 29 of this order shall: ( 1) prepare 
national emergency plans, develop preparedness pro­
grams, and attain an appropriate state of readiness 
with respect to the functions assigned to them in this 
order for all conditions of national emergency; ( 2) 
give appropriate consideration to emergency prepared­
ness factors in the conduct of the regular functions 
of their agencies, particularly those functions con• 
sideTed essential in time of emergency, and (3) be 



prepared to implement, in the event of an emergency, 
all appropriate plans developed under this order. 

SECTION 103. PRESIDENTIAL ASSISTANCE. 
The Director of the Office of Emergency Preparedness, 
in accordance with the provisions of Executive Order 
No. 11051 of September 27, 1962, shall advise and 
assist the President in determining national prepared­
ness goals and policies for the performance of functions 
under this order and in coordinating the performance 
of such functions with the total national preparedness 
program. 

SECTION 104. GENERAL AND SPECIF I C 
FUNCTIONS. The functions assigned by Part 30, 
General Provisions, apply to all departments and 
agencies having emergency preparedness responsi­
bilities. Specific functions are assigned to departments 
and agencies covered in Parts 2 through 29. 

SECTION 105. CONSTRUCTION. The purpose 
and legal effect of the assignments contained in this 
order do not constitute authority to implement the 
emergency plans prepared pursuant to this order. 
Plans so developed may he effectuated only in the 
event that authority for such effectuation is provided 
by a law enacted by the Congress or by an order or 
directive issued by the President pursuant to statutes 
or the Constitution of the United States. (Parts 2 
through 12, 14 through 20 and 22 through 29 are 
omitted since they are not considered relevent to 
EHTR). 

PART 13-DEPARTMENT OF 
TRANSPORTATION 

SECTION 1301. RESUME OF RESPONSIBIL­
ITIES. The Secretary of Transportation, in carrying 
out his responsibilities to exercise leadership in trans­
portation matters affecting the national defense and 
those involving national or regional transportation 
emergencies, shall prepare emergency plans and de­
velop preparedness programs covering: 

(1) Preparation and promulgation of over-all na­
tional policies, plans, and procedures related to provid­
ing civil transportation of all forms-air, ground, 
water, and pipelines, including public storage and ware­
housing ( except storage of petroleum and gas and agri­
cultural food resources including cold storage) : Pro­
vided that plans for the movement of petroleum and 
natural gas through pipelines shall be the responsi­
bility of the Secretary of the Interior except to the 
extent that such plans are a part of functions vested in 
the Secretary of Transportation by law; 

(2) Movement of passengers and materials of all 
types by all forms of civil transportation; 

( 3) Determination of the proper apportionment and 
allocation for control of the total civil transportation 
capacity, or any portion thereof, to meet over-all essen­
tial civil and military needs; 
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( 4) Determination and identification of the trans­
portation resources available and required to meet all 
degrees of national emergencies and regional transpor­
tation emergencies; 

( 5) As.sistance to the various States, the local polit­
ical subdivisions thereof, and non-governmental organi• 
zations and systems engaged in transportation activities 
in the preparation of emergency plans; 

( 6) Rehabilitation and recovery of the Nation's 
transportation systems; and 

(7) Provisions for port security and safety, for aids 
to maritime navigation, and for search and rescue and 
law enforcement over, upon, and under the navigable 
waters of the United States and the high seas. 

SECTION 1302. TRANSPORTATION PLANNING 
AND COORDINATION FUNCTIONS. In carrying 
out the provisions of Section 1301, the Secretary of 
Transportation, with assistance and support of other 
Federal, State and local governmental agencies, and the 
transport industries, as appropriate, shall: 

( 1) Obtain, as.semble, analyze, and evaluate data 
on current an-d projected emergency requirements of 
all claimants for all forms of civil transportation to 
meet the needs of the military and of the civil economy, 
and on current and projected civil transportation re­
sources---of all forms-available to the United States 
to move passengers or materials in an emergency. 

(2) Develop plans and procedures to provide-un­
der emergency conditions-for the collection and 
analysis of passenger and cargo movement demands as 
they relate to the capabilities of the various forms 
of transport, including the periodic assessment of 
over-all transport resources available to meet emer• 
gency requirements. 

( 3) Conduct a continuing analysis of transportation 
requirements and capabilities in relation to economic 
projections for the purpose of initiating actions and/or 
recommending incentive and/or regulatory programs 
designed to stimulate government and industry im­
provement of the structure of the transportation system 
for use in an emergency. 

(4) Develop systems for the control of the move­
ment of passengers and cargo by all forms of trans­
portation, except for those resources owned by, con• 
trolled by, or under the jurisdiction of the Department 
of Defense, including allocation of resources and assign­
ment of priorities, and develop policies, standards, 
and procedures for emergency enforcement of these 
controls. 

SECTION 1303. DEPARTMENT AL EMERGENCY 
TRANSPORTATION PREPAREDNESS. Except for 
those resources owned by, controlled by, or under the 
jurisdiction of the Department of Defense, the Secre­
tary of Transportation shall prepare emergency opera­
tional plans and programs for, and develop a capability 



to carry out, the transportation operating responsi• 
bilities assigned to the Department, including hut not 
limited to: 

( 1) Allocating air carrier civil air transportation 
capacity and equipment to meet civil and military 
requirements. 

( 2) Emergency management, including construction, 
reconstruction, and maintenance of the Nation's civil 
airports, civil aviation operating facilities, civil avia• 
tion services, and civil aircraft ( other than air carrier 
aircraft), except manufacturing facilities. 

(3) Emergency management of all Federa1, State, 
city, local, and other highways, roads, streets, bridges, 
tunnels, and appurtenant structures, including: 

(a) The adaptation, development, construction, 
reconstruction, and maintenance of the Nation's 
highway and street systems to meet emergency 
requirements ; 

( b) The protection of the traveling public by 
assisting State and local authorities in informing 
them of the dangers of travel through hazardous 
areas; and 

(c) The regulation of highway traffic in an emer• 
gency through a national program in cooperation 
with all Federal, State, and local governmental units. 
or other agencies concerned. 

( 4) Emergency plans for urban mass transportation, 
including: 

(a) Providing guidance to urban communities 
in their emergency mass transportation planning 
efforts, either directly or through State, regional, 
or metropolitan agencies; 

( b) Coordinating all such emergency planning 
with the Department of Housing and Urban Develop­
ment to assure compatibility with emergency plans 
for all other aspects of urban development; 

(c) Maintaining an inventory of urban mass 
transportation systems. 

(5) Maritime safety and law enforcement over, 
upon, and under the high seas and waters, subject to 
the jurisdiction of the United States, in the following 
specific programs : 

(a) Safeguarding vessels, harbors, ports, and 
waterfront facilities from destruction, loss or injury, 
accidents, or other causes of a similar nature. 

(h) Safe passage over, upon, and under the high 
seas and United States waters through effective and 
reliable systems of aids to navigation and ocean 
stations. 

( c) Waterborne access to ice-hound locations in 
furtherance of national economic, scientific, defense, 
and consumer needs. 

( d) Protection of lives, property, natural re­
sources, and national interests through enforcement 
of Federal law and timely assistance. 
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( e) Safety of life and property through regula• 
tion of commercial vessels, their officers and crew, 
and administration of maritime safety law. 

(f) Knowledge of the sea, its boundaries, and its 
resources through collection and analysis of data in 
support of the national interest. 

(g) Operational readiness for essential wartime 
functions. 

( 6) Planning for the emergency manage'ment and 
operation of the Alaska Railroad, and for the con• 
tinuity of railroad and petroleum pipeline safety 
programs. 

(7) Planning for the emergency operation and 
maintenance of the United States-controlled sections 
of the Saint Lawrence Seaway. 

PART 21-INTERSTATE COMMERCE 
COMMISSION 

SECTION 2101. RESUME OF RESPONSIBIL­
ITIES. The Chairman of the Interstate Commission, 
under the coordinating authority of the Secretary of 
Transportation, shall prepare national emergency plans 
and develop preparedness programs covering railroad 
utilization, reduction of vulnerability, maintenance, 
restoration, and operation in an emergency ( other than 
for the Alaska Railroad-see Section 1303(6); motor 
carrier utilization, reduction of vulnerability, and op­
eration in an emergency; inland waterway utilization 
of equipment and shipping, reduction of vulnerability, 
and operation in an emergency; and also provide 
guidance and consultation to domestic surface trans­
portation and storage industries, as defined below, 
regarding emergency preparedness measures, and to 
States regarding development of their transportation 
plans in assigned areas. 

SECTION 2102. DEFINITIONS. As used in this 
part: 

( 1) "Domestic surface transportation and storage" 
means rail, motor, and inland water transportation 
facilities and services and public storage; 

(2) "Public storage" includes warehouses and other 
places which are used for the storage of property be­
longing to persons other than the persons having the 
ownership or control of such premises; 

(3) "Inland water transportation" includes shipping 
on all inland waterways and Great Lakes shipping 
engaged solely in the transportation of passengers or 
cargo between United States ports on the Great Lakes; 

( 4) Specifically excluded, for the purposes of this 
part, are pipelines, petroleum and gas storage, agricul• 
tural food resources storage, including the cold storage 
of food resources, the St. Lawrence Seaway, ocean ports 
and Great Lakes ports and port facilities, hi.ghways, 
streets, roads, bridges, and related appurtenances/ 
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maintenance of inland waterways, and any transpor• 
lation owned by or pre-allocated to the military. 

SECTION 2103. TRANSPORTATION FUNC-
TIONS. The Interstate Commerce Commission shall: 

(1) Operational control. Develop plans with appro• 
priate private transportation and storage organizations 
and associations for the coordination and direction of 
the use of domestic surface transportation and storage 
facilities for movement of passenger and freight traffic. 

(2) Emergency operations. Develop and maintain 
necessary orders and regulations for the operation of 
domestic surface transport and storage industries in 
an emergency. 

PART 30--GENERAL PROVISIONS 
SECTION 3001. RESOURCE MANAGEMENT. 

In consonance with the national preparedness, security, 
and mobilization readiness plans, programs, and op• 
erations of the Office of Emergency Preparedness 
under Executive Order No. 11051 of September 27, 
1962, and subject to the provisions of the preceding 
parts, the head of each department and agency shall: 

( 1) Priorities and alloca.tions. Develop systems for 
the emergency application of priorities and allocations 
to the production, distribution and use of resources for 
which he has been assigned responsibility. 

(2) Requirements. Assemble, develop as appro­
priate, and evaluate requirements for assigned re• 
sources, taking into account estimated needs for 
military, atomic energy, civilian, and foreign pur­
poses. Such evaluation shall take into consideration 
geographical distribution of requirements under emer• 
gency conditions. 

( 3) E val.ua.tion. Assess assigned resources in orde.r 
to estimate availability from all sources under an emer­
gency situation, analyze resource availabilities in rela­
tion to estimated requirements, and develop appropriate 
recommendations and programs, including those-neces­
sary for the maintenace of an adequate mobilization 
base. Provide data and assistance before and after 
attack for national resource analysis purposes of the 
Office of Emergency Preparedness. 

( 4-) Claimancy. Prepare plans to claim from the 
appropriate agency supporting materials, manpower, 
equipment, supplies, and services which would be 
needed to carry out assigned responsibilities and other 
essential functions of his department or agency, and 
cooperate with other agencies in developing programs 
to insure availability of such resources in an emer­
gency. 

SECTION 3002. FACILITIES PROTECTION AND 
WARF ARE EFFECTS MONITORING AND RE­
PORTING. In consonance with the national prepared• 
ness, security, and mobilization readiness plans, 

A-4 

programs, and operations of the Office of Emergency 
Preparedness under Executive Order No. 11051, and 
with the national civil defense plans, programs, and 
operations of the Department of Defense, under Execu­
tive Order No. 10952, the head of each department 
and agency shall: 

( 1) F acilitie5 protection.. Provide facilities protec· 
tion guidance material adapted to the needs of the 
facilities and services concerned and promote a national 
program to stimulate disaster preparedness and con­
trol in order to minimize the effects of overt or covert 
attack on facilities or other resources for which he 
has management responsibility. Guidance shall in­
clude, but not be limited to, organization and training 
of facility employees, personnel shelter, evacuation 
plans, records protection, continuity of management, 
emergency repair, dispersal of facilities, and mutual 
aid associations for an emergency. 

(2) Ware/are effects moriitoring and reporting. 
Maintain a capability, both at national and field levels, 
to estimate the effects of attack on assigned resources 
and to collaborate with and provide data to the Office 
of Emergency Preparedness, the Department of De• 
fense, and other agencies, as appropriate, in verifying 
and updating estim~tes of resource status through ex­
changes of data and mutual assistance, and provide 
for the detection, identification, monitoring and report• 
ing of such warfare effects at selected facilities under 
his operation or control. 

(3) Salvage and rehabilitatfon. Develop plans for 
salvage, decontamination, and rehabilitation of facil• 
ities involving resources under his jurisdiction. 

( 4) Sheller. In conformity •with national shelter 
policy, where authorized to engage in building con­
struction, plan, design, and construct such buildings 
to protect the public to the maximum. extent feasible 
against the hazards that could result from an attack 
upon the United States with nuclear weapons; and 
where empowered to extend Federal financial assist­
ance, encourage recipients of such financial assistance 
to use standards for planning design and construction 
which will maximize protection for the public. 

SECTION 3003. CRITICAL SKILLS AND OC­
CUPATIONS. (a) The Secretaries of Defense, Com­
merce, and Labor shall carry out the mandate of the 
National Security Council, dated February 15, 1968, 
to "maintain a continuing surveillance over the Nation's 
manpower needs and identify any particular occupa• 
tion or skill that may warrant qualifying for defer­
ment on a uniform national basis." In addition, the 
Secretaries of Defense, Commerce, Labor, and Health, 
Education, and Welfare shall carry out the mandate 
of the National Security Council to "maintain a con­
tinuing surveillance over the Nation's manpower and 
education needs to identify any area of graduate study 
that may warrant qualifying for deferment in the 



national interest." In carrying out these functions, the 
Secretaries concerned shall consult with the National 
Science Foundation with respect to scientific manpower 
requirements. 

(b) The Secretaries of Commerce and Labor shall 
maintain and issue, as necessary, lists of all essential 
activities and critical occupations that may be required 
for emergency preparedness purposes, 

SECTION 3004. RESEARCH. Within the frame• 
work of research policies and objectives established by 
the Office of Emergency Preparedness, the head of each 
department and agency shall supervise or conduct re­
search in areas directly concerned with carrying out 
emergency preparedness responsibilities, designate 
representatives for necessary a-d hoc or task force 
groups, and provide advice and assistance to other 
agencies in planning for research in areas involving 
each agency's interest. 

SECTION 3005. STOCKPILES. The head of each 
department and agency, with appropriate emergency 
responsibilities, shall assist the Office of Emergency 
Preparedness in formulating and carrying out plans 
for stockpiling of strategic and critical materials, and 
survival items. 

SECTION 3006. DIRECT .ECONOMIC CON-
TROLS. The head of each department and agency 
shall cooperate with the Office of Emergency Prepared. 
ness and the Federal financial agencies in the -develop• 
ment of emergency preparedness measures involving 
emergency financial and credit measures, as well as 
price, rent, wage and salary stabilization, and con• 
sumer rationing programs. 

SECTION 3007. FINANCIAL AID. The head of 
each department and agericy shall develop plans and 
procedures in cooperation with the Federal financial 
agencies for financial and credit assistance to those 
segments of the private,seclor for which he is respon• 
sible in the everit such assistance is needed under 
emergency conditions. 

SECTION 3008. FUNCTIONAL GUIDANCE. The 
head of each department and agency in carrying out 
the functions assigned to hiin by this order, shall be 
guided by the following: 

(1) National program guidance. In consonance with 
the national preparedness, security, and mobilization 
readiness plans, programs, and operations of the Office 
of Emergency Preparedness under Executive Order No. 
11051, and with the national civil defense plans, pro· 
grams, and operations of the Department of Defense, 
technical guidance shall be provided to State and local 
governments and instrumentalities thereof, to the end 
that all planning concerned with functions assigned 
herein will be effectively coordinated. Relations with 
the appropriate segment of the private sector shall be 
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maintained to foster mutual understanding of Federal 
emergency plans. 

(2) foteragency coordinatwn. Emergency prepared­
ness functions shall be coordinated by the head of the 
department or agency having primary responsibility 
with ail other departments and agencies having sup­
porting functions related thereto. 

( 3) Emergency preparedness, Emergency plans, 
programs, and an appropriate state of readiness, in­
cluding organizational readiness, shall be developed as 
an integral part of the continuing activities of each 
department or agency on the basis that that department 
or agency will have the responsibility for carrying out 
such plans and programs -during an emergency. The 
head of each department or agericy shall be prepared 
to implement all appropriate plans developed under 
this order. Modifications and temporary organiza• 
tional changes, based on emergency conditions, shall 
be in accordance with policy determinations by the 
President. 

(4) Profe5sionrd liaison. Mutual understanding and 
support of emergency preparedness activities shall be 
fostered, and the National Defense Executive Reserve 
shall be promoted by maintaining relations with the 
appropriate non-Governmental sectors. 

SECTION 3009. TRAINING. The head of each 
department and agency shall develop and direct train• 
ing programs which incorporate emergency prepared­
ness and civil defense training and information pro• 
grams necessary to insure the optimum operational 
effectiveness of assigned resources, systems, an-d 
fac i Ii ti es. 

SECTION 3010. EMERGENCY PUBLIC INFOR­
MATION. In consonance with such emergency public 
information plans and central program decisions of 
the Office of Emergency Preparedness, and with plans, 
programs, and procedures established by the Depart· 
ment of Defense to provide continuity of programming 
for the Emergency Broadcast System, the head of 
each department and agency shall : 

(1) Obtain and provide information as to the emer­
gency functions or assignments of the individual de­
partment or agency for dissemination to the American 
people during the emergency, in accordance with 
arrangements made by the Office of Emergency 
Preparedness. 

{ 2) Determine requirements and arrange for pre­
recordings to provide continuity of program service 
over the Emergency Broadcast System so that the 
American people can receive information, advice, and 
guidance pertaining to the implementation of the civil 
defense and emergency preparedness plans or assign­
ments of each individual department or agency. 

SECTION 3011. EMERGENCY ACTIONS. This 
order does not confer authority to put into effect any 



emergency plan, procedure, policy, program, or course 
of action prepared or developed pursuant to this order. 
Plans so developed may be effectuated only in the event 
that authority £or such effectuation is provided by a 
law enacted by the Congress or by an order or direc• 
tive issued by the President pursuant to statutes or 
the Constitution of the United States. 

SECTION 3012. REDELEGATION. The head of 
each department and agency is hereby authorized to 
redelegate the functions assigned to him by this order, 
and to authorize successive redelegations to agencies 
or instrumentalities of the United States, and to officers 
and employees of the United States. 

SECTION 3013. TRANSFER OF FUNCTIONS. 
Any emergency preparedness functions under this 
order, or parts thereof, may be transferred from one 
department or agency to another with the consent of 
the heads of the organizations involved and with the 
concurrence of the Director of the Office of Emergency 
Preparedness. Any new emergency preparedness 
function may be assigned to the head of a department 
or agency by the Director of the Office of Emergency 
Preparedness by mutual consent. 

SECTION 3014. RETENTION OF EXISTING 
AUTHORITY. Except as provided in Section 3015, 
nothing in this order shall be d~emed to derogate from 
any now existing assignment of functions to any de­
partment or agency or officer thereof made by statute, 
Executive order, or Presidential directives, including 
Memoranda. 

SECTION 3015. REVOKED ORDERS. The fol­
lowing are hereby revoked: 

( 1) Defense Mobilization Order Vl-2 of December 
11, 1953. 

(2) Defense Mobilization Order 1-12 of October 
5, 1954. 

(3) Executive Order No. 10312 of December 10, 
1951. 

(4) Executive Order No. 10346 of April 17, 
1952. 

( 5) Executive Order No. 10997 of February 16, 
1962. 
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( 6) Executive Order No. 10998 of February 16, 
1962. 

(7) Executive Order No. 10999 of February 16, 
1962. 

(8) Executive Order No. 11000 of February 16, 
1962. 

(9) Executive Order No. 11001 of February 16, 
1962. 

(10) Executive Order No. 11002 of February 16, 
1962. 

(11) Executive Order No. 11003 of February 16, 
1962. 

(12) Executive Order No. 11004 of February 16, 
1962. 

( 13) Executive Order No. 11005 of February 16, 
1962. 

( 14) Executive Order No. 11087 of February 26, 
1963. 

(15) Executive Order No. 11088 of February 26, 
1963. 

(16) Executive Order No. 11089 of February 26, 
1963. 

(17) Executive Order No. 11090 of February 26, 
1963. 

(18) Executive Order No. 11091 of February 26, 
1963. 

(19) Executive Order No. 11092 of February 26, 
1963. 

(20) Executive Order No. 11093 of February 26, 
1963. 

(21) Executive Order No. 11094 of February 26, 
1963. 

(22) Executive Order No. 11095 of February 26, 
1963. 

(23) Executive Order No. 11310 of October 11, 
1966. 

THE WHITE HOUSE 
October 28, 1969. 

(signed) 
Richard Nixon 



APPENDIX B-ARMY REGULATION 55-355 
PARAGRAPH 109008 

IDGHW AY TRAFFIC REGULATION 

The Federal Highway Administration, under the 
Secretary of Transportation, is responsible for planning 
a highway traffic regulation system to facilitate the 
orderly flow of traffic under a national emergency situ­
ation. This planning function includes, but is not 
limited to, evacuation, regulation of movement through 
dangerous areas, and clearance of priority traffic over 
routes of limited capacity, Highway traffic regulation 
demands the participation and teamwork of highway 
and police officials working in close association with 
emergency transportation organizations and organized 
highway users, In an emergency, highway traffic 
regulation centers established at State and District 
levels, and highway traffic Sectors established at 
county, city, or metropolitan area levels, will determine 
how the highway network is to be operated, and will 
allocate road space, as necessary, to meet movement 
priorities and precedence established by other emer­
gency transportation organizations. The emergency 
highway traffic regulation organization is not respon­
sible for the provision or allocation of motor vehicles 
to shippers nor for designating priorities of movements. 
The control centers and sectors will opm-ate highway 
traffic regulation posts, as necessary, to control access 
to and movements on various highways. All highway 
traffic regulation operations will be decentralized to the 
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maximum extent possible consistent with the attain• 
ment of the overall objectives. Implementation and 
direction of highway traffic regulation will be exercised 
on routes only where and so long as traffic demand ex­
ceeds traffic capacity and, in restricted areas, on routes 
where and so long as highway users must be protected 
from exposure to radiological or other hazards. Priority 
permits will be required for a vehicle to traverse a 
regulated highway route. The carrier ( or driver of 
the vehicle ) will secure the necessary permit(s) by 
presenting the Government bill of lading, waybill, trans­
portation request, or other transportation document to 
the appropriate control center, sector, or post. Nor­
mally, permit requests for interstate, intrastate, or 
local movements will be handled by control center, 
Sector or post personnel, respectively. When carriers 
are unable to secure permits for the movement of DOD 
personnel and freight, transportation officers, when re­
quested by carriers, will assist to the extent possible in 
obtaining the necessary permits. When such assistance 
is unsuccessful, transportation officers may contact 
their MTMTS area commander for further support in 
accordance with the provisions of paragraph 104002. 
The necessity for any such movement must be clearly 
indicated. 
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CHAPTER 6 

SPECIAL DEFENSE UfILIZATION OF PUBLIC filGHWAYS 

6-1. General. Special defense utilization of public 
highways is subject to the laws and regulations of the 
various States and political subdivisions, except in 
instances of overriding and urgent military necessity. 

6-2. Special military movements. (a) Military 
movements over public highways which exceed any 
legal limitation on size or weight, or any other special 
military movement (i.e., one which subjects highway 
facilities or their users Lo unusual hazard) will comp! y 
with DOD policy cited in paragraph 1-4-c. 

( b) Procedures for requesting the issuance of per­
mits for oversize, overweight, or other special military 
movements on public highways, and reporting on move• 
ments that cannot be accomplished, are published in 
AR 55-162/0PNAVINST 4600.11/ AFR 75-24/ 
NAVMC 2534. Individuals in each State who will be 
contacted for permits, together with officials within 
DOD authorized to request permits, are named in the 
directory cited in the foregoing regulation. The Com• 
mander, MT!VlTS, will prepare and publish the 
directory. 

(c) It is the policy of the American Association of 
State Highway Officials that, during peacetime, DOD 
shall be the sole certifying agency for all movements 
by any agency declared essential to the national defense. 
During a national emergency, movements essential to 
national defense would be far greater in scope, and 
those not under direct control of the military depart­
ments or defense agencies would be certified by the 
appropriate emergency transportation authority. 

(d) In cooperation with the American Association 
of Stale Highway Officials and the Federal Highway 
Administration, the Commander, MTMTS, will de• 
velop and coordinate policy and related procedures 
for special military movements on public highways. 

6-3. Emergency Highway Traffic Regulation, 
(a) Under a national emergency situation, it may be 
necessary for civil authorities to regulate traffic on 
public highways to insure safe and expeditious move­
ments of priority personnel and material. Circum­
stances may necessitate regulation of movements 
through dangerous areas or the clearance of priority 
traffic over routes of limited capacity. The purpose 
of such highway traffic regulation is to assure the 
highest degree of highway utilization under adverse 
conditions. Regulation will be exercised on routes only 
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where, and so long as, traffic demand exceeds traffic 
capacity, and in restricted areas on routes where, and 
so long as, highway users must he protected from ex­
posure to radiological or other hazards. The primary 
function of highway traffic regulation is to allocate 
available road space to satisfy movement priorities. 

( b) Emergency highway traffic regulation requires 
close cooperation of four groups, the Federal Govern­
ment; the State highway departments; State and local 
police; and highway users, including, among others, 
military users. 

( 1) The Federal Highway Administration, De­
partment of Transportation, has been assigned the 
responsibility for developing a national program of 
effective emergency highway traffic regulation. 

(2) The Commander, MTMTS, maintains liaison 
with the Federal Highway Administration to insure 
the integration of the operational requirements of 
the military departments into this national program. 
He will inform the Deputy Chief of Staff for Military 
Operations, Department of the Army, promptly of 
any actual or foreseen interference with military 
operational requirements. 

(3) State authorities are responsible for develop• 
ing p!a11s for emergency regulation of highway 
traffic under their jurisdiction within the general 
guidelines of the national program. They will esti• 
mate highway capacities, provi-de information regard­
ing the location and intensity of hazards, determine 
the availability of routes in their highway network, 
and provide for enforcement by police. Local plans 
implement and supplement the State's organization 
and plan. 

(4,) At State and local levels, highway users 
groups will issue authorizations, under previously 
established national priority guidelines, to users to 
operate over highways affected by regulation, 

(5) Under the direction o{ the Commanding Gen• 
eral, U.S. Continental Army Command, each CONUS 
army commander, or his designated representative, 
will correlate the interest of all Defense installations 
and activities within his area and will assist the 
Federal Highway Administration, State and local 
authorities, when requested, in the implementation 
of plans for emergency highway traffic regulation. 
Defense installation commanders will assist the 
CONUS army commander, as required. 
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U.S. DEPARTMENT OF TRANSPORTATION FHWA ORDER 

FEDERAL HIGHWAY ADMINISTRATION 1 0-1 
February 14, 1972 

EMERGENCY PREPAREDNESS 

Par, 1. Purpose 
2, Authorities 
3. Policy 
4, Scope 
5, Coordinating Committee on 

Emergency Preparedness 
6. Program Responsibilities 
7. Specific Responsibilities 

1. PURPOSE 

To assign the responsibility for the 
development of a state of readiness within the 
Federal Highway Administration {FHWA) to 
meet any degree of national emergency 
including an attack on the United States. 

2. AUTHORITIES 

Executive Order Nos, 10480 and 11490; 
49U,S,C. 1657; 23U,S,C, 315; 49C.F,R, 
1. 4d. 

3. POLICY 

It is the policy of the FHW A to promote 
the development, throughout the highway and 
highway transportation field, of a state of 
readiness to meet any national emergency, 
By readiness is meant the•capabi.lity to per­
form fully and effectively all the emergency 
duties which have been assigned by law, 
Executive Order, Department Order, regula­
tion, delegation or otherwise, or which are 
implied therein, 

4, SCOPE 

National emergency preparedness plans 
and programs shall be developed as 'an inte­
gral part of the continuing activities of the 
FHW A. The offices of the Administration 
shall be prepared to carry out these plans and 
programs in a national emergency. The plans 
and programs shall be designed to develop a 
state of readiness to meet any degree of 
national emergency including an attack upon 
the United States. 

5. COORDINATING COMMITTEE ON 
EMERGENCY PREPAREDNESS 

a. A Coordinating Committee on emer­
gency Preparedness is hereby established to 
provide advice and make recommendations to 
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the Defense Plans and Operations Division, 
Office of Highway Operations, on matters 
concerned with national emergency prepared 
ness within the FHW A. 

b, The chief of the Defense Plans and 
Operations Division shall act as chairman of 
the Committee, appoint a vice chairman and 
secretary of the Committee, and provide sup 
port for the Committee. 

c, Each Associate Administrator of the 
FHW A and each staff office director shall 
appoint a permanent and an alternate member 
of the Committee. 

d, The Committee shall meet at the call 
of the chairman. 

6, PROGRAM RESPONSIBILITIES 

The Defense Plans and Operations Division 
of the Office of Highway Operations /!hall be 
responsible for the coordination of the emer 
gency preparedness activities of the several 
offices of the FHWA and for the development of 
the integrated plans and programs necessary 
to assure an adequate FHWA emergency pre 
paredriess posture. The Administrator 
reserves to himself, however, the authority to 
approve and issue policies and substantive 
program requirements regarding overall FH\1/ A 
emergency preparedness activities that involve 
commitments to higher authority or other 
agencies, commitments of substantial manpower, 
or the modification of the responsibilities 
assigned in this order. Specifically, the Defense 
Plans and Operations Division shall: 

a. Develop, in cooperation with the various 
offices of the FHWA, the several State highway 
departments, and the highway transportation 
industry as appropriate, overall FHW A plans 
and programs to meet any degree of emergency 
including major disasters or enemy attacks 
upon the United States. 

b. Monitor the development of detailed 
emergency operational plans by the offices of 
the FHW A and the development of a national, 
regional, division, and State capability to 
carry out those plans in a national emergency 
or disaster situation. 

c. Develop and maintain an FHWA Head 
quarters emergency operating facility including 
all related services. 
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d, Establish and maintain an FHWA 
operating capability at the Special Facilities 
Division of the Office of Emergency Prepared­
ness and at the Department of Transportation 
(DOT) Headquarters emergency operating 
facility. 

e. Provide for the protection and survival 
of the FHWA Headquarters personnel. 

I. Develop and maintain a nationwide 
capability to protect critical highway facilities 
from sabotage. 

g. Establish and provide policy direction 
for the activities of an FHW A unit of the 
National Defense Executive Reserve. 

h. Provide the FHW A defense coordinator 
(who shall be the Division Chief or his 
designee) required by DOT Order 1900. 2 and 
represent the FHW A on the DOT lnteragency 
Emergency Transportation Committee estab­
lished by DOT Order 1120, 36. 

i. Represent the FHWA on matters con­
cerned with national emergency preparedness. 

7. SPECIFIC RESPONSIBILITIES 

a. Associate Administrators 

(1) The Associate Administrator for 
Planning shall be responsible for the develop­
ment of a national, regional, division, and 
State capability to: 

(a) Report and evaluate damage to 
highways and highway facilities including the 
partial or total interdiction thereof by fallout. 

(b) Provide advice and guidance on 
the routing of important highway movements. 

(c) Determine short-range high-
way needs, 

(d) Determine long-range post­
attack highway needs in the light of destroyed 
population centers, population shifts, the 
development of new industrial centers, and 
other effects of the attack or disaster, and 
make appropriate revisions in the Federal-aid 
highway systems. 

{e) Determine the postattack level 
of highway construction necessary to provide 
the maximum contribution to the recovery of 
the Nation. 

(f) Continue normal activities 
necessary under postattack conditions. 
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(2) The Associate Administrator for 
Research and Development shall be responsible 
for the development of a national, regional, 
division, and State capability to: 

(a) Provide advice and guidance on 
possible substitutes for highway construction 
and maintenance materials that are in short 
supply. 

(b) Continue normal activities 
necessary under postattack conditions, 

(3) The Associate Administrator for 
Right-of-Way and Environment shall be 
responsible for the development of a national, 
regional, division, and State capability to: 

(a) Assist in the emergency 
acquisition of rights-of-way for the highway 
construction and reconstruction required by 
postattack conditions. 

(b) Continue normal activities 
necessary under postattack conditions. 

(4} The Associate Administrator for 
Engineering and Traffic Operations shall be 
responsible for the development of a national, 
regional, division, and State capability to: 

(a) Review and evaluate existing and 
proposed Federal-aid and Federal highway and 
bridge construction to determine which contracts 
should be terminated, suspended, or expedited. 

(b) Direct the emergency repair 
and reconstruction of damaged highway facilities. 

(c) Direct the institution of, and 
coordinate the operation of, emergency highway 
traffic regulation. 

(d) Direct the field operations 
necessary for the determination of the possibil­
ity of safe travel through fallout areas, the 
dissemination of information to the public con­
cerning radiation hazards, and the placement 
of emergency signs to warn the public of hazard­
ous conditions. 

(e) Revise highway maintenance and 
construction programs to meet postattack 
conditions. 

(0 Act as claimant for the materials, 
supplies, equipment, and manpower needed for 
the maintenance, repair, and construction of 
highways, streets, and bridges. 

(g) Allocate available resources to 
essential highway construction and maintenance 
activities. 
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(h) Revise highway and bridge 
design and construction standards in view of 
postatfack conditions. 

(i) Continue normal activities 
necessary under postattack conditions. 

(5) The Associate Administrator for 
Motor Carriers and Highway Safety shall be 
responsible for the development of a national, 
regional, and division capability to: 

(a) Revise existing Bureau of 
Motor Carrier Safety regulations as necessar 
under the postattack conditions. 

(b) Assist in emergency highway 
traffic regulation. 

(c) Continue normal activities 
necessary under postattack conditions. 

(6) The Associate Administrator for 
Administration shall be responsible for the 
development of a capability to: 

(a) Carry out all housekeeping 
functions at the designated FHWA Head­
quarters emergency operating facility in­
cluding housing, feeding, and the provision of 
medical services in the transattack and post­
attack periods. 

{b) Perform all necessary admin­
istrative services including the maintenance 
of records and files, the provision of office 
supplies and equipment, printing, duplicating, 
and communications services at the FHWA 
Headquarters emergency operating facility. 

(c) Perform all necessary 
personnel, security, and budgetary functions 
in accordance with emergency regulations, 
including processing the recruitment of 
National Defense Executive Reservists and the 
maintenance of appropriate personnel records 
relating to them. 

{d) Carry out the duties outlined 
in {a) through {c) above at the regional and 
di.vi.Si.on levels during a period in which com­
munications cannot be established with higher 
autht>rity. 

(e) Continue normal activities 
necessary under postattack conditions. 

b, Staff Offices 

(1) The Office of the Chief Counsel 
shall be responsible for the provision of legal 
advice and guidance on all matters including 
but not limited to the legal aspects of contract 
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termination and suspension, land acquisition 
under postattack conditions, the preparation 
of legislative proposals found necessary under 
postattack conditions, and the continuation of 
present activities necessary under postattack 
conditions. 

(2) The Office of Program Review 
and Investigations shall be responsible for the 
continuation of those present activities that 
are necessary under postattack conditions. 

(3) The Office of Publi.c Affairs shall 
be responsible for the preparation and dis­
semination of information to the public in 
regard to the postattack condition of the 
Nation's highway system and the continuation 
of those present activities that are necessary 
under postattack conditions. 

(4) The Office of Civil Rights shall be 
responsible for the continuation of those pre­
sent activities that are necessary under post­
attack conditions. 

c, Regional Federal Highway Admi.nistra­
..tQll. 

The responsibilities of the Regional 
Federal Highway Administrators shall include 
but not be limited to: 

(1) Development and maintenance of 
an emergency operating facility for the region­
al office, 

(2) Continuity of the Regional Federal 
Highway Administration as a functioning 
organization under national emergency condi­
tions. 

(3) Protection and survival of the 
regional employees of the FHW A. 

(4) Establishment of Regional 
Coordinating Committees on Emergency Pre­
paredness. 

(5) Development of a regionwi.de capa­
bility to carry out the emergency plans and 
pro grams developed by the headquarters· 
office of the FHWA. 

d. Di.vision Engineers 

The responsibilities of the division 
engineers of the FHW A shall include but not be 
limited t9: 

(1) Development and maintenance of 
an emergency operating facility for the divi­
sion office, 

(2) Continuity of the division office as 
a functioning organization under national 
emergency conditions. 
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(3) Protection and survival of the 
division office employees. 

(4) Development of a capability, under 
the overall supervision of the Regional Federal 
Highway Administrator, to carry out the 
emergency plans and programs developed by 
the headquarters office of the FHWA. 

(5) Promotion and development of a 
State highway department capability to carry 
out emergency plans and programs including 
the obtaining and annual updating of an agree­
ment covering the cooperation of the State 
{State highway department and/or other State 
agencies) in the performance of the emergency 
operations for which the FHWA is assigned the 
Federal responsibility. An example of such an 
agreement is shown in Attachment No. 1. 

Attachment 

F. C. Turner 
Federal Highway Administrator 
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AGREEMENT 
FOR THE DEVELOFMENI' OF PLANS TO IMPL™ENT 

NATIONAL EMERGENCY PREPAREDNESS PROORAM 
FOR HIGHWAY TRANSPORTATION 

FHWA order 10-1 
Attachment 1 

This agreement made s.nd entered into this day of , --- ---------
19_, by and between the Secretary of Transportation acting by and through 

the Federal Highway Administration and the state of -------------
represented by the , referred to herein as the ---------------
State, witnesseth: 

WHEREAS, effective national preparedness planning to meet any national 

emergency, including a massive nuclear attack, is essential to our survival; 

and 

WHEREAS, effective national preparedness planning requires the 

identification of functions that would have to be performed during such an 

emergency, the assignment of responsibility for developing plans for performing 

these functions, and the assignment of responsibility for developing the 

capability to implement those plans; and 

WEREA.S, the President of the United States by Ex:ecutive Order No. 11490 

has assigned emergency preparedness functions to Federal d.epartments and 

agencies and has provided that the Department of Transportation shall be 

responsible for the nation's transportation systems; and 

WREREA.S, the Federal Highway Administration has been assigned the 

responsibility for the preparation of emergency operational plans and programs 

for, a.nd for the development of a capability to carry out such plans and. 

programs concerning Federal, State, city, local and other highways, roads 

streets, bridges, tunnels and appurtenant structures in the event of a 

national emergency; and 
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WHEREAS, the Federal Highway Administration must have the assistance and 

cooperation of the various States if its responsibilities are to be successfully 

carried out; and 

WHEREAS, the State of has elected to cooperate with --------------
the Federal Highway Administration in the development of emergency preparedness 

plans and programs to be carried out within its jurisdiction in the event of a 

national emergency. 

NOi THEREFORE, the parties hereto do mutually agree as follows: 

Section I - Coordination of Efforts 

The State and the Federal Highway Administration hereby 

agree to coordinate efforts with regard to the development and 

implementation of national emergency preparedness plans and 

programs concerning all highways, roads, streets, bridges, 

tunnels and. appurtenant structures within the State. 

Section II - State Emergency Preparedness Plans and Programs 

A, The State hereby agrees to cooperate with the Federal 

Highway Administration in developing plans and programs for and 

in carrying out the following fu.ctions: 

1. The protection of critical highway facilities 

from sabotage. 

2. The evaluation of the effect of fallout on 

highway transportation. 

3. The evaluation of the adequacy of the highway 

system after an attack. 
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4. 

5. 

The regulation of traffic in an emergency. 

The reorientation of the on-going highway 

construction program to achieve changing 

objectives arising from a national emergency. 

6. The determination of highway rehabilitation 

priorities. 

7. The reconstruction of essential highway facilities. 

8. The obtaining of adequate manpower, material, and 

equipment for the reconstruction and operation of 

the highway system. 

B. Such plans and programs shall be amended from time to time 

to bring them into harmony with regional or national programs. 

Seetion III - Federal Assistance 

The Federal Highway Administration hereby agrees to provide 

such technical and financial assistance to the State in performing 

its obligations under this agreement as is possible under Federal 

legislation in effect at the time. 

Section IV - Completion 

It is mutually agreed that the development of plans and programs 

called for in Section II hereof shall be completed at the earliest 

date possible considering the availability of manpO\ier and funds and 

shall be updated at least annually thereafter. After completion, 
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they shall become the official emergency preparedness plans and 

programs to be carried out within the State in the event of a 

national emergency. 

IN WITNESS WHEREOF the parties hereto have executed this Agreement 

---------------------------------
State o:f FEDERAL HIGHWAY ALMINISTRATION -----------------
Department of ---------------

By--------,,=-:-,--=----------- By--------------Title Title 
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U.S. DEPARTMENT OF TRANSPORTATION 

FEDERAL HIGHWAY ADMINISTRATION 

FHWA ORDER 

10-4 
December 30, 1971 

EMERGENCY STANDBY ORDERS (ESO' s) 

Par. 1. Purpose 
2. Authorities 
3. Emergency Responsibilities 
4. Policy 
5. Documentation of Special Emergency 

Authorities, Procedures, and 
Guidelines 

6. Exerci.se of Special Emergency 
Authorities 

1. PURPOSE 

To establish a series of Federal Highway 
Administration (FHW A) emergency standby 
orders designed to provide the Washington 
Headq11arters, regional and division offices 
with uniform guidelines and procedures 
covering the additional operations for 
which the FHWA is responsible under 
emergency conditions and the authorities 
necessary to carry out these responsibilities. 

2. AUTHORITIES 

a. Title 23 (Highways), United States 
Code, 

b, Department of Transportation Act, 
Section 9 (49 U.S. C. 1657). 

c. Title 49 (Transportation), Code of 
Federal Regulations, Section 1. 4{d). 

d. Executive Order 11490, "Assigning 
Emergency Preparedness Functions to 
Federal Departments and Agencies". 

e. Federal Emergency Action Plan, 
including Annex C (Resources), Section VIL 

f. FHWA Order 10-1, "Emergency 
Preparedness". 

3, EMERGENCY RESPONSIBILITIES 

a. The Nation's highway authorities -
the FHWA and the State, county, city and 
other local highway departments - are 
responsible in an emergency for the main­
tenance of a highway system adequate for the 
country's defense and rehabilitation and the 
movement of the essential materials, supplie: 
and personnel necessary thereto. This 
responsibility includes, but is not limited to: 

(1) The protection of critical highway 
facilities from sabotage. 
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(2) The survival of the Federal, State, 
county, ci.ty and other local highway depart­
ments. 

(3) The evaluation of the effect of 
fallout on highway transportation after an 
attack. 

(4) The evaluation of the adequacy of 
the highway system after an attack. 

(5) The regulation of highway traffic 
in an emergency. 

(6) The reorientation of the on-going 
highway construction program to achieve 
changing objectives arising from an emergency. 

(7) The determination of highway 
rehabilitation priori.ties. 

(8) The repair and reconstruction of 
essential highway facilities. 

(9) The obtaining of adequate manpower, 
material, and equipment for the maintenance 
repair, construction, reconstruction, and 
operation of the highway system. 

b, Executive Order 11490 also assigns to 
the FHWA the responsibility for coordinating 
the development of comprehensive State plans 
covering the functions listed above. 

4. POLICY 

The maintenance, reconstruction, and con­
trol of the use of the Nation's highway system 
in an emergency will be carried out to the 
extent possible by the Federal, State, and 
local highway departments responsible for such 
activities under normal conditions. Emergency 
authorities delegated to the Secretary of 
Transportation and the Federal Highway 
Administrator will be used only when absolutely 
necessary to augment the efforts of the State 
and local highway departments,;. i.e., the 
performance of essential acti'li.ties that the 
State and local highway agenci.es cannot accom­
pli.sh on their own. In addition, the FHW A 
will assist State, city, county and othef local 
highway authorities in the development of plans 
for the direction and performance of those 
essential highway related emergency activities 
outlined in paragraph 3, above. 
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5. DOCUMENTATION OF SPECIAL EMER­
GENCY AUTHORITIES, PROCEDURES, AND 
GUIDELINES. 

a. Format. The special authorities to be 
activated in the event of an emergency, along 
with appropriate procedures and guidelines, 
are to be documented in Emergency Standby 
Orders (ES0 1s). ESO's will be issued as 
sequentially numbered FHWA Orders in 
accordance with the listing contained in 
Attachment 1, and will include in the subject 
block the standard heading ''Emergency 
Standby Order" followed by the indicated 
title. 

b, Responsibilities. FHWA Staff Office 
Directors and Associate Administrators are 
responsible for developing individual ESO's, 
as set forth in Attachment 1 and any other 
ESO's required as a result of responsibilities 
for emergency functions assigned to those 
officials in FHWA Order 10-1. 

c. Approval, All ESQ' s will be approved 
by the Federal Highway Administrator, 

6, EXERCISE OF SPECIAL EMERGENCY 
AUTHORITIES 

a. Federal Highway Administrator 

The special emergency authorities 
referred to in paragraph 4, above, are 
available to the Federal Highway Adminis­
trator when he is so advised by higher 
authority. Selected authorities and related 
resources may be made effective at any time 
by direction of the Federal Highway Adminis~ 
trator pursuant to laws enacted by the 
Congress or orders issued by the President, 

b. Regional Administrators and Division 
Engineers 

(1) When communication exists 
between FHWA Washington Headquarters and 
a regional office, the Federal Highway 
Administrator may: 

(a) retain final decisionmaking 
authorities and request recommendations 
from the regional office regarding implemen­
tation of the authorities included in the ESQ• s, 
or 

(b) delegate final decisionmaking 
authorities to the appropriate Regional 
Administrator, 

(2) When communications cannot be 
established with higher FHWA authority, the 
Regional Administratot·s and Division 
Engineers are delegated all the authorities 
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of the Federal Highway Administrator (See 
FHWA Organization Manual, Part I (Delega­
tions of Authority). Chapter 2 (Succession 
to Official FHWA Positions). paragraph Bb), 
In this situation, the Regional Administrators 
and Division Engineers may exerci9e such 
authorities as are necessary, when available 
information indicates that the President has 
issued pertinent instructions. A Division 
Engineer will exercise these authorities 
only when and for so long as he is unable to 
establish and maintain communication with 
his regional office or the FHWA Washington 
Headquarters. A Regional Administrator 
will exercise these authorities only when and 
for so long as he is unable to establish and 
maintain communication w1th the FHVi'A 
Washington Headquarters. 

(3) In the event that communication 
cannot be established with higher FHWA 
authority. the Regional Administrators will 
be supplied broad general guidance regaJ·ding 
their emergency activities by either DOT 
regional offices activated pursuant to the 
DOT Preparedness Manual or the Regional 
Directors of the Office of Emergency 
Preparedness. Under similar circumstances, 
Division Engineers, cut off from their 
Regional Administrators, will attempt to 
obtain the same type of guidance from the 
sources listed above, If communication cannot 
be established with the aforementioned sources, 
the Regional Administrators and Division 
Engineers will carry out their P-.Sstgned 
emergency responsibilities to the best of their 
ability based upon the general situation in their 
area. 

Attachment 

/.~~ 
R. R. Bartelsmeyer 
Deputy Adm inist.r a tor 
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NUMBER 

10-4.01 

10-4.02 

10-4.03 
thru 

10-4.19 

10-4.20 

10-4. 21 

TABLE OF FHWA EMERGENCY STANDBY ORDERS 

TITLE PURPOSE 

GENERAL 

Protection of Critical To outline the need forJ 
Highway Facilities and set forth recommend-
Against Sabotage ed actions concerning 

the protection of crit-
ical highway facilities 
against sabotage. 

FHWA Situation Report- To establish unifonn 
ing procedures for the 

reporting of the cur-
rent operating capa-
bility of the Federal 
Highway Administration, 
the State highway de-
partments and the high-
way system commencing 
with a DEFCON 1 and 
terminating in the early 
postattack time period. 

RESERVED 

ADMINISTRATION 

Emergency Personnel 
Management Activities 

Emergency Financial 
Management Activities 

To provide procedures 
relative to FHWA person­
nel management activi­
ties under emergency 
conditions. 

To provide procedures 
relative to fHWA finan­
cial management activi­
ties under emergency 
conditions. 

E - 3 

RF.'3PONSIBLE 
OFFICE 

Associate 
Administrator 
for Ehgineer-
ln12; and Traf-
fie Operation s 

Associate 
Administrator 
for Engineer-
ing and Traf-
fie Opera tio ns 

Associate 
Administrator 
for Adminis­
tration 

Associate 
Administrator 
for Adminis -
tration 
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NUMBER 

10-4. 22 

10-4. 23 

10-4.24 

10-4.25 
thru 

10-4.29 

10-4 .JO 

10-4,31 
thru · 

10-4.39 

TITLE PURPOSE 

Emergency Contracting To provide procedures 
and Procurement relative to FHWA con-
Activities tracting and procure-

ment activities under 
emergency conditions. 

Nnergency Administra- To provide procedures 
tive Service Activities relative to FHWA 

administrative service 
activities un.der 
emergency conditions. 

Requistioning of Private To provide for the 
Property for Highway requisitioning of 
Purposes private property for 

highway purposes in 
a postattack situation 
and establish procedures 
for such action. 

RESERVED 

TRAFFIC OPERATIONS 

Establishment of 
Emergency Highway 
Traffic Regulation 
(EHTR) 

To outline the procedures 
to be used in the imple­
mentation of EHTR after 
an attack on the United 
States or subsequent to a 
major peacetime emergency. 

RESERVED 

CONSTRUCTION AND MAINTENANCE 

E - 4 

RESPONSIBLE 
OFFICE 

Associate 
Administrator 
for Adminis-
tration 

Associate 
Administrator 
for Ad.minis-
tration 

Associate 
Administrator 
for Adminis-
tration 

Associate 
Administrator 
for Engineer­
ing and Traf­
fic Operations 
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NUMBER 

10-4,40 

10-4,41 

10-4 .42 

TITLE 

Curtailment of Highway 
Construction 

Highway Repair and 
Reconstruction in the 
Immediate Postattack 
Period 

Termination or 
Resumption of Sus­
pended Projects and 
Initiation of New 
Highway Projects 

E - 5 

FHWA Order 10 ... 4 
Attachment 1 

PURPOSE 

To establish the proce­
dures for the suspension 
of work on all highway 
construction projects 
throughout the country, 
whether federally funded 
or not, that are already 
under way or about to be 
started. 

To establish the proce­
dures for the repair or 
reconstruction, by any 
means possible, of high­
ways, roads, streets, or 
bridges that are urgently 
needed for survival, re­
taliatory military oper­
ations, or the restora­
tion of transportation 
services in disaster 
areas immediately follow­
ing an attack on the 
United States. 

To outline the criteria 
for the evaluation of the 
essentiality of highway 
projects in light of na­
tional emergency con~ 
ditions and recovery 
goals, and provide for 
the termination or re­
sumption of suspended 
projects and the initi­
ation of new projects 
deemed vital to nation­
al defense and recovery. 

RESPONSIBLE 
OFFICE 

Associate 
Administrator 
for Engineer­
ing and Traf­
fic Operations 

Associate 
Administrator 
for Engineer­
ing and Traf­
fic Operations 

Associate 
Administrator 
for Engineer­
ing and Traf­
fic Operations 
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NUMBER 

10-4-43 

10-4.hh 

10-4 .h5 
thru 

10-4.49 

10-4.50 

1 D-4. 51 
thru 

10-4.59 

TITLE 

Preparation of Require­
ment Estimates (Mater­
ials, Supplies, Equip­
ment and Manpower) for 
Highway Work 

Allocation of Resources 
for Essential Highway 
Work 

PURPOSE 

To provide procedures for 
the submission of esti­
mates of resources (mate­
rials, supplies, equip­
ment and manpower) needed 
for the construction, re­
pair, maintenance, and 
operation of the Nation's 
highways, roads, streets, 
and bridges. 

To outline the procedures 
for the apportionment of 
the materials, equipment 
and manpower needed for 
the operation of the 
Nation's highway, road 
and street systems. 

RESERVED 

Damage Assessment 

PLANNING 

RESERVED 

To provide for the 
determination and re­
porting, with the assist­
ance of State highway 
departments, of the extent 
of damage to a selected 
system of the Nation's 
highways, roads, streets 
and bridges. Reporting 
procedures include pro­
visions for reporting the 
effects of debris and 
radiation on this selected 
system of highways. 

E - 6 

RESPONSIBLE 
OFFICE 

Associate 
Administrator 
for Engineer­
ing and Traf­
fic Operations 

Associate 
Administrator 
for Engineer­
ing and Traf­
fic Operations 

Associate 
Administrator 
for Planning 
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U.S. DEPARTMENT OF TRANSPORTATION 

FEDERAL HIGHWAY ADMINISTRATION 

FHWA ORDER 

1 0-4.01 
January 28, 1972 

EMERGENCY STANDBY ORDER - PROTECTION OF CRITICAL HIGHWAY 
FACILITIES AGAINST SABOTAGE 

Par. 1. Purpose 
2, A,1thority 
3, Implementation 
4. Policy 
5, Critical Facility Determination 
5, Security Measures for Highway 

Facilities 
7, Summary 

1. PURPOSE 

This order outlines the need for, and sets 
forth recominended actions concerning the 
protection of critical highway facilities against 
sabotage. 

2. AUTHORITY 

Federal Highway Administration ( FHW A) 
Order 10~4. 

3, IMPLEMENTATION 

This order is effective when: 

a, There is a threat of a covert attack 
during a period of international tension. 

b. There is a possibility of acts of 
sabotage being perpetrated by a dissident 
group or groups, 

4. POLICY 

a, Effective planning and policy formula­
tion by the State highway departments will 
minimize the adverse effects of sabotage. It 
is the responsibi.lity of the .FHWA to encourage 
the States to develop plans for the protection 
of critical highway resources, The FHW A 
will al.so make every possible effort to provide 
the States with intelligence concerning possible 
covert -action. 

b. In addition, the FHW A will advise the 
State highway departments on procedures for 
selection of facilities to be protected and 
techniques to be used in protecting these 
facilities. 

5. CRITICAL FACILITY DETERMINATION 

a. Selected management representatives 
of the State highway departments should 
evaluate existing highway facilities within the 
State and identify those that are critical and 

F w l 

those that are vulnerable. A facility is con­
sidered critical if its loss would seriously 
impair transportation in an important corri­
dor. A facility is considered vulnerable if 
it is particularly susceptible to damage by a 
potential saboteur. Obviously facilities that 
are both critical and vulnerable should be given 
priority in any protection program. 

b. Important factors for determining the 
criticality of a highway facility are: 

(1) The average daily traffic count. 

(2) The replacement factor, i.e., that 
period of time necessary to restore the facil­
ity if it were damaged or destroyed. 

(3) The availability of alternate routes. 

(,1} The importance of the facility to 
defense pro di1 ct ion and/ or military operations, 

c. Important factors for determining the 
vulnerability of a highway facility are: 

(1} The susceptibility of the facility 
involved to damage by an explosive charge. 

(2) The susceptibility of the facility 
to damage by a planned traffic incident. 

(3) The ease of access to an installation 
by outsiders. 

(4) The inflammable nature of certain 
materials that are normally stored in areas 
such as equipment yards. 

6, SECURITY MEASURES FOR HIGHWAY 
FACILITIES 

a. The most critical and vulnerable highway 
facilities are bridges and tunnels. During a 
period of international tension. or as a result of 
threatened dissident action, there may come a 
point in time when a decision should be made to 
implement all available security measures in 
order to protect certain bridges and/or tunnels. 
Normally, the State highway departments can­
not be expected to provide the personnel for 
around-the-clock guard fol'ces, Therefore, it 
is recommended that the State highway depart­
ments (depending on the type of bridge and/or 
tunnel involved} make arrangements to obtain 
assistance as required from State or local law 
enforcement agencies, National Guard units, 
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State militia units, or other military forces 
situated in the immediate vicinity. Guidelines 
for providing protective measures for bridges 
and/or tunnels are listed below: 

(1) Guard forces can be either ambula­
tory or of the motor patrol variety (or both). 

(2) Guards should be placed at each 
end of the bridge /tunnel and possibly at inter­
val.s along the span or inside the tunnel. This 
is not to imply that traffic should be stopped 
unless a specific situation necessitates a search 
of every vehicle traversing the route involved. 

(3) Security forces should be armed. 
The controlling authority(ies) of these forces 
should provide a thorough indoctrination as to 
proper restr._ __ 1t in use of weapons, 

(4) Flood lighting may be necessary to 
light tunnel entrances, abutments and piers at 
night. 

(5) Patrol boats may be required to 
provide added surveillance for the substructure 
of certain bridges. 

(6) Surveillance of the draw mechanism 
of drawbridges should be provided, 

(7) The feasibility of closed-circuit TV 
systems should be explored. 

b. Appropriate measures should be taken 
to protect other critic al highway facilities 
when ther-e is a threat of an attack or a distinct 
possibility of dissident action. Listed below is 
a summary of the more common measures 
employed for the protection of operating facili­
ties, equipment yards, etc: 

(1) Obtain assistance of law enforce­
ment agencies, National Guard, State militia, 
etc, 

(2) Establish a security organization. 

(3) Erect perimeter fencing in order to 
deter potential intruders. 

(4) Provide additional lighting for areas 
that are vulnerable to intrusion. 

(5) Establish a system of identification 
and control of access to and egress from 
sensitive areas. 

(6) Develop a fire prevention program 
in coordination with local fire officials and 
encourage the active participation of all 
employees. 

r· - 2 

Transmittal 109 
January 28, 1972 

(7} Develop a plan for alerting key 
officials and test the plan frequently, 

{8) Develop an evacuation plan for 
operating facilities and test the plan frequently_ 

(9) Determine if there is a need to 
install an intrusion detection system(s) in 
specified areas o.f operating facilities. 

(10) Develop an intelligence reporting 
system in the community which would include 
provisions for the reporting of any suspicious 
activities around critical highway installations 
by the local citizenry. 

7, SUMMARY 

There is no uniform concept of operations 
to prevent sabotage incidents which can be 
applied in all cases. The protective measures 
described in the preceding sections have proven 
invaluable to all types of organizations. It i.s 
recommended that they be seriously considered 
for implementation where appropriate by State 
highway officials when an attack on the United 
States is imminent or when there is a possibility 
of covert destructive actions by a dissident group 
or groups. Many of these security measures 
require an appreciable expenditure in terms of 
manpower and equipment. Management must 
weigh the outlay of these resources against 
what is to be gained in terms of an improved 
security posture. 

F. C, Turner 
Federal Highway Administrator 
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U.S. DEPARTMENT OF TRANSPORTATION 

FEDERAL HIGHWAY ADMINISTRATION 

FHWA ORDER 

10-4.02 
January 14, 1972 

EMERGENCY STANDBY ORDER - FHWA SITUATION REPORTING 

Par, 1. Purpose 
2. A.uthority 
3. Policy 
4. Report Contents 
5. Reporting Schedule 
6. Reporting Format 

1. PURPOSE 

To establish uniform procedures for the 
reporting of the current operating capability of 
the Federal Highway Administration (FHWA), 
the State highway departments.and the highway 
system commencing with the declaration of a 
DEFCON 1 and terminating in the early post­
attack time period. 

2. AUTHORITY 

FHW A Order 10 -4. 

3, POLICY 

It is the policy of the FHW A to have its 
regional offices report at appropriate intervals 
during periods of increased international ten­
sion and during the initial phase of a national 
emergency the then current status of the Fed­
eral Highway Administrati.on1s division and 
regional offices, the State highway departments 
and the highway system. Division offices 
should report to their regional offices. Region­
al offices should prepare a consolidated report 
and forward it to the FHW A headquarters. 

4, REPORT CONTENTS 

a. Brief outline of major highway transpo­
tation problems in each State. 

b. Location at which the region is operat­
ing with telephone nwnbers and teletype 
addresses at that location. 

c. Location at which each division is 
operatlng with telephone numbers and teletype 
addresses at those locations. 

d. Location at which each State highway 
department is operating with telephone numbers 
and telegraph addresses at those locations. 

e. Operational cap ability of the FHW A 
regional and division offices including an 
estimate of the num.ber of personnel available 
for duty. 

G - l 

f. Operational capability of the State 
highway departments including an estimate 
of the personnel available for duty. 

g. other pertinent information. 

5, REPORTING SCHEDULE 

a. An initial report should be submitted 
upon the declaration of a DEFCON 1- or prior 
thereto upon the occurrence of an event having 
a significant effect on highway transportation 

b, Updated reports showing changes in the 
initial report should be submitted as such 
changes occur. 

c. Updated reports should also be submitted 
following a nuclear attack or an act of sabotag~ 
against an important highway facillty, 

d. Updated reports should also be submitted 
during the early postattack period to reflect 
changes to earlier submissions by the regions. 

6. REPORTING FORMAT 

All reports should be structured in accord­
ance with the format shown in section 4, above, 
using the same alphabetical designations for 
each essential element of information. 

F. C. Turner 
Federal Highway Administrator 
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U.S. DEPARTMENT OF TRANSPORTATION FHWA ORDER 

FEDERAL HIGHWAY AOMINISTRA TION 1 0-4.30 
January 28, 1972 

EMERGENCY STANDBY ORDER - ESTABLISHMENT OF EMERGENCY H1GHWAY 
TRAFFIC REGULATIO~ {EHTR) 

Par. 1. Purpose 
2. Authority 
3, General Policy 
4. Lmplementation 
5. Re sponsi bili ties 

1, PURPOSE 

This order outlines policies, responsibili.­
ties and procedures relating to EHTR activities 
and provides for the implementation of such 
activities prior to and subsequent to an attack 
on the United States or a major peacetime 
disaster. 

2. AUTHORITY 

Federal Highway Administration (FHWA) 
Order 10-4. 

3. GENERAL POLICY 

a. Operational readiness requires the 
estabHshment of an emergency highway traffic 
regulation organization in peacetime. This 
organization shall be adequate to operate a 
system of traffic management and control 
which will regulate the use of highways and 
will facilitate urgent highway movements fol­
lowing a nuclear attack or a major peacetime 
disaster. This organization will be staffed by 
representatives of the State highway depart­
ment, the police and, when appropriate, by the 
cooperating organized highway users. The 
functions of this organization are to be pre­
pared to protect highway users from hazardous 
conditions and to ration road space for effec­
tive utilization of the highway system. The 
establishment of priorities for cargo or 
personnel movements is a function of the 
appropriate emer gene y trans po r ta tion or gani -
zations and not of the EHTR organization. 
-------

b, Guidelines concerning the detailed 
operation of the EHTR program are contained 
in a Guide for Highway Traffic Regulation i.n an 
Emergency, publishea by the FHWA. 

c .. The EHTR program is a decentralized 
postattack program which will become opera­
tional when shelter emergence occurs. Each 
State shall have an EHTR plan which contains 
detailed procedures for the implementation and 
conduct o( statewide EHTR operations, Since 
the highway system is comprised of key 
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resource facilities, these plans will function 
as required during the postattack period or 
in a major peacetime emergency. EHTR 
will be implemented under the following 
conditions: 

( t) When highway users must be 
protected from fallout resulting from a 
nuclear attack. 

(2) When traffic demand exceeds 
highway capacity. 

{3) When unauthorized traffic should 
be excluded from a specific area. 

4. IIV!PLEMENTATION 

When communications are available, the 
postattack provisions of this order will nor­
mally be made effective upon specific direction 
of the Federal Highway Administrator when 
deemed necessary in the light of conditions 
following an attack on the United States or 
during a major peacetime emergency. The 
following situations could arise: 

a. The Federal Highway Administrator 
may make the order effective upon a specified 
date and delegate final decisionmaking authority 
to the Regional Federal Highway Administrator(s) 
with authority to redelegate (see Attachment No. 1). 

b. In a postattack cutoff situation when 
communications are disrupted within the FHWA, 
this order is effective and all the authorities 
therein are available to the Regional Federal 
Highway Administrators as soon as there is 
reason to believe that the President has issued 
pertinent instructions. 

c. If a major disaster such as a flood, 
hurricane, earthquake, etc,, occurs, EHTR can 
be implemented by the chief executive of a 
State under the statutory authorities of that State. 

5. RESPONSIBILITIES 

a. Each State is responsible for the annual 
updating of its EHTR plan. These revisions 
will result from changing national policies, 
State laws and experience resulting from the 
use of State plans as EHTR training tools. 
State plans and changes in these plans should be 
submitted pri.or to publication through channels 
to tile Washington Headquarters Office of Traffic 
Operations for approval. 
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Par. Sb. 

b. The Federal Highway Administrator has 
the overall responsibility for administration of 
the EHTR program. The Regional Federal 
Highway Administrators have the responsibility 
for the development of an EHTR program in 
their respective States. The region and divi­
sion offices will work with appropriate State 
agencies to develop records, displays, etc., 
upon which routes that are impassable due to 
radiation, blast damage or the resultant effects 
of a major peacetime emergency can be 
recorded. These offices will also be prepared 
to resolve problems of a multistate nature if 
State efforts to affect a workable solution have 
failed. 

Attachment 

F. C. Turner 
Federal Highway Administrator 
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TELEI'YPE 

FHWA Order l0-4.30 
Attachment 1 

TO: Administrators, FHWA Region(s) ---------------

FRWA Order 10-4.30, "Establishment of Dnergency Highway Traffic Regulation 

(ERTR)n is effective • ------...,Da:=--=-t_e ________ _ 

You are delegated the authority, with authority to redelegate, for the 

taking of all necessary actions required by this order. 

Federal Highway Administrator 

H - 3 
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U.S. DEPARTMENT OF TRANSPORTATION 

FEDERAL HIGHWAY ADMINISTRATION 

FHWA ORDER 

-10-4.50 
August 18, 1972 

EMERGENCY STANDBY ORDER - DAMAGE ASSESSMENT 

Par. 1. Purpose 
2. Authority 
3. Re sponsibili. ties 
4. Background 
5. Procedures 

1. PURPOSE 

To provide for the determination and 
reporting, with the assistance, of State high­
way departments, of the extent of damage from 
an enemy attack to a selected system of the 
Nation's highways, roads, streets, and 
bridges. Reporting procedures include pro­
visions for reporting the amount of debris 
and radiation levels on this selected system 
of highways. 

2. AUTHORITY 

Federal Highway Administration (FHWA) 
Order 10-4. 

3. RESPONSIBILITIES 

In the event of a national emergency as 
a result of an enemy attack, the FHWA has 
the following responsibilities; 

a. Collection and evaluation of reports 
of the extent of damage to a selected system 
of the Nation's highways, roads, streets and 
bridges, including reports of the partial or 
total interdiction of these facilities, or p(lr­
tions thereof, by radioactive fallout and / or 
debris. 

b. Maintenance of the FHWA official map 
showing damage and denial of highways as 
reported. 

c. Provision of advice and guidance on 
long-distance routing of important highway 
movements. 

4. BACKGROUND 

a, Two distinct damage assessments 
are contemplated. The fi.rst will be based 
on a computer analysis made by the Informa· 
tion Systems Division of the Office of Emer­
gency Preparedness {OEP) during the 
transattack and early postattack periods. 
This analysis will be based on data previously 
furnished in accordance wHh PPM 50-6. 1, 
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"Highway Defense Bridges," and will require 
no further action on the part of the FHW A 
field offices or the State highway departments. 

b. The second damage assessment will 
be performed by the State highway departments 
in cooperation with the FHWA as early as con· 
ditions permit after attack. It is this second 
assessment upon which this ESQ is focused 
The procedures for conducting this major acti­
vity are covered in paragraph 5. 

5. Procedures 

a, The postattack field assessment of 
damage to and/or denial of highways and high­
way facilities will be made primarily by the 
State highway departments with assistance 
where required from the FHWA. The instruc­
tions covered in the ensuing sub-paragraphs 
of this paragraph are based on the availability 
of any suitable communications media although 
the report format is primarily designed for 
teletype or facsimile transmission. These 
instructions are intended specifically for use 
in a national emergency resulting from an 
enemy attack. 

b, The highway network on which damage 
is to be reported consists of those highways 
selected by the State highway departments; in 
accordance with provisions of PPM 50-6. 1. 
Identification of road sections and structures 
on this selected system is also based upon 
PPM 50-6. 1. Current copies of these docu 
ments should be maintained at all relocation 
sites. 

c. Normally the reports will be pre­
pared at division level in cooperation with the 
State highway department(s) as soon as any 
definite information on highway damage or 
restrictions on the use of highways due to 
radiation is available. The report should be 
forwarded to the region. The region in turn 
will forward it to the FHWA Headquarters. 
If a division cannot communicate with its 
regional headquarters, the division should, 
if possible, submit the report directly to the 
FHWA Headquarters. Each division damage 
report should be numbered in sequence by the 
sender starting with the number l. The region 
should number. its damage reports serially~ 
should indicate in the heading the source(s) of 
the report, e.g., Pennsylv.:ania Division reports 
nos. 1 and 2. Regional reports may include 
reports from more than one division. 
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d. Reports should be submitted on those 
road sections damaged to the extent that the 
capacity is restricted and/or those that would 
be hazardous for essential traffic under con­
trolled conditions from a radiological stand­
point. The extent of structural damage, 
replacement or repair time, operational 
status, and the effects of radiation on a par­
ticular section should be reported in accord­
ance with the instructions contained in 
Attachment 1. 

e. The damage report column headings, 
codes, and descriptions are shown in Attach­
ment 1. In those instances where the situation 
cannot be adequately covered by the codes 
furnished, brief narrative statements should 
be included as illustrated in the sample report 
in Attachment 2, 

R. R, Bartelsmeyer 
Acting Federal Highway Administrator 

Attachments 
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FHWA Order 10-4. 50 
Attachment 1 

Column I 

Column II 

DESCRIPTION OF DAMAGE REPORT HEADINGS AND CODES 

Road section number - see PPM 50-6" 1, Highway Defense Bridges 

Location of bridge damage, highway damage or highest radiation 
measurement in miles from the beginning of section (hundreths). 
For bridges, see PPM 50-6. 1. Highway damage and radiation 
points would have to be recorded on a mileage indicator, 

Note: If reporting a section summary, show Z in fifth space of 
-- Column II, 

Column III Bridge description - see PPM 50-6. 1, Highway Defense Bridges 

Note: If reporting (1) a section summary, (2) only highway damage, 
or (3) radiation restrictions, show Z in second space of 
Column III. 

Column IV Route number - see PPM 50-6. 1, Highway Defense Bridges 

Column V Length of section (tenths of a mile) - see PPM 50-6, I, Highway 
Defense Bridges 

Column VI Length of structure (feet) - see PPM 50-6. 1, Highway Defense 
Bridges 

Note: If reporting {1) a section summary, {2) only highway damage, 
or (3) radiation restrictions, show Z in <lixth space of Column 
VI. 

Coll:1mn VU Damage 

Note: If reporting only radiation restrictions, show O in space 3. 

Space 1 Extent of Structural Damage 

H= Highway damage·-report H when there is damage to 
the highway surface or when there is suffici.ent debris 
to cause a road closure, 

L" Light--the resultant structural damage does not prevent 
the immediate use of the facility (possibly with restrictions). 

il.1> Moderate- -moderate is defined as structural damage which 
does not extend beyond the point where repair is more 
costly than replacement. 

S= Severe--damage to a facility is so great that it would be 
more economical to build anew than to repair the damage. 

Space 2 Cause of Damage 

Based on the best available information: 

A"- Nuclear weapon 
S= Sabotage 
U= Unknown 

I - 3 

5 spaces 

5 spaces 

2 spaces 

6 spaces 

4 spaces 

6 spaces 

3 spaces 



FHWA Order 10- 4. 50 
Attachment 1 

Transmittal 130 
August 18, 1972 

Space 3 Reliability of Report 

X" High, A report resulting from a visual inspection by. 
an engineer(s). 

Y" Reasonable. A report resulting from a visual inspection 
by a competent source other than an engineer(s), 

Z= Questionable. A report resulting from other than "X" or 
''y'' above. 

Column VIII Time required to make: 

Note: If reporting only radiation restrictions, show O in space 3. 

Space 1 Permanent Repairs 

1= 1 week or less 
2" 1 week - 1 month 
3,, l - 3 months 
4cc 3 - 6 months 
5ec 6 - 12 months 
6= over 1 year 

Space 2 Temporary Repairs 

l= 1 week or less 
z,, 1 week - 1 month 
3= 1 - 3 months 
4= 3 - 6 months 
5= 6 - 12 months 
6" over 1 year 

Space 3 Reliability of Estimate 

X" High, (see column 7, space 3) 
Yoe Reliable. (see column 7, space 3) 
z,. Questionable, (see column 7, space 3) 

Column IX Operational status 

Space 1 Physical Restrictions 

l" Open - no physical restrictions 
2= Open - weight restrictions 
3" Open - speed restrictions 
4= Open - weight and speed restrictions 
5= Closed - by-pass available in section 
6= Closed - no by-pass available in section 

Space 2 Radiation Restrictions 

1= No radiation hazard 
2= Open to controlled traffic 
3=' Closed 

Space 3 Reliability 

Xcc High. (see column 7, space 3) 
y,, Reliable. (see column 7 • space 3) 
z,. Questionable. (see column 7, space 3) 

I - 4 

3 spaces 

3 •pace• 
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Attachment 1 

Column X Radiation Intensity 11 spaces 

Spaces l through 5 - roentgens per hour at either the location of 
a damaged bridge structure or highway damage. If neither of 
the two aforementioned situations exists, the reading indicated 
describes the worst radiation situation on that section. (This 
worst situation rule also applies to a section summary.) 

S~aces 7 through 11 - sp·aces 7 and 8 = month and spaces l O and 11" 
ay on which the inspection was made, 

Based on the preceding instructions, the five most common types of entries required to complete 
the damage report are shown below: 

I 

150 

I 

55 

I 

305 

I 

50 

I 

235 

(1) A damaged structure: 

II 

6.78 

III 

Pl 

IV 

S 1 

V 

27.3 

VI 

34 

Vlt 

SAY 

VIII 

53Y 

IX 

63Z 

X 

23. 5 10-23 

(2) A section with highway damage and radiation restrictions but no bridge damage: 

II 

8.35 

III 

z 

IV 

us 2 

V 

17. 2 

VI 

z 
(3) A section with highway damage only: 

II 

8. 70 

III 

z 

IV 

S 69 

V 

18.2 

VI 

z 
{4) A section with radiation restrictions only: 

II 

1. 30 

III 

z 

IV 

us 2 

V 

5. 5 

VI 

z 

VII 

HAX 

vu 

HUY 

VII 

0 

VIII 

22Y 

VIII 

21 Y 

VIII 

0 

IX 

63Z 

IX 

51Y 

IX 

13Z 

X 

24. 5 10-22 

X 

o. 0 10-24 

X 

26. 0 10-22 

{5) A summary line should be included at the beginning of each section containing one 
or more damaged structures showing the section number, route number, section 
length, maximum structural damage occurring in the section, maximum repair 
time for the most extensive damage in the section, the operational status rei1ect­
ing the most extensive damage in the section and the ma1dmum radiation existing 
in the section. 

II 

z 

III 

z 

IV 

S 32 

V 

25.6 

VI 

z 

l - 5 

vu 

SAY 

VIII 

63Z 

IX 

63Z 

X 

21,0 10-24 
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Attachment 2 August 18, 1972 

SAMPLE REPORT 

Region Damage Report No. 3 

Source_ Division Damage Report No. 1 

I II m IV V VI vu VIII DC X 

5 z z I 94 13.0 z ssx 64X 61X o. 0 10-15 
5 4.52 I 94 13. 0 1125 ssx 64X 61X 0.0 10-15 

30 z z us 2 42.6 z SAY 22Y 53Z 15,0 10-22 
30 24.21 us 2 42.6 30 SAY 22Y 53Z 12.0 10-22 
35 z z us 2 12.3 z SAY 42Y 63Z 22,0 10- 22 
35 6,30 us 2 12. 3 150 SAY 42Y 632 20.0 10· 22 
40 3,70 z us 2 4.2 z 0 0 13Z 24,0 10-22 
45 4.10 z us 2 6,0 z 0 0 13Z 23. 5 10-22 
50 1,30 z us 2 5,5 Zi, 0 0 13Z 26,0 10-22 
55 8,35 z us 2 17.2 z HAX 22Y 63Z 24,5 10-22 
60 z z us 2 47.0 z SA2 632 632 22,3 10-22 
60 18,87 us 2 47,0 134 SAZ 632 63Z 20.5 10-22 

105 z 2 US83 37,6 z SAX 65Y 63Z 30, 9 10-22 
105 10, 02 US83 37,6 974 SAX 65Y 63Z 30.3 10-22 
105 17. 76 US!f3 37.6 1003 SAX 65Y 63Z 30.0 10-22 
150 z z s 1 27.3 z SAY 53Y 63Z 25,0 10-23 
150 6,78 1 s 1 27.3 34 SAY 53Y 63Z 23. 5 10-23 
150 6,78 Pl s 1 27.3 34 SAY 53Y 63Z 23,5 10-23 
155 z z s 1 24.0 z SAX 63Y 63Z 28.5 10-23 
155 9,76 s 1 24.0 42 SAX 63Y 632 26.7 10-23 
155 13. 21 s 1 24,0 30 SA."'{ 63Y 63Z 27. 4 10-23 
170 11. 10 z s 5 22.7 z 0 0 132 29, 5 10-23 
175 15.30 z s 5 20. 5 2 0 0 13Z 27. 2 10-23 
185 z z s 5 21. 9 2 SAY 53Y 63Z 29. 5 10-23 
185 2.22 s 5 21. 9 53 SAY 42X 632 29.0 10-23 
185 7,69 s 5 21. 9 65 SAY 42X 632 26,5 10-23 
185 15,25 s 5 21. 9 84 MAY 53Y 63Z 28.0 10-23 
185 18,67 s 5 21. 9 32 MAY 53Y 63Z 25.9 10-23 
230 z z s 5 27,0 z MAX 42Y 532 21. 0 10-24 
230 15,68 s 5 27.0 80 MAX 42Y 532 20.5 10-24 
235 z z S32 25. 6 z SAY 63Z 63Z 21. 0 10·24 
235 1.11 S32 25. 6 63 SAX 532 63Z 16. 0 10-24 
235 4.52 S32 25. 6 27 SAX 53Z 63Z 15. 0 10-24 
235 4.52 p S32 25. 6 27 SAX 53Z 632 15. 5 10-24 
235 6.71 S32 25, 6 60 SAX 53Z 63Z 17. 5 10-24 
235 8.89 S32 25. 6 70 MAX 53Y 632 21. 0 10-24 
235 11. 12 S32 25. 6 68 SAX 53Y 63Z 20.5 10-24 
235 14. 72 S32 25. 6 26 SAY 63Y 63Z 19,0 10-24 
235 18. 76 S32 25. 6 34 SAY 63Y 63Z 14,0 10-24 
305 8.70 z S69 18.2 z HUY 21Y 51Y 0.0 10-24 

I - 6 



APPENDIX ll J 11 

Editor's Note: Executiue Order 11725 
dated June 27, 1973, specifies that the 
information in Appendix J will continue 
in effect until modified, terminated, 
superseded, set aside or revoked by 
appropriate authority. (See Section 4 
of Appendix K.J 

Chapter 6 

TRANSPORTATION 
This chapter is applicable to a.II forms of 

civil transportation of the Unite.d Stat.es, both 
domestic and international. It is equally ap. 
pl icable to all degrees of national emergency, in­
cluding attack upon the U nit.ed States. 

{The Department of Defense and its mili­
t1~ry departments are responsible for developing 
appropriate plans and procedures for the man­
agement of transportation resources which they 
would control in a national emergency.) 

DEFINITIONS 

For the purposes of this chapt.er, the follow­
ing definitions will apply : 

Air Carrier Aircraft: All aircraft, both fixed 
and rotary wing, under the operational control 
of international and domestic scheduled and 
supplemental air carriers operating under the 
economic authority of the Civil Aeronautics 
Board; 11.lso, all other four-engine fixed-wing 
aircraft and all turbo-jet or turbo-prop fixed­
wing aircraft over 121500 pounds takeoff weight, 

Civil Re8er-ve Air Fleet (ORAF): Those air 
carrier aircraft allocated by the Secretary of 
Commerce to t.he Department of Defense for 
military operations during an emergency, 

Civil Transportation: The movement of per• 
sons, property, or mail by civil facilities and 
the resources (including storage except that for 
agricultural and petroleum products) necessary 
to accomplish the movement. (This definition 
excludt>ll transportation operated or controlled 
by the military and petroleum a.nd gas pipe­
lines.•) 

lnterata.te (Primary) Transportatimi Re­
!fowrces: Those civil transportation facilities, 
equipment, and services controlled or provided 

111 pr!!J)ll.rlnlf tb\i, cbi,pfer the Oalce of Emetgen~y Trana• 
portaU011 {OET), Department or Commerce • .,,.,... ullloted by 
the lnlerntate Con,merce C0mm!a11lon, Bureau of Pub Uc Roada, 
Ch11 Aero"4utlc• Soard, Federal A~!•Uon ,1.g,.nc1, MuJUme 
.\dmlntoll'flllon, Cnut and Geodetic Su'°"ef, ~rtm~11t ot 
th~ ln.ter!or. Tean,..a.., Vall~, Autborlt1, U.S. Army Corp,, of 
EnrtnN"ro (Ch·ll Worh), •ad St, L,o,.rence s...,.,.., Dt,velnp­
ment CorponU011. 

• Plpol!Di• ue t ..... t...i 111 Cbapler 10. P'uel and Enel'S)'. 

by operators generally engaged in interstate or 
international trnnsportation; also, air carrier 
aircraft and their related facilities, equipment, 
and services. 

Intrastate (Secondary) Tran.sp(ll'tati'on Re-
11011,rces: Those civil transportation facilities, 
equipment, and services provided or authorized 
for use primarily within a State, territory, or 
the District of Columbia, excluding air carrier 
aircraft and their related facilities, equipment, 
and services. 

St.ate and Regwna.l DefeM£- Airlift 
(SAR DA): The program designed to provide 
for the use during an emergency of civil air­
craft other than air carrier aircraft. 

W a.r Air Service Program (WASP) ;· The 
program designed to provide for the mainte­
nance of essential civil air routes and services 
and to provide for the distribution and redis­
tribution of air carrier aircraft among civil air 
transport carriers after withdrawal of aircraft 
allocated to the Civil Reserve Air Fleet. 

Traruportatiun, Operating Agencies: Those 
Federal agencies having responsibilities under 
national emergency conditions for the opera­
tional direction of one or more forms of trans­
portation; they are also referred to as Federnl 
Modal Agencies or Federal Transport Agencies. 

Supporting Resources: Manpower, mate­
rials, equipment, n.nd supplies needed to oper• 
ate transportation systems, 
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Chapter 6. T1"0AU!p<>rtatum 

ORGANIZATION 

ThosC' Vi•<kral, :-.tall\, n11d local government 
agen('ie.c; with trirnsportntion responsibilities 
eomprise the organizntionn.l structure for trans­
port11tion mobilization. Their built-in readi­
lll'SS would be relied on to implement and en­
forre transportation procedures and cont.rol 
systems. Staffs of the Federal transport agen­
ci .. .s wo11\d be augmented by members of the Na­
tional Defense Executive Reserve. 

Federal. 
I II response to the need for an overall con­

t.rol agency to fulfill the complex: movement 
requiremt>-nts of nationnl emergency, an emer­
gency trnnsportat.ion organization would be a.c­
tivJ1.ted. * It would be composed of an 
au1-,>mented OET peacetime staff organized on 
:t fonctional and modal basis, and would use 
cnpnLilities of all other government. agencies 
with transportation responsibilities. 

Transportation op:irat.ing and support agen­
t it's would provide emergency direction for the 
HS(' of modes of civil transport and re.lated serv­
ices for which they are responsible. 

The Transportation Allocations, Priorities, 
and Controls (TAPAC) Committee, a sub­
rabinet level committee under the chairmanship 
of the Under Secretary of Commerce for Trans­
portation, consists of representatives of the 
tmnsportation service agencies and of agencies 
whieh wo11ld claim for transportation service. 

An emerge'ncy transportation advisory com• 
mittee would be established to advise and assist 
OET. It would be composed of selected ex­
perienced and recognized leaders from each seg­
ment of the transportation industry. 

OET has eight regions, Each would be 

•EIBewher0 In thl8 chnitt<'r, "The om~ ot Emer1ency 
Tnnsporta.t!on"' (or "OET"l d,:,nota that Fedel"ILI ollke op• 
Prn!h1g du<"lng pea.cettme or 11• emergency counterpart, thP 
emergency transportation organbatlon autborlied to e&ffl1 
out emergency tuncttoas. 

headed by a designtit.ed OET Regionnl Dirodor 
who within his region would represent t.he Di­
rector, OET. In the ernnt of isolnt-ion or a 

communications brAnkdown the OET Regional 
Director would act independently within the 
limits of his geographic jurisdiction subject to 
established national policy. 

Regional representatives of the Federal 
transport operating agencies, as well as area. 
t,ransport boards or committees, would receive 
their transportation policy direction and guid­
ance from the OET Regional Directer, subject 
t.o policy direction and coordination of the OEP 
Regional Director. 

State and Local. 
State and local emergency transportation 

organizations would consist of transport agen­
cies at those levels of government which he.ve 
functional or modlll responsibilities for we.ter 
( including inland waterway), rail, motor car• 
rier, or air transportation. These agencies 
would be organized as determined by appropri­
ate State and local government officials and 
would be staffed by qualified representative.s of 
industry and government. 

Civil aircraft other than air carrier aircraft 
are organized under the FAA State and Re-­
gional Defense Airlift Plan for the cont.inned 
use of these aircraft in the national economy 
during an emergency situation a.nd for provid­
ing adequate support for direct survival opera.­
tioll8. 

Emergency highway traffic regulation would 
be primarily the responsibility of State high­
way departments, in coordination with State 
civil defense and police organizations and or• 
ganized users of highways, operating under the 
general supervision and guidance of the Bu­
reau of Public Roads (BPR}. 

RESPONSIBILITIES 

Federal. 
The Office of Emergency Planning (OEP) 

ad-rises and assists the President in determin-
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ing policy for and coordinating the emergency 
plans and programs of Federal resource 
a.genc1e.s. 



The National Plan for Emergency Preparedness 

Execut.ive orders assign to certain agencies • Bureau of Puhlic Roads (BPR)-highway 
specific responsibilit.ies for planning emergency and street systems. 
trnnsporhttion preparedness programs. They • OET Air Oarrier Dim'.s~ivil air carrier 
are : aircraft. 
• Department. of Commerce, E.O. 10999. Support Agencies. Federal support agen-
• Interstate Commerce Commission, E.O. cies and their areas of responsibility are : 
11005. • Tennessee Valley Authority (TVA)-Ten­

• Civil Aeronautics Board, E.O. 11090. 

• Federal Aviation Agency, E.O. 11008. 

• Department of the Interior, E.O. 10997. 

• Tennessee Valley Authority, E.O. 11095. 

Under national defense emergency condi­
t,ions, by direction of the President and subject 
lo policy guidance from the Director of OEP 
or its suocessor agency, the Secretary of Com­
merce would implement control systems gov­
erning the use of all civil transportation and 
the allocation of its capacity to meet essential 
civil and military needs.•_ These responsibili­
ties would be redelegated by the Secretary to 
the Director of the Office of Emergency Trans­
portation (OET). The President would also 
order Federal transportation agencies w carry 
out their plans in consonance with overall pol­
icy direction of the Secretary of Commerc.e. 

Department of Commerce. The Secretary 
of Commerce, through the Director, OET, 
would promulgate plans, policies, and proce­
dures for control systems and would provide 
ndministrative facilities for the performance 
of emergency transportation functions. 

Tra:nJJportation Operating Agencies. In 
consonance with OET policy directives, trans­
portation operating agencies would act in their 
respective areas as follows: 

• Interstate Commerce Commi.ssitm (100)­
rsil, motor, and inland water carriers. 

• Civll A ermtau.tios Board (CAB )-domestic 
and internationa.1 civil air transportation. 
• F e.deral, Aviation Age~y (FAA )-Na ti on al 
Airspace System, civil airports, civil aviation 
operating facilities, and civil aircraft other than · 
:li r c11.rrier a ire raft. 

• Maritime Administration (Ma:rAd)-ocean 
nud Great Lakes ports and ocean shipping. 

•Eaoontlnl cl.-U o.nd military ~ttda Include ntomle e11ergy 
and nnt!ooa! aerona.u Uc11.l and wp4Ce prognu:o•. 

nessee River navigational system. 

• Co(UJt and Geodetic Survey-aeronautical 
and nautical data. 
• St. Lawrence Seaway Development Corpora­
tion-sectional navigational systems of the St. 
Lawrence Seaway. 

• U.S. A1'1Tlf!J Corps of Engineers ( Civil 
w Mka)-waterway navigational facilities. 

• Departmwnt of the lnterio1'-petro1eum and 
gas pipeline facilit.ies.• 

Advisory Oommi.tteu. The TAPAC Com­
mittee would review policy and make recom­
mendations on aUocations, priorities, and con­
trols for civil transportation. An emergency 
transportation advisory committee would advise 
the l)jrector, OET, as required, on mn.tters 
affecting the transporta.tion industry. This 
committee would also facilitate industry co­
ordination e.nd ,understanding of emergency 
transportation policies and procedures. 

Regional Offices. Federal policies and pro­
cedures would be disseminated and monitored 
in the field through regional offices of the re­
spective transportation agencies in accordance 
with their own practices and organizational 
structure. Authority and responsibility would 
be delegated to them, subject to centralized co­
ordination and policy direction. 

In the event of isolation or a. breakdown in 
communications, the primary responsibility for 
development, dissemination, and supervision of 
Federal transportation policies would shift to 
the OET regional representatives. Under such 
conditions, the regional offices would continue to 
assist State and local governments and military 
activities with transportation matters. 

OET Regional Directors, subject to policy 
direction and coordination by appropriat:.e OEP 
Regional Directors, would assume policy direc­
tion within their regions with respect to overall 

•See Chapter 10. 
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interstate civil transportation, except for air 
mrrier aircraft, during post.at.tack periods of 
communication breakdown with OET National 
l Ieindquarters. 

During such periods OET would receive in­
formation imd assistance from appropriate 
OCD Regional Directors on the overall civil 
defense situation, together with recommenda­
t.ions about the civil defense needs of geographic 
areas within their jurisdiction. 

At such times representatives of Federal 
agencies charged with operational responsibil­
ity for specific modes of transportation would 
assure that these modes comply with appropri­
ate preparedness programs, including emer­
gency transportation resource programs being 
carried out by States and localities. Actions of 
these representatives and of any modal board, 
committee, or group should be in consonance 
with Federal policies and coordinated through 
the appropriate OET regional representative. 

State and Local. 
State and Jocal governments would be re­

sponsible for t.he emergency utilization of in­
t.rn.st.at.e transport.at.ion resources, subject to 
Fe<lr.ral policies and national control systems. 

State and local authorities would coordinate 
wit.h officials in adjoining areas and States for 
joint use of intrastate transportation during 
emergencies. When, by use, such transport be­
c1t.me interstate, coordination would be accom­
plished through the Regional Director of OET. 

These State and local authorities, with as­
sistance from the OET State representative, 
would also develop requirements for additional 
transportation and present claims to the ap• 
propriate OET Regional Director for such 
services. 

State and local governments would comply 
with Federal control measures to provide as­
sistance in assuring that essential interstate 
and foreign movements were not unduly 
interrupted. 

Post.attack, State and local officials would 
determine the rema-ining capability of all modes 
of intra.state t.ransportation and apportion- this 
capability among users so as to satisfy the essen­
tial requirements of both State and national 
recovery. 
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In the event of a brenkdown in communica­
tions or area isolation, when the appropriate 
Federn.1 representative responsible for the con­
•t.rol system of a particular mode of t.rans­
portation were not available, the Stale would 
ns!mme responsibili.ty for the cont.ml system 
of the affected mode within the boundaries of 
thnt State, exclusive of air carrier aircraft. As 
communications were restored and such repre­
sentation became available, the control system 
of such transportation would revert to the re. 
sponsible Federal representative. 

Carriers and Users. 
Transportation carriers would be responsible 

for operating their facilities so as to provide 
the maximum possible service within their capa~ 
bilities to fulfill essential needs as specified by 
appropriate government authorities. This in• 
eludes continuity of management, protecting 
personnel and facilities, conserving supplies, 
restoring damaged lines and terminals, re­
routing, expanding or improving operations, 
and securing necessary manpower, materials, 
nnd services. 

Users of transportation and shippers, in­
cluding gover~ment agencies, would be re• 

sponsible for their own internal transportation 
procedures and would arrange directly with 
carriers for the actual accomplishment of 
movements. 

Federal agencies, acting as claimants for 
transportation, would inform the appropriate 
OET office of their estimated peak and time­
phased future requirements for transportation 
services and of any specific claims which require 
special arrangement. OET would use broad 
requirements predictions as t.raffic forncasts in 
planning optimum distribution of transport re­
sources and in determining specific allocations 
for transportation capacity. 

Where shortages of transportation service 
existed, Federal claims would be submitted to 
the OET national or regional office, as condi­
tions dictated. State and local claims would be 
submitted to the OET regional offices. Detailed 
procedures will be set forth in the Transport.a• 
tio•n Allocations, Priorities, and Controls Man­
ual to be published by OET. 
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FEDERAL FUNCTIONS 

Office of Emergency Transportation. 

OET would develop n.nd direct the trans• 
portation policies of tho Federal Govorrunent 
so that all modes of civil transportation would 
be used to provide a unified system responsive 
to tge national emergency. To do this, it would: 

• Receive, assemble, and analyze requirements 
from all claimant agencies_ for movement of 
passenger and freight traffic of all types and 
integrate these requirements with all forms of 
national and international civil transportation 
systems. 

• Determine the adequacy Qf the various modes 
to provide the required service. 

• Allocate and apportion, by mode, the total 
civil transport.at.ion resources to meet overall es• 
sential civil and military needs. 

• Establish and institute, as necessary, control 
systems-including allocations, priorities, per• 
mits, snnctions, and embargoes--to assure op• 
timum 11se of eivil transportation systems and 
their supporting intransit storage and ware­
housing facilities. 

• Develop procedures designed to maximize the 
movement capnbilities of the existing trans­
portation equipment and facilities. 

• Collate the individual attack effects Assess­
ments prepared by the modal agencies. 

• Assemble and consolidate the resource claims 
of the several modal transportation agencies in 
support- of I he total transportation s_yF=tem ; act 
as the Federnl claimant agency for these agen• 
cies by presenting consolidated claims to the 
appropriate Federal resource agency: finally, 
when the resource allocations were made, sub­
allocate these resources to the individual trans­
port 11. ti on agencies. 

• Ad-vise on proposed or existing emergency 
legislntion affecting transportation ,and recom­
mend additionnl emergency legislation as neces­
sary or rlesirahle. 

• Prol'ide, as re(juired, the administrative fa­
cilities necessary for performing emergency 
transportation functions. 

Transportation Operating Agencies. 
Emergen·cy transportation functions of the 

transportation operating agencies would be per­
formed in consonance with the overall policy 
direction of the Director, OET. 

Interstate Omrvrnerce Commission. Provide 
guidance to and consult with operators of rail­
road, motor carrier, inland water carrier, and 
public-storage industries and the States. This 
covers: 

• For railroad use: reduction of vulnerability 
to enemy activit.y; maintenance during emer­
gency periods and rest.oration after enemy ac­
tion; operation during national emergencies. 
• For motor carrier use: reduction of vulner­
ability to enemy activity; operational direction 
during national emergencies. 
• For inland waterway equipment and ship­
ping: reduction of vulnerability of water craft 
and terminfll facilities; operational direction of 
the inland waterways terminal fucilities and 
craft during national emergencies. 

ICC would additionally: 

• Assemble, deve.lop, and ernlunte, as appro­
priate, requirements for domestic surface trans­
poration and stomge in emergencies. 

• Est.imate nvailability of assigned resources, 
analyze resource estimates in relation to esti­
mated supply-demand relationships1 develop 
:tppropriate recommendatiom; nnd programs 
following these analyses, nnd provide data and 
assistance for national resource e,·aluntion pm·­
poses. 
• C'laim resources required to operate the do­
mestic surface f rnnsport a tion network ( except 
highways, highwny facilities, and inland water­
way ua \'igational facilities). 

• Allocate the use of domestic interstate sur• 
face transportntion nnd stornµ:e to opemtors 
and users; administer priorities systems e.s 
necessary to assure the movement of essential 
freight. and passengers. 

• Coordinate nnd direct, with appropriate pri­
vate transportation and storage organizations 
and associations, transportation and storage fa-
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cilities for rnMmnf'nt of passenger rmd freight 
trnffir 011 interstate systems. 

• Analyze the op~rntionn.l eonclitions nnd ca• 
pnbi lities of the domestic surface trnnsportu­
tion industry; help nllel'in.te chemical, biolog-i­
ral, and radiologil'lll (CBn) ro11tamin11t.ion; 
nllity ('onllids hef\Yeen major shippers and 
overcorm1 hott lenerb: effect eonsei-vat ion of 
material and manpower facilities, e~p1ipment, 
and supplies; and regulate, as requi1·ed, the 
operation of 1,tornge industries. 

• Salvao-e and rehabilitate domestic surface i-, 

transportation and st.ora/!e equipment and fa­
cilities, includin_g- decontamination of termi­
nals, rights of way (exrept highways, hig-hway 
focilitie.s, and inland waterway niwigntional 
facilities), equipment, and shops. 

• !\fake mnximum nppropriate use of existing 
nonmilitary facilities, teelmical competence, 
and resonrcp,s of Federal, Stnte, local and non­
g-overnmentnl organizations nnd systems en­
~aged in domestic surface transportation and 
stomJ!e. facilitirs, to promote the effecti\·e and 
safp use arnl 111nintenanee of trnnsportation fa­
cilitiPs, t>1p1iprrn.,u1, an!l St'rvices. 

• Assist. i11 c·arryiug out national plans for 
storkpiling strntegic nnd ('ritirnl materials n.nd 
items \'itnl to domestic surface trnnsportation 
and storage cnpabil ity. 

• Cooperate in developing national economic 
stabilizntion policies ns they affect domestic 
surface trnnsportation 1rnd storage programs. 

• Invoke plans and procedures for finnncinl 
:rnd credit. assistance to domest.ic surface trans­
portation and storage organizations in need of 
assistance.. 

• Coordinate. joint actions of emergency do­
mestic surface transportation and storage pro­
grams of ngencies assigned responsibility for 
any segment of such acti vit.y. 

Cfril Aero1)(1vtics Ronrd: 

• Provide for emer,2'enr_y mnnngement nnd 
postnttnrk use of nir earrier aircraft in the 
mRintennnre of the 1\·ar Air Service Program 
(WASP), including emergency management of 
the 'WASP Air Priorities System o.nd admin-
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istmtion of controls and priorities of pnss1•ngPr 
and cargo movements. 

• Assist FAA and the De.partment. of Defense, 
as appropriate, in assessing the effects of attack 
on air carrier aircraft. 

• Assist FAA in determining re!,ource require­
ments for WASP. 

• Assist FAA in sulvaging supplies nn<l equip­
ment for, and in restoring or replncing, essential 
civil air carrier aircraft and services after at­
tack. 

• Periodically assess assigned air transporta­
tion resources in order to plan for their use, 
make supply-requirements estimates nnd de­
velop recommendations and programs follow­
ing analysis, and provide data and assist1tnce 
for national resource evaluation purposes. 

• Investigate the facts, conditions, and circum­
stances surrounding accidents in civil air oper­
ations; determine probable causes; and recom• 
mend remedial actions. 

Federal Aviation Agency: 

• Maintain operating continuity of the Na­
tiona] Airspace System. 

• Detect, monitor, and report. chemical, biolog-i­
cal, and radiological hazards at all FAA oper­
ated and controlled facilities. 

• Report and analyze the effects of attack on all 
aeronautical facilities, including civil aircraft, 
civil airports and landing areas, air carrier op­
erations and maintenance bases, aircraft repair 
stations, communications stations, and other 
ground-support facilities. 

• Provide for the emergency management and 
use of civil airports and of civil aviation oper­
ating and maintenance facilities; direct the 
SARDA program for the emergency mantlge­
ment of civil aircraft. other than air carrier 
aircraft. 

• Determine requirements and claim support­
ing resources to maintain or restore its own 
operating continuity and that of the civil air 
transport sys~m, including CRAF, WASP, 
n.nd SA RDA. 

• In coordination with local authoritiN>, direct 
Federal activities, as required, for the emer-
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,rency clearance and restoration of essential civil 
airports in damaged are::i,s. 

31 arttirme Administration: 

• Requisition or charter oceangoing vessels 
under the United Stat.es flag or vessels of for­
eign registry under effective or contractual 
United States control; operate oceangoing ves­
sels under Mar Ad control; allocate shipping 
tonnage Rnd accept allocations of tonnage from 
the NATO Shipping Pool for support of na­
tional or internationnJ shipping programs. 

• Control forwarding of cargo to ocean port 
areas where MarAd maintains control of ocean 
shipping, coordinate convoy phrns with naval 
nuthorities, and maintain statistical and intelli­
µ-ence rlntn on vessel movements. 

• Administer port traffic priorities and, in co­
or<linntion with appropriate Federal agencies, 
control traffic through ocean and Great Lakes 
port areas. 

• Allocate and, ns necessary, reallocate ports 
anci port facilities, equipment (including harbor 
se1Tite craft), and services. 

• Assign maximum quota of cargo oce.an lift. 
for each port area. 

• Determine need for po1i development; co­
ordi11nte rehabilitation of substandard port fa­
cilit.ies and development of alternative port nn<l 
other water terminal facilities to meet. essentiill 
requirements. 

• Determine need for restoring damaged or de­
stroyed ports nnd facilities or improvising new 
port facilities to mn-intain an adequate port ca­
pacity; direct, coordinate, nnd control the ac­
tivities of Federnl, State, local, and private 
agencies in such re;.:;torahon or improvisation. 

• Furnish rnrrent. information on port condi­
tions to the 11ppropriate agency so it could ap­
prove and issne block releases for port:bound 
tmffic. 

• Claim the supporting- resources needed to 
<'nn-y 1mt emergency responsibilities for ocean 
shipping and ports. 

• Pro,·ide a means for administering the man­
power and nrnterial needs of ocean shipping. 

Bwrean of Pu,bffr Roods: 

• Adapt a.11 impron,nw.nt. prog-ran1s to rnN'.t 
emergency requirements for all high,rny sys• 
terns (and highways in the Federal domain), in­
cluding emergency repair or restomt ion, and 
emergency provisions of highways, stree.ts, 
bridges, and tunnels. 

• Administer road programs for defense a-c­
cess, replacement, and maneuve1-s. 

• Administer such foreign programs as justi­
fied in the emergency. 

• Claim supporting re.sources required for all 
essential programs for public highway construc­
tion and maintenance, including urban streets, 
regardless of financing. 

• Conduct continuous evaluation of highway 
needs based upon assessment of damage and co­
ordinated "·ith 1intionnl recovery plans and 
programs. 

• Conduct highway research of import.allee in 
an emergency. 

• Arrange, in cooperation with appropriate 
Federal, State, and local govemment units or 
other agencies concerned, to safeguftrd and fa­
cilitate public highway travel. Such arrange­
ments would include plans and prOCBdures for 
emergency highway traffic regulation and for 
barricading or marking streets and highways 
leading into or out of restricted fallout areas. 

• Provide, in cooperation with State or other 
highway agencies, for the detection, identifica­
tion, monitoring, and repm1ing of radiological 
agents on highways and highway facilities. 

• Maintain it capability in coopenition with 
State or other highway agencies to assess the 
effects of attack on highways and to re.port such 
nssessments to the Department of Defense. 

• Provide technical guidance to States and di­
re.ct Federal activities relating t.o emergency 
operational responsibilities with respect to 
highways, roads, streets, bridges, tunnels, and 
appurtenances. 

0 ET Air Carrier Di?•i-~ion: 

• Maintain an inventory of civil air carrier air­
craft a11d their airlift capability. 

Decembe1· 1964 



• Em I uatc Puu•rJ.\"l'll{'J r-equ irements for civil 
11ircarrierai1·l·-r1Lft wrviee.s. 

• Reeommend to the Director, OET, the a.llo­
ention and realloc1ition of civil air ca.rrier air­
craft in tH'eord.ance with established policies 
and procedures. 

• Cooperate with ('AB in distributing and re­
distributing eivil 11irern.ft in WASP among 
ci\"il air carrit11-s for optimum nir cnrrier air­
t•mft. ,,;npport. of essentiiil needs. 

• Si'n'{' ns thee fo('al point for United St.ates 

p:1rtieipation in netivities of the NATO floard 
for Coordiniition of Civil Aviation (ROCCA). 

Support Agencies. 
CP-rtitin other Federal agencies have func­

tions <'omplementary to those identified with the 
! rnnsportation operating agencies. They, and 
their s£>n·ices, are: 

7'ennP.~8ee Falley A1tth.ority: 

• Cooperate with ICC', the U.S. Army Corps of 
Engineers (Ci,·il Works), and the U.S. Coast 
Gtrn rd in ]orating and removing river obstruc­
t ions and in rebuilding or repairing channels, 
d1annel markin,l!S, and locking equipment on 
t.he Tennessee River and its na.viguble trihu-. 
trE·ies. 

• Coordi1mtA the use of terminal facilities 
:dong the Tennessee River waterway with ter­
m inn I operators und shippers for optimum post­
atta~k use of the river. 

• Assist in the diversion of Tennessee River 
shipments, as required, to land transport and 
1·ire Hrsa, for 1110\"ement. to final destination, in 
C'ooperntion with ICC. 

• ( 'onst ntrt any necessary facilities to move 
goods nnd mnterinls around inoperative locks. 

roa.~t awl Oeodetic Survey: 
• Provide nautical nnrl aeronautical charts and 
related data on the United States, its t.erritories, 
and possessions to meet military and civil navi­
gat imi requirements (except for Great Lakes 
arnl inlnnd wat.erways). 

• C'ondnct hydrographic surveys to locate 
wrrc-ks and other obstructions in ports and 
channels ( except for Great Lakes and inland 
waterways). 
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• Establish emergency georlet.ic control for spe­
cinl-purpose surveys. 

• Produce special charts for over-the-hMeh 
operations anrl emergency ports ns required. 

• Determine by survey methods the locations 
of emergency aids hair nn vigation. 

• Conduct special geophysical and photo• 
g-rammetric surveys and provide data its re­
quired for civil and military use. 

Department of the Interior, The Depart­
ment of the Interior hu.s complete responsi• 
bil ity for preparedness planning and emergency 
control of construction, operation, and use of 
petroleum ,md gas pipelines. As the Federal 
resource agency responsible for petroleum and 
gas pipeline facilities and their use, it will pro­
vide OET with data on the capacity of such 
pipelines and the movement, of petroleum and 
gas through them. 

U.S. Army Oorpa of Engineera (Civil 
lV orks): 
• Improve, restore or rehe.bilit:ate, operate, and 
maintain components of federally authorized 
river and harbor projects. 

• Locate and remove obstructions to. naviga­
tion ; accomplish emergency dredging to clear 
and straighten navigation channels in harbors 
nn<l navigable streams of the United States, its 
territories, and pos.'leSSions. 

• Conduct. hydrographic surveys and provide 
nautical charts and related navigational ma.te­
rial covering the Great Lakes system, Lake 
Champlain, New York canals, t.he Minnesota.­
Ontario border lakes and connecting waterways, 
nnd inland waterways generally. 

• Collect, compile, and publish information on 
the physical characteristic.a and facilities of 
United States ports for the use and benefit of 
nu vigation. 

St. Lawrence Seaway Development Oorpo~ 
ration: Construct, maintain, and operate in 
lTnited States territory the necessary deep­
water navigation works in the appropriate area 
of the International Rapids section of. the St. 
Lawrence Seaway. 

Regional Offices. 
The functions outlined above for the respec­

tive national.organizations would be carried on 
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at the regionn.l level by their appropriate rep­
resentatives in the field in the event of a. break 
in communications and as otherwise required 
by their respective national headquarters. 

Regional heads of Federal transportation 
claimant agencies would present claims for 
transportation services to the OET Regional 
Director in the event of a communications 
break. 

Field offices of Federnl I rnnspm1 ngern·ie!l 

would consult directly with Lheir count.erpiirt.s 
at the national level or with other regional of. 
fices on appropriate matters. 

In administering the emergency transporta­
tion program, transportation officials would be 
governed by the relative urgencies established 
by OEP. 

CONTROL SYSTEMS 
Principles. 

Control systems in support of civil transpor­
tation would be initiated as necessary by the 
Federal Government in emergency. When ef­
fected, these syst;ems in the form of traffic move­
ment controls would be designed to assure move­
ment of traffic responsive to the national 
emergency. 

These control systems, if required, would be 
used only to the degree necessitated by the 
emergency situation. 

Subject to such control systems, management 
of civil transportation would continue to be pri­
vately exercised, and the following basic prin­
ciples of management would be recognized: 
• Carrier management of operations. 
• Direct shipper-carrier relationships. 
• Traffic management by shippers and ship­
ping agencies. 

Policies and Procedures. 
Requ.irementa. Federal claimant agencies 

would be responsible for determining and claim­
ing the transportation service requirements for 
the movement of that resource or function which 
they represent. These requirements would be 
in the form of time-phased traffic forecasts in 
an OET format and submitted to OET as an 
officinl statement of requirements. 

These requirements would be analyzed by 
OET to identify potential conflicts, bottlenecks, 
and delnys and thereby assist shippers and car­
riers in developing a balanced flow of essential 
t.raffic. 

rnpobilities Assessment. The Federal 
transportation operating agencies would assess 
the national trnnsportation capability of inter­
state and international transportation systems. 

These data would be transmitted to OET, which 
would make a comparison of system capa.,bilities 
with the total transportation requirements of 
shippers and travelers. Actions would be taken 
to eliminate or minimize any indicated short­
ages. 

DetaiJed procedures for making rapid as­
sessments of postattack capabilities of the trans­
portation system would be developed by re­
sponsible Fed~ral transportation agencies in 
coordination with OET. 

Transportation would have high priority for 
restoration, including its requirements for man­
power, materials, supplies, and equipment. 

Federal transport agencies would be avail­
able to assist State and local governments in de­
veloping their capability for assessing residual 
intrastate and local transportation resources. 

Allocations. OET would allocate civil 
transportation capacity to claimant agencies 
based upon the individual agency's traffic fore­
cast of transportation movement requirements 
and the established competing claims. The es­
sentiality of a claim would be based upon the 
overall national objectives. 

Allocations of transportation capacity would 
be used to commit all or ll portion of the avail­
able civil transportation in support of national 
defense. Adjustments of the traffic forecl).sts of 
some claimants might be necessary in those cases 
in which the allocation would be insufficient to 
satisfy the claim. 

Allocations of transportation equipment and 
facilities would not be made unless overriding 
strategic or other considerations warranted 
such action. The recipient of such an alloca­
tion would have exclusive use of the equipment 
or facilities within the limits of the commit-
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men!. and conld snbal\ocatc s1ich ns-;ets to suh 
or<linato ckments ns 11eces,-.;al'y. 

P-rim·ities. 0Yerall natio1utl priorities would 
be established by OEP. Ci\·il tr:rnsportation 
priorities 1rnuld Le cle\'eloped ancl controlled by 
OI.-:T, based upon and compatible with the 
o·vernll nfltional pl'iorities. These pl'iorit.ies 
would lie administered by ICC, CAB, and 
MarAd for the lranspo1t systems 1111der their 
rr>SlJPrtivc control. 

1-'riority for the lnO\'Pment of tr::rnsportfltion 
engaged solely in intrnstatc an<l local move­
ments would be :ulministerecl by the appropri­
ate State trnnspol'tation reg;nlatory or control 
body or appointed trallsportation olTicifll. 

Clwpter G. Tmnsportation 

Any person, agency, or orgttni;-:ntinn initiflt­
ing or making arrangements for movement. of 
persons or goods by commcrcir1l c:arriers might 
claim a movement priority from the ageney ad­
ministering such controls. Any person, r1gency, 
or organi;,;at.ion engaged in for-hire trnnspor­
tation must, when within its capacity to per­
form the service, accept. persons or goods for 
tr:tnsportation based upon a request when sup­
ported by a valid priority. 

Detailed Proccduns. Detai~cd procedures 
concerning transportation priorities, embargoes, 
sanctions, and permits will be provided in the 
OET "Manual of Transportation Allocations, 
Priorities, and Controls System.n 

DOMESTIC SURFACE TRANSPORTATION 

l\fobilization Procedures. 
Emergency procedures nre spl'eified by a 

series of ICC "Transportation .\Iobilization 
Orders" (T.\I's) which would be implemented 
in an emergency hy that agcn('y. They fl.re: 

T.ll-J~Preference nnd Pri.ority jor the 
T-ra11s71ol'f11tion by C!arria for Hire of United 
8tafe.1 .lfilitriry Pcr.~onncl. Acrrali.tcd Civil De­
fense ll'o1·l.·er8. and United States Jfail. Re­
quires that each pas.c;engrt' r:1rricr for hire oper­
nt-ing intercity shflll giw prefor('nce and priority 
on,,r all other tmffic 1 o milit:1ry and cidl defense 
personnel and tlw Cnited State;; tnn.il. 

T.-ll-2-Rnil Freight Embargo-Appoint­
ment of a Permit Ai1ent. Requires specific ac­
tion and, the obscrrntion of pe11nit.ting proce­
dures by rnil catTiers after proolamflt.ion of a. 
civil defense emergency. 

T.ll-3-Motm· Frriqht Embargo. Requires 
specific action by lllOtor carriers afu:-.r proclama­
tion of a civil dcfonse emcrg-ency. 

TJ/-4-fnland ffaterw(l:ys Fre-ight Embar­
go. Requires sp2cific :1ction by inland water 
carriers a.ft-er proc.lamation of it civil defense 
emergt~ncy. 

TiV-5-Disposal by Cm·ricr8 of Undeli'Ver­
able Shipments. Provides direction to rail, mo­
tor, nml inland ,·i'ater cnrriers when, by rMson 
of enemy nction, they would be unable to deliver 
comlllC'1·cin.l or military freight. in their posses­
s10n. 
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TM-6-Oonfrol of l?ailroad Ta:nlc Cars. 
Provides n central point for control of liquid 
tank Cflt-S and facilities. 

T.ll-•7-Nerouting of Ra.il Trr,_ffu.:. Pro­
vides direction to caITiers to reroute or din1 rt 
tral1ic over nny availau1e route when the r~t.il 
systom had b~n subjected to enemy adion. 

TM--8-Direction to Certain Over-the-Road 
,l/ otor Carriers of Property· Re:7a.l'(ling Routes. 
Di-versions. and ,\'ct·vice to Certain Destina­
tions. Provides diredion t.o motor t:irriers of 
property rcla{.ive to diversion and rerouting as 
a result of enemy act.ion and incr"e-~1ses opera­
tionfll area of carriers to or from any flt.tacked 
:trea. 

T,l/-.'J-Direction lo Certain Intercity Com­
mon Carriers of Person8 by Bus to Ser1Je Cer­
tain Point.~. Pl'OvidC's direct.ion to passenger 
motor carriers relative to di\·et-sions and re­
routing ns ::t result of enemy action and incre.ases 
operational are,i of motor cnrr.ier:,; of persons 
at attacked points. 

Tilf-10-C'ontrol of Motor Transport Fe­
hicles. Provides it central point for control of 
motor transport. Ychicles for opern.t.ion in areas 
subjected to enemy action. 

TJl-1 J-{/ontrol of Freight Shipments to 
or within Pe>rt or Storage Arens. Requires car­
riers to observe specific conditions, places 
responsibility on the Commission to develop 
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pennititng procedures, and indicates certnin ex­
Pepi ionl;. (Thl'I purpose of this order is to nvoid 
congest.ion in port. arem, imd to nssnre effective 
coordination of dom11st ic surface t.rn.nsportntion 
with oc>('an i-:h ipping iu periods of 1mt.ionnl emer­
g-t•1u~y.) 

1'.ll-1'2-lnnentory and lJ1117,0Rition of Food 
mul JI rdir,tl. Suppl ifw Requi.~itimwd by Govern­
ment in Po8sesNion of Railroads r,.-nd Motor Car­
riers. Provides for disposition of food and 
medical supplies in possession of carriers 
t.hrough the Departme.nt. of Agriculture and the 
Department of Health, Education, and Welfare. 

Ttll-13-0o-n.trol of Liquid TrarMport 
Yessel,s. ProYides a central poi.rit for the con­
trol of liquid transport vessels. 

Highway Use. 

The Federal Highway Administrator, BPR, 
has issued an order• effective during a civil de­
fense emergency to regulate, allocate, and pro­
mote the arnilability and use of all highways 
within the United States. The order provides 
that. the Administrator ( or such agencies of the 
Federnl, State, and locn 1 governments as he may 
designate) mn.y ns necessary regulate motor~ 
vehicle traffic using highways and make use of 
all ava.ilable highways deemed safe for travel. 

Inland Waterways. 

TV A, by means of its damage nssi;,ssmf'nt 
system ns well ns co111m1micnt.ions wilh t.lrn Na­
tional Resourre l•~valuatio11 Cmill\l' 1111(1 tli<'- n~• 
Hot1rce 1ig1mcies concenrn1l, would effect. specific 
ttd.ions in order to m1tke the Te1111eHflee River 
system us niwignhle as possiblP.. 

The Saint Lawrence Seaway Developmellt, 
Qorporntionr by means of its damage assessment 
system as well as communications with the Na­
tional Resource Evaluation Center and the re­
source agencies concerned, would act to make 
the United States-controlled sections of the St.. 
Lawrence Seaway as naYigable as possible. 

The U.S. Army Corps of Engineers District 
Engineers would perform waterway rehabilita­
tion and construction throughout the United 

'"'States and ( ex~pt for the Tennessee River Sys­
tem) supply damage assessment data for the 
National Resource Evaluation Center. Man­
power, equipment, materials, and services need­
ed for this work and for operation and mainte­
nance of essential authorized projerts serving 
nnvigntion needs would be claimed hy each Dis­
trict. Engineer through the supervising Corps 
of Engineers Division Engineer, who would be 
claimant at the regional level. The Chief of 
Engineers would net as associated claimant to 
OET nt. the national level. 

AIR TRANSPORTATION 

Use of Civil Aircraft. 

OET through its Air Carrier Division would 
allocate civil air cn,rrier aircraft to meet the 
needs oft he Dep1t,rtment of Defense for military 
operations (CRAF) and to the Civil Aeronau­
t.ics Board for essential civilian needs (WASP). 

The Air Carrier Division ( OET) ,rnuld pro­
vide continuity between the NATO Board for 
Coordinnt.ion of Civil Aviation (BOCCA) and 
OET. 

At each level of government where nir sup­
port were assigned a mission, provisions for 
obtnining flight. priorities under existing air 
traffic rules and appropriate priorities nnd allo­
cations for fuel, manpower, maintenance, and 
other supporting ser\'ices must also be estnb-

"'SPR-TR"M-1 (F.R. Doe. 62-27155, March 21, 1962). 

lished in consonance with the OET policieB con­
trolling movements at that level. 

Emergency Air Service Pattern. 

CAB would implement. an emergency air 
service pattern through WASP to pnwide 
transportation for maximum priority traffic. 

Under WASP, provision has been made for 
•t.he maintenance of essential civil air routes and 
services by distribution and redistribution of air 
carrier aircraft among civil air transport car­
riers after allocation of aircraft to CRAF. 

CAB would issue orders. to provide the air 
carriers, during the initial phases of an emer• 
gency, authorization and direction for the per­
formance of essentinl air services. 

During nn emergency ('AR would implP· 
ment. any further directives necessary to assure 

December 1964 

J - 11 



t.lm rontinuntion of air service w1til such time as 
priority traffic requirements could be deter­
mined and a subsequent redistribution of air­
craft could be made to implement a controlled 
emergency air service program. 

WASP Air Priorities System. 
The control rmd priority of pttssenger and 

c11rgo air movements operating under WASP 
would be implemented under nnt.ional plans. 
These include the Interim Air Priorities System 
(OF..T-P-1) and the successor CAB plan for a 
worldwide air priorities system. 

OET-P-1 would become effective upon dec­
laration of a national emergency by the Presi­
dent and the issuance by OET of implementing 
directives. Such interim procedures for deter­
mining preference and priority of traffic moving 
by the civil uir carriers during the initial emer­
gency period would be administered by each 
carrier and would remain in effect. until super­
seded. 

The CAB plan for an air priorities system 
to assure the effective control and use of civil 
air transport. resources of the Nat.ion would be 
activnted by CAR pursunnt t.o appropriate 
OET directives. 

Since the emergency air service pattern 
wonlrl he pe.riodica1ly adjusted to meet essential 
traffic requirements, CAB would maintain an 
air priority traffic survey to assure 11.dequate 
control and maximum utilization of civil air 
transport re.'lources. The survey would moni­
tor the flow of priority traffic and provide data 
to assist in detemiining adjustments to the 
emergency air service pattern as needed to meet 
priority traffic demands. 

Air Carrier Aircraft Management. 
In an emergency CAB would be responsible 

for the mnnngement. of air carrier aircraft allo­
cnte.d to it hy the Department of Commerce un­
der the ·w ASP prog-ram. CAB directives 
would ha issued to owners and operators of such 
aircraft to assme the development and mainte­
nance of rm air trnnsportat.ion program in ac­
cord with nntiornd emergency transportation 
policy. 

CAB would use appropriate resources of the 
Federal nnd State governments and the air 
transport industry m deYeloping WASP to 
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meet priority traffic requirements under emer­
gency conditions. The Board would, howe-ver, 
retain direct management of WASP resonn'es 
in order to assure the maintenance of the emer­
gency air service pattern required to meet the 
national clnimancy requirement on a worldwide 
basis. 

WASP Mrr.nagern,ent. The air carrier.-
would provide the actual opernt ional manitge­
ment. under the emergency air service pattern 
established by CAB. The primary responsibil­
ity of other Federal agencies having an as­
signed interest. in civil air transportation would 
be to provide essential support as appropriate 
to maintain continuity of an emergency air 
service pattern under WASP. State and local 
governments would also provide a supporting 
role in maintaining both intrastate and inter­
state emergency air service. under ·wASP. 

Cwims for Air Carrier Airlift Service. All 
claimants for transportation priorities provided 
under WASP in an emergency would conform 
to the regulat.ions established by the CAB­
WASP Air Priorities System. The peacetime 
carrier-shipper re.lntionship would be main­
tained. 

Reque.sts for air transportation during the 
initial stages of an emergency would be directed 
to the air carriers under interim priority regu­
lations set forth in CAn Order ATM-2. Upon 
activation of the formal CAB-administered air 
priorities system, requests for priority air 
t.ransportat.ion would be directed to the nearest 
Regional Air Priorities Control Office. 

Resource Supp01·t for Afr Oa.rr·i'er Airlift. 
CAB would assist FAA in the development. of 
requirements for essential resources needed to 
support air carrier operations and would sup­
port their submission to nppropriate resource 
management authorities. 

Claim.ancy. Air carrier operations require• 
ments for maintenance, re.pair, and operating 
supplies (MRO) are included in the Defense 
Materials System ( DMS) arrangements for 
securing priorit.ies and allocations. 

Authority for delegation of priorities and 
a.lloc~ttions of c.ont.rolled m:iterials has been 
delegated by OEP to the Business and Defense 
Services Administration (BDSA), Department 
of Commerce. BDSA has redelegate<l part of 
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its authority to DOD, which has in tum desig­
nn.ted FAA as an "associate.d agency." This 
permits FAA to m1tke allotments and to apply 1 

or 11.."'Sign to others the right to apply, Defense 
Order ( DO) ratings and allotments numbers 
for maintenance, repair, and operating supplies 
for tlomest.i~ nnd foreign commerce airlines. 

SCATER. 

U'fhe Phrn for Security Control of Air 
Tmffic an<l Electromagnetic Radie.lions"* re­
qui res FAA and approprie.te militl\ry authori­
ties to take specified joint action during an air 
defense emergency to effe.ct security control of 
rivil and nontactical military aircraft entering, 
departing, or moving within the United States 
or its ('OUSt.fl.l approaches. FAA would effect 
('Onfrol of such air navigation aids and aero­
nautical communications as might be required, 

Civil aircraft would be grounded upon the 
declaration of an air defense emergency in RC· 

cordance with the SCATER Plan. As the 
situation permitted, air carrier operations would 
be resumed in accordance with priorities estab-
1 i shed in the plan. Geneml aviation aircraft in 
I he State and RegioMl Defense Airlift 
( S,\ RDA) Pinn won Id resume operations in 
i-upport of rssentinl priority activities under 
the direction of appropriate authorities as spee­
ifiNl in the plan. 

Add it ion 1tl det nils concerning the SCA TE R 
Plan may be. found in the joint publication of 
the Department of Commerce and the Depart• 
ment of Defense, "Plan for Security Control of 
Air Traffie and Electromagnetic Radiations 
During an Air Defense Emergency," dated 
May 1, l!J57. 

SARDA Management. 

SA RDA would be activated by joint or uni-
111.teral action of FAA and State governors ( or 
their designees) in accordance with existing 
arrangements in individual States. This plan 
may be implemented in whole or in part, as 
ne('essn.ry1 to fulfill national and State emer­
geney requirements. 

•TIie SCATER Plan le under revleJon and W1ll be pub­
ll8bed und..r the name or SCA'l'A:NA (Seeurity Control ot Air 
Tral!lc nnd A 1r Na vlga tlon Aide). 

FAA would issue guidelines to provide for 
the use of State aviation organizations to man­
age other than air carrier aircrn.ft resources. 
These organiza.tions would function in primary 
control of these aviation resourcr.s under em­
ergency conditions, subject to the general di­
rection of FAA if required by overriding Fed­
eral needs. 

The act.ual task of providing other than flit 
carrier airlift support would be the responsi­
bility of aircraft owners, operators, airmen, and 
airport managers who perform the actual 
operating functions. 

Requests for other than air carrier airlift 
should be submitted to the emergency trans­
portation authority at the State or Jocal level. 

Requirements for resources in bulk to sup­
port the essential airlift involving other than 
air carrier aircraft. would be consolidated by 
FAA General Aviation District Offices and Air­
port District Offices for submission to appro­
priate management authorities at local, State, 
and regional levels as required. 

Air Traffic Control. 
FAA would authorize the use of airspace 

upon request, doing so under the direction of 
appropriate Air Defense Commanders. Dis­
patch of aircrn.ft would be the responsibility of 
military commanders, air cs,.rrier offidals, civil 
government offici11.ls1 or private citizens per­
forming essential wartime missions under legiti­
mate authority. Policies and procedures for 
processing altitude reservation and other flight 
plans, including responsibilities current-ly as­
signed to the Central Altitude Reservation 
Facility ( CARF) and to Air Route Traffic Con~ 
trol centers, would remain in effect unless 
modified by competent authority. 

Rehabilitation of Civil Air Facilities. 
Owners, operators1 or managers would re• 

port damage to civil a.viation re.sources, other 
than manufacturing plants, to the manager of 
the nearest surviving civil a.irport. Airport 
managers would consolidate such report,s re• 
ceived and forward these to the nearest surviv­
ing FAA General Aviation District Office, as 
well as to any local or area transportation re• 
source ma.nagement. body and to local civil de· 
fense authorities. 
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Two general plans determine the level of 
civil airport reBtoration operations. First in 
order of priority is t.he military plan to use cer­
ta i11 l'i 1·il airports <luring flll emergency in sup• 
port of military opemf ions. Second in order of 
1·011siderat ion is the civil plan Lo use certain air­
por1s in support, of air carrier and other than 
air c1trrier aircraft.. 

Chapter 6. Trrm-8portnf.ion 

Aeronautical Charts. 

The Coast and Geodet.ic Survey would: 

• Mo.int.ain o.t. selected locations up-to-date file.'! 
of selected aeronautical charts, cha.rt repro­
ducibles, and critical materials. 

• Maintain contact with commercial printing 
plants for emergency production of charts. 

OCEAN TRANSPORTATION 

Shipping. 

In an emergency, Mar Ad would take t.he fol­
lowing act.ions: 
•· Implement plans for assembling and n.nn.lyz­
ing data on ocean shipping requirements. 

• Acquire ocean shipping through requisition­
ing1 charter, reactivation of reserve fleet ships, 
or acceptance of NATO Shipping Pool alloca­
t.ions. 

• Through the ships-wa.rra.nt system obtain the 
11~ of t 1 rn sl Ii ps of neu t.ral na.tions. 

• I>i n•.('t the opera.ti on of, and act to repair, 
provision, ma.n, a.nd bunker, oceangoing ships 
owned or acquired by the Government. 

• l )i rect vessel movements and all oca.te tonnage 
to meet. approved requirements. 

• Exercise forwarding authority on cargo mov­
ing to port. areas and destined for MarAd­
ront-rolled ships. 

Ocean Ports. 
Public Order8. In an emergency, MarAd 

would publish the following public orders: 
• General. Order ,l{A.-TPM-J-Restrict.ions 
lTpon the Transfer, Change in Use, or Terms 
Go\'erning Utilizat.ion of Port Facilities. 

• Gene,ral Order MA-TPM-2-Restrictions 
Upon the Fse of Port. Facilities Without a Ship 
,,, nrmnt. 

• Ge.nernl Order MA-TPM--3-Removal of 
Export, Import, Coastwise, and lntercoastal 
Freight From Port Area. 

• Deleqation Order JI A-TPM.:.J-Appoint~ 
ment. of Federal Port Conrrollers nnd Acting 
Fetleml Port Controllers: Delegations of Au­
thority. 

December 1964 

Port Control Officer. To assure the free 
flow of traffic to, from, and within port areas 
in time of emergency, a local port control offi­
cer would be responsible for coordination and 
control of ocean and land transportation use of 
the facilities, equipment, and services of a port. 

He would make appropriate disposition with 
respect to general restrictions to be placed upon 
the transfer, change in use, or terms governing 
the utilizn.tion of port facilities and would 
otherwise perform the duties and exercise the 
powers vested in the Mnrit.ime Administrator. 

This officer represents the authorit.y of the 
United States in the port and works in close 
coordination with Federal transport and ship• 
ping agencies, the Depnrtment of Defense, and 
the locitl port industry, 

Other Emergency Procedures. With re• 
spect to United States port systems and facil­
ities, Mar Ad would also : 

• Establish syst.ems for receiving field reports 
and for issuing port advisories on the status of 
port conditions, operations, and capabilities; 
disoominate a national damage assessment reca­
pitulation and evaluation. 

• Determine the necessity for and feasibility 
of the use of alternative ports and port facili­
ties; coordinate and, as necessary, dire.ct and 
control the use of usable ports and port facili­
ties, damaged or undamaged; and direct the 
diversion of freight enroute to affected port 
areas to such alternative usable ports or to ap­
propriate interior locations, 

• Cooperate with local public officials and civil 
defense agencies in providing emergency bert.h­
ing facilities and the use of commercial port• 
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01mrat i11g equipment. and poi-t personnel for 
,·ivil defense purposes. 

Materials, Supplies, and Facilities. 

In an emergency MarAd would: 

• Procure supplies !llld equipment necessary 
for the reactivation and operation of reserve 
shipyards and for outfit.ting new shipyards. 

• Activate a priorities organization and obtain 
adequate priority ratings or allocations for ves­
sel materials and supplies. 

• Cancel leases and permits for private oc­
('.U pan<".y of Mar Ad property. 

• Suspend all disposa I acti vi t.ies except scrap­
ping an<l salvage. 

• Contact manufadurers of marine compo­
nents to determine capability for producing or 
furnishing essential supplies and equipme.nt in 
acor<lance with production allocation regula­
tions. 

• Ne~otiate with contractors ooncerning claims 
under prime contracts and subcontracts for dis­
position of un11.coeptJ1ble repair parts, materials, 
and supplies and for provision of lists of scrap, 
salvage, and unrequired mateJ1ials. 

Manpower. 
In an emerg:ency MarA<l would: 

• Activate, in cooperntion with the rwtnJH)Wl'l" 

agency, a recru itrnent. and 111 i li1.:it ion proi..•-r:t m 
for man power n £>ede<l to 1m't'I t lw 11•q n i n•111 P n t :­
of oooan sl1ipping u111l for i-:ho1,•sid,• ,·essl'l 
operation. 

• Administer a uniform deferment procedure 
to retain seamen aboard ships and to create and 
train a supply of former seamen a,nd rer·ruits 
to mun vessels. 

• Activate the National Defense Exe('utive Re­
serve units to administer vessel operations and 
Federal control of United St.ates port;;. 

Nautical Charts. 

The Coast and Geodetic Survey would: 

• M1tilltain at. selected locations up-to-date files 
of selected nautical c,harts and chart reproduci­
bles, except for the Great Lakes, as well ns f'.rit.­
ical materials. 

• Maintain contact. with commercial printing­
plants for emergency production of charts. 

The U.S. Army Corps of Eng-iueers (Civil 
Works) would maintain essential records nml 
provide nautica.l charts with respect. to the 
United States Great Lakes channels and 
harbors. 
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APPENDIX K-EXECUTIVE ORDER 11725 
TRANSFER OF CERTAIN FUNCTIONS OF THE OFFICE 

OF EMERGENCY PREPAREDNESS 

Under and by virtue of the authority vested in me 
by Reorganization Plan No. l of 1958, Reorganiza­
tion Plan No. 1 of 1973, the Defense Production Act 
of 1950, as amended (50 U.S.C. App. 2061, et seq.), 
the Disaster Relief Act of 1970, as amended, ( 42 U .S.C. 
4401, et seq.), and Section 301 of title 3 of the United 
States Code, and as President of the United States 
of America, it is hereby ordered as follows: 

SECTION 1. The Secretary of Housing and Urban 
Development is designated and empowered to exercise, 
without the approval, ratification, or other action of 
the President: 

( 1) All authority vested in the President by the 
Disaster Relief Act of 1970, as amended, and assigned 
or delegated to the Director of the Office of Emergency 
Preparedness by Executive Order No. 11575 of 
December 31, 1970, as amended by Executive Order 
No. 11662 of March 29, 1972. 

(2) All authority which was vested in the Office 
of Emergency Preparedness, or the Director thereof, 
by the Disaster Relief Act of 1970, as amended, and 
which was transferred to the President by Reorganiza­
tion Plan No. 1 of 1973. 

(3) All authority which was vested in the Director 
of the Office of Emergency Preparedness with respect 
to determining whether a major disaster has occurred 
within the ml!aning of (A) section 16 of the act of 
September 23, 1950, as amended, (20 U.S.C. 646), 
(B) section 7 of the act of September 30, 1950, as 
amended (20 U.S,C. 241-1), and (C) section 762(a) 
of the Higher Education Act of 1965 as added by 
section 161 (a) of the Education Amendments of 1972, 
Public Law 92--318, 86 Stat. 288 at 299 (relating to 
the furnishing by the Commissioner of Education of 
disaster relief assistance for educational purposes) , and 
which was transferred to the President by Reorganiza­
tional Plan No. 1 of 1973. 

( 4) All authority vested in the Office of Emergency 
Preparedness or the Director thereof, including serv• 
ing as Chairman of the National Council on Federal 
Disaster Assistance, by Executive Order No. 11526 of 
April 22, 1970. 

( 5) All authority vested in the Director of the Office 
of Emergency Preparedness by Executive Order No. 
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11678 of August 16, 1972, relating the administration 
of certain temporary disaster relief provisions, and 

( 6) All other incidental authority relating to matters 
described in paragraphs ( 1) through ( 5) of this sec­
tion that has been vested in the Office of Emergency 
Preparedness or the Director thereof by the President 
by Executive order, proclamation, letter, memorandum, 
or other form of directive, or otherwise. 

SECTION 2. The Secretary of the Treasury is 
designated. and empowered to exercise, without ap· 
proval, ratification, or other action of the President, 
all authority which was vested in the Director of the 
Office of Emergency Preparedness by section 232 of 
the Trade Expansion Act of 1962, as amended (19 
U.S.C. 1862), and which was transferred to the Presi­
dent by Reorganization Plan No. l of 1973. 

SECTION 3. All authority vested in the Director 
of the Office of Emergency Preparedness as of June 30, 
1973, by Executive order, proclamation, or other direc­
tive issued by or. on behalf of the President or other­
wise, other than that specified in section 1 (relating 
to disaster relief), and section 2 (relating to import 
investigations) of this order, is hereby transferred to 
the Administrator of. General Services who shall exer­
cise such authority in conformance with such guidance 
as may be provided by the National Security Council, 
and, with respect to the economic and disposal aspects 
of stockpiling of strategic and critical materials by the 
Council on Economic Policy. Those functions include, 
but are not limited to functions under-

( 1) Executive Order No. 10242 of May 8, 1951, 
relating to employment of certain part-time and tem­
porary advisory personnel under the Federal Civil 
Defense Act of 1950; 

(2) Executive Order No. 10296 of October 2, 1951, 
as amended, relating to the designation of critical 
defense housing areas pursuant to section 101 of the 
Defense Housing and Community Facilities and Serv• 
ices Act of 1951, U.S.C. 1591; 

(3) Executive Order No. 10421 of December 31, 
1952, as amended, relating to the protection of facili­
ties important to the national security; 

(4) Executive Order No. 10480 of August 14, 1953, 
as amended, relating to the administration of the 
Defense Production Act of 1950, as amended; 



(5) Executive Order No. 10494, of October 14, 1953, 
relating to the liquidation of the Economic Stabiliza­
tion Agency created under the Defense Production 
Act of 1950 as amended; 

(6) Executive Order No. 10601 of March 21, 1955 
(section 3), relating to the designation of strategic 
materials to be acquired in return for surplus agricul­
tural comma di ties ( Supplemental Stockpile) ; 

(7) Executive Order No. 10634 of August 25, 1955, 
relating to loans under the Defense Production Act of 
1950 with respect to defense facilities damaged by a 
major disaster; 

(8) Executive Order No. 10705 of April 17, 1957, 
relating to the radio stations during time of war (see 
Executive Order No. 11556 of September 4, 1970) ; 

(9) Executive- Order No. 10900 of January 5, 1961, 
relating to the Supplemental Stockpile; 

(10) Executive Order No. 10952 of July 20, 1961, 
relating to civil defense functions; 

(11) Executive Order No. 10958 of August 14, 1961. 
rel a ting to civil de£cnse functions; 

(12) Executive Order No. 11051 of September 27, 
1962 (except sections 404 (a) and 405), relating to 
nonmilitary emergency preparedness planning, par­
ticularly under the National Security Act of 1947, as 
amended, and related functions under the Defense 
Production Act of 1950, the Strategic and Critical 
Materials. Stockpiling Act, the Supplemental Stockpile 
and the Buy American Act; 

(13) Executive Order No. 11179 of September 22, 
1964, relating to the National Defense Executive Re­
serve; 

(14) Executive Order No. 11415 of June 24, 1968, 
relating to the National Health Resources Advisory 
Committee; 

(15) Executive Order No. 11490 of October 28, 
1969, relating to the assignment of emergency pre­
paredness functions to Federal departments and 
agencies; 

(16) Executive Order No. 11556 of September 4, 
1970, relating to telecommunicalions contingency 
planning; 

(17) Section 203 ( n) of the Federal Proper! y and 
Administration Services Act of 1949, as amended ( 4,0 
U .S.C. 484 (n), relating to the disposal of surplus 
properly; 

(18) All other inciden ta] authority relating to 
matters described in paragraphs (1) through (17) 
of this section !hat has been vested in the Office of 
Emergency Preparedness 0r the Director thereof by 
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the President by Executive order, proclamation, letter, 
memorandum, or other form of directive, or otherwise. 

SECTION 4. All rule;;. regulations, orders, deter• 
minations, permits, contracts, certifications, licenses, 
and privileges (including all delegations of authority 
and delegations of authority to redelcgate) which have 
been issued, made, granted, or allowed to become 
effectiYc by the President, the Director of the Office 
of Emergency Preparedness, or the Office of Emergency 
Preparedness or any official thereof, in the perform­
ance of functions which are transferred by this order 
and which are in effect at the time this order takes 
effect, shall continue in effect according to their terms 
until modified, terminated, superseded, set aside, or 
revoked by the President, the Secretary of Housing 
and Urban Development, the Secretary of the Treasury, 
or the Administrator of General Services, as the case 
may be, or other authorized officials, ur by operation 
of law. 

SECTION 5. Pursuant to the authority vested in 
me by section 703 of the Defense Production Act of 
1950 as amended (50 U.S.C. App. 2153), the Ad­
ministrator is authorized to establish a subordinate 
agency within the General Services Administration to 
perform such of the functions under the Defense Pro• 
duction Act of 1950, as amended, as have been dele­
gated to him under this order or any other Executive 
order, as the Administrator deems appropriate. The 
Administralor is authorized to appoint a head of that 
agency who shall be compensated at the rate now or 
hereafter established for level V of the Executive 
Schedule (5 U.S.C. 5316)., That agency and its 
head shall perform such functions, in addition to func­
tions under the Defense Production ;\.ct of 1950, as 
amended, as the Administor may, from time to time, 
prescribe. 

SECTION 6. (a) The transfer of functions accom­
plished by this Executive order shall in no way be 
deemed to diminish the need for, or the scope or 
priority of, the performance of those functions. 

(h) AH Federal executive departments and agencies 
are directed to coope.rate fully with officials exercising 
authorities transferred urn::ler this order. 

SECTION 7. Sections 404(a) and 405 of Execu­
tive Order No. 11051, as amended, are hereby revoked. 

SECTION 8. This order shall be effective as of 
July l, 1973. 

THE WHITE HOUSE 
June 27, 1973 

(signed) 
Richard Nixon 
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INTRODUCTION 

Transportation service is essential to our national livelihood 
:in peace and war. Foremost among the providers of highway service are 
the trucking firms, urban transit companies7 intercity bus lines, and 
taxi fleets, collectively referred to as highway transportation indus­
tries. 

This manual suggests procedures for the protection of these indus•~ 
tries against espionage, sabotage and enemy attack. It is designed to 
assist the owners and operat,ors of r,.ighway transportation services in 
determining what should be done in advance of a war emergency to pro~ 
tect their properties from damage and destruction. Steps to aid early 
restoration of damaged property are also indicated. 

Both fixed and mobile facilities are considered. :F:ixed facilities 
discussed include tenn.inals, garages, shops and storage yards as well 
as tracks, power systems, bridges and tunnels which may directly or 
indirectly affect one or more of the industries. Mobile facilities 
discussed include trucks, buses, trolley buses and automobiles which 
operate over highways, and streetcars which operate on rails. Pro•• 
cedures for the protection of subway and elevated rail services, being 
of a highly specialized nature, are not covered. 

The protection of highway transportation facilities is the subject 
of special consideration because of the nature of the industry and its 
fundamental difference from the conventional industrial facility or fac­
tory. Because the industry provides a service rather than a manufactured 
product, the hazards to which it is subject and the measures taken to 
overcome them are essentially different from those of a production factory" 
Some of the characteristics which make it different'are: 

- Fleets are not usually concentrated. They are dispersed 
both night and day. 

- There is never the concentration of machinery and 
products as exists in mass production plants. 

- However, vehicles parked together or in temporary 
storage represent valuable concentrations of 
industrial property. 

- Routes of the carriers, except street railways and 
trolley buses, are not fixed. If roads and streets 
are blocked, vehicles can detouro 

- There is seldom any large concentration of employees, 
except for meetings and special events. 
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- Concentration of persons in passenger terminals makes 
threat of panic a danger. 

- There are elements of danger in things moving not 
present in fixed facilities. Both passengers and 
loads in transit constitute special problems and 
obligations. 

- Conmrunications used in fleet dispatch are vitally 
important to the industry. 

- A great degree of reliance must be placed on employees 
who operate vehicles away from direct supervision. 

- If terminals~ garages, or shops are destroyed other 
substitute or makeshift locations can usually be found. 

- Both the fuels used and the products needed to maintain 
vehicles are often scarce and subject to restrictions 
in time of emergency. 

- 2 -
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PART I 

SECURITY FOR fITGHWAY TRANSPORTATION INDUSTRIES 

OUr remoteness from enercy countries in past wars saved us from 
the necessary of testing the preparations made for our local protection. 
Now we can no longer rely on geographical distance to protect us. American 
industry shouJ_d be keenly alert to the threat of a formidable and well­
organized enercy within and without our borders. The defense of the nation 
no longer consists of military action aloneo Today the continuation of 
full industrial production or service is an essential part of defenseo 

Transportation is one of the keystones on which the economy and 
productive ability of this country stand.~ Highway transportation services 
form a very substantial and vital part of the facilities employed in the 
nation's connnerce and businesso They provide the distribution system 
between railroad, waterway and air terminals and factories, homes and 
offices. They provide a transportation system which under many conditions 
is more efficient and less costly than any other mode of transportation. 
These services possess a high degree of flexibility and adaptabilityo 

The Time for Action is Now 

An aggressive enemy can bring war to our doors. Such an attack may 
come without warning. No part of this country is immune9 Transportation 
will be a prime target because its loss or disruption could mean the ruin 
of many dependent industries. 

Direct invasion of our shores can disrupt transportation and reduce 
industrial production, but the most probable acts of an enemy are espionage 
and sabotage or attack by aircraft or guided missiles. In any emergency 
the demands on highway transportation will be increased considerably. The 
industry must be able to meet this increase, even in the face of partial 
loss of their means to provide it. 

As countries can be at war without a declaration there is no way 
of defining the end of a 11 cold war" and the beginning of a "shooting warno 
Since it is not likely that any notice will be given as to when a 11 cold 
war11 may become 11hot 11 and include not only widespread acts of sabotage 
but actual enemy attacks, it is of prime importance that security plans 
for highway transportation industries be formulated in detail now, and 
that all employees who will be involved in these security measures fully 
understand their responsibilities so that no time will be lost when an 
emergency occurs. 

In an emergency, it is likely that highway transport will be called 

- 3 -
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upon to shoulder a disproportionate share of the burden of movins men and 
materials where they are needed most. The nature of the service provided 
by highway transportation-•-its versatility and dispersion--makes it 
particularly vital to the defense effort. These same characteristics 
tend to lessen its vulnerability; the normal dispersion of mobile equip­
ment is itself a form of securityo This does not, however, lessen the need 
for special protective measures. 

The risks are real, not speculative& The stakes are large. The pay­
off may be in terms().f°lives saved:i a business preserved, a war won. 

Responsibilities of Management 

Private management in highway transportation, as in other industries.:i 
is expected to provide the necessary protection of its properties and oper­
ations to supplement tho over,~all proter.::t.ion provided by Government., Manage•­
ment and its employees, therefore.!/ must play vital roles in the planning 
and operation of protection programs on their own properties, and., to a 
lesser degree, along their routes of travel. 

It is not economically feasible for highway transportation managements 
to maintain full facility protection measures in effect during periods of 
international tension., Under these circumstances, planning must be flexible 
enough to provide for the ini.~iation of protective measures by phases or 
degrees. Yet, when it appears that a f,~ll-scale war is imminent_, the full 
facilities protection plan applicable to highway transportation, in all it.s 
phases, should be placed into of.feet :immediately. Further, the effective­
ness of the program shouJ_d be reviewed often to determine what further 
measures are to be adoptedo 

Obviously, no method of protection can be est.ahlished that would be 
capable of preventing or overcoming the 13ffects of all disasters, any more 
than the best of safety programs can entirely eliminate accidents., But.~ 
with proper knowledge of protection principles.~ the highway transportation 
industries can apply some te.3hniques and procedures which will materially 
protect terminals, shops, vehicles, and personnel,.1 at reasonable cost, from 
many of the hazards both in paa~•c'l ,s.nd war. 

Perhaps the most :irnpo:rtant duty of the mmer or operator of a highway 
transportation service is the sslection of those properties which if damaged 
or destroyed would seriously curtail or stop services., Maintenance shops 
and garages will probably be high on the selected listo Te:nninals and offices 
may also be high on the list~ but the opportunity for fuJ.l protection may 
be limited. Management must evaluate the degree of compromise required be~ 
tween security needs and operating efficiency. Analysis may disclose that 
some facilities should be given the highest degree of protection because 
their loss would cripple operatio1\. other facilities may be graded lower 
and some may be left unprotected on the theory that the security interest 
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is so small that it may be assumed as a calculated risk. These are grave 
decisions to be based on the company's own interests and the necessity 
of the service to the public. All this will depend in large measure on 
the availability of time and the manpower, capital, and equipment which 
can be utilized to provide security while still meeting other necessary 
demands. 

Management should also study available substitutes to its services 
in order to allow continued transportation of people and freight in the 
event certain vital resources are lost, are in short supply, or made sub~ 
ject to allocation. Consideration must be given to alternate sources of 
fuel and power, communications and utilities, water, materials, replacement 
parts, vital tools, maintenance equipment and machinery, etc. and to alter•­
nate communications systems. Such analysis should disclose criteria for 
future utilization of mobile equipment and the location and design of termi­
nals. 

Many basic facilities such as the streets, roadways and bridges used 
are of a public nature and not of primary responsibility t.Q the individual 
fleet or transit operator. At the same time, the operator cannot neglect 
consideration of these facilities and the effect their loss or denial would 
have on his operation. 

In conjunction with the plan adopted by management for the protection 
of its facilities, close contact should be maintained with community civil 
defense groups, and the advice of responsible government authority should 
be sought when needed. Federal agencies concerned with the field of internal 
security are listed in U. s. Government Organization Manual and the Handbook 
of Emergency Defense Activities, which can be obtained from the U.S. 
Government Printing Office, Washington 25, D. c. 
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PART II 

HAZARDS TO HIGHWAY TRANSPORTATION INDUSTRIES 

Management must appraise the probability of damage to facilities from 
hazards inherent in service operation; and from espionage, sabotage and 
enemy military attacko It should visualize what might occur and provide 
appropriate sai'eguards against its occurrence. 

Hazards Inherent in Service Operation 

Protection is not confined to meeting the most hazardous situations .. 
Under a defense program, highway transportation is called upon to transport 
quantities of defense materials and to carry workers to and from defense 
facilities. With the increase in traffic volume, routine hazards are inten­
sifiedo Hazards peculiar to the highway and street railway industries in­
clude~ 

- Dam.age and loss of freight due to mishandling, pi.li'erage, 
theft, etc. 

- Traffic accidents resulting in injury or death to 
passengers, damage or destruction to vehicles and 
cargoes., 

- Shop mishaps incident to the maintenance, service, 
or repair of vehicles and equipment. 

- Loss of fuel and other operating supplies through 
contarn,jJ1ation, leakage, fire, etc. 

Possibility of panic and confusion in passenger terminals. 

- Loss of control through disruption of communication 
facilities used in fleet dispatch. 

- Disruption of street railways through loss of power, 
damage to bridges, tracks and switches. 

- Dangers incident to the transportation of explosives. 

- Operational del~ys and interruptions to schedules. 

In combating these expanding hazards a transportation company must em= 
ploy constant and increasing vigilance, and adjust its routine safety_j em­
ployee welfare and other programs accordingly. The importance of such pro­
grams cannot be overemphasized because they are the foundation for a broader 
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protection program. 

Guidance and information concerning hazards such as fire, accidents.1 

etc. can be obtained from underwriters, fire insurance companies, trade 
associations, and government agencies. 

Espionage 

Enemy action is often based on espionage. The information so col­
lected contributes to an evaluation of the nation's war potential and may 
be used by the enern;v in subversive activities and armed force attack. Free­
dom of speech makes espionage activities against us very fruitful. The 
highway transportation industries-, by their very nature, cannot conceal 
many phases of their operations. However, by the use of discretion, much 
that might be useful to an enemy can be kept from him. Since it is reasonable 
to assume that the opening of the next war may be by unheralded attacks upon 
our cities., with transportation installations as prime targets, it follows 
that an enemy is now and will be continuously endeavoring to obtain complete 
data on these facilities. 

Modern espionage is no longer of the "cloak and dagger11 type. Of far 
greater importance is the continuous and painstaking accumulation of de­
tailed information, which although developed piecemeal, finally fits together 
to complete a precise picture of, say., a transportation industry. 

Espionage agents specifically seek information such as the following~ 

- Route of operations. 

- Schedules. 

Location of major terminal facilities. 

- Layout of each facili"ty. 

- Number of vehicles owned and types. 

- Kinds of traffic or nature of freight carried. 

- Volume of traffic. 

- Operating habits and procedure. 

- Information on number and attitude of employees. 

- Anticipated shipments or movements. 

- Detailed information on terminals and shops, shop 
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equipment, loading or unloading docks, relay points, 
layover points, gassing points, dispatchers' offices. 

Location of offices and confidential files. 

- Measures in force for security, and to prevent sabotage. 

Espionage agents may be expected to use great ingenuity in obtaining 
information byz 

- Infiltration into the industry as drivers, mechanics, 
dispatchers, inspectors, or by other means. 

- Stealing waybil.ls and freight documents or information 
from records such as confidential letters, dispatchers• 
sheets, and from waste paper. 

- Hitching rides on vehicles and inducing drivers to 
11talk shop". 

- Listening to drivers' conversations at roadside stops 
or social gathering places of employees. 

- Reporting from personal observations and studies made 
of the company's operations and practices, trips, loads, 
etc. while riding as a passenger or :i.Jnpersonating traffic 
or other officials. 

- Using nfronts 11 such as conunercial concerns, travel 
agencies, import-export associations., insurance agencies, 
businessmen's groups and other organizations to obtain 
pertinent information. 

- Using threats, bribery, blackrnail, and other means of 
inducing employer or employee to expose various valuable 
information. 

In general., espionage may be rendered ineffective or made more dii'fi­
cult by the application of routine security measures and by the careful 
selection of employees. 

Sabotage 

Industrial sabotage is a method in which Communists have been well 
trained for years. Disruption of transportation is a key factor in effec­
tive sabotage. The results which may be accomplished by skilliul sabotage.,, 
and the existence of substantial groups within this country willing to 
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undertake such work make this hazard very great. 

Compared with the far-reaching consequences to the transportation in~ 
dustry, an act of sabotage involves only negligible expenditure by the 
enemy. It is realistic, therefore, to assume that military attack may be 
preceded by a series of well planned sabotage efforts aimed at. disrupting 
key transportation facilities. 

Further, the enemy may attempt to create fear psychology by widely 
separated acts of sabotage. Such fear can cause panic and result in traffic 
tie-ups, stampedes and confusion in terminals 7 loss of the use of vehicles 
and drivers caught up in the panic, and increased demands for passenger trans­
portationa 

Panic may be a far greater threat than any other weapon. The most 
successful defense against it is awareness and alertness on the part of 
everyone. Employees must be told what dangers threaten, how they may be 
recognized, what protective measures are available and what defenses should 
be utilized. 

The tools and methods of sabotage are limited only by the skill and in~ 
genuity of .the saboteur. The saboteur may or may not possess a. high degree 
of technical knowledge. Hence, the device or agent utilized for sabotage 
may range from the crude to the scientific. 

The highway transportation industries are well aware of inherent 
sabotage possibilities to their operations. A few examples of these are~-

- Mechanical damage t.o vehicles -- breakage, removal 
of parts, failure to lubricate, maintain or repairo 

- Tampering with vehicle safety devices such as lights;, 
brakes, mirrors so as to induce accident. 

- Placing distractions or false traffic control devices 
on roadwa_vs so as to mislead driver or cause accidents. 

•~· Deliberately induced traffic jams, bottlenecks and 
large•••scale traffic tie-u.pso 

- Placing obstructions on roadw~ys to damage tires and 
vehicles, delay or obstruct travel, or as part of 
planned highja~kingo 

- Blocking, jarmning or otherwise obstructing street 
railway tracks and switches. 

- Weakening or destroying bridges and tunnels so as to 
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cut or reduce roadway capacity and thus prevent or 
delay travel. 

- Contamination of fuel with chemicals so as to cause 
loss of power1 explosion, or damage to mechanical parts. 

- Slashing of t:i.l"es so as to weaken and render them 
useless and irrepairable. 

- Insertion of abrasives., sand and other foreign matter 
into shop equipment. 

- Destruction o.f vehicles, shops, fueling facilities.~ etc. 
by explosives, electrically activated bombs, time bombs.9 
etc. 

- Ordinary means of arson and use of incendiary devices 
in starting fires in shops, terminals, garages, ware­
houses, etc. 

- Interfering with or interrupting power, especially of 
electrically powered st,reet railways. 

Januning or cutting connnunications systems used in 
dispatch and fleet control., 

- Damage, pollution or destruction of goods in transit. 

- Theft of vehicles1 parts_, tools. 

- Fomentation of unwarranted strikes, jurisdictional 
disputes, boycotts~ unrest, personal animosities • 

.. Inducing inferior work.,, poor driving, causing 11slow 
down 11 of shop operations. 

•- Provocation of fear or work stoppage by false alarms, 
character assassinationo 

Mechanical sabotage of vehi.cles should be guarded against by designing 
and instituting procedures in routine maintenancG activities to detect a.nd 
overcome ite 

Frequent inspections of shop equipment" parts and t.ool.s, especially 
preoperation checks., will assist in the detection of sabotage effort before 
the damage is done. 

Whenever indications of possible sabotage are noted on a company's 
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routes, whether as misleading traffic control devices, weakened bridgesJ 
or other, they should be reported immediately to the proper authorities. 

The srune principle of reporting any suspicious or doubtful features 
where possible sabotage is indicated, applies to the company's own tenni­
nals, shops and other facilities. Personnel should be informed and alerted 
to these dangers at all times. 

Manpower sabotage by psychological means is extremely difficult to 
detect. One disloyal employee engaged in psychological sabotage may in­
fluence others to unwittingly engage in activities resulting in loss of 
t.ransportation serviceso 

The saboteur is not necessarily a foreign national or of foreign 
parentage. He may be a driver, a mechanic, a dispatcher, or even a member 
of managemento He may be anyone. His motives may be as varied as his per­
sonality. He may work for pay; for hatred; for sincere, though misguided, 
devotion to a cause; for revenge; to settle a real or imaginary grievance; 
or 1mder threat of blaclana.il. 

Psychological sabotage is essentially an inside job, and may require 
the assistance of someone insideo Hence, the principal protective measures 
must be designed to limit the entry or continued presence of saboteurs or 
their assistants. 

Enemy Attack 

When war begins, enemy attack on vital facilities can be expected. 
Obviously the responsibility for preventing or minimizing such attacks 
rests primarily with the Anned Forces. It is likely that the enemy may 
proceed along one or more of the following lines: 

- Air attack (Bombs or guided missiles) 

- Biological warfare 

- Chemical attacl{ 

Practically all street and highway transport facilities are suffi­
ciently dispersed so that they are unlikely to be selected as specific tar-­
get~:. for direct individual attack. Nevertheless, they are likely to be 
affected to some degree by attacks on other targets. Also, after an attack, 
it is highly probable that the load on highway transportation will be 
greatly increased due to the damage or destruction of the more vulnerable 
transportation modes~ 

The highway transportation industries of a stricken community are 
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almost certain to be called upon to perform such emergency tasks as evacu­
ation of casualties, delivery of relief supplies from outside, assistance 
in clearing of debris, etc. It is also highly likely that the fleet com­
munications systems, such as two-way radio, will be called into service. 
These emergency tasks may be in addition to nonnal services expected of 
highway transportation industries and necessary to sustain the community. 

Utmost cooperation with local civil defense authorities is most 
essential. 
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. PART III 

SELECTION OF VITAL HIGHl-IAY TRANSPORTATION FACILITIES 

Before adequate security measures can be takeµ it is necessary for high= 
way transportation management to evaluate its systems and facilities and 
select those most vital and in need of protectiono The protection afforded 
any particular facility depends on its critical importance and on its vulner­
abilityo 

A facility is considered critical if its loss would seriously impair 
the ability of the system to provide continuity of important service. A 
facility is considered vulnerable if it is particularly susceptible to damage 
or destruction by sabotage or enemy attack. A facility may be critical but 
not vulnerable; or it may be vulnerable but not critical. Facilities which 
are both highly critical and highly vulnerable should be given earliest con­
sideration in protection programs. 

In evaluating his own system, the individual fleet operatory manager of 
a transit firm, or highway official, should contact local civil defense 
authorities so as to determine his position in conununity security plans and 
the emergency service he may be called upon to performo He should make criti­
cality and vulnerability estimates of facilities such as key terminals and 
shops upon which the continuous operation of his service depends; fixed struc= 
tures such as bridges, tunnels and tracks whose destruction would necessitate 
substitute routes or service; power and connnunications systems without which 
his system could not be operated as an integrated net; short supply fuels 
and lubricants; the garages and parking areas where his equipment is stored 
or ma.intained? loading and unloading points for passengers or freight; and 
important interconnections with other lines. Often comparatively small 
items are vital and should not be neglected. 

In determining criticality the manager should consider the importance 
of the function provided by various facilities, and ask himseli--could I 
operate without it? If not, could it be easily and quickly restored or re-­
placed? 

In determining vulnerability he must consider the possibilities of both 
sabotage and enem,y attack. Since he will know more about his own system 
than any potential saboteur, he may, by placing himself in the position of 
the saboteur, best determine where and how the enemy might do him most hanno 
In detennining vulnerability from attack, as well as sabotage, he must con~ 
sider the possibilities of fire and explosi.on, and ask himself which facili·= 
ties are most susceptible to these hazardso 
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System Analysis 

An analysis of any highway transportation system, from the standpoint 
of determining its importance to the defense effort, should include con­
sideration of broad factors of which t,he fallowing are examples: 

Size and c~osition of fleet.--A system may be vital due to its 
large s:i.ze and then er of persons and vehicles employed. On the other 
hand, a small system, by the very nature of its operation, may be highly 
critical .. 

Type of carrier or vocational group served.--The criticality of 
the system may be directly related to the importance or criticality of the 
industry or activity it directly serves. The criticality of a carrier may 
depend on the large role it plays in the general defense effort. 

Area served.--A rural service may be less vuJ.nerable than an 
urban service; however, it is not necessarily less critical il it furnishes 
products essential to the health and welfare of the nation. 

Met,hod of o eration or substitute service for which ca able.--It 
is important to assure the continuation of sched ed services in time of 
disaster; however, if this becomes impossible, on-call services assume a 
high criticality as substitutes for scheduled services. 

Listing of Facilities 

To assure that every item within an industry is given consideration, 
it, is desirable to make· 1ists, first, of the facilities and equipment upon 
which operations depend; second, how easily each item might be damaged or 
destroyed., and what the effect might be. For example, a list of items on 
which highway transport depends, may include--but is not limited to--the 
following: 

Bridges and Trestles 

Tunnels, underpasses and defiles 

Streets and highways 

Tracks and switches 

Shops 

Garages 

Terminals 
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General offices 

Storage yards, carhouses and parking areas 

Vehicles and Equipment 

Parts 

Tools 

Fuel 

Power 

Corranunications 

Facilities Appraisal 

There a:re numerous considerations which should be kept in mind in de­
tem.ining the importance and vulnerability of various items on the list. 
For example: 

1~1at is the workload or capacity of the terminal, shop or 
storage area? 

Where are terminals and shops located in relation to the 
system as a whole? 

Does the size of vehicle parking areas allow for dispersal? 

Can shop or mobile equipment be easily damaged? 

How can equipment be quickly repaired or replaced? 

What is the degree of dependence on fixed ways, power9 comrnunica-• 
tions and other established facilities? 

What is the extent of limitations due to bottlenecks such as 
intersections, narrow lanes, bridges, tunnels, etc? 

What are the capacities and capabilities of vehicles for trans~ 
porting passengers or goods? 

Is the facility likely to be an obvious target for enemy attack? 
If not, is it close enough to an obvious target to be subject to probable 
damage or destruction? 

Can alternate routes be selected? 
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Can alternate or substitute servi~e~be provided? 

Who is responsible for appraisal and for initiating protective 
measures? 

The security effort cannot be spread over an entire route or systemc 
It must be localized at particular installE.tions in the system. For example, 
considering the first item on the list--bridges and trestles, if a company 
is operating a regular run using a bridge over a wide river, that bridge 
may be an important factor to the entire service, and its destruction may 
deprive an industrial area of the vital products delivered over ito Ifj 
however, there are several other bridges which could be used, the destruction 
of one might increase traffic congestion and delay, but the loss would be 
less seriouso 

Bridges can be damaged or destroyed by sabotage or aeria.1 attack. Due 
to the great weight which must be supported, they can be rendered unservice-• 
able by merely being weakened. If two bridges are close together they may 
be affected by the same raid and are therefore not suitable alternatesv On 
the other hand, if an alternate bridge is too far away, detour routing may 
be i.nipractical. Bridges can be replaced by ferries, or repaired, but either 
remedy may take considerable time. 

Shops and garages, where a conipany services, stores or maintains its 
equipment, are of particular importance in assuring continued operation of 
the industryo Machine tools, equipment and replacement parts are highly 
vulnerable to sabotageo The shop itself may be vulnerable to attack if 
located within a highly concentrated industrial area. Management must 8ive 
a high priority to protection of its shop facilities. 

Vehicles are major items of highway transport equipment and, therefore, 
are of major importance. The only substitutes are additional vehicles, which 
may not be easy to secure in ti.'1le of national emergency. Except when in 
terminals or storage yards, vehicles are generally dispersed and are, there­
fore, loss vulnerable to either aerial at·tack or widespread sabotage. Yet 
they may be easily and seriously damaged when concentrated without proper 
protection. The responsibility for reasonable protection in this case falls 
on the company officialsn 
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PART IV 

ORGANIZING FOR HIGHWAY TRANSPORTA'ITON SECURI'fY 

The protective organization for a highway transportation industry will 
depend upon the size of the fleet, criticality and vulnerability of the 
system, the number of personnel, and the cost which may be wisely assumedo 

Successful protection depends upon the interest and skill of those who 
devise and administer the program. It requires coordination between manage= 
ment and employees, and between the system and the community and governn1ent. 

The Security Director 

Most highway transportation industries, because of their layout and 
methods of operation, do not require an extensive organization for protection. 
Much of the protection is now being provided by the regu].ar supervisory force 
as a normal function. Nevertheless, the complexity of the problems clearly 
points to the necessity for delegating to one individual the responsibility 
for protective operations. In many companies this responsibility lies with 
the Safety Director, and might continue under him unless expanded security 
duties make separation of the functions desirable. Other titles which 
might be applied to the individual charged with supervision of the security 
program are Security Director or Defense Coordinator. Whatever his title, 
his general duties should be to direct, plan, organize and coordinate all 
safety~ security and defense activities. More specifically he should~ 

- Analyze the criticality and vulnerability of the system., 
both at terminals and along routes, to determine the ex-• 
tent of the hazards. 

- Analyze existing safety_, fire and other programs to deter­
mine the adequacy of these programs in the light of hazards 
involved~ Revise and expand these where necessary. 

Coordinat.e plans for alternate emergency routes and 
scheduleso 

- Determine where fuel, oil, parts and operating supplies 
may be obtained in event present sources are cut off. 

- Establish tentative agreements with other lines for ex­
changing, borrowing or lending equipment in event of emer,­
gency., 

- Make provision for service and repair of equipment in event 
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preaent facilities are damaged, destroyed or denied the 
company. 

- Select alternate locations for passenger ticketing, load~ 
ing and unloading points, parking and assembly areas, etc., 

- Plan and provide for an emergency dispatching center by 
which company business may be continued without interrup= 
tion in time of disaster. 

- Instruct key personnel such as department heads, shop 
superintendents, chief dispatchers, etc. in protective 
functions so they may organize and direct employees under 
them. 

~ Provide for training of employees, especially drivers and 
mechanics, to observe protective regulations and to underrn 
stand the reasons and purposes behind them. 

- Establish working relationships with cormnunity civil 
defense organization. 

- Direct emergency defense activities including fire fighting 
damage control, rescue, evacuation, medical aid services, 
and restoration of facilities. 

Even under an expanded protection program, use should be made of the 
existing service departments. Their normal functions should be interfered 
with as little as possible, but they should be guided in all security 
aspects by the Company Security Director or Defense Coordinator, who takes 
full charge if an emergency occurs. In a large company, delegation of 
authority for various phases of the protection program is necessary. In a 
small company, top officials may do most of the work. Nevertheless, every 
employee, down to and including every driver and mechanic, is important to 
the program. 

Protective Or~anization 

Whether a company provides for its protective organization through 
the appointment of one or number of persons, there are certain protective 
activities the system may be required to perform. The scope of these acti­
nties may include, fire, warden, health and welfare, utility repair, 
guards, etc. Many of these activities are available from outside sources 
and small companies may not deem it necessary to include their full scope 
within the functions of their protective setups. Even in larger companies, 
having elaborate protective organizations, each activity may have to draw 
on the resources of the connnunity for help. 
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In general, a civil defense protective system should be organized and 
trained to help prevent panic, extinguish fires, render first aid:i repair 
utilities, direct and assist personnel in event of calamityo 

The activities of those concerned with fire should be to direct 
measures necessary to detect fire hazards, guard against the occurrence of 
fire, and to fight fires when they do occur. They are responsible for the 
location~ refill, and instructions in the use of fire extinguishersj whether 
in vehicles, shops or terminalso 

The warden is concerned with safeguarding life and property in event 
of an enemy attack., This includes informing personnel of civil defense 
regulations, such as warning and shelter regulations" training personnel in 
sell-protection measures, directing people to shelters; preventing panic 
and performing emergency rescue. It may also include assistance to others, 
such as police and fire when the occasion demands. When wardens are ap-· 
pointed they should cover the general offices, the maintenance and shops and 
garage layouts and important tenninalso 

Those concerned with medical assistance may_, in emergency:i have to work 
against great oddso The scarcity of professional medical people~ present 
even under normal circumstances, will become more acute in an emergency. 
The medical staff of a large industry should be augmented by people trained 
in first aid, so as to be ready to meet major disasterso In small companies_. 
first aid teams should be set up under properly qualified medical superirisiono 
As a minimum, first aid personnel and equipment should be provided., 

Most highway transportation industries will require only small guard 
forces or :Ln many instances, no guard at allo Properly trained employees 
working in an area usually provide the required protectiono However, in 
large garage or storage yards where vehicles are left unattended for long 
periods 3 guards are often esscntiaJ_., Guards may also be requhed 1:,o a,".'.·• 
company vehicles carrying critical shipments. 

Utili.ties repair, to be effective, should provide for the repair o.f 
bui.lclings and utilities, restoration of damaged facilities and roads., and in 
a major disaster, should assist in demolition, deconta.mi.nationJ clearance 
and rescue activities. 

Duties and Responsibilities of Individual Employees 

Employees are in a favorable position to recognize and prevent sabotage., 
Their understanding and alert cooperation is the most effective single factor 
in the entire protection program. While management is primarily responsible 
for the safety of company property, employees have a vital and personal 
interest in protecting themselves .from injury, loss of life:i or loss o:f 
livelihood through the activities of subversives. 
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Supervisory personnel have an unportant responsibility 1or guarding 
against hazards, in alerting personnel to the dangers of hazards, and in 
training personnel in the methods to be employed in overcoming hazards 
when they occur. 

Dispatchers and clerks who handle most of a company 1 s records are in 
good positions to detect evidence of espionage and any sabotage effort 
directed at interfering with the company's schedules and movements. 

Drivers of vehicles, especially line haul drivers who must operate 
thoir equipment for long periods away from direct supervision, must be de­
pended upon to detect and report sabotage effort against the trucks or 
buses they operate and against facilities along their routes of travel. 

Shop personnel and mechanics have a dual responsibility for finding 
and taking action against sabotage efforts directed at both the company1 s 
mobile equipment in for servicing and repair and against machinery and 
tools within the shop. 
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PART V 

PROTECTIVE MEASURES FOR I:UGHWAY 

TRANSPORTATION SECURITY 

Protective measures include all actions employed to protect the per= 
sonnel, services, equipment., premises and ope:rations of highway t:ransporta~ 
tion systems. Accordingly, protective programs should be designed to re~ 
duce lost time and damage occasioned by wartime as well as ordinary hazards 
such as fire~ accident, and illness; to achieve security of inforrnation,to 
prevent sabotage, and reduction in service capability; and to permit quick 
restoration of service after an emergency or disaster. 

The discussion of protective measures is organized as follows~ Gener­
al security measures; personnel security measures; protection of fixed 
facilities; and protection of mobile facilities. 

Ao GENERAL SECURITY MEASURES 

General security measures applicable to the highway transportation 
industries provide a basis for planning and implementing over-all protective 
programso They should be applied in varying degrees depending on the local 
conditions applicable to the particular facility or situation. Excessive 
protective measures should be avoided. 

GeneraJ. Sa:fety 

The problem of safety -- prevention of accidents within garages, shopsj 
loading docks and terminals, as well as on the road -- must not be neglected. 

It has become cormnon practice in the larger units of highway transpor~ 
tation to employ trained safety directors. In times of emergency, when trans~ 
portation services are intensified, the safety problem becomes more acute. 
This means that the continuance of an adequate safety program should be a 
primary activity of each company,- and the program made the basis of expanded 
protective measures. 

Every fleet operator lmows what accidents on the road can cost him fu 
losses in equipment, personnel, freight, public good will and multiple losses 
of revenue. Because of this, driver incentive and training programs are 
geared to safety and skill in vehicle operation. 

Safety in the shop, garage or storage yard must not be overlooked. 
Many an accident takes place when a terminal driver or mechanic shuttles a 
vehicle about a yard or in a garage. There is not the same urgency to be 
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careful, experienced by a driver on the road. Yet yard accidents can be 
costly; and mishaps within shops can be just as damaging to a company 1 s 
tools and equipment as those on the road. 

City, State and Federal safety regulations usually establish rrurumum 
requirements. Operators should endeavor to surpass the minimum require­
ments and strive for extra protection. Safety in all its aspects is essen­
tial to the protection program. Aid can be obtained through the numerous 
safety agencies and the Chief of Safety Section, Bureau of Motor Carriers, 
Interstate Commerce Commission, Washington 25, D. c. 

Fire and Explosion 

Fire is the ,favorite tool of the saboteur, and a constant hazard in 
an industry which relies on flammable fuels for its operation. 

Most fires can be prevented through the elimination of fire causes. 
Protection against fires should include installation of suitable fire fight­
ing equipment and the organization of fire fighting forces. 

Fire prevention should cover vehicles as well as fixed facilities. 1 

Careful inspection of vehicles before they leave terminals or garages wlll 
insure that accessories such as fire extinguishers, axes if required, flares, 
etc. are in place. In buses the workability of emergency exits should be 
checked before departure. 

The prevention of fires in shops and garages, and especially where 
vehicles are stored)! is of paramount importance. Wooden floors are risks 
and tend to keep insurance rates up. Accumulations of waste -·" used fuels, 
cartons, rags, etco -- are hazards which should not be allowed to remain. 
The installation of automatic sprinkler systems and handy fire extinguishers 
is a good insurance against losso Sabotage of such devices should be guarded 
agai.J1st. 

lfuerever fire is a hazard, explosion is a possibility. This is es­
pecially true in closed areas where fuel vapors may accumulate, or wherever 
combustible materials are stored, loaded or unloaded, or transportedo The 
Interstate Commerce Commission specifies certain rules to be observed in the 
transportation of explosives by motor vehicle. 

Theft and Pilferage 

In t:im.es of emergency, when vehicles and the loads they carry may be•~ 
come irreplacable, ordinary insurance against theft and damage is insufficient 
to protect a company and the property for which it is responsible. 
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The danger of pilferage or loss of freight in transit is increased if 
a company's records and shipping documents are inadequate or poorly prepared 
and authenticated. Companies.should have procedures designed to place 
responsibility for its equipment and for goods in transit on specii'ic indi­
viduals. 

The greatest protective measure against theft and pilferage is to re­
move the opportunity for such acts, and establish procedures that will 
immediately detect theft ·or pilferage. 

Enemy Attack 

Measures to rni.nimize the effects of enemy attack are set forth by 
civil defense organizations. Facilities of the highway transportation in­
dustry may be a target for such attack or may be affected by an attack di-· 
rected at other targetse Measures for minimizing the effects of such attacks 
should be planned :irranediately. 

Passive defense measures such as camouf'lage and blackouts may be im­
posed. Certain important routes may be restricted or deniedo Personnel 
shelters may have to be provided in accordance with regulations of the civil 
defense authorityo 

Camouflage, which consists of protective coloring and concealment de~ 
signed to blend facilities and equipment with surrounding natural terrain, 
is a highly specialized subject which should not be undertaken except by 
direction of governmental authority. However, management may wish to con­
sider it when selecting the colors to be used on its vehicles and buildings. 

The question of jmposing blackouts or dim-outs will be decided by civil 
defense or military authorities. The immediate effect of such restrictions 
will be the slowing dowri of vehicle operations at night. Special lighting 
may have to be provided for vehicles, and drivers may have to be given 
special instructions for driving under such conditionso 

Restridions may be imposed on the use of certain routes. It is ex~ 
pected that the highway transportation industry, because of the importance 
of its service to the cormnunity, will be given a relatively high priority 
in the use of restricted routes. This will vary with the nature of the 
service provided& For example, companies performing emergency evacuation and 
relief will obviously be given higher priorj_ty for use of routes than those 
engaged in normal transportation activities. 

Some defense plans include measures for highway traffic regulation in 
which the highway transportation industry itself may be given some authority 
as to priority for its own movements. Local civil defense organizations 
should be contacted as to the degree of restriction to be imposed and the 
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amount of assistance expected of the local industry. 

Bomb shelters, especially at larger terminals, may be required. The 
utilization of existing basements, underground parking areas, etc. should 
be studied before consideration is given to new structures. This subject 
is discussed more fully under passenger terminals. 

Inspections and Reports 

Management should require frequent inspections of all vehicles, equip­
ment, and fixed facilities to assure itself of the su.fficiency of its 
security program. If the transportation service performed is of a highly 
important and critical nature, it may be necessary for authorized govern­
mental agencies to maJce a security inspectiono 

Suspicious actions or subversive information should be reported by 
employees to their supervisors, and if deemed of sufficient :i.mport.ance3 

it should be reported immediately to the nearest fieJ_d office of' the Federal 
. Bureau of Investigation. The nearest FBI office is listed on Page 1 of 

most telephone directories. 

Security check lists for the highway transportation industry are in-· 
eluded in the appendix. 

B. PERSONNEL SECURITY MEASUREs 

Personnel constitute the company's chief defense against many hazards. 
However, they themselves may cause hazards. They may engage in theft and 
pilferage, disrupt servlce through carelessness, cause accidents resulting 
in injury and damage to property, or engage in subversive activities and 
sabotage. However., if properly screened and selected they constitute one 
of the main elements of security protection. 

Screening Applicants 

Loyalty to one 1 s country is important in both peacetime and waro In 
a different sense or degree loyalty to one's firm is also importanto The 
Federal Bureau of Investigation is charged with the responsibility for in­
vestigation of disloyal and subversive persons on a national level, but it 
must not be assumed that the FBI will inform ma.nagement of subversives 
within a particular industry. 

In the highway transportation industry loyalty of operations and main­
tenance personnel must be ver-J high, because of the dependence placed on 
them., 
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The screening and investigation of applicants for employment should be 
assigned to a responsible management official and designed to get complete 
and reliable information. Statements of the applicant as to his qualifica­
tions should not be the deciding factor in employment. Former employers, 
friends and acquaintances should be contacted for verification of applicant's 
claims and the character of the applicant. References should be checked. 
Consideration should be given to accomplishing personnel investigation by 
arrangement with private investigation organizations. 

In reviewing the final application, check for discrepancies between 
various reports and for unfavorable information. Use fair, com.non sense 
judgment and analyze all relevant information in making a decision on the 
secUl"ity clearance. 

Employee-Management Cooperation 

The cooperation of employees is a requisite to any successful security 
program. An Employee-Management Committee can be of great help in all 
employment and personnel matters. 

Supervision and Training 

Effective cooperation of employees cannot be expected or securied with­
out education and training in the problems involved. Education in security 
should cover:-

- Accept.ance of the unpleasant fact that employees 
may be inconvenienced by the rules and regulations 
designed to trap or thwart subversives. 

- The dangers of talking business while on the road, 
in roadside eating places, and whenever away from 
the job. 

- The dangers of spreading important infonnation 
about the company:, especially about persons or 
goods to be transported. 

- The dangers of spreading unconfirmed rumors. 

- The detection and reporting of all evidences of 
sabotage whether in shops and terminals, or noted 
while on the road. 

Observance of suspicious characters and their 
actions and the detection of trespassers on company 
property. 
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- Avoidance of association with dubious characters 
everywhereo (Never pick up hitchhikers or other 
doubtful characters who may solicit rides.) 

~ Especially noting and reporting vehicle failures 
and accidentso 

•·· Familiarity with· tactics of saboteurs against 
the highway transportation industry. 

To be effective, educational work of this charact0r must be contin­
uous. Furthermore, it must be sufficiently appea1ing to capture the in~ 
terest of the employee. Experience indicates that the most effective form 
of education is the informal, on-the-job instruction conducted by the em­
ployee's immediate supervisor. Here it is possible to use actual, everyday 
examples to illustrate principles, thus fixing the problems and responsi­
bilities more firmly in the mind of the employee. 

C. PROTECTION OF FIXED FACILITIES AND T!IEIR OPERATIONS 

This section considers the protection of facilities normally located 
at a company 1 s terminals and those along routes which are essential to 
operation of the industry. For convenience, those operating procedures 
connected with a facility are discussed under that facility. 

The streets and highways themselves are important facilities upon 
which continuous fleet operations depend. And although the normal planning, 
upke~p and protection of these are done by goverrunent, their adequacy and 
condition cannot be overlooked by the industry. If routes are thought to 
be inadequate, dangerous, or in need of repair this should be brought to 
the attention of proper authorities~ Routes leading into and out of the 
terminals or facilities of a company may have to be provided for and main­
tained by the companyo These should be paved, provided with adequate drain­
age, properly m,.1rked and siGned with standard devices, and kept free of 
pot holes and obstructions. Insofar as possible dead-•end roads should be 
avoided or adequate turnarounds provided. Possible expansion of the com­
pany's activities in an emergency shouJ_d be considered in evaluating the 
adequacy of ingress and egress routes. 

Terminal Areas in General 

As used herein the terminal area is the entire area or areas compris­
ing a company's offices, freight loading docks, carhouses, garages, shops, 
fueling facilities and parking areas. 

Management of a trucking or transit firm should consider the extent 
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to which its terminals should be restricted to outside entry and made subject 
to internal restriction and control. The following basic security meas-
ures may be considered: 

- Fencing and other per:iJneter barriers. 

- A personnel identification and control system. 

- Guard protection. 

- Protective lighting. 

- Protective alarm systems. 

Fencing. In providing fencing or other barrier for a terminal area, 
location of main entrance and exit gates is a primary consideration. They 
should be planned with the view toward facilitating the flow of traffic 
through the terminal. Guard booths should afford a good view of both 
entrance and exit gates. Separate gates for employee entrance and for 
emergency use should be provided as required, but gates and doors should 
be limited to number necessary for efficient and safe operation. Employees• 
parking area nonnally should be outside the grounds of the tenninal area 
and may be separately fenced. Fences meeting the following specifications 
should be considered: 

- Be of chain link design of not larger than 2-inch 
square mesh of No. 9 gage or heavier wire with 
twisted and barbed selvage top and bottom. 

Eight feet high, topped with strands of barbed 
wire one foot high, making a total of nine feet. 

- Be built as straight as possible, drawn taut 
and securely fastened to ripid metal posts set 
in concrete with additional bracing,·as necessary: 
at corners ai1.d gates. 

- Be extended to withih two inches of firm ground., 
depending on the nature of the soil or reinforce­
ment available. 

If windows serve as barriers, they should be protected by securely 
fastened bars and grills. 

Access Control. The problem of admission of persons into a terminal 
area, or sub-areas within a terminal, requires some study to assure that 
the inspection is conducted rapidly and efficiently. Where the work shift 
is small the area can be controlled by personal recognition. Where the 
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area is large, a personnel identification system, such as "tamper proof" 
passes, badges, or other devices, is necessary. All perJ;onnol, inc1uding 
employees and visitors, should be required to show identification or 
pass at a check-in gate. 

Management should further consider establishing a definite system 
for the control and examination of suspicious parcels entering and leaving 
the terminal. Such control is desirable as a means of minimizing property 
loss, reducing theft and pilferage, o.nd preventing possible sabotage and 
espionageo 

Guards., Most transportation services will require only small guard 
forces or in many inst1nces no guard at all. Properly trained employees 
working in an area usually provide the required protection services. A 
gate guard during nonnal operational periods and a shop and yard watchman 
during periods of reduced activity are considered the normal requisiteso 

Lighting. Floodlighting a terminal area serves the dual purpose of 
protection and of facilitating night operations within the terminal. Ade­
quate protective lighting is needed most in areas where vehicles are 
stored, especially in outdoor storage areas whether or not areas are sur­
rounded by a fencee 

The determination as to the necessity for protective lighting depends 
on such considerations as: The military policy as to blackouts and diJn~ 
outs; the economies which may result from a reduction of the number of 
guards required; the advant:i.ges protective lighting affords in unguarded, 
isolated :facilities by providing for observation by law enforcement offi­
cials and the general public; and the availability of protective lighting 
materials~ 

Control of Li..ghting should be given every consideration. Lights 
should be installed in well protected and well guarded locations. 

Alarm Systemso If a cornmwuty air raid warning system is adequate, a 
company warning system may not be needed, but an alarm system may be re­
quired to guard against local sabotageo It is not likely that the terminal 
will require anything more elaborate than a local alarm system in which 
the protective circuits are connected to a visual and/or audible signal 
element which is located at or in the irrnnediate vicinity of the component 
of the terminal to which it applies and which is responded to by guard per­
sonnel or designated employees. 

Passenger Terminals 

Passen[jer terminals are necessarily open to the general public and 
during rush hours constitute a critical location due to the concentration 
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of people and vehicles. Normal safety features are of utmost importance 
here, and provision for emergency first aid, warning, bomb shelter, etc. 
may be found desirable. Most passenger terminals have facilities avail­
able for meeting routine emergencies, and planning for defense becomes 
a matter of evaluating the extent or degree of protective measures to which 
these facilities should be expanded or added to in event of major disaster. 

Access Routes. Many passenger terminals are so restricted as to 
access streets and maneuvering area for buses that selection of alternate 
routes or terminals is highly desirable in security planning. "Whatever 
decisions are made along these lines should be coordinated with local 
authorities. 

Bomb Shelters. Suitable shelter areas should be provided in the ter­
minal or in other areas near the terminal. In the utilization of existing 
structures as bomb shelters, the following should be considered:-

- The number of persons probably required to be sheltered. 

- Readily accessible entrances and exits. 

- Sanitary accommodations. 

- Heat 7 light, and water. 

- First aid equipment. 

The following risks should be avoided insofar as possible: 

- Excessive overhead loads of machinery or equipment. 

Presence of large water and gas mains, sewage 
systems, and steam pipes. 

- Nearby storage of flammable liquids. 

Offices and Related Facilities 

The terminal manager or other executive in charge should make sure 
·that in his absence a responsible person is left in charge to assume re= 
sponsibility in case of emergency. 

Important office files should be properly secured and loclced when 
not in use. If management possesses vital records which are difficult to 
replace, consideration should be given to the storing of duplicate copies 
or microfilm at other locations. Much of the information accumulated as 
to routes, schedules 7 etc. becomes public lmowledge. However_, special 
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moves, such as troop movements, movements of explosives and critical mater­
ials, and statistics concerning important military and industrial installa­
tions if classified must be guarded as such. Duplication of records 
should be confined only to the material needed to expedite the rehabilita­
tion of the operation. 

Other offices where company•s acco1.rnts and business activities are 
attended to should be restricted to authorized persons. 

Loitering in rest rooms or locker rooms should be prohibited. During 
emergencies lockers should be inspected frequently for packages, stolen 
or lost articles, evidences of sabotage, et.c. 

The dispatching office should be restricted to designated pen,onnel. 
Smooth operation of the dispatch office is essential to fleet control. 
The probability of increased work under emergency conditions should be con­
sidered in evaluating the adequacy of dispatch facilities. See also 
Communication Centers and Equipment below. 

Communication Centers and Equipment 

The communication center and allied communication equipment which is 
essential to the operation of the facility and control of the fleet should 
be adequately protected to prevent sabotage and tampering. The telephone 
exchange, the teletype, radio transmitter site and such other control cen­
ters as the dispatcher's office should be designated restricted areas. 

Corrrrnunications systems intended for the transmission of messages be­
tween departments within the facility or terminal, can be utilized advan­
tageously in a protection program. Public address systems are particular·ly 
useful and may be used in warning of :imminent danger. 

In general, the followinE communications system would provide ample 
coverage for a large ·l;ransportation installation: 

- At least two systems of communication wit.h outside 
sources, one of which should be radio with an 
independent emergency source of power. 

- At least two systems of communication within the 
facility covering all important fixed areas, of 
which one system should have an independent power 
SOUl'Ce. 

- A system of radio communication with and between 
all necessary motor patrols with each fixed and 
portable ground station provided with an independent 
emergency source of power. 
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Management should conduct frequent and regular inspections and tests 
of all communication equipment. 

Two-way fleet radio communications. Rapid progress has been made in 
the last few years in equipping highway transportation vehicles with two­
way radio communications. In addition, there is increasing use of radio 
receivers in urban streetcars and buses. These installations are valuable 
in emergencies and are highly important. They merit special measures of 
protection which are described in government and other publications. 

Centralized control room. As a center of its dispatch or commu.nica~ 
tions activity a company should use a strategically located and protected 
control center" 

If at all possible, the control room should be established in a shelter 
area, preferably below ground level, and it should be protected against 
sabotageo It should contain system and facility maps and charts so that 
damaged areas can be readily identified and marked. There should be an 
alternate location for an emergency control center to function in the event 
of serious damage to the regular control center. 

Freight Terminals 

Protective measures for truck freight terminals have been generally 
described under Terminal Areas. In addition, the degree to which freight 
is handled, held in transit, or stored will have an effect on protective 
programs, and if the accumulation is large, principles of good warehousing 
apply. 

Freight loadin$ docks. Freight loading docks should be provided with 
suitable fire fighting equipment. Materials handling equipment -- lift 
trucks, draglines, pallets, etc. -- should be kept in operating condition 
or removed from the dock. Freight should move freely across the dock and 
11hold11 items should never be allowed to accumulate in work lanes. Over~ 
short-and-damaged items should be stored in the basements or other pro= 
tected area. Electric and gas control and metering centers should be in 
an enclosed or restricted area. Stand-by power should be available and 
ready for emergency useo Dock personnel -- fork lift operators, checkers, 
strippers, etc .. should be previously cleared for trustworthiness and loiter­
ing should not be permitted., Evidence of pilferage should be reported im-~ 
mediately by persons finding ito 

Storage areas. Places where over-short-and-•damaged items, ref:riger~ 
ated cargo, or other goods are stored or held while awaiting further move­
ment should be accessible only to designated personnelo 
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Maintenance Shops and Facilities 

Personnel employed in maintenance shops should be thoroughly screened. 
The opportunity for sabotage is perhaps greatest in the shops. Not only 
are valuable tools and equipment within the shops subject to tampering 
and damage, but vehicles moving through the shops may suffer da~age which 
may not be noted until much later when out on runs. An antisabotage check 
of vehicles should be a standard part of inspection procedure, and no ve­
hicle should be released until a thorough investigation has been made if 
evidence of sabotage on it is noted. Mechanics should be held responsible 
for tools :1nd machinery they use. Accidents and mistakes resulting from 
carelessness can be as harmful as deliberate sabotage. 

' 

Grease rack, pit or mechanical lift. Fire fighting equipment should 
be accessible to this equipment. This is a fertile field for saboteurs 
and special precautions should be taken in inspecting and protecting lilt 
equipment. 

Preventive maintenance lines or stalls. Care should be taken that 
no one station or stall within the preventive maintenance system is allowed 
to delay movement of equipment through the line or shop. Evidence indi­
cating that such delays rr.ay be deliberate slowdowns is justification for 
prompt investigation. 

Replacement parts crib or storeroom. The crib should be fenced in 
and access to storeroom or crib should be limited to authorized personnel. 
A strict accounting of parts is necessary and used items likely to be in 
short supply should be retained for possible salvage. 

Paint Shop. The paint shop should preferably be of fireproof construc­
tion and detached from other faci1ities. Paints and spray equipment should 
be stored in fire-resistant closets when not in use. 

Tire shop. Tires are a favorite object of sabotage both for the 
ease wit,h which they may be dam.aged and the crippling effect their loss may 
have on vehicle operations. Tires should be checked carefully for unusual 
abuse or sabotage. Revulcanizing equipment should be checked often for 
condition and fitness. Tire storage areas should be especially protected 
against fire and other hazards. 

Vehicle Servicing and Fueling Facilities 

Water, fuel, and lubricants are highly susceptible to contamination. 
Sabotage efforts may be directed at them. Gasoline is always an important 
item. Arrangements should be made in advance with gasoline dealers for 
emergency fueling in case of disaster. 

Water tanks and pu.mps. Water supplies and equipment essential to the 
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operation of the facility should be afforded adequate protection to prevent 
curtai.J.ment, contamination, and damage. Insofar as feasible, the areas 
in which they are situated should be restricted. 

Gasoline tumpse Fuel pumps are usually vulnerable and to some extent 
critical. Eac pump should be locked except during periods of use. Out~ 
lets to gasoline storage tanks (underground) should be locked and tamper~ 
proofed. Portable auxiliary fuel pumps capable of manual operation or 
with self-contained power units should be available. 

Fuel storage.. Outside fuel tanks should be surrounded with appropri,~ 
ate baTriers to access and for the containment of fire. Special fire pro~ 
tection in the form of foam extinguishers and foam flooding devices are 
desirable for larger faciJities of this typeo 

Power and Utilities 

All buildings or rooms housing power7 heat or other utilities should 
be equipped and safeguarded in accordance with safety codes in effect. 
When unattended., utility rooms should be kept locked and the keys held by 
the plant maintenance supervisor, terminal manager or other designated per­
sono 

Outside areas containing power generating, transmission and conversion 
faci..lities should be fenced and only authorized personnel should be per­
mitted access thereto. Pole mounted switching equipment should be mounted 
as high as practicable and locked if enclosed. For more detailed informa­
tion relative to the measures for the protection of facilities in this 
category refer to the appropriate security manual on electric powero 

Portable auxiliary power units should be available for the operation 
of fue1 pm11ps, compressors;) etc .. in event of power failureo 

Ca.rhouses and Garages 

Buildings in which vehicles are P'.1-rked, stored or repaired -should9 

insofar as possible, be of fireproof construction and detached from other 
buildings and activities. Preferably they should be without basements 
and only one story higho When ·this is not practicable special fE?atures .... , 
building supports, fire escapes:, sprinkler systems, etc. u,~ have an added 
importance. 

At least two exits should be available. These exits should be at. 
opposite ends or sides of the building and should be so located that they 
are not habi-t.ually blocked by equipment or activities within th~ building. 
Erit doors not of the overhead or sliding type should open outward, and 
internal doors should open in the direction of flow of vehicles or equipment 
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through the facility. If electrically operated doors are used, an alternate 
means of operation should be provided. Ramps and passageways should be 
kept clear and ma.rked as to directions of low and exits. 

Vehicle Parking Areas 

Vehicle parking areas within the terminal facility should be segre­
gated according to types and uses made of the vehicles. Vehicles should 
be properly dispersed within the limits of the area, and should not be 
parked too close to buildings, stores, fences, etc. They should be so 
placed J.s to permit rapid remov2.J.. 1:Ihen practicable, employees and visitoro 
should be required to park their automobiles within designated areas out­
side the main terminal facility, 

Tracks, Switches and Overhead 

Urban transit industrios provide whatever protective mea5ures are 
possible for their tracks, switches and overhead as a routine part of their 
operations. Due to the high vulnerability of theGe facilities protection 
becomes a public matter and fullest cooperation of local 8x.thorities and 
the public should be solicited, especially in time of emergency. 

New Construction 

The dcfem;e measures which should be considered by management include 
those preca·~tions taken in comiection with the proposed construction, de­
sign, and layou·t of neu buildings which will afford protection to personnel 
and equip111c::1t against sabotage a.nd destructive forces such as blasts, frag­
mentation, radiation and other effect,5 of enemy air at,tack. The3e measures 
include dispersion, camouflage, person.."'iel shelters, underground construc­
tion and similar measures designed. to minimize casualties and damage to 
equipment. 

D. PROTECTIOM OF NOBILE FACILITIES 

This section considers the protection of a company's trucks, trailers, 
buses, streetcars, trolley coaches, automobiles and service vehicles, The 
normal dispersion of mobiJ.8 equipment in the operation of highway transpo­
tation industries is in itself a normal procedure as well as a practical 
security n:casure. Day and night service scatters many fleets, eliminates 
concentration, and reduces the danger of large•-scale destruction. 1•TI1ere 
there are concentrations a·t any ti.me which might contribute to the loss of 
a oubstantial portion of a fleet, efforts should be made to disperse the 
vehicles by the use of mor8 storage yards. Vehicles should be so parked 
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that, in case of fire or other damage to some, the others will not be im­
mobilized. 

Automotive Vehicles in General 

Before a motor vehicle is put into operation it should have a regular 
security inspection in which safety features of the vehicle and any evi­
dences of tampering or abuse are to be noted. Particular attention should 
be given to those features, which if not properly functioning, might lead 
to serious mishap or mechanical damage later, and to those features parti·­
cularly susceptible to sabotage: Wiring, fuel lines, carburetor, distribu­
tor, wheels and tires, lights and safety devices.? brakes, and emergency 
equipment. Major engine accessories should be checked for evidences of 
tampering or breakage. Fuel features should be observed for evidence of 
puncture or loose connections causing leakage. Engine oil and gasoline 
should be checked for possible contamination or drainage. Electrical features 
should be checked for evidences of cutting, shorting, or the attachment of 
sabotage devices. The cooling system should be checked for loose hoses~ 
puncture of radiator, etco Condition of tires and tightness of wheel lugs 
should be checked. Brakes and steering equipment should be in good working 
condition. Fire extinguishers should be filled with the proper ingredient 
and sealed. (If seal is broken it should be reinspect,ed for proper contents.) 
All emergency equipment should be in its proper place. Lights, mirrors and 
other safety features should be functioning properly. Proper security of 
the load should be assured before dispatch of the vehicle .. 

A vehicle security check list, which may be incorporated in a fleet's 
regular preventive maintenance check of equipment, is appended heretoo 
(See Appendix C.) 

Trucks, Truck Tractors and Trailers 

Protection of cargo hauling transport involves procedures for securing, 
checking, proper loading and skilled drivinge 

While it may be :unpractical for some fleets to place locks on gas 
tanks, cab doors, and hoods, it is usually desirable, as a minimumJ to pro­
vide locks on truck ignitions. Small fleets may find it practicable to 
provide fullest protection by a complete system of locks:1 and by strict 
accounting for vehicle keys. 

In all truck transportation proper loading and security of the load 
are essential. Drivers should be held responsible for the condition of 
loads in transit. If critical loads are carried it may be desirable to 
have the·vehicle accompanied by guards either riding in the vehicle or 
following.it in another vehicle. 
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_ ... -::L'S should be checked ~s to condition of br·akes, electrical and 
urake connections, fU'th whoel plate, and general condition of body prior 
to use. Body' seals should also be checked to see if load is secured 
and that seal is tntact .. 

Taxis, Limousines and "Drive Yourself11 Cars 

Automobiles require special attention in the matter of safety and 
com.fort of passengers, and security from theft and vandalism~ 

Taxis and limousines normally should not be left unattended during 
operating periods. When they have to be parked, even for short periods, 
they should be locked. 

The taxi driver can be of great benefit to his coturtry in detecting 
espionage activities. Suspicious acts of passengers or suspicious con­
versations overheard should be reported to the FBis 

The two-way radio and mobile dispatch systems of many taxi fleets 
may be especially useful in tiJlles of emergency and rnaJ often be called upon 
to assist in civil defense operations. 

Buses 

Passenger buses require special protective measures in regard to the 
hazards 1.nherent in transporting large groups of people at one time. 

Overloading of buses :is unaV'oidable in time of emergency. The de­
gree of overloading should be.. left to the operator, bearing in mind that 
safety is the primary consideration,, In no case should passengers be 
allowed to crowd the driver or obscure his vision. 

Drivers should be thoroughly trained in what to do in event of an 
air raid or other warning .. 

Streetcars and Trolley Buses 

Most of the protective measures prescribed for buses and other ve­
hicles are equally applicable to streetcars and trolley buses. Special meas­
ures necessary for the protection of streetcars and trolley buses evolve 
from the fact that these vehicles depend on fixed way facilities for their 
operation. 

Sabotage of tracks, switches, power lines, o.nd po .. rer sources are 
serious hazards to the urban transit industry and to the successful opera­
tion of its equipment. Frequent and careful inspections to prevent plugging 
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of switches and rails, and loosening of rail joints, etc. and prompt response 
to repair calls are essential protective measures. 

Power failure in time of disaster may necessitate the abandonment of 
these vehicles and the substitution of self-powered equipment. When loss of use 
of streetcars and buses would create a severe shortage of needed transit 
service, plans should be made for the use of vehicles of other firms. 

Service Vehicles 

A company's service vehicles should be kept in good operating condition 
at all times. They should be located in easily accessible positions for 
emergency use. Wreckers, fire fighting vehicles, sand spreaders, snow 
fighting equipment, and utility repair vehicles should be prepared for heavy 
emergency use in event of disaster. 
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PART VI 

RESTORATION OF HIGHWAY TRANSPOHTATION SERVICE 

In a large-scale enemy attack it must be anticipated that there will 
be substantial destruction and damage. In such an event the problems of 
restoring service will be complicated by such conditions as panic, road 
and street blocks, contaminated areas, extensive fires and lack of fuel 
and electric currento It is essential that plans be developed to cover 
such conditions. 

In the case of the street and highway transportation services the 
greatest need will be for vehicles and the persormel to operate them. An 
inventory of equipment, its location and its condition is of first impor­
tance. Finding enough operating personnel to :nan the vehicles is the next 
consideration. Alternate operating routes and alternate schedules should 
be ready in case the regular ones are blocked by fires, contamination and 
debris or their use is denied. Constant contact with civil defense offi­
cials will help determine the routes available. 

Provision should be made for the transfer of administrative and oper­
ating headquarters to alternate locations in case of the possibility of 
destruction of nonnal facilities. Such alternate headquarters should be 
carefully selected after due consideration of loading, unloading and oper­
ational and repair conditions. The risks of access routes being jannn.ed by 
refugees and m:i.litary movements should also be considered. 

To provide additional operating help, the past records of all employees 
should be reviewed to ascertain who has had driving experience. As far as 
practicable, nonoperating perr:cn,.nel should be trained in good operating 
practices so that the;y can assist in emergencies. 

Close cooperation should be maintained between similar highway trans­
portation industr:i.es in a locality or in nearby cities so that, in an emer­
gency, transfers of equipment, substitutions of service, or other arrange­
ments for mutual assistance and benefit may be made. 
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Company --------------- Appendix!, 

Security Status Report 

Transportation System or Facility Covered -----------------
Location Date ----------------- ---------

1. Organization for Fleet Protection 

2o Personnel Education and Loyalty 

3. Employee and Public Relations 

4. Restricted Areas Within Terminals 

5. Control of Access to Terminals 
and Shops 

60 Protection of Records and 
Shipping Docwnents 

7, Guard Service 

8. Fencing and other Anti-Personnel 
Barriers · 

9. Protective Lighting 

10. Protective Alarm System 

ll. Dispatch Center and Communica-
tions System 

12. Fire Protection 

13. Operational Safety Program 

J..4. Terminal and Shop Safety Program 

15. Vehicle Security Check 

16. Civil Defense Measures 

17. Alternate Schedules and Routes 

18. Plan for Restoration of Services 

Comments: 

~ortant: This report may be used 
or a system and/or any appropriate 

unit thereof. It should be completed 

Adequate Inadequate Not Applicable 

only after full consideration of the Report prepared by: 
corresponding s~gested items appear-
ing on the Security Check List for 
Street and Highway Transportation 
~st~s i 
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Appendix~ 

SECURITY CHECK LIST FOR 
STREET AND HrGHWAY TRANSPORTATION SYSTEMS 

l. ORGANIZATION FOR FLEET PROTECTION 

a. Have security objectives and policies been clearly defined? 

b. Have security plans and programs been adequately developed? 

c. Have appropriate delegations of security authority and responsibility 
been accomplished? 

d. Bas each security function been assigned to competent personnel? 

e. Have appropriate allocations of equipment, supplies, etc. been made? 

f. Has a workable and practical security organization structure been 
established? 

g. Have internal security procedures been developed and practiced? 

h. Have supervisory and control procedures been established? 

i. Have leadership and morale of employees been developed? 

jo Have all necessary protective measures to insure continuity of 
service been applied? 

k. Have provisions been made to test the security plan? 

2. PERSONNEL EDUCATION AND LOYAL~·.l 

a. Loyalty Determination~ 

(1) Are all applicants and employees investigated? 

(2) If not:, are all individuals investigated and cleared who have 
access to vital information and operations? 

(3) Is special attention given to a;Liens and foreign nationals? 

(4) Are fingerprints taken? 

b. Security Education, Information and Training: 

(1) Are employees instructed-in security methods? 

(2) Does the method employed provide periodic training? 

(3) Does the method used produce the desired results? 
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(4) Are employees instructed to report all suspicious acts or 

persons? 

3. EMPLOYEE AND PUBLIC RELATIONS 

a. Have measures been taken to enlist the support of employees and 
the public in security programs? 

b. Do employees have representation in the development of security 
programs? 

c., Are employee groups informed of the need for security and is their 
support requested? 

d. Have the appropriate local civil defense organizations, local 
police and fire departill3nts, and Federal and State regulatory 
agencies been contacted? 

e. Have measures been taken to enlist the support of these organizations? 

4. RESTRICTED AREAS WITHIN TERMINALS 

a. Have all vital areas, and areas which are particularly susceptible 
to sabotage, been restricted? 

b. Have protective measures been established with respect to restricted 
areas? 

5., CONTROL OF ACCESS TO TERMINALS AND SHOPS 

a. Does the access control system provide a means of identifying 
personnel who are authorized to have access? 

b. Does the system facilitate the control of admission and egress 
of personnel? 

c. Does the system provide a reasonably secure identification media 
and means for checld.ng entry? 

d. Does the system provide for a procedure for admission of non­
employees? 

e. Are controls applied to accowit for identification media on band 
and to recover identification media upon expiration or when no 
longer required? 

f o Do guards carefully compare indi victuals to their identification 
media? ' 

go Are visitors escorted? 

h. Is a visitor register maintained? 

iii 
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6. PROTECTION OF RECORDS AND SHIPPING TIOCUMENTS 

a. Are :important papers in suitably locked, fire-resistant containers? 

b. Have vital records been duplicated and safely stored? 

c. Do a limited number of people have access to records? 

d. Has a procedure been established for allowing access? 

7 o GUARD SERVICE 

a. Are restricted areas locked or guarded? 

bo Are all guards investigated? 

c .. Are guards trained? 

d. Are guards armed? 

e. Do they have uniforms or identification? 

f. Are guards properly supervised when on duty? 

g. Are the number of guard posts adequate to provide proper control 
at the access points: and at the same tirre give adequate coverage 
to the perimeter barrier? 

h. Is there a suitable communications system for the use of guards? 

i. Are guard posts located .:1•-.:: designed to provide maximum assistance 
to the guard? 

8. FENCING AND OTHER ANTI-PERSONNEL BARRIERS 

a. Is the vital area completely enclosed by a cyclone type fence or 
equal barrier? 

b. Has due consideration been given to emergency entrances and 
exits? 

co If there is a water or rail approach to the facility, is this 
approach properly protected? 

do Have both sides of the fence been cleared of underbrush, debris.9 
etc.? 

e. Are openings 9 such as windows, air ducts, sewers, tunnel entrances, 
properly barricaded? 
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9. PROTECTIVE LIGHTING 

a. Are vehicle storage yards and terminal aprons areas covered by 
protective lighting? 

b. Is the protective lighting arranged so as to light up all approaches 
to the facility? 

c. Are guard posts and vital areas located behind the light be run? 

a. Are there alternate sources of power for lighting? 

10. PROTECTIVE ALARM SYSTEM 

a. Is an adequate alarm system provided? 

b. Can guards quickly reach all areas after alarm is sounded? 

c. Are any important areas left uncovered? 

11. DISPATCH CENTER AND COMMUNICATIONS SYSTEM 

a. Does the communication system provide comprehensive coverage of 
the facility? 

b. Are there alternate means of communication?·. 

c. Is fleet communication system adequate for emergency fleet 
operations? 

d. Is the equipment tested periodical~ 

12. FIRE PROTECTION 

a. Are fire regulations provided and kept up to date? 

b. Is there an adequate program of housekeeping and fire prevention? 

c. Are periodic inspections made of fire-fighting equipment? 

d. Are employees properly trained in the use of fire-fighting 
equipment and in their duties in the event of fire? 

e. Have arrangements been made with the local fire department for 
help when needed';. in such:; cases where special arrangements are 
necessary? 
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139 OPERATIONAL SAFETY PROGRAM 

ao Are drivers and operational personnel adequately trained in 
traffic safety? 

b. Are programs of incentives and awards for drivers designed to 
reduce accidents and stimulate safe and skilled vehicle operation? 

14. TERMINAL AND SHOP SAFETY PROGRAM 

a. Ts an adequate safety organization established? 

b. Are employees represented on this organization? 

c. Is there an adequate safety education program? 

d. A.re protective equipment and clothing provided? 

e. Are first-aid and medical facilities provided? 

fe Are records evaluated to determine effectiveness of progrrun? 

g. Has advantage been taken of existing structure for providing 
protection against blast and radiation? 

h. Have buildings been surveyed by qualified engineers to determine 
best shelter areas? 

i. Are shelters atiay from danger of flying glass, heavy overhead 
weights and concentrations of steam or gas pipes or electric 
conduits? 

15. VElITCLE SECURITY GHECK 

a" Are adequate vehicle security checks included in regular maintenance 
and operating procedure? 

16 o EMPLOYEE PROTECTION 

a. Has one individual been placed in charge of the security program? 

bo Have groups been formed to provide necessary services, such as first­
ai.d3 fire-fighting, rescue, etc., in an emergency? 

c. Does the facility have an effective warning system 3 including 
arrangements to receive warning from local Civil Defense? 

d. Have shelter areas been designated? Are they clearly marked? 

e. Has liaison been established with the local Civil Defense organization? 
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f. Is there a well protected center for the control of emergency opera-

tions w.i..th:i.n the system or facility? 

g. Are air raid, and'fire dri,lls ;he'ld regularly? 

h. Have employees been trained in self-protection? 

i. Have employee groups been trained in their emergency duties? 

D. Have test exercises been held to test the effectiveness of the 
emergency organization? 

17. ALTERNATE SCHEDULES AND ROUTES 

a. Are alternate routes provided for in event of emergency? 

b. Are alternate schedules planned for in event present schedules 
become impracticable? 

c. Have these been coordinated with civil defense and other authorities? 

18. PLAN FOR RESTORATION OF SERVICES 

a. Organizing to meet Emergencies 

(1) Is there a general organization plan :for restoration of service? 

(2) Are alternates for key personnel designated? 

(3) Is there an adequate emergency communication system? 

(4) Is there an adequate emergency system for the transport of 
personnel -to required places? 

'(5) Have alternate headquarters for emergency operation been 
provided? 

(6) Is there provision for adequate liaison and coordination with 
associated agencies, including Civil Defense groups? 

(7) Have regular operating personnel been instructed in the exten­
sion of their normal duties required for protection against 
enemy action? 

(8) Has provision been made to reinforce nonnal operating personnel 
during emergency with employees of other departments? 

(9) Do arrangements exist for the utilization of personnel of other 
supply and related transportation organizations if required in 
an emergency? 
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(10) /a'e equipment and tools dispersed? 

(11) Have arrangenents been made for emergency procurerent from 
suppliers of parts? fuels? other supplies? 

(12) Are there arrangements for equipment and tools from other 
organizations? 

(13) Have essential records been duplicated and dispersed? 

(14) Is there provision for furnishing temporary living quarters 
for personnel if required? 

(15) Is there provision for medical a.id during the emergency? 

(16) Have emergency repair personnel been provided? 

(17) Is there adequate provision for gassing, lubrication and 
maintenance of transport? 

(18) Have alternate fuel supplies been provided? 

(19) Are alternate power supplies and interconnections 'With other 
systems provided? 

(20) Have provisions been made for transmitting emergency schedules 
and routes to the public? 

(21) Have cash credits been established in decentralized locations? 

(22) Does the plan provide for alerting and mobilizing personnel 
and equi.pment pron.pt.Ly and are all personnel properly instructed 
regardir:6 their duties when alerted? 

b. Testing t~~ 

(1) Has the plan been given reasonable test? 

c. Selective Restoration 

(1) Are key personnel indoctrinated in this principle? 

(2) Have all vital community facilities been made known to key 
personnel and lists·provided where required? 

(3) Have tentative priorities been determined among vital elements 
for restoration? 
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AUTOMOTIVE VEin:CLE SECURITY CHECK 

Vehicle Number Make ----- -------
Type of Vehicle ------------
GENERAL: 

Check under vehicle for gasoline, oil or 

Date -------

In§}Jection 
Check 

water leaks • • • • • • • • • • • • • . . . . . . . . . . . . 
Make general observation of outside of 

vehicle. Note evidences of damaged or 
stolen fixtures •••••••••• • • • • • • • • • • • • • 

Lift hood, note important engine com­
ponents for evidence of breakage •• . . . . . . . . . . . . . 

Note electrical connections, wiring, 
etc. for looseness, shorting or for 
attached devices •••••••••• . . . . . . . . . . . . . 

Note fuel lines, carburetor, fuel 
pumps, etc. for leakage, breakage, 
and cuts . • . • • • • • • • • • • • • • • • • • • • • • • • 

Check engine, oil and water• Watch 
for evidence of drainage or con­
tamination •••••••• • ••• • • • • • • • • • • • • • • • 

Enter cab and start engine, noting 
instruments •••••• • •••• • • • • • • • • • • • • • • • 

Check gauges, horn and switch on all 
lights, windshield wipers and so on . . . . . . . . . . . . . . 

Leave cab, check headlights, return and 
switch lights to other beam, and check. 

Check left front tire and wheel lugs. 
Note evidences of cuts or other abuse 

. . . . . . . . . . . . 

to tires, looseness of lugs and so on ••••••••••••• 

Observe front clearance lights, side 
marker::lights and relectors • • • • • • • • • • • • . . . . . . 

Check right front tire and whee1'1.lugs • • • • • • • • • • • 0 • • 
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GENERAL~ 

D R A F T 

Inspection 
Check 

Check springs,. body,; trailer connections 
(if applicable), load, doors, etc ••• . . . . . . . . . . . 

Check rear tires and wheel lugs • • • • • • • • • • • • • • • • 

Check tail lights, brake light, 
and note side and rear clearance 
lights or reflectors •••••••••••••••••••• 

Observe condition of gas tank. 
Check for evidences of puncture 
or damage ••••••• . . . . . . . . . . . . . . . . . 

Check emergency equipment (as 
applicable): 

Torches, lanterns ••••••••••••••••••••• 

Fuzees or flares ••••••••••••••••••••• 

Flags .. . . . . . . . . . . . . . .. . • • • • • • • 

Spare bulbs. . . . . . . . • • • • • • • • • • . . • • 

Fuses ••••• . . . . . . . . . . . . . . . . . . . . . . 
First-aid ldt. . . . . . • • • • • • • • • • • • . ... 
Axe, e O O O • • e e e • • • • 

Check fire extinguisher for contents 
unless sealed ••••••••••• 

When pulling out check instruments, 
brakes and steering •••••••• 

ADDITIONAL CHECKS FOR TRAILERS: 

• • • • • • • • • • • • • • 

. . . . . . . . . . . . . . 

. . . . . . . . . . . . . . 

Check airhose connections and 
electrical lines to trailers • • . . . . . . . . . . . . . . . 

Check coupling .. Note particularly 
fifth-wheel devices and evidences 
of jamming or loose connections •• 

X 

• • • • • • • • • • • • • • 
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ADDITIONAL CHECKS FOR TRAILERS: (Contd) 

Check landing gear and make sure it 
is in world.ng condition ••••• . . . . . . . . . . . . . . 

Check load. Assure that it i.s properly 
locked, sealed, or otherwise secured. 
Note evidence of theft or pilferage. • • • • • • • • • 6. • • 

ADDITIONAL CHECKS FOR BUSES AND TRANSIT VEHrCLES: 
InITT)e cti on 

Check 

Check emergency doors •••••••••• 

Check passenger packages. See that they 
are properly secured in racks or com-
partments • • • • • • • • • • • • • • • 

. . . . . . . . . . 

. . . . . . . . . . 

Employee's Signature ----------
nri v er ----------

Mechanic ----------· 
( /) (: Items which are satisfactory 

( X) ,. Items which are not satisfactory, 
and e:icplain defects 

xi 

PROPOSED DRAFT 



U.S.Deportmenl 
of Tronsportolion 

Federal Hignway 
Administration 

Highway Innovation Clearinghouse Study 

Prepared for the 
Federal Highway Administration 
Office of Technology Applications 

Prepared by the 
Highway Innovative Technology Evaluation Center, 
a service center of CERF 

February 1998 



Disclaimer 

This document is based on work supported by the Federal Highway Administration under 
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Any opinions, findings and conclusions or recommendation expressed in this publication are 
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the views of the Federal Highway Administralion. Moreover. the data and information presented 
are believed accurate and the analyses credible. 
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Executive Summary 

There is a growing consensus within the highway community for the need for an innovation 
clearinghouse which could provide more timely and efficient access to technology deployment 
programs within various state and national agencies. To address this need the Highway Innovative 
Technology Evaluation Center (HITEC) initiated discussions with a variety of organizations 
regarding the need to develop new databases and appropriate linkages with existing databases so that 
the highway community would have more effective access to information on activities such as 
HITEC, the AASHTO National Transportation Product Evaluation Program (NTPEP). FHWA 
Experimental Projects Program and Tabulation, and state product approval systems. 

Upon initiating this endeavor, HITEC invited individuals from major organizations who \Vere 
identified as key stakeholders in developing a highway innovation clearinghouse to participate on 
a Steering Team (see Acknowledgements). The Steering Team ultimately served to guide and direct 
the program from start through completion. 

One of the initial requests asked of the Steering Team was to identify and catalogue existing 
information resources from the public and private sector, and academia. Appendix A of this report. 
which was intended to be used as a "stand alone" reference document, contains a synthesis of these 
existing programs and resources. 

The Steering Team was also tasked with assessing the starns and usage of these existing systems. 
To do so, the Steering Team designed a survey that was sent to states and other key organizations 
having well-developed product evaluation programs and individuals within organiz.ations known to 
traditionally use data that could be contained in a clearinghouse. The findings of the survey are 
summarized in Chapter 3 of this report. 

It is important to note that the innovation clearinghouse envisaged in this study is not a physical 
center, but rather a virtual organization that utilizes a matrix approach to information management 
that will link existing community resources together. Although virtual, the innovation clearinghouse 
clearly recognizes the vital importance of the human interface throughout the system. 

Moreover, although the scope of the innovation clearinghouse was refined during the study, from 
its outset, the study focused primarily on a clearinghouse linking Federal, state, and local test 
and evaluation, technology transfer and technology deployment programs, including 
demonstration of new technologies, and proprietary product evaluations. 

The key findings identified by this study include: 

• Information resource providers support the need for a Highway Innovation Clearinghouse. 
• Information resource providers in the public sector want to coordinate and collaborate to 

enhance the use of their respective data collections. 
• Fragmentation of relevant information is pervasive. 
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• Technological solutions are available that will accommodate the needs of the clearinghouse 
concepts described in this document. 

• People are the critical links in a virtual clearinghouse. 

• The Internet was identified as the most viable vehicle for access. 

• The state OOTs were seen to be the agencies that would receive the highest benefit from the 
implementation of a Clearinghouse. 

Strategic Action Plan 

The Steering Team recommends that the following strategic actions be taken: 

• Continue to work on a Highway Innovation Clearinghouse. The tendency to delay to await 
enhanced technological tools or to "over plan" will only delay the outcome. It will not 
significantly enhance the quality. 

• Strongly encourage FHWA, AASHTO. and TRB to jointly lead the task of developing a 
national consensus. 

• Encourage the FHW A, consistent with its commitment to national technology deployment. to 
take the lead in promoting participant buy-in to the clearinghouse. 

• Conduct pilot projects to demonstrate benefits and to test various technological solutions. 

• Integrate follow-on Highway Innovation Clearinghouse work directly with other FHWA 
clearinghouse efforts. 

• Enlist state participation in a Clearinghouse. 
• Consider instituting some national policy to encourage participation. 

• Develop a comprehensive marketing plan and commit substantial effort to marketing the 
concept of and benefits anticipated from a Clearinghouse. 

• Identify a set of minimal data elements necessary to link all major programs together. 

As defined in this study, this clearinghouse would focus on linking federal, state, and local test 
and evaluation, technology transfer and technology deployment programs. This would include 
demonstrations of new technologies and proprietary product evaluations. Technological solutions 
are now available, the public sector highway community desires to enhance its coordination and 
collaboration. and the specific user community has expressed a genuine need for such a tool. 

This report encourages continued action to turn the Highway Innovation Clearinghouse concept 
into a practical and beneficial tool. The Steering Team looks forward to the implementation of a 
Highway Innovation Clearinghouse, bringing the highway community enhanced opportunities 
for enhanced quality of information that is received in an efficient and effective manner. Clearly, 
a Highway Innovation Clearinghouse is anticipated to reduce duplication of effort, increase the 
productivity of highway agencies, and allow more timely adoption of innovations in increasing 
numbers to enhance our nation's highway system. 
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CHAPTER 1 INTRODUCTION AND SCOPE OF STUDY 

1.1 Introduction 

There is a growing consensus within the highway community for the need for an innovation 
clearinghouse which could provide more timely and efficient access to technology deployment 
programs within various state and national agencies. This is consistent with the findings and 
recommendations contained in a variety of reports from organizations such as the Transportation 
Research Board (TRB) Task Force on Highway Research in Industry, the TRB Committee of 
Approaches for Increasing Private Sector Involvement in the Highway Innovation Process, the TRB 
Committee on Conduct of Research, and the TRB Task Force on Measuring Technology Transfer 
Effectiveness. It is also consistent with a variety of activities underway throughout the highway 
community to more effectively utilize state of the art information systems technologies, most notably 
projects underway at the American Association of State Highway and Transportation Officials 
(AASHTO), the Federal Highway Administration (FHWA) and TRB. 

Similarly, the international community. through such organizations as the World Road Congress 
(PIARC) and FHWA's involvement in its technical committees, has emphasized the need for more 
ready access to information on technology deployment in the U.S. 

The origins for this study can be specifically traced to the Highway Innovative Technology 
Evaluation Center (HITEC) staff discussions with a variety of organizations regarding the need to 
develop new databases and appropriate linkages with existing databases so that the highway 
community would have more effective access to information on activities such as HITEC, the 
AASHTO National Transportation Product Evaluation Program (NTPEP), FHWA Experimental 
Projects Program and Tabulation, and state product approval systems. 

To initiate the process, HITEC staff helped organize an "ad-hoc coordinating committee" that 
included key officials from FHWA, TRB, and AASHTO. This committee was established to foster 
coordination among the various national technology development, testing, evaluation, and 
deployment programs and to strengthen the working relationship between FHW A, TRB, AASHTO, 
and the Civil Engineering Research Foundation (CERF)/HITEC. An initial work product of the 
Comrninee was the "Highway Technology Research & Technology and Test & Evaluation 
Programs: An Overview report, which provided a summary of the major programs in existence. 

From these discussions, HITEC recognized a need to more effectively coordinate ongoing activities 
at the Federal, state, and local levels and a desire on FHWA's part to enhance the technology transfer 
between the various highway agencies and other organizations, while taking full advantage of state 
of the art information systems and communications technology. 
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In light of the above. this study was designed to support FHW A and the state and local highway 
community by facilitating the development of a framework for a national clearinghouse on highway 
innovation. 

1.2 Scope of Study 

This study involved a series of planning activities designed to develop a framework and specific 
recommendations, which would hopefully lead to a national clearinghouse for highway innovation. 
The primary focus of these activities was to plan a clearinghouse that would more effectively 
coordinate the various information resources available in the highway community to increase 
efficiency and avoid duplication. Such a clearinghouse would also be designed to make this 
information more readily accessible to many users throughout the diverse highway community. 

Thus, the innovation clearinghouse envisaged in this study is not a physical center, but rather a 
virtual organization that utilizes a matrix approach to information management that will link existing 
community resources together. Although virtual. the innovation clearinghouse clearly recognizes the 
vital importance of the human interface throughout the system. 

Although the scope of the innovation clearinghouse was refined during the study, from its 
outset, the study focused primarily on a clearinghouse linking Federal, state., and local test and 
evaluation, technology transfer and technology deployment programs, including 
demonstration of new technologies, and proprietary product evaluations. In that context. the 
innovation clearinghouse examined in this study would not specifically include information on 
research programs, such as those data currently contained in the Transportation Research 
Information System (TRIS) or the AASHTO Research Advisory Committee (RAC) Research-in­
Progress database. However, given the scope and wealth of infonnation contained in various 
research programs, it was recognized that in order for any innovation clearinghouse to be accepted 
by the highway community. it would eventually need to be expanded to provide explicit links to 
those programs. Similarly, although the scope of this study focused on the U.S. highway community, 
it was recognized that the innovation clearinghouse would have application to and need to be 
explicitly linked to various international systems. 

1.3 Study Process and Conduct 

Throughout the study, HITEC served as a facilitator to bring the highway community together to 
identify needs, resources, and an implementation strategy that would build, wherever possible, on 
existing activities and resources. As described below, the study involved six specific tasks. 

1.3.1 Task 1 - Steering Team 

The major organizations that would be key stakeholders in an innovation clearinghouse were invited 
to participate in a Steering Team. This Steering Team served to guide and direct the study and 
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provide linkage to databases and information. which could be key elements in the clearinghouse. 
HITEC facilitated three meetings of the Steering Team and supported other activities as required to 
encourage buy-in and participation from the highway community. 

Steering Team members were selected in coordination with AASHTO. FHWA and TRB from the 
following organizations: the AASHTO Special Products Evaluation List (SPEL) Council. FHWA, 
relevant TRB and AASHTO Committees, the NTPEP Oversight Committee, the Local Technical 
Assistance Program (L TAP), representative state DOTs, and highway associations. 

Barbara T. Harder, with B. T. Harder, Inc, served as a consultant on the study. 

1.3.2 Task 2 - Identification of Resources 

The objective of this task was to identify existing programs and to categorize the types of products 
that they provide (for example, current technologies under evaluation, the implementation status of 
the Strategic Highway Research Program (SHRP) technologies, or current and planned 
demonstrations) in terms of type of information and current method of access. In coordination with 
the Steering Team, HITEC attempted to identify and catalogue the following information: 

• existing state and local product test, evaluation, and approval programs and associated databases; 

• existing AASHTO, TRB/SHRP, FHWA, HITEC, and other national test and evaluation. 
technology transfer and deployment programs, and associated databases from those programs; 

• existing private sector product test, evaluation and approval data, as applicable (not-for-profit 
organizations, trade associations, industry sponsored institute data, and others): and 

• the status-extent of electronic format---of the databases. 

To the extent practical, this study was coordinated with other ongoing clearinghouse activities such 
as the NCHRP 20-7 Task 82 "Enhancement for SPEL" study, the Washington State DOT World 
Wide Web (web) site's SHRP Implementation database, as well as the ongoing FHWA efforts to Re­
engineer its Experimental Projects Program and Tabulation, study the Value of Information, and 
develop a Technology Resource Center (clearinghouse) within the Office of Technology 
Applications. 

HITEC relied heavily on input from the Steering Team for this portion of the study. Efforts were 
supplemented, to the extent possible, by data collected from the Product Evaluation Information 
Survey conducted in conjunction with the NCHRP 20-7 Task 82, ''Enhancement for SPEL" study. 
Information was received via e•mail or letter requests to, and followed by telephone interviewing 
of, database sponsors and users, and other research and technology professionals as required. 

The Steering Team reviewed and commented upon the interim report documenting the findings from 
this task. The report included results of Task 2, as well as plans for Task 3, including a proposed 
survey instrument and target audience. The Steering Team recommendations were integrated into 
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the final survey in Task 3 and into subsequent tasks of the project. The material contained in the 
interim report, with any changes recommended by the Steering Team, was incorporated into Chapter 
2 of this final report. 

1.3.3 Task 3 - Characterizing the User Needs and Capabilities 

HITEC undertook a study of potential clearinghouse participants primarily from the public sector 
user community and secondarily from private sector nonprofit organizations and key trade 
associations. Representative participants were selected from a·lengthy list of organiz.ations identified 
in Task 2. The participants selected included a sufficiently robust cross-section of state DOTs and 
other organizations that enabled the development of a detailed survey mailing list as weU as 
production of a description of the profiles of potential users. In this context, the term "users" 
connotes both members of the community who are developing information as well as those who 
access current systems. The following were developed: 

• a detailed listing of user categories/types and user identity profiles within typical state DOT and 
other applicable organizations; 

• a summary of the "state-of-use" of information maintained in the programs identified in Task 2 
(how used-under what conditions, how much. how often ... ); and 

• an assessment, including an importance ranking, by current users of the need for access to the 
identified program inforrna ti on/databases. 

A 7-page survey instrument was mailed to a cross section of the highway community. To increase 
the response rate, HITEC produced hard copies and electronic announcements addressing the 
conduct of the survey. The Steering T earn was an important instrument in assisting with the targeted 
distribution of the announcements, both by mail and electronically, through their respective 
organizations' information technology resources. The mail survey was supplemented with fol low-on 
telephone inquires to the respondents and other users, as well as information received from the 
Steering T earn. 

The survey was not designed to provide a statistically valid sample of al I members of the highway 
community, however, it was meant to be representative. It was specifically targeted to primary users 
of applicable data-particularly states having well-developed product evaluation programs and 
individuals within organizations holding positions known to traditionally use data that could be 
contained in an innovation clearinghouse. 

A synthesis of the survey findings was prepared and presented to the Steering Team. The Steering 
Team reviewed and commented on this interim report. The Steering Team's recommendations were 
integrated into the conduct of subsequent tasks of the project. The material contained in the interim 
report, with any changes recommended by the Steering Team, was incorporated into Chapter 3 of 
this final report. 
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1.3.4 Task 4 - Clearinghouse Framework 

Building on Tasks 2 and 3, a proposed framework (architecture) for a national clearinghouse for 
highway innovation was developed. This proposed framework contained the following: 

• a listing of databases/clearinghouse modules which would be essential components in the 
clearinghouse as dictated by the needs of the user community and the availability of such 
resources; 

• identification of missing elements in the framework--gapsin information which the community 
needs, as well as other missing elements; 

• recommended linkages between these modules, building on those which already exist or which 
are currently under development. and recommendations on the types of information which would 
be transmitted through them; and 

• requisite information system technologies, including intelligent decision support systems tools 
to create a value-added experience for users. 

(See Chapter 4 of this report.) 

1.3.5 Task 5 - Implementation Strategies 

Various mechanisms to implement the clearinghouse were explored during the course of the study. 
Based on interest expressed by FHW A, HITEC specifically explored the Internet as an appropriate 
vehicle. Expert advice was sought to develop a preliminary management plan for the steps necessary 
to develop the linkages between various modules of the proposed clearinghouse and a public 
interface. The Steering Team considered implementation issues (barriers and boosters). quality of 
data. system maintenance requirements and mechanisms. and ultimately formulated specific 
recommendations to FHW A for an innovation clearinghouse that would best meet the needs of the 
highway community. 

The objective of this task was to develop a strategic action plan outlining the required steps to 
implement the framework for the clearinghouse. 

1.3.6 Task 6 - Reports 

In addition to the interim reports provided in the earlier tasks, HITEC prepared two interim draft 
reports for consideration by the Steering Team, which each successive draft reflecting comments. 
input and direction received from the Steering Team. The second full report was discussed at length 
during a full Steering Team meeting. 

Finally, once the Steering Team reached a consensus. HITEC prepared and published this final 
report for distribution to the highway community. 
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1.4 Selected General Definitions 

In undertaking this study. HITEC and the Steering Team recognized that one of the inherent 
difficulties in scoping the effort was the lack of uniformity of definitions used throughout the 
community. Furthermore, it recognized that in actually developing and ultimately implementing a 
meaningful framework for a clearinghouse the community would probably need to develop such a 
consensus for key terms and definitions. In that context and illustrated in Figure I. the following 
definitions were applied throughout the study and are used throughout this report. 

Research 
Taatlng & 
Evaluation Deployment-----•~ 

Development 

-----------Implementation----•~ 

---------Technology Transfer----•~ 

Figure 1 Definitions 

• Research: a systematic controlled inquiry into a subject in order to discover or revise facts. 
usually containing analytical and experimental efforts to increase the understanding of causative 
relationships necessary for meeting defined needs. 

In genewl research can be basic or applied: 

• Basic research involves the study of phenomena whose specific application has not 
been identified; the primary purpose of this kind of research is to increase 
knowledge. 

• Applied research involves the study of phenomena relating to a specific, known need 
in connection with the functional characteristics of a system; the primary purpose of 
this kind of research is to answer a question or solve a problem (FHW A, p. 1-7). 

• Development: adaptation, modification, and testing of an idea, process, or product for practical 
use under field conditions. Development is a continuation of the research process and is 
conducted to verify expected performance and improve the utility of the research result (Harder 
and Newlon, p. F-3). 

• Testing & Evaluation: a systematic process of critical assessment to determine the 
characteristics, quality, or viability of a technology, followed by analysis of in-service 
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demonstrations to measure performance against established criteria. The process utilizes 
unbiased methods to produce information upon which an informed decision can be made. 

• Implementation: that part of the technology transfer process concerned directly with the 
mechanisms of putting specific sets of research findings into practical use. The full 
implementation process includes the development or revisions of policies, plans, specifications, 
standards, and so on, which must occur before nev.: knowledge can be incorporated into practice 
(Burke, p. 21). 

• Deployment: systematic or strategic distribution of implementation-ready products or new 
technologies, causing such innovations to be put into use in the field. 

• Technology Transfer: activities that lead to the adoption, adaptation, or demonstration of a new 
technique or product by users. Technology transfer includes dissemination and other factors that 
lead to the eventual use of the innovation (Hodgkins. p.3). 

Alternative definition from an earlier work based on the FHW A definition of Technology Transfer. 

• Technology Transfer. the process by which existing research knowledge and new technology are 
transferred into useful processes, products, and programs. Use of the term implies the application 
of a conscious and positive effort to promote and accelerate the practical use of research 
knowledge and new technology (Burke. p. 21 ). 
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CHAPTER 2 INFORMATION AND OTHER AVAILABLE RESOURCES 

A major objective of the study focused on identifying and examining the various information 
resources found within the highway community. The scope of the study detailed the following areas 
in which information resources were known to exist: 

• state and local product test. evaluation, and approval programs and associated databases; 

• AASHTO. TRB/SHRP, FHWA. HJTEC. and other national test and evaluation. technology 
transfer and deployment programs. and associated databases from those programs; and 

• private sector product test, evaluation and approval data. as applicable (compiled by not-for­
profit organizations. trade associations, industry sponsored institute data, and others). 

As the information resources were examined, the extent of the use of electronic formats was a 
primary area for review. 

This chapter includes the identification of the various programs and activities that constitute the 
majority of information resources within the highway community. Following this discussion is a 
synthesis that describes a number of the broad characteristics of the information resources identified. 
The chapter then describes related activities and issues and concludes with a short summary of 
observations gained from the examination of the many resources available for a Highway Innovation 
CI earinghouse. 

2.1 Identification of Programs and Activities 

Information resources for this study are considered as being collections of highway information or 
data that are publicly available or that are circulated within and among transportation agencies. The 
format of and accessibility to the information varies substantially. Information may be contained in 
printed documents or electronically searchable databases; it may be accessible only through inter­
agency distribution or via the Internet by a worldwide community. 

At its initial meeting the Steering Team identified programs and activities having a history of 
supplying information to the highway community. The Steering Team's review concentrated on data 
sources from programs dealing with testing and evaluation, and then focused on technology transfer 
and deployment 
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2.1.J Testing and Evaluation Programs 

The broadly defined information resources identified for testing and evaluation were as follows: 

• Highway Innovative Technology Evaluation Center (HITEC) 

• National Transportation Product Evaluation Program (NTPEP) 

• Individual State Product Evaluation Programs 

• Special Products Evaluation List (SPEL) (or its successor program) 

• Ideas Deserving Exploratory Analysis (IDEA) Programs 

• Federal Highway Administration Programs/Activities 

• Experimental Projects Program 

• Demonstration Program 

• Testing & Evaluation Projects (T &E) 

• Local Technical Assistance Program (L TAP) 

• Strategic Highway Research Program (SHRP) Implementation 

2.1.2 Teclrnology Transfer and Deployment klecl,anisms 

To further view the breadth of the available information resources, the Steering Team expanded the 
focus of its preliminary review to more carefully consider technology transfer and deployment 
mechanisms. This broadening exercise was an important addition to the Steering Team's examination 
of information resources. There is often a mission/objectives overlap among the various types of 
activities. For example testing and evaluation may also have some components of technology 
transfer in the efforts to further implement new products. Considering this potential overlap, the 
following programs or activities were put forth as potential candidates for a more detailed review. 

• FHWA 
• Office of Technology Applications and its web site, TECHNET 

• Priority Technology Program (PTP) 

• Tumer•Fairbank Highway Research Center and its web site 

t LT AP Clearinghouse and LT AP T2 Centers 

• Border Technology Exchange Program 

• Federal Lands Technology Transfer 

• Industry groups, trade associations 

• National Cooperative Highway Research Program (NCHRP) Syntheses 

• National Work Zone Safety Information Clearinghouse 

• Northwestern Infrastructure Clearinghouse 

• PC Trans software databases and publications 

• State DOT newsletters, bulletins 
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• Transportation Conferences 

• PA CRIM Expo 

• Transportation Research Board Annual Meeting 

• ITS America Annual Meeting 

• Transportation libraries. industry. federaL state, academic 

• Texas Transportation Institute (TTI) Clearinghouse Projects 

• National Quality Initiative 

• Metrication 

• SPEL 

• Geo textile T &E Center 

• University Transportation Centers 

• Vehicle Detection Clearinghouse 

• World Interchange Network 

• World Bank programs 

2.1.3 Databases and Other Information Collections 

In addition to identifying these information resources. the Steering Team further described databases 
or information known to exist within these programs or activities. Many of the programs, such as 
LTAP, Institute of Transportation Engineers (ITE), SHRP, and ITS America. have established 
clearinghouses. The following programs/databases show an array of information resources 
commonly available. 

• SHRP Implementation 

+ FHWA produced FOCUS newsletter 

• Evaluation and implementation data 

• SHRP database 

• Washington State DOT web site 

• Product deployment data 

• Regional Centers, Lead States Organizational Framework 

• LT AP Clearinghouse 

• Training resources database 

• Publications in searchable form (CD-ROM) 

• Newsletters (CD-ROM) 

• List serve, chat room, e-mail 
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• ITE Clearinghouse 
• ITE publications 

• Information resources for traffic and transportation engineering 

• TS America Clearinghouse 

• ITS America publications 

• Individual State Product Evaluation Programs 

• Washington State DOT web site induding in addition to SHRP related information. 
AASHTO RAC Research-in-Progress database, and testing and evaluation information 
resources and databases 

• Various states' new product evaluation databases, reports. and newsletters 

• Transportation Research [• formation Service (TRlS) 
• Research in progress 

2.1.4 State and Local Agencies 

State and local transportation agencies sponsored the remaining programs and activities that were 
investigated for this study. The activities of the state DOTs represented on the Steering Team 
provided an excellent cross-section for examination. The Federal Highway Administration LTAP 
program manager provided a listing of local agencies that have been active in various product 
implementation and technology transfer efforts. Local organizations having national program contact 
with L TAP activities were considered more likely to sponsor some form of product testing and 
evaluation activities. These agencies were added to the list of identified information resources. 

2.1.5 lnformation Resources/or Examinatio,z 

Based on these identification exercises HITEC developed the universe of information resources that 
would be examined for the study. As the study progressed several other information sources were 
added, reflecting continuing Steering Team input to the study process. The programs and activities 
reviewed for this study do not depict the definitive collection of information resources available to 
highway industry professionals. However the programs and activities examined 1) give a reasonable 
representation of the types of information resources of interest, and 2) include the primary 
collections of nationally available product testing and evaluation data. Figure 2 contains the 
information resources identified for examination ~uring the course of the study. 
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INFORMATION RESOURCES FOR EXAMINATION 

National 

Border Technology Exchange Program-FHWA 
Bureau of Transportation S tatisti cs-US DOT 
Coordinated Federal Lands Highway Technology Implementation 
Program-FHW A 
Experimental Projects Program and Tabulation-FHWA 
Geotextile Testing and Evaluation Clearinghouse (at TTI) 
Highway Innovation Technology Evaluation Center (HITEC) 
Infrastructure Technology Institute (at Northwestern University) 
ITS America Clearinghouse 
Institute of Transportation Engineers (ITE) 
Local Technical Assistance Program (L TAP}-FHWA 
National Quality Initiative Clearinghouse (at TTI) 
National Transportation Product Evaluation Program (NTPEP) 
National Work Zone Safety Information Clearinghouse 
Non-Destructive Evaluation (NOE) Validation Center-FHWA 
Priority Technology Program (PTP}-FHWA 
SHRP Implementation and Lead States Program-AJ\SHTO 
SHRP Long Term Pavement Performance (LTPP) Program-FHWA 
Special Products Evaluation List (SPEL}-AASHTO 
Testing and Evaluation Projects-FHWA 
Vehicle Detection Clearinghouse (at New Mexico State University) 
World Bank Network Initiative 
World Federal Technical Assessment Organization (WFTAO) 
World Interchange Network (WIN) 

State/Provincial 

State Department of Transportation New Product Evaluation Programs 
Arizona Pennsylvania 
Kansas Washington 
Mississippi 

Ontario Good Roads Association~The Road Authority 
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INFORMATION RESOURCES FOR EXAMINATION 

Local/Municipal 

Local/Municipal Transportation Agencies New Product Evaluation Programs 
City of Austin. TX 
City of Milwaukee, WI 
North Little Rock. AR 
Chesterfield County. VA 

Private Sector 

Industry Group Information Resources 

Academia 

ITS Research Centers of Excellence Clearinghouse (at TTI) 
University Transportation Centers 
University Research Institutes 

Figure 2 Information Resources For Examination 

2.2 Synthesis of Information Resources 

Each information resource provider was interviewed by telephone or requested to complete a short 
summary fact sheet requesting general information of interest to the study. The five primary 
objectives of developing the summaries are: 

1) to give an overview of the various programs and activities that might be typical 
contributors to an innovation clearinghouse; 
2) to gain knowledge regarding current users of existing information; 
3) to show the variety of media and formats used as well as the distribution ranges of the 
materials; 
4) to identify data access methods/costs and determine future plans for enhancements to data 
availability; and most importantly 
5) to grasp an understanding of the content contained in the existing collections and 
databases. 
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An Information Resource Summary from each program or activity examined during the course of 
the study is contained in Appendix A. 

The information requested from each resource provider is organized in the format contained in 
Figure 3. 

INFORMATION RESOURCE SUMMARY FOR1\1A T 

Program or Activity Name 
Description/Scope 
Type(s) of Activity 

Research and Development 
Testing and Evaluation 
Technology Transfer 
Technology Deployment 

Sponsor(s) 
Typical Users 
How are Findings or Results Reported and Disseminated? 
Existing Information Collections/Databases 
Who Maintains the Collections/Databases? 
Location and General Format Description of the Data 
How Can the Data Currently Be Accessed? 
Access or Subscription Fees 
Plans for Near-T errn Enhancements to the 
Co 11 ecti ans/Data bases 
I 11 ustrati ve Example of Collection/Database Content 
Current Use(s) of the Collections/Databases: (how used and 
how much from sponsor's perspective) 
Contacts for more Information 

Program/Resource Coordinator 
Inforrnation Systems Coordinator 

Figure 3 Information Resources Summary Format 

The lnformation Resources Summaries yielded information for determining a general profile of the 
resources available to and users of an innovation clearinghouse. Information from the summaries 
is organized below according to the five objectives. 
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2.2.J Overview of Programs and Activities 

Geographic Reach 
The programs and activities that produce the information resources fall easily into a geographic 
categorization: national, state. and local. The vast majority of national programs are either sponsored 
by the Federal Highway Administration as part of its ongoing program or have been created through 
requirements contained in the Intermodal Surface Transportation Efficiency Act (ISTEA) of 199 I 
(e.g. FHWA programs: Experimental Projects Program and Tabulation, Priority Technology 
Program. and Testing and Evaluation Projects). FHWA and the USDOT were tasked with 
accomplishing various efforts specified in I STEA-a number of these were examined during the 
course of this study (e.g. National Work Zone Safety Information Clearinghouse, Infrastructure 
Technology Institute, and University Transportation Centers). It should be noted that the academic 
information resources examined in this study are funded as a result of {STEA and are administered 
by various arms of the US DOT. A second significant source of nationally available data is state 
sponsored through AASHTO (e.g. NTPEP and SPEL). The activities of FHWA and AASHTO in 
the testing and evaluation area are particularly relevant to this study. Industry trade associations are 
the third group of nationally available information resources. These organizations usually provide 
two tiers of service, one level for the general public and a second, more comprehensive level of 
service for the members. Although several industry associations were examined, the private sector 
business role as individual organizations providing information resources was not a central area of 
inquiry._ There is a wealth of information available from private sector organizations, yet this type 
of data is currently beyond the public sector information focus of this study. The inclusion of, for 
example, manufacturers, suppliers, and vendors to an innovation clearinghouse could be a future 
goal of an overall effort. This should in no way minimize the importance of the private sector 
material. yet the broad diversification of such information was more than could be appropriately 
addressed in this context. 

State activities in testing and evaluation focus almost exclusively on the state's new product 
evaluation requirements. State programs vary in the level of sophistication. Many states' materials 
and testing laboratories are responsible for the state's new product evaluation program. Programs are 
generally funded either with state moneys or with federal-aid funds, often State Planning and 
Research Program resources. States also participate in federal-aid pooled fund efforts (e.g. Vehicle 
Detection Clearinghouse). While these activities are often state or regionally focused. they may also 
span a nation-wide geographic area. 

Local or municipal agencies typically do not have programs or activities for new product testing and 
evaluation. During the course of examining local agencies, large and small cities were contacted to 
determine the new product testing and evaluation processes used. In essence, few programs of testing 
and evaluation within a municipal department of public works or transportation agency were found. 
Many local agencies rely on their state department of transportation's product specifications. Several 
local agencies performed evaluations when a product of particular interest emerged. These agencies 
then developed specifications for use if the product shows desirable performance levels. The review 

February 1998 15 



of local and municipal agencies was not extensive. The study focused on state and national efforts 
because of the reach of their programs and the extent of the data avai !ab le. As with individual private 
sector company data. local and municipal activities might be considered for incorporation at a future 
time. 

Tvpe of Activitv 
The type of activity was used as a means to categorize the information resources. Each resource was 
examined in light of the major goals and outcomes of its program efforts. A number of the elements 
of the Research through Adoption Continuum (see Figure 1) were used for logically grouping the 
various information resources; these are 1) testing and evaluation. 2) technology transfer, and 3) 
technology deployment. A significant focus for an innovation clearinghouse is new product testing 
and evaluation programs. However, as seen in the information resources identification process, other 
programs and activities also produce information of interest to this study. The study examined only 
a few programs that concentrated on research. These typically were academic programs that a!so 
have a large interest in technology transfer. For purposes of this study and its categorization, we have 
included these academic programs within the technology transfer area although they also are 
significant research efforts. 

A number of the programs consider their efforts as having two outcomes. In particular, technology 
transfer tends to accompany a number of the programs' outcomes that focus on the other types of 
activities. For example. when a program focuses on testing and evaluation, it also often assumes a 
technology transfer role in disseminating the findings of its efforts. Likewise, research and 
development programs, frequently also have technology transfer elements. Although these overlaps 
in program missions occur. generally each of the information resources examined has a primary 
focus. It is important to note that the programs and activities were specifically picked for inclusion 
in the study. Therefore, the bulk of the information resources examined had mission emphases in 
either testing and evaluation and/or technology transfer. 

2.2.2 Current (Typical) Users 

State departments of transportation professionals are most often mentioned as the typical users of 
the information resources examined in this study. Local agencies and regional authorities, private 
sector organizations (consultants, manufacturers, and vendors). and researchers and academia are 
also cited as users of the information resources. With the advent of electronic access. a number of 
programs have users worldwide. These users span a broad range of owners, operators. and 
constructors of highway facilities. 

2.2.3 Information Formats 

A majority of the information resources examined in this study are contained in electronic formats. 
Their one outstanding characteristic is the absence of a means to coordinate one database or 
electronic collection with another. Only in one instance is such database coordination now being 
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discussed, integrating the updating of the FHWA Experimental Projects Program and Tabulation into 
the ongoing efforts to update the AASHTO Special Products Evaluation List FHWA is making 
inroads to accessibility coordination by facilitating entry to its technology efforts through its 
Internet-based TECHNET, a technical information and services network/web site. Yet, even with 
these information resources, specific integration with other programs' resources has not yet been 
accomplished. 

In general, most electronic databases or collections of information exist on computers housed at the 
sponsor's site ( or the sponsor's contractor's site) and are typically stand-alone systems. The databases 
do not interact with other databases or rely on other electronic resources to assist in providing 
information. In addition, a number of the resources are contained on compact disks or diskettes­
electronic media. 

The lack of electronic integration and coordination must be considered in light of the available 
technology. For the most part there has been no electronic tool to enable such linkages. Moreover. 
many of the programs and activities have been created with specially earmarked funds for a unique 
purpose. not including interconnectivity with other related databases. Furthermore some databases 
are used solely by one agency (e.g. many of the state DOT new product evaluation efforts). Currently 
these databases are housed on one computer and used only by that agency's professionals. 

Even in this age of computer proliferation, a number of the organizations supplying information 
resources effectively use a wide variety of formats from printed documents to personal contacts. The 
most often cited format after electronic formats is printed documentation, such as reports of the 
results of some specific activity. With new product evaluation, lists of approved products and the 
status of products undergoing evaluation are commonly expressed in printed reports. Additionally. 
a number of the information resources convey resul!s of search of their electronic collections via 
printed output and reports. 

The smaller the user agency or program, the more oriented it is generally to printed documentation 
or to information contained on electronic media formats (diskettes, CDs). On the other hand, the 
broader the geographic program reaches the more probable that the data is housed in a database on 
the sponsor's computer. 

Information resources that focus on technology transfer tend to use the broadest choices of formats 
for conveying information. This may be due to the varied mechanisms used to convey technology 
or based on the needs of the users receiving the technology transfer material. These variations can 
include technology transfer from FHWA or a state DOT to a small municipal public works agency 
or an international agency dealing with rural low volume roads. 
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2.2.4 Information Distribution/Access and Future Enhancements 

The manner in which the information resources have been geographically categorized provides some 
clues to the span of their distribution services. In general, national programs distribute information 
nation-wide and internationally. FHW A programs and activities in particular fit this comprehensive 
model. In addition, several information resources are specifically directed to the global community. 
For the most part, state DOT programs distribute information within their own state, either inside 
the transportation agency only or among local public works departments. Some DOTs distribute 
information to manufacturers and vendors as well. Information sharing among states within regional 

. . 
areas 1s growing. 

Distribution of materials uses both the information push and pull methods-information resource 
providers "push" materials to the users through various incentives and marketing, or users create a 
"pull" on the resource providers through demand of specific materials. The focus of the content of 
the information resource defines the broad or narrow distribution of materials. No other general rules 
of thumb for distribution emerged from review of the information resources examined in this study. 
Because of the public nature of the information. other than funding availability, few limits are placed 
on dissemination. Distribution of information was only limited in programs or activities that were 
membership-based, and these were trade association or private sector based organizations' programs. 
Even most of these programs had non-member information distribution at some lesser level. 

Most programs and activities have standard mailing lists to which printed material is sent 
periodically. Generally this information is summary in nature or highlights particular work being 
accomplished on one or more projects. Reports, newsletters, data sheets. and status summaries of 
activities are popular dissemination vehicles. As can be expected, there is significantly less control 
over targeting the materials to specifically fit user needs with the "push" distribution methods. 

Many of the existing clearinghouses also provide information on request: information "pull." 
Requests are often made through telephone, fax, or in writing, and through electronic means such 
as the Internet. Clearinghouse information specialists then perform searches of their own databases, 
and often have established links to other information resources to which additional search requests 
can be made. This comprehensive search capability, accompanied by the specialist's expertise in 
understanding and having access to other available resources, is one of the most valuable assets 
enhancing information dissemination. 

Almost without exception every program and activity that provides information resources is moving 
toward being available on an organization-wide Intranet or world-wide via the Internet. Well over 
half of the information resources studied have electronic access via the Internet as a means of 
providing information to users and interested parties. In this situation. information distribution is 
controlled by the individual accessing the database and depends on the level of sophistication for 
electronic searching possessed by the user. When performing electronic searches, the responsibility 
for knowing where data is housed is also placed upon the individual user. Links from one Internet 
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site to another are useful; however, many site owners are now in a race to have the most extensive 
list of references available on the Internet. Nevertheless, all links tend to have equal weight because 
there is little descriptive data regarding the content of the link/referenced site. Electronic access has 
allowed significantly broader availability of information. yet has placed an equally significant 
responsibility on the individual user-knowing how to efficiently get the exact information needed. 

To many of the sponsors' credit. information resources available on the Internet are also 
accompanied by a user e-mail correspondence function. Others. such as the Washington State DOT 
web site provide access to a technical representative. However. the burden of responding to 
information queries from a global user base can be overwhelming. Several sponsors have organized 
or are now considering subscription-based access to Internet discussion groups or similar limited 
access mechanisms that will guard the quality of information exchange. 

Future activity for sponsors of information resources focus on either 1) getting the database or 
information collection available via the Internet, or 2) enhancing the capability of the Internet user 
to more easily find the specific information sought. The goal is to have information available 
electronically, yet the tools to locate and extract specific information or comprehensive information 
about an esoteric subject have not kept pace. 

2.2.5 Content 

The content of the information resources can be grouped into major areas, most of which relate to 
the mission of, or purpose for, creating the information resource. Clearinghouses, collections, and 
other information-based efforts inform the user community, enhance communications among the 
users, facilitate introduction of new technologies and transfer of technology. and provide a means 
for coordination among efforts and reduction of duplication. 

Information resources examined in this study provided the following: 

• results of activity-testing, research, and deployment technical findings and 
recommendations(results of efforts often will be described via abstracts or, increasingly, 
full text versions of reports); 

• status of activity-stage of completion of an effort; 

• personal contacts-who has or is doing a specific effort and how to contact the 
individual; 

• activity sponsor, funding amounts. time completed, and other administrative detai Is; and 

• listings of completed or ongoing efforts accompanied by one or all of the above listed 
items. 
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The content of the information resources tells us that users are interested in knowing I) what's been 
done, by whom, when. and with what result. and 2) whether others' efforts will help the user save 
time, money, and effort in accomplishing the task at hand_ 

The one overarching observation is that from the highest !eve! of analysis, the content of the 
information resources is remarkably similar in types of data elements. Yet the continuing chal !enge 
is the variability in format, the !eve\ of detail. and accessibility_ 

2.3 Other Related Activities 

This study was accomplished while many other activities are ongoing. Such a constantly changing 
background is.the platform upon which the innovation clearinghouse would be built The highway 
and transportation community in general has a vast amount of data needs and sources. To increase 
data handling capabilities and requirements. program activities show an acute awareness of the 
rapidly changing pace of technology. There is a migration toward increased sophistication with 
electronic formats. Many highway related information resources are being examined for updating 
or re-engineering due to the age of the systems and the enhanced technological resources now 
available to better access and disseminate the information. 

Significant steps are being taken to enhance the value of information to users of technical 
information. Any efforts planned for an innovation clearinghouse must also coordinate with these 
and other current activities. Although such coordination is outside the scope of this study, links to 
these related activities are essential. 

As an indication of this rapidly changing and increasingly sophisticated environment, a number of 
initiatives/activities provide illustrative examples: 

• AASHTO's pursuit of enhancements to SPEL has been a valuable trendsetting activity. 
Because of the timeliness and appropriateness of that effort other activities such as the 
FHWA Experimental Projects Program is considering merging its activities with SPEL 
efforts. The successful revamping of SPEL may be a magnet for other similar/smaller 
efforts (note that the members of the NCHRP 20-7 Task 82 project panel have recently 
recommended that SPEL be relabeled AASHTO Products Evaluation List or APEL). 

• The TRB Strategic Plan gives purposeful attention to future enhancements to the 
Transportation Research Information Services (TRJS) and in general, to improvements 
in TRB's information technology. TRIS is widely accepted as a standard throughout the 
highway and transportation community. Changes to TRIS will be important 
considerations in the formation of any innovation clearinghouse. Al though research and 
development is not a focus of this study, these resources undergird activities that follow 
research and development on the Research to Adoption Continuum discussed in Section 
1.4 above. 
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• The FHW A clearinghouse initiative concepts are in their infancy and rapidly being 
defined. In this respect it is important for this study to consider changing roles for 
FHW A. FHW A is directing its focus toward being a technology resource and a provider 
of information resources. These resources are the enabling assets for states to more 
effectively accomplish their programs. 

• The AASHTO Lead State Program was developed to ensure that practicaL real-world 
experience gained in the early application of SHRP technology is shared among all state 
departments of transportation and extended to other transportation agencies. A lead state 
is a transportation agency, along with associated contractors and materials suppliers. that 
has used one of the SHRP technologies on a large enough scale to develop the expenise 
needed for successful application. The Lead State assumes an obligation to share this 
expertise with other agencies on a formal basis. This program has shown to be an 
excellent vehicle to encourage the adoption of the SHRP research results, and as a model. 
it demonstrates how states can work together to enhance implementation and technology 
transfer activities (excerpted from FHWA web site). 

• The global transportation community is becoming ever more accessible. International 
activities will be playing larger and larger roles and impacting U.S. activities in 
increasing ways. The magnitude of the global community's needs are staggering, thus a 
Highway Innovation Clearinghouse must have access to and be accessible by the global 
community. ; 

• The private sector-manufacturers, suppliers, and vendors of products and services-is 
a continuing and increasingly important factor in the product testing and evaluation 
equation. More and more frequently private/public partnerships are being developed for 
a variety of highway applications including product implementation activities. The 
private sector has tremendous potential for contributing to increasing innovation 
adoption. The innovation clearinghouse must consider the appropriate integration with 
this domain as a valuable step in the evolution of a comprehensive clearinghouse activity. 

A number of ongoing activities or issues were examined by the Steering Team to prepare the group 
for clearinghouse scoping activities. Of particular interest to the Steering T earn was the 
"Enhancement for SPEL" project. A number of members on the Highway Innovation Clearinghouse 
Steering Team and HITEC staff have been closely associated with the SPEL project. For the SPEL 
project background information was gathered from users regarding the most desirable product 
information format, types of users' systems and electronic accessibility, existing database 
content/elements, willingness for participation, and other facts also relevant to aspects of an 
innovation clearinghouse. The general conclusions from a survey conducted during the course of the 
SPEL project show that users of SPEL primarily the state DOTs find: 
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• World Wide Web access would serve the largest group; 

• summaries, including status of evaluations, as well as contacts are desired; and 

• links and integration with other product evaluation systems are desired. 

Although there are other relevant findings from the SPEL effort, these three general findings provide 
encouragement for furthering the Highway Innovation Clearinghouse concept. 

2.4 Resources Summary Observations 

There are a few summary observations that are important to recap at this point of the study. The 
primary effort of examining the resources available for an innovation clearinghouse has been 
accomplished. The description of the framework is yet to be done. The following points should be 
kept in mind as further work on the framework is accomplished: 

• f nformation resource providers show encouraging support for a Highway Innovation 
Clearinghouse. 

• The time is right. Information resource providers will support enhanced coordination and 
collaboration. Interest in collaborative efforts is growing substantially. In part. this is due to 
more capable information technology tools promoting closer working relationships and 
faci !itating information transfer. These changes underscore a need for institutional commitments 
to create new relationships or strengthen existing relationships that will form a foundation for 
a Highway Innovation Clearinghouse. 

• Many information resources providers are "going electronic" (creating some electronic means 
to collect and express data) or during the next 12 months expect to make major enhancements 
to their electronic capabilities. A vast majority of those information resources currently 
maintained in some electronic format are either accessible on the World Wide Web or will be 
accessible within 6 to 12 months. Future activity for information resource sponsors focuses on 
either 1) getting the database/collection on the Internet, or 2) enhancing the capability of the 
Internet user to more easily find the specific information sought. 

• State DOTs could most benefit by having access to better quality and quantities of data. A 
Clearinghouse could provide such benefits as are evidenced by the successful transfer of 
information in key areas as a result of the AASHTO Lead States Program. 

• Fragmentation of information is pervasive-relevant data on one subject can be housed in a 
multitude of locations spread out among many resources. Although there is a movement toward 
collaboration, such fragmentation continues to persist and the trend is continuing. Information 
resources are growing in number and content. Additionally, the variability in format, level of 
detail and accessibility of data are major technological hurdles to overcome. 
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• Electronic databases/collections are proliferating in a realm that is increasingly devoid of 
guidance for fast. easy access to information. The user is required to be highly knowledgeable 
in locating information in a rapidly expanding universe of available data. The information 
specialist-one who is an expert in locating required information-must be part of a 
Clearinghouse. The personal expertise and personal contact (when required) are critical 
functions. 

• The quality of the increasing amounts of electronically available data is an area of concern. There 
are no data quality standards; the user must be very discriminating-every user must evaluate 
each resource for accuracy and applicability. This process is costly. The cost of quality 
information is rising above the value/benefits of electronic access. Information resources 
contained in a Clearinghouse should be required to have met certain quality criteria. Such quality 
filters should reduce the overall cost of data access. 
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CHAPTER 3 USER NEEDS AND CAPABILITIES 

3.1 Conduct of the Survey 

Task three of the Clearinghouse Study was to undertake a study of a representative sample of 
potential clearinghouse participants from the public sector, private sector and key industry 
associations. These participants were selected from all organizations identified in the previous 
chapter. thereby representing a broad cross-section of the community. The survey participants \Vere 
both users who develop information and those who access current systems. 

For the purposes of gathering this type of information, it was determined that the survey did not have 
to be based on a statistically valid sample of the representative sample of the highway community. 
Instead, the focus of this survey was to obtain the insight and perspectives of the survey participants. 
Specifically, state departments of transportation that have established well-developed product 
evaluation programs and individuals within organizations holding positions known to traditionally 
use data that could be contained in an irmovation clearinghouse were identified by the Steering Team 
and mailed the survey. 

Because the survey was targeted to several different audiences. it was designed to be brief and easy 
to complete. Primarily, the questions were asked to solicit a response from high to low or 
approximate frequency of usage. This format was favored so respondents could easily complete the 
survey. 

For reference. a copy of the survey is contained in Appendix B. 

In May I 997, the survey was sent to a total of I 08 identified users and was supplemented with 
follow-on telephone inquiries as well as input from the Steering Team. Of the 108 total surveys 
distributed, 43 completed surveys were received, a 39.8 percent response rate. 

3.2 Results of Users Survey 

3.2. I Survey Respondents 

Figure 4 below shows the types of respondents by category. All levels of government agencies 
responded to the survey as well as did research institutions and professional associations. The two 
that responded as "Other" were from industry/trade organizations. 
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County or Municipal 

56% State Highway or Transportation Agency 
7% Professional 

Figure 4 Who Responded to the Survey 

The majority of respondents considered their primary activity performed within their functional area 
to be research & development, testing & evaluation of products. or technology transfer. 

3.2.2 lnformation Use and Access 

All of the respondents were asked questions about the number of sources of information they used 
to assist them and others within their agency. or organization. to perform their daily assignments. 
Specifically they were asked how many times they had contacted a specific listing of information 
clearinghouses, databases and other programs for information. The answers to the question are 
contained in Figure 5. In Figure 6, the nwnbers represent how many times the respondents had been 
contacted or received information from the same listing. The information could include newsletters, 
reports, CD-ROM collections, regular distributions from Internet-based collections, or other similar 
items. 
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C.-.11 •-..,......,,. n 1 1 n 11 ,.c: ,ie:: .i::n "L 1 nn ..l...100 
~ - -

Border Technology Exchange Program 38 4 l 

Experimental Proiects Program 7-_:, 16 2 

Geotextile testing and Evaluation 35 7 l 
f'learinoho11<:P 

HITEC 15 26 2 

ITE Clearinghouse "'7 _)_ 10 I 

ITS Clearinghouse 30 1 I 1 

CTEP 39 4 

LTAP 7" _ _) 12 5 I I I 

National Oualitv Initiative Clearinghouse "'"' 9 I _) _) 

NTPEP 27 17 4 

Northwestern Infrastructure Clearinghouse 40 ... 
_) 

NDE Validation Center 38 5 

PTP 31 10 I l 

SPEL 34 8 l 

Washington State DOT SHRP Database 35 7 1 

SHRP LTPP 22 16 5 

FHWA Testing and Evaluation Projects 25 15 -, 
_) 

Vehicle Detection Clearinghouse at NMSU 43 

World Bank Network 41 2 

WFTAO 42 I 

WIN 41 2 

State DOTs New Product Evaluation Programs 73 15 4 1 

Local/Municioal DPWs 34 8 I 

Industry Associations Info Sources 24 12 2 4 1 

Product Vendor. Sunnliers. and Manufacturers 16 8 7 5 6 I 

Universitv Transoortation Centers 31 10 1 l 

Research Centers of Excellence 28 14 2 
Figure 5 Number of Times Respondents Contacted Programs for Information 
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Border Technology Exchange Program 38 4 

Experimental Projects Program 30 12 1 

Geotextile testing and Evaluation Clearinghouse 39 4 

HITEC 31 IO 2 

ITE Clearinghouse 35 8 

ITS Clearinghouse 38 5 

CTEP 39 4 

LTAP 28 10 l 2 1 I 

National Quality Initiative Clearinghouse 39 4 

NTPEP 27 14 I l 

Northwestern Infrastructure Clearinghouse 40 .... 
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NDE Validation Center 40 .... _, 

PTP " 34 7 1 1 

SPEL 38 5 

Washington State DOT SHRP Database 
., .... 9 _, _, 

SHRP LTPP 26 13 4 

FHW A Testing and Evaluation Projects 30 9 4 

Vehicle Detection Clearinghouse at NMSU 40 2 l 

World Bank Network 39 -, 1 _, 

WFTAO 42 l 

WIN 41 1 1 

State DOTs New Product Evaluation Programs 29 10 i 1 1 

Local/Municipal DPWs 37 5 1 

Industry Associations Info Sources 24 11 5 3 

Product Vendor. Suppliers. and Manufacturers 18 14 7 2 1 

University Transportation Centers Clearinghouse 34 6 1 2 
Figure 6 Number of Times Programs Contacted Respondents for Information 
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Other sources of related information that were identified included the following: 

• Transponation Research Board's TRIS and Dialog systems 

• Bureau of Transportation Statistics 

• lndiana and Texas' Superpave Centers 

• National Cooperative Highway Research Program 

• State and national libraries 

• AASHTO Metrication Clearinghouse 

• National Technology Transfer Center 

• Technology Transfer Society 

• National Technology Information Service 

• FHW A Report Center 

• American Concrete Institute 

• U.S. House of Representatives' Committee on Transportation and Infrastructure 

• Virginia Polytechnic Institute & State University 

Having identified the above sources for information. we asked the respondents to indicate how many 
of their contacts, both provider- and user-generated, were electronic. We defined electronic contacts 
as including data transfer via computers or related hardware/software. This included E-mail. 
electronic bulletin boards. CD-ROM, or the Internet. As is depicted by the following figures, very 
few respondents rely on electronically generated information. 

Similarly, when we narrowed the request for strictly electronically generated requests for 
information on product testing, evaluation, approval, and deployment topics, very few of the 
respondents indicated that they utilized available systems. Figure 7 highlights respondents' answers. 

Systems used 51-75% 
of the time (7% of 
respondents) 

Systems used 76-100% 
of the time (3% of 
respondents) 

Systems used 26-50% of the 
time (19% of respondents) 

Systems used 0-25% 
of the time (70% of 
respondents) 

Figure 7 Percent of Respondents Utilizing Available Electronic Systems for Information 
Requests 
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Surprisingly, despite the minimal usage of these infonnation sources, over 93 percent of the 
respondents indicated that they have Internet/World Wide Web capabilities, or will have within the 
next six months. In fact. more respondents replied that they had Internet capabilities than E-mail 
access. Figure 8 displays information sources available to respondents. 

a 20 40 

93%-lntemet/WWW 

86%-E-mail 

58%-Electronic bulletin board 

74%-Database on diskette 

81 %-Database on CD-ROM 

60 80 100 

Figure 8 Information Sources Available to Respondents 

When asked what the most frequent use of product testing, evaluation. approval, or deployment 
information from any means, received or requested was in the last 6 months. nearly 30 percent 
responded to reduce duplication of effort or to coordinate with other similar efforts. The second 
highest response, 22 percent, was to maintain state-of-art in their technical field. Overwhelmingly. 
the least used purpose (less than 2 percent) was for purchasing or procurement reasons. 

\ 5% Purchasing/procurement 

22% Maintain state-of-art in 

my technical field 

Figure 9 The Most Frequent Use of Product Testing, Evaluation, Approval or Deployment 
Information from any Means, Received or Requested in the Last 6 Months 
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Looking towards the future and as portrayed in Figure 10, these figures did not change significantly. 
Assuming an enhanced electronically--based system was developed in the next 3 years to assist the 
industry in facilitating their access to disparate clearinghouses. databases. and other programs. over 
30 percent responded the greatest need would be to reduce duplication of effort and 26 percent said 
to maintain state-of art in their technical field. Similarly, only 1 percent answered that purchasing 
and procurement would be their reason for utilizing such a system_ 

I I 0% Product evaluations/approvals 2% Purchasing/procurement 

l 0% Reduce duplication of effort 

Figure 10 The Greatest Need if an Enhanced Electronically-Based System was Developed in 
the Next 3 Years 

3.2.3 Barriers to Overcome 

In conducting the survey, it was assumed that current clearinghouses and databases do not, on the 
whole, address the needs for product testing, evaluation, approvaL and deployment adequately. By 
far (72.5 percent), respondents indicated that the most prominent reason was that the necessary 
information has not been collected and documented. And, 75 percent felt that over 50% of the effort 
to create such a system should be spent collecting and documenting information, whereas only 24 
percent believed over 50% of the effort should go towards developing appropriate tools, both 
hardware and software, to access the system. Obviously, these are extremely significant findings 
when considering what if any further actions relative to a clearinghouse are appropriate. 

A mere 5 percent cited a lack of commitment from their agency or organization to provide the 
necessary resources as the highest level of importance. 

Respondents were also asked to provide any additional areas that they believed effort should be spent 
in creating an Innovation Clearinghouse. The following is a listing of those additional areas: 
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• Creating and maintaining an intuitive format/structure that links authoritative and reliable 
infonnation 

• Training users 

• Marketing the system/advertising 

• Developing procedures for constant updating of the information 

• Administration and staffing 

• Ensuring useful information is posted. not just research ''stuff' 

• Ensuring widespread availability to all providers of information and users 

Respondents were also asked to identify the three top gaps for technical subjects that might be solved 
by having data available through an innovation Clearinghouse. Their responses confirmed the need 
to access this information easily and readily. The following is a comprehensive summary of the 
technical gaps cited: 

• How to identify what information goes into the database 

• Ready reference and product performance 

• Tools and mechanisms for practitioners to search and share information quickly on "what 
works and why" 

• Eliminate duplication of effort by learning from the experience of others 

• Safety: countermeasures and effectiveness 

• User familiarity and user-friendly 

• Lack of knowledge of standards, tests and results of other state DOT work 

• Clear definitions of product applicability, limitations, test program limits, and reporting 
of results in a common format 

• Lack of sound databases 

• Performance data (costs and benefits) of innovative products as well as sufficient 
background concerning the attributes of the technology and history use 

• Quality of information, including consistency of data and evaluation documentation 
(screening of data by qualified expert) 

• Maintenance 

• Accuracy of data - due to difficulty in use and the problems with current databases 

• Contact/networking information for both suppliers and customers 

• Obtaining a consensus built by a significant body of users 

• Lack of awareness of the existence of information and where to find it 

• Credibility of results 

Similarly, we asked the respondents what they saw as the most difficult barriers to implementing an 
electronic-based innovation Clearinghouse. The following are their responses: 
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• Getting everyone access who needs it, especially with current hardware and software 
incompatibility 

• Incentives for inputting data into the database 

• Updating the data 

• Due to the variety of data forms and structures. a seamless interface could cause 
confusion as well as prove to be beneficial 

• Inconsistency in data input 

• Settling on the minimum platform requirements for access and across vital hot links 

• Funding. both initially and long term 

• Terminology standards and key word dictionary 

• Gathering the information 

• Ownership in separate databases. cooperation in combining (integration) 

• Getting agreement on decision support tools 

• Good indexing and cataloging of the information and the terminology/thesaurus 
• Applicable cross links 

• Different or "non-standard" testing and evaluation protocols 

• Overcoming perceptions that the data is not useful or important among professionals 

• Desire to change from knovm techniques, processes and material 

3.2.4 Creating the Innovation Clearinghouse 

Having identified current shortcomings and barriers to overcome. we asked what would be the most 
useful and productive format for them. Over 63 percent of those who responded indicated that an 
Internet/World Wide Web-based system of linkages. including intelligent decision support tools to 
enable seamless entry to the wide variety of electronic databases and clearinghouses, would be the 
most useful. Some 24 percent responded that a similar system comprised of hot links that point the 
user to the variety of sources already established on the Internet would be the most useful. Only 12 
percent indicated that an integrated database containing infonnation from the variety of available 
sources and accessed using common terminology through database software would be the most 
useful. 

Hoping to take advantage of similar systems currently in use on the Internet, we asked what other 
industries besides transportation they were aware of operating on the Internet. Respondents offered 
the following as possibilities: medicine. law, libraries, environment, automotive, Encyclopedia 
Britannica, newspapers, concrete industries (via Aberdeen Group), defense. agriculture, private 
corporations, trenchless systems, American Concrete Institute. and ICRI. 
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3.3 User Survey Conclusions 

The following summarizes the major conclusions from the HITEC Clearinghouse survey data. 

Conduct oftlte Survey: 

• The survey was sent to identify clearinghouse participants from the public and private 
sectors. and industry associations. 

• Of the 108 surveys sent out. 43 were completed and returned to HITEC. a 39.8 percent 
response rate. 

Results of User Survey: 

• The majority of those responding to the survey. 56 percent. identified themselves as from 
state highway or transportation agencies. 

• The majority of respondents considered their primary activity performed within their 
functional area to be R&D, testing and evaluation, or technology transfer. 

• On the whole. the respondents indicated that they had contacts with very few of the 
information sources listed on the survey. Of those sources. industry associations and 
product vendors. suppliers and manufacturers were the most frequent contact. 

• Despite the ever-increasing move to electronic-based formats, more than 70 percent of 
those responding said that they used electronic means less than 25 percent of the time. 

• Similarly, a very small percentage (less than 5 percent) indicated they received or sought 
information electronically. To that end, the FHW A should play a major role in this effort, 
and at a minimum have some degree of direct involvement. 

• Over half the respondents have never accessed AASHTO's electronic resources, CERF's 
CENET, and FHWA's web sites (including TECHNET). Forty-four percent have never 
accessed TRB's web site. 

• The most frequent reasons cited for requesting infonnation from any of the sources was 
·10 either reduce duplication of effort. plan R&D development, or maintain state-of.art 
skills in a technical field. Only about 10 percent of the respondents indicated they 
requested information for purchasing or procurement purposes. 
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• Nearly all of the respondents. 93 percent have Internet access or will have access in the 
next 6 months. 

• The biggest reason cited for lack of information availability to the users was that the 
information had not been documented and collected. Over 90 percent of the respondents 
believe that is the area where the majority of the effort needs to be spent developing and 
innovation Clearinghouse. 

• A wide variety of barriers. obstacles and technical gaps \Vere identified and provided by 
the respondents. 

• Nearly 70 percent of those responding indicated that they \Vould be willing to discuss and 
elaborate on their responses to the survey. 
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CHAPTER 4 CONCEPTUAL FRAMEWORK 

Several important questions to ask in the process of formulating the framework for an Innovation 
Clearinghouse are "What exists currently?'. "Where are we?" and. "Where do we \Vant to be?" The first 
three chapters of this report attempt to define "Where we are." Chapter4 embarks on the future. "Where 
do we want to be?" As a beginning to defining the framework. the context in which the clearinghouse 
will exist is examined. FollO\ving this are discussions of some technologies that may have application 
to the electronic structure of the clearinghouse. This chapter also presents the results of the Steering 
Team's scoping exercises that aid in defining the expectations of a Clearinghouse. The chapter concludes 
with a discussion of implementation strategies that will need to be addressed as the framework is carried 
from concept to practice. 

4.1 Context for a Highway Innovation Clearinghouse 

A number of contextual issues must be considered during the planning of a Clearinghouse. Several of 
these issues emerge as important aspects for the framework planning. Considering these. the following 
are foundational assumptions or tenets upon which a Clearinghouse could be built. 

Formation ofa Highway Innovation Clearinghouse highlights the importance of balancing the need to 
maximize the utility of existing data versus the need for additional data collection. 

• Tensions may exist between the specific needs of the individual users and the general needs of the 
highway community at-large. 

• Notwithstanding the potentially divergent needs of the individual and the community, a consensus 
is emerging on the key data elements that are most critical to the formation of a Highway Innovation 
Clearinghouse. 

• Technology is changing at an ever-increasing pace. There is little technological coordination among 
information resource providers apart from the rush to have data accessible via the Internet. 

• The creation of a Highway Innovation Clearinghouse is a significantly complex undertaking: there 
are no simple solutions. 

• Because of the magnitude of the effort, diversity of potential participating organizations. and the 
importance of results, there is a clear need for national leadership. The Federal Highway 
Administration should be a participant in this effort~have some degree of involvement as a 
mm1mum. 
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• The Highway Innovation Clearinghouse in concept is a virtual vehicle. Although virtual­
electronically based-it does not de-emphasize the need for the human element. The expertise of the 
information specialist is even more critical now considering the vast array of information resources 
available_ 

• Technology does not exist in a vacuum. skilled people are required to collaborate and make a 
Highway Innovation Clearinghouse work. 

4.2 Information Systems Technologies 

To complete the information collection aspect of this study. the Steering Team was given an opportunity 
to investigate several leading technologies that may have applicability to the structure of a Highway 
Innovation Clearinghouse. At a Steering Team meeting experts described technologies that may be 
applicable to a Highway Innovation Clearinghouse. The purpose of this exercise was to view 
representative technologies and to gather information regarding state-of-practice for data management 
and knowledge-based systems tools. The technologies examined were not exhaustive and provided broad 
overviews only. However, through these presentations. the Steering Team could determine if. in concept. 
any of the technologies used in other industries' applications might also be useful for innovative highway 
product applications. 

The discussions of the technologies showed that the technologies might be quite useful. The Steering 
Team did not perform detailed analysis of the technologies presented and do not recommend any one 
technological solution. Rather, the Steering Team was satisfied that there are sufficient advances in 
computer-based tools that would support the Clearinghouse concepts. Determining the specific 
technological structure for the clearinghouse is a task yet to be done and not considered part of this 
initial study. The technologies presented to the Steering Team were: 

• Data spidering and indexing technologies 

• technology that accesses a web site outside one's own domain. searches through it 
and prepares an index of the contents. This technology was discussed in conjunction 
with a presentation about the Infrastructure Technology Institute and the upcoming 
application of the indexing technology to enhance its information services_ 
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• Data warehouses and data warehousing 

• technology that uses decision support tools and creates an environment in which to 
apply these tools to large and distributed data sets. Data warehouses contain 
specifically extracted data (from the larger data sets) required for management 
decision making. Intelligent query tools allow computerized data analysis and 
synthesis of information not heretofore able to be elicited from such data sources. 
Some of the tools used in this context are data mining and data fusion software. 
These types of software, through hypothesis testing. identify new relationships or 
regularities among data sets, thus discovering new facts and knowledge about the 
application. This software also allows more accurate prediction of current and future 
trends. 

• Integration of disparate databases-brokering 

• the key to efficient and effective integration of databases is not necessarily 
changing the databases to be the same, but to develop software systems that act 
as brokers to access, interpret, and use in a real-time/dynamic fashion the various 
types of data from disparate sources-the presentation focused on such tools 
being used in a system developed by the Volpe National Transportation Systems 
Center [additional information regarding Broker Technology can be found in a 
paper presented at the IEEE "Second Annual Conference on Systems Integration" 
June 15-18, 1992, "Broker: A System Integration Approach." Clark. D., J.M. 
Krumm (DOTNNTSC), and S. T. Bieleski, Jr. (Unisys)]. 

• Dara management technology overview 

• various technologies for managing complex data requirements were presented to 
the Steering Team; no technology stood out as being uniquely suited to an 
innovation clearinghouse, however, the general overview of what types of data 
management are now being used was helpful. 

No one technology emerged as a more likely candidate for eventual use. If fact, the technologies that will 
be selected to implement a Highway Innovation Clearinghouse may not be those that were examined 
in this study. The Steering Team's goal is not to select a technology, but to determine if current 
technology will support implementation. Technology will continue to evolve, and a Clearinghouse must 
use the most appropriate technology available at the time of development. 

Some very important information gathered from these technical presentations was the pace at which 
technology is advancing and the capabilities, which are developing. The rate of change in capability is 
stunning. The most positive outcome is that newly existing or emerging technology will most likely 
accommodate the needs of a Highway Innovation Clearinghouse. The sobering aspect is that the rate of 
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change is so great. Extensive knowledge and wisdom \,\,ill be required to select the most robust and long 
lived vehicle to carry forward the technological foundation for the clearinghouse. 
Additional information regarding the technologies and materials distributed during the presentations are 
included in Appendix C. 

4.3 Defining the Framework 

The Steering Team performed a number of exercises that assisted in better defining the scope and 
characteristics of a Highway innovation Clearinghouse. Initially, the team members each wrote a vision 
statement expressing their expectations and describing objectives, scope, structure. operations, and other 
elements of a Highway Innovation Clearinghouse. The Steering Team then identified specific 
clearinghouse attributes, listed the information resources that should be included, and identified 
categories of content for the types of information to be included in a Highway Innovation Clearinghouse. 

4.3. I Vision 

The Steering Team vision statements were reviewed by the whole team and ranked according to vv'hich 
statement most close! y represented a description of a Highway Innovation Clearinghouse. The two top 
ranked statements were synthesized into a vision statement that is included as Figure 11. This statement 
gives further descriptive information for the evolving framework. 
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Vision Statement for the Highway Innovation Clearinghouse 
Scope: The purpose of a Highway Innovation Clearinghouse should be to facilitate innovation in rhe 
highway corrununiry by providing information, tools and resources. This information and other 
resources should help users learn about innovations. make decisions, validate their decisions, and find 
addirional infonnation and resources. Formats should include testing and evaluation reports, 
information on innovative technologies and materials. cost/benefir analyses. contact people, peer 
contacts, government reports and studies, and more. 

The data contained in the clearinghouse should be very focused on product testing and evaluation 
materials. Ex.pansion of the infonnation contained in the database should follow an incremental 
approach_ Such items that would be included in the clearinghouse are: 

I. Product evaluations (such as the enhanced SPEL database); and include innovative 
materials (e.g. composites) and perhaps in time add innovative materials thar are not yet 
commercial products; and 
2. Innovative techniques. methods, and programs (e.g. IT! does remote global monitoring of 
bridges using acoustic emission sensors). 
3. The clearinghouse could enhance its value by including practical rools for users: e.g .. 
identification of ongoing problems and development and testing of practitioner solution kits. 

Structure: The clearinghouse should be guided by a steering committee representing users and 
producers of information, organizations supporting and promoting highway innovation and 
organizations involved in organizing and disseminating infonnarion (such as libraries or 
clearinghouses). This steering committee will be responsible for providing feedback and guidance to 
the clearinghouse, promote solutions and guidelines for joint informational problems (such as the 
TRB Thesaurus or encouraging producers of information to produce reports and other documents in 
Internet readable fonnat for example) and providing guidance on new data, standards for data and 
information, training, manuals or performance systems for assisting users in finding and using 
information. The steering committee should also identify gaps in information and evaluate the 
clearinghouse operations. They should also share information on information technologies. 

Opera1ions: In order to develop support and buy-in by potential customers, communication with these 
customers is important. Customers should be both users and producers of information. The electronic 
clearinghouse should both allow ·users to search for infonnation from a variety of databases and 
infonnation and point to other sources of information. A web site could also provide information on 
how to find or use, for ex.ample. industry-specific information. Especially important is how user­
friendly the clearinghouse will be. User-friendly items like a slide show or eventually an interactive 
webMbased in formation kiosk cou Id be on the web site. Additionally. the clearinghouse should also 
provide users with documents as well as citations. Data to support use of an innovation should be 
available, and be easily accessible. 

One of the mosr important other aspects is that this clearinghouse should be started and then evolve, 
rather than not doing anything until it is planned to death. It is time to be proactive. not jus1 reactive. 

Figure 11 Vision Statement 
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Several important aspects emerge from this vision statement. There is a general endorsement to stay 
focused on innovative products and techniques; there is a desire to proceed on an incremental basis 
-but to proceed, not delaying the effort through excessive planning; the Highway Innovation 
Clearinghouse should have a guiding body of users and providers of infonnation and other highway 
community participants; and there is a very real need to work collaborative!y with existing programs 
and sponsors. 

4.3.2 Attributes 

The Steering Team identified the most important elements or attributes of an electronic 
clearinghouse. These attributes were agreed upon as being desirable and are listed be!O\V in Figure 
12 below. 

ATTRIBUTES 

• Added value to information 
• Affordability 
• Broad-based 
• Communications capabilities 
• Database driven (i.e. structural format for the information you 

are pulling together, with indexing terms and descriptors) 
• Decision support tools 
• Discussion groups/listservs-keeping the experts 
• Easy-to-use 
• Expandable 
• Evolved based on needs 
• Human contact-help center concept 
• Identification of information gaps 
• Internet accessible 
• Interactive 
• Marketing and promotions 
• Quality filters included 
• Rapid implementation 
• Searchable 
• Simplicity 
• Steering committee 
• Up-to-date 
• User buy-in 
• Utilize existing data 

Figure 12 Attributes 
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The Steering Team highlighted the need for intelligent tools to assist the searching capabilities of 
the clearinghouse users. However, at the same time, the Steering Team emphasized these decision 
support tools are not a replacement for the role of a Help Center which would support users with 
general information inquiry guidance and expertise. 

4.3.3 Information Resources to be /11cluded 

In the continuing scoping exercises the Steering Team reviewed the Information Resources and 
identified the various resources that should be included in a Highway Innovation Clearinghouse. 

INFORMATION RESOURCES TO BE INCLUDED 

• FHW A Experimental Projects information 
• FHW A Test and Evaluation program information 
• HITEC evaluations 
• ITE Technical Services information 
• NTPEP evaluations 
• SHRP implementation activities 
• SPEL products 
• State DOT product evaluation program information 
• Vendor and supplier information 
• Washington State DOT web site databases 
• WIN information 

Figure 13 Information Resources to be Included 

The above listing of the programs/informationresources (Figure 13) is a clear definition of what the 
Steering Team understood to be valuable initial contributing data for a Highway Innovation 
Clearinghouse. 

4.3.4 Categories of Content 

In a similar fashion to the other scoping exercises, the Steering Team also reviewed the categories 
of content that should be contained in a Highway Innovation Clearinghouse. The following list is 
representative of the types of categories of content desirable. This list, contained in Figure 14, is not 
exhaustive. but does include important content. 
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CATEGORY OF CONTENT 

• Benefit and cost information 
• Best practices 
• Bureau of Transportation Statistics resources 
• Directories 
• E valuations/ testi ng-i n-p rogress 
• Experiences 
• Experimental projects, especially feature projects from state 

and federal programs 
• Lists of experts, contact people 
• Management innovations 
• Meetings/conference calendar 
• New products. SPEL/enhanced SPEL 
• Pooled fund projects (srate and federal-aid) 
• Product test results 
• State Departments of Transportation and other transportation 

agencies 
• Telephone lists 
• Test and evaluation projects, FHWA projects and other related 

federal efforts 
• Training opportunities 
• University Transportation Centers project information 

Figure 14 Category of Content 

4.4 Implementation Strategies 

The task of defining a Highway Innovation Clearinghouse also requires discussion of 
implementation strategies. As with any implementation effort, even during project fonnulation it is 
not too early to consider the impact of the results of research and development on the user 
community. Articulating options that were discovered during the conduct of this study is a first step 
in preparing potential sponsors and users to consider how to move the Highway Innovation 
Clearinghouse concepts into practice. 

4.4.1 Factors Affecting Implementation 

During the course of the study, several factors emerged that would considerably assist in realizing 
the Highway Innovation Clearinghouse's goals of increasing the use of .innovative products and 
processes. A most immediate observation is the Steering Team is working together well and has 
expressed a desire to continue acting in an advisory capacity for the anticipated development of a 
Highway Innovation Clearinghouse. The motivation and vision contained within the Steering Team 
will provide a "running start" for the continuing efforts. 
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Throughout the conduct of the framework scoping exercises and in the general Steering Team 
discussion, a concern regarding state participation arose. The success or failure of a Clearinghouse 
rests with the quality and quantity of data that will be provided by such organizations as state 
departments of transportation. In this time of shortage of funds to support highway programs, 
providing efforts for a nationally oriented program that benefits the highway community at large is 
a difficult task. One of the major hurdles to successful implementation of a Clearinghouse will be 
to truly reduce duplication of effort particularly for data providers. The data input and maintenance 
of existing clearinghouse data must not be a duplicative process for data providers. State DOTs 
compile their own product testing and evaluation databases. They are being asked to contribute data 
to such efforts as SPEL and to participate in NTPEP and other similar efforts. Clearly the solution 
for maximizing state participation is to enable existing data to be incorporated into the clearinghouse 
structure, whether that data is the state's database or data already input to another national program. 

Every indicator points toward using the Internet as the vehicle for carrying a Clearinghouse to the 
highway community. The information resource providers are showing a willingness to use this 
technical resource to its maximum advantage. Data management technology now also has the 
capability to accommodate higher-level decision support systems that may be required. At this time, 
technology is no longer a barrier to developing the clearinghouse. 

One of the temptations of embarking on a new project that will rely on constantly changing and 
improving technologies, is the tendency to await the next, better solution. The Highway Innovation 
Clearinghouse can easily fall into this trap. Delays to await technological solution refinements will 
only postpone the implementation rather than significantly improve the outcome. The most difficult 
aspect of the technological solution will be to select technology that has a reasonable lifespan and 
that will be applicable to future technological developments. 

A significant booster to the success of a Highway Innovation Clearinghouse will be a high level of 
effort expended in developing participant ownership. It will be critical to enlist the senior managers 
of the state DO Ts/ AASHTO officials, as well as FHW A officials, and others to support the 
clearinghouse. As with all major projects requiring broad collaboration, without the active support 
from top management, the implementation of a Highway Innovation Clearinghouse will be a difficult 
task. Plans for incorporating the opinions of senior managers and decision-makers are critical 
components of the overall effort. 

Users and data providers alike will need a variety of materials to be informed about the 
clearinghouse-its use, operation. and participation in supply of data. A marketing plan will is 
essential to prepare for the practical application of the clearinghouse. 
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4.4.2 Management and Logistics 

One of the most important actions yet to be taken is identifying the sponsoring organization. The 
Steering Team already acknowledges that FHW A involvement in such an effort is essential. The 
managing organization. whether FHWA or another national organization. must have the resources 
and capabilities to deal with all aspects of the public sector highway community and, in the future. 
to maximize the collaboration between the public sector and private sector partners. The decision 
of clearinghouse sponsor must be an early agenda item for future actions. Additionally, once a 

sponsoring organization is identified. the choice of clearinghouse administrators and its main 
residence is critical. If the highway community can be confident of the sponsorship and the technical 
expertise of those maintaining the clearinghouse, then implementation can move fon.vard. 

CHAPTER 5 FINDINGS AND STRATEGIC ACTION PLAN 

5.1 Findings 

The key findings identified by the study and specifically relevant to its scope include: 

• Information resource providers support the need for a Highway Innovation Clearinghouse. 

• Information resource providers in the public sector want to coordinate and collaborate to 

enhance the use of their respective data collections. Such enhancements are seen as a direct 
link to a more rapid adoption of innovative products into the highway system. 

• Fragmentation of relevant information is pervasive--data on one subject can be housed in a 
multitude of locations spread out among many resources. Although there is a movement 
toward collaboration, such fragmentation continues to persist and the trend is continuing. 
Information resources are growing in number and content. Additionally, the variability in 
format, level of detail and accessibility of data are major technological hurdles to overcome. 

• Technological solutions are available that will accommodate the needs of the clearinghouse 
concepts described in this document. For example, there are very promising technological 
avenues to pursue for reducing duplication of effort in database creation and maintenance. 

• The content of many information resources is remarkably similar in type of elements. This 
gives the Steering Team confidence in confirming the need for a clearinghouse to be used 
as a coordination vehicle. This similarity of data elements helps prioritize the types of 
elements that are considered important to users. 

• People are the critical links in a virtual clearinghouse. The expertise of an information 
specialist is more important now than ever before, considering the proliferation of data 
resources and the expanding amounts of data now accessible via the Internet and the World 
Wide Web. 
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• The Internet was identified as the most viable vehicle for access to a Highway Innovation 
Clearinghouse. 

• The state DOTs were seen to be the agencies that would receive the highest benefit from the 
implementation of a Clearinghouse. 

• The Steering Team desires to continue its involvement in an advisory capacity for future 
Clearinghouse efforts. 

• A Highway Innovation Clearinghouse must not present significant ne"v data management 
responsibilities for information resource providers. Technological solutions are preferred 
over labor intensive solutions for resources providers. 

• The private sector plays an important role in the implementation of innovative products. As 
an initial step_ this study focused on public sector organizations, yet considered the private 
sector partners as one of the first incremental additions to a Clearinghouse. 

5.2 Strategic Action Plan 

As a result of its efforts_ the Steering Team recommends that the following strategic actions be 
taken to further the development of a Highway Innovation Clearinghouse: 

• Continue the work on a Highway Innovation Clearinghouse. The tendency to delay to await 
enhanced technological tools or to "over-plan" will only delay the outcome, not significantly 
enhance quality. 

• Keep the Steering Team as an advisory body for the ensuing effort. 

• Strongly encourage FHW A, AASHTO and TRB to jointly lead the task of developing a 
national consensus in support of a Highway Innovation Clearinghouse. 

• Encourage FHW A. consistent with its role of commitment to national technology 
deployment, to take the lead in promoting participant buy-in to the clearinghouse. 

• Develop a classification system for contents of a Clearinghouse, including categories of 
material. 

• Integrate follow-on Highway Innovation Clearinghouse work directly with other FHW A 
clearinghouse efforts. 

• Enlist state participation in a Clearinghouse; it is essential. Easing the barriers that would 
prevent a state DOT from participating should be a primary goal of all development and 
implementation efforts. It is absolutely critical to the success of this project that top 
management from the state DOTs and federal level buy•in and support this effort. 
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• Consider instituting some national policy to encourage participation-for example if a 
program receives federal-aid funding, in the technology transfer plans the program is to 
specifically address linkages to a Highway Innovation Clearinghouse. 

• Develop a comprehensive marketing plan and commit substantial effort to marketing the 
concept of and benefits anticipated from a Clearinghouse. 

• Consider new management policies for data terms, storage. and use. Developing such broad 
policies will be productive efforts to start the process of facilitating linkages and 
standardizing some elements among the various data collections. These management policies 
will increase the potential for understanding and being part of a larger whole-bringing 
significantly enhanced collaboration. 

• Identify a set of minimal data elements necessary to link all major programs together. 

• Develop a common terminology for technical and data elements. This effort should be 
conducted in conjunction with other ongoing, relevant projects such as the newly developed 
Transportation Thesaurus developed by AASHTO through the NCHRP program. 

• Conduct pilot projects to demonstrate benefits and to test various technological solutions. 
Example pilot projects are: 

• Create a decision support system and tools for two national product evaluation 
programs/lists and three states product evaluation lists. This would be a pilot system 
t!emonstrating the feasibility of linking together dissimilar database formats and 
platforms. 

• Perform a pilot project that looks at three to five databases to determine if there is any 
value in merging and standardizing the format, access and other items necessary to 
provide common use. 

• Create a project that demonstrates the willingness for and capabilities of the user 
community to participate in a Clearinghouse. This project arises from concern that 
the users may have barriers and limitations to full participation. 

5.3 Summary 

The report and its appendices have been prepared to continue the discussion and prompt action 
on the concept of a nationally based Highway Innovation Clearinghouse. As defined in this study 
this "clearinghouse" would focus on linking federal, state, and local test and evaluation. 
technology transfer and technology deployment programs, including demonstrations of new 
technologies and proprietary product evaluations. Technological solutions are nov,- available. the 
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public sector highway community desires to enhance its efforts of coordination and collaboration. 
and the specific user community has expressed a genuine need for such a tool. 

The report encourages continued action to turn the Highway Innovation Clearinghouse concept 
into a practical, beneficial tool. The Steering Team looks forward to the implementation of a 
Highway Innovation Clearinghouse. bringing the highway community opportunities for enhanced 
quality of information, that is received in an efficient. effective manner. Clearly. a Highway 
Innovation Clearinghouse is anticipated to reduce duplication of effort. increase the productivity 
of highway agencies, and allow more timely adoption of innovations in increasing numbers to 
enhance our nation's highway system. 
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SECTION 1 TASK SCOPE AND PURPOSE 

1.1 Purpose 

This docwnent has been prepared as a result of the research performed during the conduct of the 
Highway Innovation Clearinghouse Study. The study was designed to develop a "framework" and 
specific recommendations, which would hopefully lead to a national "clearinghouse" for highway 
innovation. The primary focus of these activities was to plan a ''clearinghouse'' that would more 
effectively coordinate the various information resources available in the highway community to 
increase efficiency and avoid duplication. Such a "clearinghouse" would also be designed to make 
this information more readily accessible to many users throughout the diverse highway community. 
As part of the study, information resources were examined to determine the types and variety of 
existing and available data. 

The materials contained in this docwnent are brief summaries (2 to 3 pages each) of the more than 
40 resources used within the highway community to provide critical information on highway 
innovative products and processes. Specific areas of inquiry were focused on information resources 
that 1) are collections and documentation of product testing and evaluation experiences and related 
programs, 2) programs and activities that promote technology transfer within the highway 
community, and 3) programs and activities concentrating on deployment of innovative technologies. 

In addition to supplying individual summaries, the document also includes a cross-reference index 
by organization and program activity. Readers desiring more information on any information 
resource are encouraged to contact the individual listed in the "For More Information" section of 
each summary. 

Although a broad spectrum of information currently available has been included, the study does not 
purport to be a general reference on all information resources relevant to the highway community 
and specifically does not include information on research and development programs and activities. 

1.2 Task Scope-Identification of Resources 

The study was accomplished with the strong support and contributions by an expert Steering Team. 
HITEC was facilitator for conduct of the study. The objective of Task 2 was to identify existing 
programs and to categorize the types of products that they provide ( for example, current technologies 
under evaluation, the implementation status of SHRP technologies, or current and planned 
demonstrations) in tenns of type of information and how it can now be accessed. 

In coordination with the Steering Team, HITEC identified and catalogued the following types of 
information: 
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• existing state and local "product test, evaluation, and approval" programs and associated 
databases 

• existing AASHTO. TRB/SHRP, FHW A, HITEC, and other national test and evaluation, 
technology transfer and deployment programs, and associated databases from those programs 

• existing private sector product test, evaluation and approval data, as applicable (not-for-profit 
organizations, trade associations, industry sponsored institute data, and others) 

• the status----extent of electronic format-of the databases 

To the extent practical. HITEC coordinated this activity with other ongoing "clearinghouse" 
activities such as NCHRP 20-7 study on an "Enhanced SPEL" (the AASHTO Product Evaluation 
Listing), Washington State SHRP Implementation web site, as well as the ongoing FHWA efforts 
to Re-engineer the Experimental Projects Program, study the Value oflnformation and develop a 
Technology Resource Center (clearinghouse) within the Office of Technology Applications. 

Although the scope of this "clearinghouse" was refined during the study, from its outset, the study 
focused primarily on a "clearinghouse" linking Federal, state, and local test and evaluation, 
technology transfer and technology deployment programs, including demonstration of new 
technologies, and proprietary product evaluations. In that context, the "clearinghouse" examined in 
this study would not specifically include information on research programs, such as those data 
currently contained in the Transportation Research Information System (TRIS) or Research in 
Program systems. However, given the scope and wealth of information contained in various 
"research" programs, it was recognized that in order for any "clearinghouse" to be accepted by the 
highway community, it would eventually need to be expanded to provide explicit links to those 
programs. Similarly, although the scope of this study focused on the U.S. public sector highway 
community, it was recognized that the "clearinghouse" would have application to and need to be 
explicitly linked to various international systems as well as to the private sector-representing 
manufacturers, vendors, and suppliers of innovative highway products. 

1.3 Selected General Definitions 

In undertaking this study, HITEC and the Steering Team recognized that one of the inherent 
difficulties in scoping the effort was the lack of uniformity of definitions used throughout the 
community. Furthermore, it recognized that in actually developing and ultimately implementing a 
meaningful "framework" for a "clearinghouse" the community would probably need to develop such 
a consensus for key terms and definitions. 

In that context, the following definitions were applied throughout the study and are used throughout 
this report. 



Research 
Testing & 
Evaluation Deployment-----1•~ 

Development 

-----------lmplementatfon-------1•~ 

---------Technology Tranafer----•~ 

Research Study: a systematic controlled inquiry into a subject in order to discover or revise 
facts, usually containing analytical and experimental efforts to increase the understanding 
of causative relationships necessary for meeting defined needs. 

In general research can be applied or basic. 

Basic research involves the study of phenomena whose specific application has not 
been identified; the primary purpose of this kind of research is to increase 
knowledge. 

Applied research involves the study of phenomena relating to a specific, known need 
in connection with the functional characteristics of a system; the primary purpose of 
this kind of research is to answer a question or solve a problem. (FHW A, p. 1-7) 

Development Project: adaptation, modification, and testing of an idea, process, or 
rroduct for practical use under field conditions. Development is a continuation of the 
research process and conducted to verify expected performance and improve the 
utility of the research result. (Harder and Newlon, p. F-3) 

Test & Evaluation: a systematic process of critical assessment to determine the 
characteristics, quality, or viability of a technology, followed by analysis of in­
service demonstrations to measure performance against established criteria. The 
process utilizes unbiased methods to produce information upon which an informed 
decision can be made. 

Implementation: that part of the technology transfer process concerned directly with 
the mechanisms of putting specific sets of research findings into practical use. The 
full implementation process includes the development or revisions of policies, plans, 
specifications, standards, and so on that must occur before new knowledge can be 
incorporated into practice. (Burke, p. 21) 

Deployment: systematic or strategic distribution of implementation-ready products 
or new technologies, causing such innovations to be put into use in the field. 
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Technology Transfer: the process by which existing research knowledge and new 
technology are transferred into useful processes, products, and programs. Use of the 
term implies the application of a conscious and positive effort to promote and 
accelerate the practical use of research knowledge and new technology. (Burke, p. 
21) 

A--1 



1.4 References 

l. Federal Highway Administration. Turner-Fairbank. Highway Research Center, "Research, 
Development, and Technology Program Manual," Washington, DC, February 1984. 

2. Harder, B. T. and H. Newlon, Jr., "Research Program Management Participant's Notebook," 
National Highway Institute Course No. 33043, Federal Highway Administration, Washington, DC, 
May 1991. 

3. Burke, l E., "Administration of Research Development, and Implementation Activities in 
Highway Agencies, National Cooperative Highway Research Program Synthesis of Highway 
Practice Number 113, Transportation Research Board, National Research Council, Washington, DC, 
December 1984. 

4. Hodgkins, E. A., "Technology Transfer in Selected Highway Agencies," National Cooperative 
Highway Research Program Synthesis of Practice Number 150, Transportation Research Board, 
National Research Council, Washington, DC, December 1989. 

A-5 



SECTION 2 PROGRAM/INFORMATION RESOURCES 

2.1 Programs of National Scope 

Border Technology Exchange Program 

Description/Scope: 
The Border Technology Exchange Program (BTEP) is designed to enhance and expand the 
binational working relationships of the border state departments of transportation. The BTEP serves 
to create opportunities for transportation officials in the border region to improve the planning, 
design, construction, and operation of land transportation facilities. Program goals are: create a 
permanent technology exchange process; enhance institutional, technical, and legal compatibility 
and understanding; improve transportat~on systems in border regions; enhance professional and 
cultural understanding; and enhance professional and technical capabilities. 

The program is a federal-aid activity wherein border states may apply for project funding for efforts 
that further program goals. The projects funded through the program vary widely according to the 
priorities of the various states. 

Type of Activity: 
_T&E X Technology Transfer _Technology Deployment 

Sponsor(s): 
Federal Highway Administration, Office of International Programs 

Typical Users: 
Border region state departments of transportation 

Existing Information Collections/Databases: 
There is no collection of accessible information from this program. BTEP is a program that funds 
projects to facilitate solving border states issues. There is no plan to have historical project 
information available in a publicly available database. 

In general the BTEP solicits project proposals in February, reviews the submittals and notifies states 
of funding availability by April. Projects may be for training, staff exchange, technical assistance, 
demonstration projects, and other technology transfer oriented activities. States are responsible for 
submitting accomplishments reports to the BTEP office. These reports are not intended for public 
distribution. 
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Technical areas of current consideration are: 
. Value Engineering 
Electronic communication and information systems 
Planning 

. Design 

. Construction 

. Maintenance 

. Management 

. Supervision 
Technology Transfer 

The program is relatively new (third year). BTEP participants are currently developing a strategic 
plan, which will identify priorities and goals for the future. 

For More Information: 
Program/Resource Coordinator 
T ere Franceschi 
Project Manager 
Office of International Programs, HPI-10 
Federal Highway Administration, Rm. 3327 
400 Seventh Street, S.W. 
Washington, DC 20590 
Telephone: 202-366-9775 
Fax: 202-366-9626 
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Bureau of Transportation Statistics 

Description/Scope: 
The Bureau of Transportation Statistics (BTS) provides a wealth of critical transportation data for 
use by the public at large. 

Type of Activity: 
_ T&E _x_ Technology Transfer _ Technology Deployment 

Sponsor(s): 
U.S. Department of Transportation 

Typical Users: 
The typical users are the broad groups of transportation professions who require statistical 
information, other related transportation data, and technical assistance; and the general public 
seeking transportation data and information. 

How are Findings or Results Reported and Disseminated? 
BTS collects or develops data for its databases and programs. A variety of products are available 
from BTS in CD-ROM, disk, print, and electronically through the agency's web site. Information 
bulletin~ are distributed to interested parties and those having ordered materials from BTS. BTS 
actively markets its products at transportation conferences and meetings. 

Existing Information Collections/Databases: 
The numbers and types of databases available are extensive. Products range from commodity flow 
surveys to national transportation statistics, highway statistics (annually), transportation agency 
financial statistics, national transportation data archive, state transpiration analysis tables, and many 
others. Databases extend to all transportation modes. 

Who Mailztains the Collections/Databases? 
Bureau of Transportation Statistics 

Location and General Format Description of the Data: 
Each database is formatted for maximum utility. There is no general data format for the many 
databases. 

How Can the Data Currently Be Accessed? 
Data can be requested from BTS via telephone, email, or fax on demand. Statistical information is 
available electronically on CD-ROM or disk as well as via the Internet at the BTS web site: 
http://www. bts. gov/. 
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Access or Subscription Fees: 
There are no access fees for BTS data. Only certain air transportation reports are sold, a11 other items 
are free. 

For More Information: 
Program/Resource Coordinator 
Robert C. Zametske 
Acting Assistant Director, Information Technology 
Bureau of Transportation Statistics 
U.S. Department of Transportation 
400 Seventh Street, SW, Room 3430 
Washington, DC 20590 
Telephone: 202-366-508 l 
Fax: 202-366-3640 
Email: Robert.Zarnetske@bts.gov 

A-9 



Coordinated Federal Lands 
Highway Technology Implementation Program 

Description/Scope: 
The Coordinated Federal Lands Highway Technology Implementation Program (CTIP) began in 
1984 as a mechanism to identify, study, and disseminate new techniques for the management, 
design, and construction of federally owned roads. The CTIP coordinates technology sharing and 
development among FHW A's Federal Lands Highway Office and its associated federal agencies. It 
provides a forum for identifying, studying, and documenting new technology and techniques for use 
by federal agencies on federal roads. 

The technology development and transfer activities of the CTIP are directed at the national level by 
a Council composed of representatives from the Federal Lands Highway Office and its associated 
federal agencies. The Council provides policy guidance for the program, prioritizes the studies 
carried out in its name, and oversees the effective management of the program. 

The Council's voting members are senior officials representing: 
. Forest Service 

Bureau of Indian Affairs 
. National Park Service 
. Bureau of Land Management 

. FHWA Associate Administrator for Research and Development 

. FHWA Federal Lands Highway Program (FLHP) Administrator 

Other nonvoting members are: 

U.S. Anny Corps of Engineers 
. Military Traffic Management Command and Transportation Agency 
. Fish and Wildlife Service 

Studies are proposed by CTIP Council members. The studies must be applicable to most or all roads 
of the FLHP; must synthesize existing knowledge and interpret it for use on federally-owned land 
such as low-volume and scenic roads; be of low cost and short duration ($100,000 and 18 months 
for example); and be immediately implementable. Extensive research and maintenance activities are 
not eligible for program funding. 

Type of Activity: 
T&E _x_ Technology Transfer _ Technology Deployment 
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Sponsor(s): 
Federal Highway Administration 

While the CTIP is funded by the Federal Lands Highway Program, participating agencies are 
encouraged to contribute funds to leverage the size and the priority of projects. 

Typical Users: 
Transportation professionals within federal, state, and local agencies dealing with low-volume or 
scenic roads 

How are Findings or Results Reported and Disseminated? 
The CTIP Council members receive copies of the final study reports for distribution within their 
respective agencies. Copies of the studies are available also through the National Technical 
Information Service. 

Existing Information Collections/Databases: 
There is no specific database available for public use. 

For More Information: 
Program/Resource Contact 
Bill Cross 
FHWA Federal Lands Highway Office 
400 Seventh Street, SW, Rms. 4136 and 4206 
Washington, DC 20590 
Telephone: 202-366-9479 
Fax: 202-366-7495 
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Experimental Projects Program and Tabulation 

Description/Scope: 
The Federal Highway Administration's Experimental Project Program allows states the limited use 
of non-standard and proprietary products in federal-aid construction projects. These products are 
then evaluated on an experimental basis. 

Title 23 prohibits federal participation in payment for premium or royalty on any patented or 
proprietary material, specification, or process specifically set forth in the plans and specification 
unless, 1) the item is purchased competitively with equally suitable unpatented items, 2) state 
certifies item is necessary for synchronization with existing facility, or 3) the item is used for 
research, or for a distinctive type of construction on relative! y short section of road for experimental 
purposes. 

Products or processes considered are either proprietary in nature or commercially available, or a new 
use or application of technology that does not meet the State's current standards, specifications, or 
procurement requirements. Projects are initiated by the states. Evaluations are usually limited to 
construction inspections and follow-up for several years with minimal data collection. For the 
evaluation states may initiate a research study which may or may not be funded with State Planning 
and Research monies. The program has been used as a means of getting products incorporated into 
"trial use" construction. 

The program dates back to 1959. Requirements for Experimental Projects are prescribed in the 
Federal Highway Administration Federal-aid Program Guide, Section 06042.4 Code of Federal 
Regulations, "Material or Product Selection," 23 CFR 635.411 Ch. I ( 4-1-94 edition). The National 
Experimental Projects Tabulation {NEPT) is the documented I isting of projects performed under this 
program. 

The Federal Highway Administration is currently exammmg the need to re-engineer the 
Experimental Projects Program, NEPT, data collection, and reporting mechanisms. The NEPT Task 
Force formed to advise FHWA on these activities met in late Spring 1997. Discussion is ongoing 
regarding merging aspects of this program mission and its documentation functions with the current 
revisions being planned for the AASHTO Special Products Evaluation List. (See summary below.) 

Type of Activity: 
_x__ T &E _x_ Technology Transfer _ Technology Deployment 

Sponsor(s): 
Federal Highway Administration 
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Typical Users: 
State departments of transportation-materials, design, construction, and testing and evaluation 
professionals; local agencies, contractors, and vendors 

How are Findings or Results Reported and Disseminated? 
Construction reports and periodic evaluations are required. These are generally completed by the 
states and forwarded to the Federal Highway Administration on FHWA Form 1461 or by floppy 
disk. Data is compiled into the National Experimental Projects Tabulation, and 1461 forms have 
been scanned to produce a CD-ROM collection. Compilation and distribution of the data has been 
difficult due to staff shortages and other priorities on the FHWA mainframe. Considering the re­
engineering effort is underway, access to the data is somewhat limited. 

Existing Information Collections/Databases: 
Although the system has collected data for many years, most data of interest is five years old or less. 
For the re-engineering effort, a feasibility/analysis of transferring data collected in the past five years 
to a new system is in progress. The preliminary conclusions of the analysis are pointing toward not 
transferring the data, but beginning a new database structure starting with current data. 

Who Maintains the Collections/Databases? 
Data is maintained by FHW A, State and Local Programs Team. Technology Management Di vision, 
Office of Technology Applications. 

Location of the Database: 
The database resides on the FHW A mainframe computer system. 

How Can the Data Currently Be Accessed? 
In the recent past data has been available on CD-ROM formaL yet due to staff shortages, there is 
little activity in accessing the data and in distributing NEPT reports. 

Access or Subscription Fees: 
There are no fees associated with accessing data from the program. 

Plans for Near-Term Enhancements to the Collections/Databases: 
The re-engineering effort discussed above will generate significant positive changes for the program. 

Illustrative Example of Collection/Database Content: 
The NEPT database contains information such as: reporting agency, project nwnber, construction 
project number, location, project title, status of project cost and quantity, types ofreports available, 
evaluation problems and performance, type of application, and general remarks. 
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For More Information: 
Program/Resource Coordinator 
Robert Kelly 
FHWA, Office ofTechnology Applications, HTA-10 
400 Seventh Street, SW Rm. 6322 
Washington, DC 20590 
Telephone: 202-366-1565 
Fax: 202-366-7909 
E-mail: robert.kelly@fhwa.dot.gov 
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Highway InnoYation Technology Evaluation Center 

Description/Scope: 
Highway Innovation Technology Evaluation Center is a national service center that facilitates the 
conduct of national performance benchmark evaluations of innovative technologies (products) for 
the highway community. HITEC accepts applications from owners of technologies that are market­
ready and have no existing standard (i.e. there is no nationally recognized standard or specification 
that can be used to measure the performance of the product). The HITEC process uses a 
collaborative team approach to develop "evaluation criteria" which might be considered as a pre­
standard. Most projects involve the evaluation of a single technology or product. However, in certain 
instances, an evaluation of a group of technologies is conducted. 

Type of Activity: 
_x__ T&E _ Technology Transfer _ Technology Deployment 

Sponsor(s): 
Federal Highway Administration 

HITEC is a service center of the Civil Engineering Research Foundation (CERF), the research arm 
of the American Society of Civil Engineers. 

Typical Users: 
Public sector transportation officials involved with new product testing, highway engineering, and 
technology transfer; from such organizations as the Federal Highway Administration, state 
departments of transportation, and local departments of transportation and public works. 

How are Findings or Results Reported and Disseminated? 
A one page "Product Bulletin" is issued at key stages in the life of a project. When a project is 
completed, the findings are documented in two final reports: 

-A "Summary Report," which is a 3-5 page executive summary report, and 
- A comprehensive "Technical Evaluation Report." 

These reports are distributed to key federal, state and local officials involved in new product testing, 
highway engineering and technology transfer. 

In addition, information on ongoing HITEC projects will be summarized and the information is 
made available on the World Wide Web at http://www.cerf.org/hitec 
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Existing Information Collections/Databases: 
A database containing information on each product evaluated is the single information resource. This 
database is essentially an internal working tool used to produce literatW'e and documentation on 
evaluations. 

Who Maintains the Collections/Databases? 
The Civil Engineering Research Foundation 

Location and General Format Description of the Data: 
All HITEC evaluation data is located in the HITEC offices at the Civil Engineering Research 
Foundation, Washington DC. HITEC evaluation information is stored in a Microsoft Access 
database. Information is also available on its web site (see above). 

How Can the Data Currently Be Accessed? 
HITEC evaluation reports, product bulletins and highlights data sheets are available through requests 
by telephone, fax, e-mail, or postal system. General information is currently available on its web site. 

Access or Subscription Fees: 
HITEC is a fee-based center where the owners of the technology (HITEC applicants or clients) are 
charged a fee to cover the costs of planning and conducting the evaluation. HITEC has an "Associate 
Membership Program" that entitles members to a full spectrum of available information on its web 
site as well as password access to the private "Associates Only" area. The private web site includes 
e-mail exchange, direct links to all the state departments of transportation, and discussion forwns. 
Associate members receive a 25 percent discount on all HITEC Technical Evaluation Reports. 

Plans for Near-Term Enhancements to the Collections/Databases: 
The HITEC web site is continually being revised to address the needs of its members. 

Illustrative Example of Collection/Database Content: 
The HITEC database contains the following fields: project name, status, client (technology owner) 
name, what technology was evaluated, date of evaluation, evaluation panel members, who is working 
with the product currently, and if the evaluation is finished, an abstract of the results of the 
evaluation. 

Current Use(s) of the Collections/Databases: (how used and how much-from sponsor's 
perspective): 
HITEC receives an average of 100 requests for information monthly. HITEC also disseminates its 
newsletter, HITEC Highlights, and product bulletins on its ongoing evaluations. HITEC also 
distributes swnmaries on new technical reports three times a year to approximately 300 individuals 
and agencies. 
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For More Information: 
Program/Resource Coordinator 
J. Peter Kissinger 
HITEC c/o CERF 
1 O 15 15th Street, NW 
Suite 600 
Washington, DC 20005 
Telephone: 202-842-0555 
Fax: 202-789-5345 
Email: pkissinger@cerf.org 

Information Systems Coordinator 
Nicole Testa 
HITEC c/o CERF 
1015 15th Street, NW 
Suite 600 
Washington, DC 20005 
Telephone: 202-842-0555 
Fax: 202-789-5345 
Email: hitec@cerf.org 
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Infrastructure Technology Institute 
at Northwestern University 

Description/Scope: 
The Infrastructure Technology Institute (ITI) was established in the Fall 1992 with a six-year 
appropriation from the Intermodal Surface Transportation Efficiency Act of 1991. The Institute was 
designed to capitalize on Northwestern University's strengths in infrastructure-related research and 
training and to create a technology transfer mechanism to help rebuild the nation's crumbling 
infrastructure. The goals of the Institute are to create state-of-the-art laboratories and conduct 
research; develop new technologies, tools, and ideas, train new and retrain current employees to meet 
needs of public works systems, and accelerate identification, refinement, evaluation and transfer of 
innovations that address infrastructure problems. 

The Institute offers library services, seven clearinghouses for various infrastructure areas, publication 
distribution, and outreach services as part of its very broad technology transfer functions. 

Type of Activity: 
_ T &E ___x_ Technology Transfer _ Technology Deployment 

Sponsor(s): 
U.S. Department of Transportation, Research and Special Programs Administration 

Typical Users: 
The Clearinghouses and the Institute have a mix of public and private sector users, from the U.S. and 
worldwide. Consultants, academia and the public sector are all users. Public sector transportation 
users are state departments of transportation and local agencies. 

How are Findings or Results Reported and Disseminated? 
The main activity is through the ITI web site (http://iti.acns.nwu.edu/)and through personal contact 
with the ITI Librarian. A gopher service was the original electronic format for the Institute, it still 
exists, but the web site has supplanted it. The intent of the Institute is to be an electronic access 
vehicle, yet the Institute will disseminate publications and other materials by individual request 
through the mail if required. 

Existing /11formatio11 Collections/Databases: 
It is ITI goal to present a one-stop-shop approach. Much of the clearinghouse information is full text. 
The Institute has a broad collection, which can be accessed through the Librarian if materials are not 
available through the web site. 
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The Institute's clearinghouses are as follows: 

• General Clearinghouse for Infrastructure 

• Bridges 
• General/ISTEA 

• Highway 
• Technology Transfer 

• Water Resources 

• Time Domain Reflectometry 

Who Maintains the Collections/Databases? 
The databases are maintained by ITI as an integral part of the mission of the program. 

location and General Format Description of the Data: 
The databases are housed in the Northwestern University computer system. The original data for the 
gopher service was ASCII text documents. Many of these documents have been retained and 
migrated to the new web based system. The system will accept as input a variety of common file 
formats, which facilitate the acceptance of data from a wide base of sources. The system is a UNIX 
database and retrieval system. 

How Ca__n the Data Currently Be Accessed? 
Primary access is through the ITI web site. (See above.) Personal requests may be made to the 
Librarian. 

Access or Subscription Fees: 
There are no fees associated with acquiring materials from the ITL Reports are generally distributed 
at no cost. Copying of various materials, when required, is also performed at no cost. 

Plans for Near-Term Enhancements to the Collections/Databases: 
The enhancements to ITI involve improved access mechanisms. Other areas of the University have 
had a good deal of success with a new very powerful search tool, LiveLink from Open Text, Inc. This 
tool will perform spidering of multiple e:x1emal sites. (i.e. it has the capability to search through and 
index the contents, and make links to multiple sites external to the originating database/site.) This 
type of tool has sufficient power to perform multiple site searches without the necessity of hoping 
from one link to another to another. The potential for such a tool to tie together disparate data sets 
looks very promising for this type of information provider. 

Illustrative Example of Collection/Database Content: 
The main collection focuses on reports of research findings and state of practice activities within the 
infrastructure community. The various databases are organized by topic to ease the access of data. 



Current Use(s) of the Collections/Databases: (how used and how much-from sponsor's 
perspective) 
The ITI has a full time Librarian to support user requests for information. 

For More Information: 
Program/Resource Coordinator 
Kathryn Heavey 
ITI Librarian 
Northwestern University Science and Engineering Library 
2233 North Campus Drive 
Evanston, IL 60208-3530 
Telephone: 847-467-4637 
Fax: 847-491-4655 
Email: k-heavey@nwu.edu 
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ITS America Clearinghouse 

Description/Scope: 
With such a massive public/private buildup of advanced transportation systems under way, ITS 
America serves the need for a single, coordinating organization to function as a clearinghouse for 
Intelligent Transportation Systems (ITS) related information. ITS also serves as a forum through 
which public and private sector stakeholders can work to meet the challenges such a revolutionary 
development represents. 

ITS America mission is to foster public/private partnerships that will increase the safety and 
efficiency of surface transportation through the accelerated development and deployment of 
advanced transportation systems. 

ITS members participate in a number of technical committees each charged with the responsibility 
of planning the development and deployment of a particular family of technology applications. Other 
committees deal with the many cross-cutting challenges facing the successful deployment of ITS. 
such as standards setting, safety, legal, and institutional issues. (Excerpted from ITS web site.) 

Type of Activity: 
_ T &E ___x___ Technology Transfer __x__ Technology Deployment 

Sponsor(s): 
Membership organization: members include federal, state, local, and foreign government agencies, 
national and international corporations involved in the development of ITS, universities, independent 
research organizations, and public interest groups among others. 

Typical Users: 
A broad spectrum of transportation, telecommunications, and electronics industry professionals in 
the public and private sector both in the U.S. and worldwide. 

How are Findings or Results Reported and Disseminated? 
The major access to ITS data is via its web site: http://www.itsa.org/The web site provides a public 
information and status of activities area as well as a members only space. Only members may access 
the extensive database of ITS-related materials. The members area also contains news bulletins, 
committee activities information, contracting opportunities, interactive bulletin board, and an 
extensive list of links to other web sites. 

Existing Information Collections/Databases: 
The ITS America database is the most comprehensive repository of ITS-related information 
available. 
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Access or Subscription Fees: 
Membership in ITS America includes access to the members web site area containing detailed ITS­
related materials. 

For More Information: 
Contact 
ITS America 
400 Virginia Ave. SW, Suite 800 
Washington, DC 20024-2730 
Telephone: 202-484-4586 
Fax: 202-484-3483 
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Institute of Transportation Engineers (ITE) 
Technical Request Service 

Description/Scope: 
The Institute of Transportation Engineers (ITE) is an international educational and scientific 
association of transportation and traffic engineers, transportation planners, and other professionals 
who are responsible for meeting mobility and safety needs. The Institute facilitates the application 
of technology and scientific principles to research, planning, functional design, implementation, 
operation, policy development, and management for any mode of transportation by promoting 
professional development of members, supporting and encouraging education, stimulating research, 
developing public awareness, and exchanging professional information, and by maintaining a central 
point of reference and action. The Institute has ten councils that produce products for educating 
members and set standards among other items. The topical areas of focus for the councils are: 

• traffic engineering 

• transportation planning 
• transportation safety 
• intelligent transportation systems 
• transportation demand management 

• transit 
• transportation education 
• transportation expert witness 
• transportation consultants 
• transportation industry 

(Excerpted from ITE documentation) 

Type of Activity: 
_ T &E __K_ Technology Transfer _ Technology Deployment 

Sponsor(s): 
Membership organization 

Typical Users: 
Transportation and traffic engineers, transportation planners, and other professionals who are 
responsible for meeting mobility and safety needs 
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How are Findings or Results Reported and Disseminated? 
The Institute operates a Technical Request Service for members and non-members. This service is 
designed for transportation professionals to call. fax, or e-mail the Institute with requests for 
technical information or for assistance in locating specific information elsewhere. General 
information about the organization can be found on the organization's web site: http://www.ite.org/ 

Existing Information Collections/Databases: 
[description to be added] 

How Can the Data Currently Be Accessed? 
Contact the ITE Technical Request Service. ITE also may be contacted via their web site. (See 
above.) 

Access or Subscription Fees: 
The Technical Request Services are free to members and non-members of ITE. 

Plans/or Near-Term Enhancements to lite Collections/Databases: 
[plans to be added] 

Illustrative Example of Collection/Database Content: 
[ example to be added] 

For More Information: 
Program/Resource Coordinator 
Laura A. Hazan 
Information Services Librarian 
Technical Requests, Webmaster 
Institute of Transportation Engineers 
Washington, DC 
Telephone: 202-554-8050, ext. 143 
Fax: 202-863-5486 
E-mail: lhazan@vax.ite.org 
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Local Technical Assistance Program (LT AP) 

Description/Scope: 
The L TAP Technology Transfer Clearinghouse is an established proactive information resource 
linking 57 technology transfer centers that are the primary component of the Local Technical 
Assistance Program. The Clearinghouse is a fundamental component in the LT AP mission-that of 
gathering and disseminating the latest in highway-related thoughts and developments to local 
transportation policy makers and transportation professionals in the field. The L TAP Technology 
Transfer Clearinghouse serves as a coordinating mechanism, information disseminator, and primary 
network facilitator. In general the Clearinghouse does not directly serve the individual local 
agencies, but supports the centers in their contact with all members of the local transportation 
commWlity. 

Type of Activity: 
_T &E __x__ Technology Transfer __ Technology Deployment 

Sponsor(s): 
Federal Highway Administration 

Typical Users: 
The 57 Local Technology Assistance Program Technology Transfer Centers are the primary users 
of the Clearinghouse information resources. The various centers are located at state departments of 
transportation and universities throughout the nation. 

How are Findings or Results Reported and Disseminated? 
Clearinghouse information can be requested and is disseminated via personal contact, telephone, e­
mail, fax, postal service, and a newly created Internet web site. In particular, the Clearinghouse 
disseminates applicable Federal Highway Administration generated information to the centers. 

Existing Information Collections/Databases: 
The Clearinghouse maintains information on the activities and needs of the various centers as well 
as is a source/contact point for information on the latest thought and innovations for highway 
applications that are transferable to the local transportation/public works community. 

Who Maintains the Collections/Databases: 
The Clearinghouse collections are maintained by the American Public Works Association, the 
organization contracted by FHW A to conduct and staff the activity. 

Location and General Format Description of the Data: 
Most basic Clearinghouse information resides at the American Public Works Association, the 
various technology transfer centers, state departments of transportation, FHW A, and universities. 
A vast array of other transportation information resources is incorporated as required. The 
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technology/information focus is on application of generally accepted processes and products for the 
local transportation community. 

The Clearinghouse provides a newsletter, electronic listserve, e-mail connections to all centers with 
e-mail access, a Resource Directory (materials available to share among centers), L TAP Training 
Exchange (centers' training activities information), lending library, video copying center, CD-ROM 
training resources. 

How Can the Data Currently Be Accessed? 
Data is accessed by personal contact, telephone, e-mail, fax or postal service. The web site is two 
tiered, first tier-public web site - general information, second tier-access by technology transfer 
centers and FHW A only-information resources are being developed for this medium. 

Access or Subscription Fees: 
The video copying service charges $ l O per copy for each video copied. There are no other standard 
access or subscription fees. If a request is made for a large number of the same publication, users 
may be required to pay cost of production by the publisher. 
World Wide Web site address: http://patriot.net/~ltap/ltap.html 

Plans/or Near~Term Enhancements to the Collections/Databases: 
Significant progress in enhancing the web site is expected during the next six months. 

Current Use(s) of the Collections/Databases: (how used and how much-from sponsor's 
perspectfre) 
The Clearinghouse has an average of between 25 to 40 requests for information each month. This 
does not include the regular dissemination of its newsletters and standard publications and FHW A 
reports. 

For More Information: 
Program/Resource Coordinator 
Lisa Haakon Pogue, Director of Technology Transfer 
LTAP Technology Transfer Clearinghouse 
Telephone: 202-347-7267 
Fax:202-737-9153 
E-mail: ltap@patriot.net 
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National Quality Initiative Clearinghouse (at TTI) 

Description/Scope: 
Through the establishment of its Standing Committee on Quality, A.A..SHTO has made a commitment 
to advocate, advance, investigate, and share principles and programs of continuous quality 
improvement among its member departments. The Committee's responsibilities include serving as 
a clearinghouse for member departments by continuously collecting and disseminating infoID?,ation 
on current and emerging quality initiatives and successes. Through the AASHTO National 
Cooperative Highway Research Program, a consultant was hired to develop an electronic based 
clearinghouse (excerpt from NCHRP Progress Report, Project 20-7, Task 80). 

The planned outcome of the consultant's work was a set of databases accessible by the World Wide 
Web. The database contains fairly extensive information based on responses to a questionnaire 
conducted in connection with the current project The web site also contains pointers to reference 
sources and contacts regarding quality publications of participating organizations. 

Type of Activity: 
_ T&E _x_ Technology Transfer _ Technology Deployment 

Sponsor(s): 
American Association of State Highway and Transportation Officials 

Typical Users: 
AASHTO Member Departments, FHW A and other AASHTO affiliated organizations. 

How are Findings or Results Reported and Disseminated? 
Quality initiative information will be disseminated via an Internet web site, initially located at the 
Texas Transportation Institute (project consultant). Links to the database from AASHTO and the 
National Quality Initiative web sites (for example) will be developed. This interim step will be made 
prior to the final decision regarding the permanent location of the database. 

Existing Information Collections/Databases: 
A survey of states was made in 1994 and is available through the Committee as a committee internal 
report. It has not been published by AASHTO. Additionally there was a computer disk copy made, 
but it is not generally in common use. The database is called Clipper. 

The 1997 project surveyed the AASHTO member departments, some offices of FHW A and various 
National Quality Initiative members. New databases have been created from this information. The 
databases capture AASHTO Member Department quality initiative experiences. Related publications 
and other materials of interest published by the states are available directly from the originating state. 
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Who Maintains the Collections/Databases? 
No decisions regarding ongoing maintenance have been made 

Location and General Format Description oftl,e Data: 
Initially the database will reside on the Texas Transportation Institute server (ttLtamu.edu/). The 
software used for the database is Inmagic DB/Text Web Publisher. 

How Can the Data Currently Be Accessed? 
Data from the results of the 1994 survey is available as a committee internal report. Data from the 
1997 survey can be viewed on the pilot web site: http://tti.tamu.edu/quality/search.htrn 

Access or Subscription Fees: 
There are no access or subscription fees for Committee material. 

Plans/or Near-Term Enhancements to the Collections/Databases: 
Consultant efforts for pilot system are to be completed by October 31, 1997. Selection of a 
permanent home for the system has yet to be determined, but such decisions should be forth coming 
shortly. 

I II ustrative Example of C o/lection/Data base Content: 
The database will contain information such as the state or agency contributing the quality initiative 
experience, contact person at the agency, description of the quality initiative in narrative form, and 
availability of full text or related published materials and their sources. 

For More Information: 
Program/Resource Coordinator 
Kay Nichols 
Texas Transportation Institute 
Infonnation & Technology Exchange Center 
707 Texas Ave. Building D, Suite 106 
College Station, TX 77840-196 7 
Telephone: 409-862-2431 
Fax: 409-845-7575 
E-mai I: knichol s@tti-i tee. tamu.ed u 



National Transportation Product Evaluation Program (NTPEP) 

Description/Scope: 
The purpose of the National Transportation Product Evaluation Program (NTPEP) is to pool the 
professional and physical resources of the individual participating member departments of the 
American Association of State Highway and Transportation Officials (AASHTO). This will provide 
a focus of resources to test materials of common interest in order to improve the cost•effectiveness 
of the participating member department operations. The program provides industry with a central 
focal point to initiate the process of testing and evaluation of materials through one sample 
submission rather than separate samples of the same material to each department where it will be 
used. 

NTPEP tests and evaluates materials that are already being used by the AASHTO member 
departments. The member departments through a consensus process identify the materials or 
products identified for testing and evaluation. Each year NTPEP conducts a national survey of the 
member departments to determine what additional products, materials or devices should be added 
to the test and evaluation program. At the annual meeting of the NTPEP Oversight committee a 
consensus is reached on which materials, products or devices should be added to the evaluation 
process. Once the material, products, or devices have been identified for evaluation a project panel 
is established to develop a work plan to identify the test and evaluation procedures. 

Once the materials or product is identified for testing, the NTPEP Coordinator sends a solicitation 
letter with a specific time cycle to industry and its associations inviting them to participate in the 
NTPEP test and evaluation program. 

The products or material are evaluated and tested against current AASHTO and ASTM standard 
specification or member department specifications that the National Transportation Product 
Evaluation Program oversight committee accepts for use in the evaluation procedure. Some 
modification of the standard protocols may be necessary to provide for the comparison of products. 

Type of Activity: 
.x_ T&E _ Technology Transfer _ Technology Deployment 

Sponsor(s): 
American Association of State Highway and Transportation Officials 

Typical Users: 
State departments of transportation-materials, design, construction and testing and evaluation 
professionals; local agencies, contractors, and vendors; some local transportation agencies 



How are Findings or Results Reported and Disseminated? 
Upon completion of the testing and evaluation, reports are printed and distributed to all member 
departments. Copies of the reports are furnished to all the manufacturer/suppliers that submitted 
material, products or devices for evaluation. Ali reports are available through the AASHTO 
publication process. 

The program maintains a web site that provides general information regarding the program at 
http://www.aashto.org under the products and services. 

Some portions of evaluation reports are available from the web site at this time, short descriptions 
are web site viewable. Downloadable information files are in zip format ( expandable after download) 
and contain spreadsheet data and other facts regarding the evaluation. 

Existing Information C o/lections/Databases: 
Currently there is no publicly available database for NTPEP product evaluations. 

Who A-laintains the Collections/Databases? 
All evaluation information is maintained by AASHTO. 

General Format Description of the Data: 
NTPEP requests that evaluation reports be formatted in WordPerfect and Excel programs but has 
the capability to handle other commonly available software documents. 

Access or Subscription Fees: 
Reports are sold through the AASHTO publication office. 

Plans/or Near-Term Enhancements to the Collections/Databases: 
NTPEP is planning to make considerably more of its information available through its web site. 
Goals are to have full text versions of reports available, when possible, as well as options for 
downloadable full text reports. 

For More Information: 
Program/Resource Coordinator 
Steven Lenk.er 
Engineering Project Coordinator -- NTPEP 
American Association of State Highway and Transportation Officials 
444 North Capitol Street, NW, Suite 249 
Washington, DC 20001 
Telephone: 202-624-3695 
Fax:202-624-5806 
E-mail: stevel@aashto.org 
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National Work Zone Safety Information Clearinghouse 

Description/Scope: 
The establishment of a National Work Zone Safety Information Clearinghouse was originally 
initiated as a result of a recommendation stemming from the December 1994 National Work Zone 
Safety Conference, and subsequently to comply with Section 358 (b) of the National Highway 
System (NHS) Designation Act of 1995. The Act requires the Secretary of Transportation to make 
use of a variety of ways to improve construction site safety. One of six methods listed is the 
establishment of a work zone safety clearinghouse to provide information and technical assistance 
to other government agencies, public and private organizations, and the general public to promote 
increased safety, knowledge, and understanding of travel in work zones. The exploration of 
developing a national clearinghouse was also included in the National Work Zone Safety Program 
developed by the Federal Highway Administration (FHW A) as a result of Section 1051 of the 
Intermodal Surface Transportation Efficiency Act of 1991. 

The FHWA has executed a cooperative agreement with a national association with the following 
objectives: 

• to establish, operate, manage, and maintain a National Work Zone Safety Information 
Clearinghouse 

• -to provide an initial single contact point for potential users soliciting information concerning 
the safe and effective operations of work zones 

• to provide access to the clearinghouse via telephone and e-mail, for example 
• to phase out federal financial support of the clearinghouse over a three-year period and have 

the clearinghouse become self-supporting 
• to store print and audio-visual materials applicable to work zone safety, operate and maintain 

a materials control system, and duplicate/distribute on request 

Type of Activity: 
_ T &E _lL Technology Transfer _ Technology Deployment 

Sponsor(s): 
Federal Highway Administration 

Typical Users: 
State and local transportation agencies, researchers, academia, consultants, construction industry, 
and other public and private organizations concerned with construction site safety, and the general 
public 
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How are Findings or Results Reported ar,d Disseminated? 
The project will have an Internet-based inquiry/retrieval system as well as access via an 800 number 
telephone contact or via mail systems. The access will be designed to allow a broad spectrum of 
users having varying degrees of technological capabilities. Information will be disseminated by the 
most effective means for the user. 

Access or Subscription Fees: 
There will be no fees for the system during the initial three years of operation. The organization 
selected to create and maintain the clearinghouse will propose a means for the continuing viability 
of the clearinghouse absent federal-aid funds. 

Plans for Near-Term Enhancements to the Collections/Databases: 
The effective date of the cooperative agreement is October 1, 1997. Under the terms of the 
agreement the clearinghouse is to be operational within four months of the effective date, which 
would be around February 1, 1998. 

Illustrative Example of Collection/Database Content: 
The following list identifies the topics of interest and prime areas for user inquires. Databases or 
appropriate referral persons are to be included as part of the clearinghouse. 

• National Accident Data (including National Highway Traffic Safety Administration's Fatal 
Accident Reporting System access; and state accident record contact persons) 

• Catalog of Work Zone Outreach Material (state and federal safety-related public outreach 
material) 

• Training Courses and Certification Programs 
• Laws Relating to Work Zones (federal laws and contact persons for state laws and 

regulations) 
• Specifications (federal work zone standard construction specifications from the Manual of 

Uniform Traffic Control Devices, and other applicable federal standards and requirements; 
state work zone-related standard construction specifications and special provisions; and state 
contact persons) 

• Technology/Equipment-New Traffic Control Devices and Safety Technology (including 
input from HITEC and NTPEP) 

• Work Zone Safety Related Research and Development (access to the Transportation 
Research Information Service (TRIS), including information from NCHRP, FHWA, 
American Association of Civil Engineers, ITE, and ITS America; and state research contact 
persons) 

• Current Practices (state contact persons and national experts nation-wide who are 
knowledgeable about current practices) experts industry wide 



For More Information: 
Program/Resource Coordinator 
Joseph Lasek 
Office of Highway Safety HHS- I I 
Federal Highway Administration 
400 Seventh Street, SW, Rm. 3407 
Washington, DC 20590 
Telephone: 202-366-2174 
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Non-Destructive Evaluation (NOE) Validation Center 

Description/Scope: 
The Nondestructive Evaluation (NDE) Validation Center is to provide researchers, industry, and 
state transportation agencies with quantitative, independent, and reliable validation of NDE methods. 
The Center will develop specimens and methodologies to validate NDE performance both in the 
laboratory and in the field and serve as a resource for the highway and bridge inspection community. 

The primary role of the NDE Validation Center will be to develop and execute effective test 
protocols for validating the performance ofNDE methods (not products). Component specimens and 
test bridges will serve as critical resources in the process by simulating the many factors that effect 
the reliability of NOE methods. Testing at the center will help define the proper application and 
limitations of size, material properties, or structural condition. The validation process will provide 
performance parameters for NDE methods, procedures, and systems to enhance safety and 
maintenance inspections of the highway system. 

The Center is not yet functional. Center facilities will be located at the FHW A T umer-Fairbank. 
Highway Research Center. Construction of the Center's laboratory is to begin in late Summer 1997. 

Center staff are currently negotiating to have seven bridges available for use (six bridges owned by 
a state dt;partinent of transportation, one owned by a turnpike authority). Component specimens from 
nation-wide sites are now also being collected. The benefit of these bridges and specimens will be 
to enable researchers and inspectors to have actual field sites/components upon which to base 
experiments and methodology testing. 

Type of Activity: 
_x_ T&E X Technology Transfer _ Technology Deployment 

Sponsor(s): 
Federal Highway Administration 

Typical Users: 
State and local transportation agencies, researchers, academia, manufacturers, and vendors concerned 
with inspection of highway components 

Access or Subscription Fees: 
There are plans for a fee-based system for use of the physical components library provided by the 
Center. Further details of the fee system are to be decided. 

Plans/or Near-Term Enhancements to the Collections/Databases: 
The Center plans to have available a Library of Fatigue Cracks, actual specimens of field 
components as well as instrumented bridges for methods testing. 
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A web page is planned for the Center, which will include links to other NDE sites as well as will 
contain summaries of workplans, and results of projects. Future planning calls for the ability to log 
into a test bridge and talce readings from its instrurnentati on. (It is unknown at this time whether this 
process can be done real-time or if the Center wiU have to provide periodic technical updates.) 

For More Information: 
Program/Resource Coordinator 
Glenn Washer 
Research Structural Engineer 
NDE Validation Center 
Turner-Fairbank Highway Research Center 
6300 Georgetown Pike 
McLean, VA 22101 
Telephone: 703-285-2388 
E-mail: glenn. washer@thwa.dot.gov 



Priority Techoology Program (PTP) 

Description/Scope: 
Priority Technologies Program (PTP) is a Federal Highway Administration program to accelerate 
the deployment of new or innovative technology by the successful testing and evaluation of 
technologies which have high potential for bringing real benefits to transportation users. It was 
created to be the vehicle for a new way of delivering innovative technologies. 

PTP is to stimulate and provide incentives to develop partnerships where the Federal Highway field 
offices are provided with significant responsibilities and fiscal resources for executing the program 
as well as a larger role in setting the direction and administration of the program. 

This program has a national focus, specifically for accelerating the deployment of innovative 
technologies, which have high potential for bringing real benefits to highway users. In most cases, 
these would be technologies that have already be commercialized but under-utilized. The focus is 
getting the technology "on the ground" and applied to solve real problems and deliver real benefits. 
Program funds are made available to each Federal Highway Region and Federal Lands Highway 
Program Office. Each Region selects projects in accordance with developed guidelines. Each project 
has a clear and detailed evaluation plan to compare the technology with that normally used and to 
analyze the before and after impact of the technology. AASHTO and ASTM standards are used 
where applicable. 

Type of Activity: 
_ T &E _ Technology Transfer l Technology Deployment 

Sponsor(s): 
Federal Highway Administration 

Typical Users/Participants: 
State departments of transportation, national laboratories, and local transportation agencies 

How are Findings or Results Reported and Disseminated? 
Because the program is still relatively new, there is not yet a body of findings or results available. 
PTP projects are listed on the web site. The projects are searchable by FHWA region, subject area, 
and through a general key word search utility. It is anticipated that findings and results will be 
published by the cooperating states, along with annual reporting by the Federal Highway 
Administration. 

Existing Information Collectio11s/Databases: 
There is a database used for internal FHWA purposes. PTP projects are listed on the web site. (See 
enhancement information below.) 
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Who Maintains the Collections/Databases? 
Federal Highway Administration, Office of Technology Applications 

General Format Description of the Data: 
The software used for this program is Microsoft Access. 

How Ca11 the Data Currently Be Accessed? 
The web site address is: http://www.hend.com/6005/ 

Access or Subscription Fees: 
There are no access or subscription fees associated with acquiring PTP information. Reports may 
be available sale through the National Technical Information Service. 

Plans for Near-Term Enhancements to the Collections/Databases: 
There are plans to make full project data available on the PTP web site. The details to be included 
will be results of the project along wjth a full description of the project and pointers to other project 
partners, as applicable. 

Illustrative Example of Collection/Database Content: 
An example of project initiated incorporate a variety of technologies such as bioremediation of 
contaminated soils, evaluation of LED signals, video tape data collection, geographic information 
systems, and ignition ovens for asphalt content determination. 

The database that will be created will describe the project, identify performing agency and partners, 
funding sources and amounts, start and complete dates, and give a status code indicating the stage 
of progress of the project. 

For More Information: 
Program/Resource Coordinator 
Richard McComb 
Federal Highway Administration 
Office of Technology Applications, HTA-2 
400 Seventh Street, SW, Rm.6318 
Washington, DC 20590 
Telephone: 202-366-2792 
Fax: 202-366-7909 
E-mail: ramccomb@intergate.dot.gov 

A-37 



Long Term Pavement Performance (L TPP) Program 

Description/Scope: 
The goal of the ongoing, 20-year Long-Tenn Pavement Performance(LTPP) studies is to give state 
and provincial transportation departments-the owners and customers of the LTPP program-the 
infonnation and tools they need to build and maintain longer-lasting pavements. 

Outcomes of this very large effort are L TPP products-information, computer software, analysis 
procedures, testing procedures, design procedures, and guidelines-------derived from the L TPP data base 
or resulting from the research effort and delivered in a form that can be used by the stakeholders to 
build better pavements. The L TPP products fall in four general categories: 

• Pavement design guides and maintenance strategies 
• Pavement monitoring procedures 
• Material testing 

• Equipment standards and calibration procedures 

The products in Category 1 will primarily result from the analysis of the L TPP database. The 
analysis products will be either qualitative or quantitative, depending on the level of effort expended 
in their development. Analysis is already under way with a major effort beginning in 1996. 

The products in Categories 2, 3, and 4 already exist and are being used by the L TPP program. Some 
of these products have been adopted by AASHTO and are being commercially manufactured and 
used, or are available for use. Information on these products is available from FHWA's Office of 
Technology Applications. The majority of these products can be considered research grade and may 
need to be modified for general engineering applications. The LTPP Implementation Technical 
Working Group will be reviewing these products for their state of readiness, applicability, 
packaging, and delivery methods. 

Type of Activity: 
__x_ R&D __x__ T &E __x__ Technology Transfer _ Technology Deployment 

Sponsor(s): 
The L TPP program represents a cooperative effort of the highway community. The original partners 
in establishing SHRP and L TPP were the state departments of transportation, AASHTO, TRB, 
industry, academia, and FHWA During the life of SHRP, this list of partners expanded to include 
the Canadian Provinces, the Canadian Strategic Highway Research Program (C~SHRP), and more 
than 30 other countries. This partnership extended beyond the development of the objectives and 
experimental plan to include the administrative and technical management of SHRP, in addition to 
sharing the workload in collecting and providing the data. This partnership continues today as 
FHW A leads the L TPP studies. 

A-38 



Typical Users: 
State and provincial departments of transportation, industry, local and regional transportation 
facilities, other government agencies, academia, research institutions, and the international pavement 
engineering community 

How are Findings or Results Reported and Disseminated? 
The findings and results of work-to-date are available in print form from the Federal Highway 
Administration. 

Existing Information Collections/Databases: 
The L TPP database represents the largest pavement performance data base ever produced. It contains 
sufficient data to produce products today that will significantly improve pavement performance. 

The L TPP data base can be considered a very large information warehouse (in fact, if you took all 
the information stored in the data base at this time and stored it on standard 1.44-rnegabyte disks, 
and then stacked the disks, the pile would reach 8.5 stories high). In some respects, the database can 
be considered as more of a tool---or parts bin-for making products. Although the customers for the 
LTPP products are the states and provinces, the initial user of the database in the majority of cases 
will be the pavement researcher who produces the products. With advancements in computer 
technology, and as the L TPP procedures become refined, the database will become more of a product 
that can be readily used by the states. 

Some products are already available, including those related to materials testing, pavement 
performance monitoring, and equipment standards and calibration procedures. Still under 
development are products directed at the selection and effectiveness of maintenance strategies, 
performance of various rehabilitation techniques and materials, and the selection of design features 
for new or total reconstruction. 

Who Maintains the Collections/Databases? 
Federal Highway Administration-the Pavement Performance Di vision in the Office of Engineering 
R&D maintains the databases. 

The Regional Offices are the main liaison with the states and provinces and are responsible for both 
collecting data on the pavement monitoring sections and processing the data supplied by the highway 
agencies. 

How Can the Data Currently Be Accessed? 
Considerable information is available from the L TPP web site: 
http://www.tfhrc.gov/pavement/ltpp/ltpphome.htm 

The L TPP database access via the web site in currently under construction. 
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For More Information: 
Program/Resource Coordinator 
Charlie Churilla 
Pavement Performance Division 
Federal Highway Administration 
63 00 Georgetown Pike 
McLean, VA 22101-2296 
Telephone: 202-285-2367 
Fax: 703-285-2767 
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SHRP Implementation and Lead States Program 

Description/Scope: 
The A.ASHTO Lead State Program was developed to ensure that practical, real world experience 
gained in the early application of SHRP technology is shared among all state departments of 
transportation and extended to other transportation agencies. A Lead State is a transportation agency, 
along with associated contractors and materials suppliers, that has used one of the SHRP 
technologies on a large enough scale to develop the expertise needed for successful application. The 
Lead State has also assumed the obligation to share this expertise with other agencies on a formal 
basis. 

The program promises to be a new approach to highway technology deployment and transfer by 
making most of the "user as teacher" concept and by involving in the implementation process those 
private sector groups directly affected by the technology. Currently, three or more lead states have 
been designated for each of seven high priority SHRP technology areas. The Lead States have 
organized into Lead State Teams for each technology to maximize efficiency and minimize 
unnecessary duplication of effort. 

Lead State Teams are comprised of professional staff from the Lead States along with volunteer 
private sector participants. As Lead States undertake pioneering projects involving high priority 
SHRP products, the Teams will capture lessons learned and transfer those lessons to the highway 
community at large. (Excerpted from Lead States Program description material.) 

The program is to increase the opportunity for and facilitate the broad adoption of high priority 
SHRP products. It is anticipated that the mission will be accomplished by the year 2000. 

Type of Activity: 
_ T&E ___x_ Technology Transfer ___x_ Technology Deployment 

Sponsor(s): 
American Association of State Highway and Transportation Officials 

Typical Users/Participants: 
The Lead State Program has a large number of individuals participating in a variety of differing 
roles. Key groups are Lead State Teams, agency members (state and local agency professionals 
engaged in early application of high priority SHRP products), private sector members (professional 
staff of commercial entities engaged with Lead State Teams). Lead State support organizations such 
as: AASHTO Task Force on SHRP Implementation, FHW A Regional and Divisional Staff, and D.C. 
Support Group (comprised of SHRP implementation staff of AASHTO, TRB, and FHWA with 
assistance from Maryland DOT.) 
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Existing Information Co/lections/Databa.ses: 
\Vhile the Lead States Program does not focus on data collections or specific databases, the concept 
is one, which is important to describe in the information resources section of this report. The 
framework used for technology deployment and transfer is a new model for the highway community. 
The program brings together a multitude of private and public sector bodies and provides a 
mechanism through which enhanced collaboration can occur. The framework promises to markedly 
increase the opp.ortunities for introducing innovative products to the highway system. 

How Can Data Currently Be Accessed? 
As a pilot effort, the Winter Maintenance Lead State Team is in the process of developing a web site 
that demonstrates the information sharing and communications advantages a virtual clearinghouse. 
The web site will contain a location for peer to peer technical assistance, a comprehensive view into 
research and technology activities in winter maintenance topics, as well as news and events listing. 

For More Information: 
Program/Resource Coordinator 
Haleem A. Tahir 
AASHTO Materials Reference Laboratory 
National Institute of Standards and Technology 
Quince Orchard and Clopper Roads 
Building 226 
Gaithersburg, Maryland 20899 
Telephone: 301 -975-5275 
Fax: 301-330-1956 
Email: haleem. tahir@nist.gov 
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Special Products Evaluation List (SPEL) 

Description/Scope: 
The AASHTO Product Evaluation Listing is a product of the AASHTO Subcommittee on Materials, 
SPEL Cowicil. SPEL's purpose is to provide information about special highway-oriented products 
that have been evaluated in some manner by state highway or transportation departments. The 
system is a means by which states may conserve resources and avoid duplication effort. SPEL has 
been in existence for more than 20 years. 

There is a growing consensus of the need for more timely and efficient access to information on 
proprietary products tested or evaluated by the various state or national programs. The Subcommittee 
working through its SPEL Council has initiated an NCHRP srudy that is examining the feasibility 
of replacing the existing SPEL database v-.rith a new more accessible system that would provide more 
useful information to the highway commwiity (excerpted from NCHRP Progress Report and study 
materials, Project 20-7, Task 82). 

The new database is being informally called the AASHTO Product Evaluation Listing. 

Type of Activity: 
_ T&E _x_ Technology Transfer _ Technology Deployment 

Sponsor(s): 
American Association of State Highway and Transportation Officials, Subcommittee on Materials 

Typical Users: 
State departments of transportation- materials, design, and testing and evaluation professionals, 
and other highway facility owners such as turnpike authorities and local agencies, and Canadian 
provincial transportation departments 

How are Findings or Results Reported and Disseminated? 
Every two years through 1991, FHWA published a hard copy of the information contained in the 
SPEL database, called the "Blue Book." Since 1985 the database has been accessible via modem 
connections to the FHW A mainframe computer. Plans to move SPEL to a PC-based system were 
not implemented due to FHW A staff shortages. In recent years little use has been made of SPEL and 
the data are becoming outdated. (Excerpt from NCHRP Project 20-7, Task 82 materials.) 

Existing Information Collections/Data bases: 
SPEL biannual publications were available through 1991. 

The SPEL database contains A.A.SHTO Member Departments' information concerning new products 
being evaluated through the early 1990s. Because of the declining input to the database, it is 
becoming outdated. 



The new database being created as a result of the NCHRP project will contain new information, 
collecting current data and going forward. The consultant has converted the old SPEL database to 
the new system for agencies to review. 

Who Maintains the Collections/Databases? 
FHW A maintains the database for the AASHTO Subcommittee on Materials. The project consultant, 
the Texas Transportation Institute (TTI). is maintaining the pilot database created in conjunction 
with the NCHRP project. 

Location and General Format Description of the Data: 
The old SPEL database is located on the National Institutes of Health mainframe computer system. 
The pilot database created for the NCHRP project will be located at TTL 

The plans for the new database will include a process, which will allow input from a variety of 
sources. The system is envisioned to have options of direct local agency input as well as batch input 
by the system administration organization. Some states have requested that the database include the 
capability to input data using the states' own product evaluation formats. 

The software system to be used is Inmagic DB/Text Web Publisher. 

How Can the Data Currently Be Accessed? 
The old SPEL database is not being used to any great degree at present. The pilot database will be 
accessible via the TTI web site: http://tti.tamu.edu/prodeval!Tbe project completion date is October 
31, 1997. 

Access or Subscription Fees: 
There are no fees associated with accessing SPEL data. No decisions have been made to-date 
regarding continuation funding, so all options remain open. 

Plans/or Near-Term Enhancements to the Collections/Databases: 
As described, the NCHRP project efforts will produce a pilot database, which will be evaluated for 
full-scale implementation. No decisions have been made regarding this implementation. 

Illustrative Example of Collection/Database Content: 
The pilot database will contain description of the product, manufacturer, evaluation results 
( completed, accepted), testing procedures, date performed, and agency, evaluation, and manufacturer 
contact information, among other items. The database records will contain required information as 
well as associated information, which may vary among the participating organizations. 
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Current Use{s) of the Collections/Databases: (how used and how much-from sponsor's 
perspective) 
As a result of a survey conducted dwing the course of the N CHRP project, a majority of respondents 
rep I ied that they would be "heavy users" of the system. It is estimated that for early implementation 
approximately 30-35 states might be regular participants in the new system. 

For More Information: 
Program/Resource Coordinator 
Kay Nichols 
Texas Transportation Institute 
Information & Technology Exchange Center 
707 Texas Ave. Building D, Suite 106 
College Station, TX 77840-1967 
Telephone: 409-862-2431 
Fax: 409-845-7575 
E-mail: knichols@tti-itec. tam u.edu 
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Testing and Evaluation Projects 

Description/Scope: 
Federal Highway Administration Office of Technology Application Test and Evaluation Projects 
are one pan of the Federal Highway Administration Office of Technology Applications (OTA) 
program. Test and Evaluation Projects evaluate innovative or emerging technologies that have been 
identified as having a great potential for use nationwide. The program has been operational since 
OTA came into existence in 1990. Products are generally commercially available, in limited use, or 
outputs from research and development programs. 

The program covers all areas of highway technology, including asphalt and concrete pavement, 
environment, structures, geotechnology, hydraulics, safety, motor carriers, and traffic operations and 
management. 

Projects are initiated by Federal Highway Administration in coordination with the agency's research, 
development and technology program goals. 

Type of Activity: 
_x_ T&E _ Technology Transfer _ Technology Deployment 

Sponsor(s): 
Federal Highway Administration 

Typical Users: 
State and local transportation agencies, researchers, academia, manufacturers, and vendors concerned 
with testing and evaluating new products in the highway 

How are Findings or Results Reported and Disseminated? 
Findings and results are in the public domain and are published and disseminated as Federal 
Highway Administration technical reports and in the Technology Applications Programs Report. A 
list of project information is also available on the OT A web site. 

For More Information: 
Pro gram/Resource Coordinator 
Richard McComb 
Federal Highway Administration 
Office of Technology Applications, HT A-2 
400 Seventh Street, SW, Rm. 6318 
Washington, DC 20590 
Telephone: 202-366-2792 
Fax: 202-366-7909 
E-mail: ram cc om b@intergate.dot.gov 



Texas DOTffTI Hydraulics And Erosion Control Laboratory 

Description/Scope: 
The Texas (TX) DOT/TTI Hydraulics and Erosion Control Laboratory (HECL) provides TX DOT 
the capability of using selected erosion control products which have demonstrated their capability 
of protecting the natural environment through controlled performance evaluations. These evaluations 
are accomplished at the HECL located at TTI. The testing facility encompasses 21 acres and includes 
an L-shaped embankment, a series of 10 at-grade channels, water reservoirs, pumping stations, and 
various instrumentation. Testing and evaluation activities focus on products dealing with slopes and 
channel flow. Products are accepted for evaluation based upon space availability and upon the 
position of the waiting list maintained by the TTI facility manager. 

HECL efforts also provide industry with a uniform, fair, and timely testing program for products 
they propose for use within TX DOTs construction and maintenance activities, and for new products 
developed by industry. HECL seeks to establish and maintain the greatest number ofindividual 
products on the TX DOT Approved Products List (APL) as possible, provided those products have 
demonstrated their capability to meet TX DOT minimum standards for performance. (Excerpted 
from HECL Annual Report, February 1997.) 

Type of Activity: 
_x__ T &E l Technology Transfer _ Technology Deployment 

Sponsor(s): 
Texas Department of Transportation 

Typical Users: 
Texas DOT construction and maintenance personnel and other state and local agencies seeking 
reliably tested and evaluated products. Manufacturers, vendors, and suppliers of embankment, 
flexible channel liner and hydraulic mulch products. 

How are Findings or Results Reported and Disseminated? 
The evaluations are compiled in an annual report of field performance testing prepared by the TX 
DOT Construction and Materials Division and TTL The testing and evaluation experiences are also 
documented in an annual report produced by TTI. Distribution of materials is via standard 
distribution channels for TX DOT and for TTI reports. 

Existing Information Collections/Databases: 
The information gained thiough the testing and evaluation is incorporated into the TX DOT 
Approved Products List. 

Who Maintains the Collections/Databases? 
The database is maintained by TTI and by the Texas DOT Construction and Maintenance Division. 
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How Can the Data Currently Be Accessed? 
In addition to printed reports from TX DOT or TTI, Internet web sites are being maintained by TX 
DOT at http://www.dot.state.tx.usunder the "Construction and Maintenance Division", and by TTI 
at http://tti.tamu.edu/divisions/econ/env _ management. 

Access or Subscription Fees: 
There are currently no evaluation fees required from participants in the program. Printed reports are 
available from TX DOT without charge. Printed reports are available from TTI for a fee. 

Plans/or Near-Term Enhancements to the Collections/Databases: 
In addition to near-term goals of having a complete listing of product evaluations, there are plans 
for incorporating a search tool for the database. No definite timeframe has been discussed for this 
enhancement. 

Illustrative Example of Collection/Database Content: 
Evaluation procedures, approval information, minimum performance standards, product private 
labels, brand or trade name revisions, product descriptive material, performance data including a 
record of performance data, standard specifications. proposed product list. 

For More Information: 
Program/Resource Coordinator 
Paul Northcutt 
Texas Department of Transportation 
Construction and Maintenance Division 
125 E. 11th Street 
Austin, TX 78701 
Telephone: 512-416-3091 
Fax: 512-416-3044 
Email: pnorth@mailgw.dot.state.tx.us 

and 
Jett McFalls 
Facility Manager 
Texas Transportation Institute 
Environment Management Program 
707 Texas Avenue, Suite IO0E 
College Station, TX 77845 
Telephone: 409-847-8709 
Fax:409-862-1759 
Email: jmcfalls@ttiadmin.tamu.edu 
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Vehicle Detection Clearinghouse 
(at the New Mexico State University) 

Description/Scope: 
The Vehicle Detection Clearinghouse (VDC) is a federal-aid pooled fund project in which 
approximately 25 state departments of transportation participate. The VDC has been in existence 
since January 1997. The Clearinghouse is to provide information to transportation agencies on the 
capabilities of commercially-available vehicle detectors by gathering, organizing, and sharing 
information concerning tests and test procedures in a timely, efficient, and cost-effective manner. 
The Clearinghouse will be a catalyst for developing standard test protocols. 

As a new program, the Clearinghouse is in the process of compiling contact lists, test reports, test 
protocols, product literature, and related materials. Among its activities, the Clearinghouse is 
participating in an American Society for Testing and Materials management committee with the goal 
of developing at least one new standard testing procedure within one year. 

Type of Activity: 
__x__ T&E __x__ Technology Transfer _ Technology Deployment 

Sponsor(s): 
Approximately 25 state departments of transportation through the Federal Highway Administration 
pooled fund program. 

Typical Users: 
State department of transportation traffic monitoring professionals 

How are Findings or Results Reported and Disseminated? 
The primary means of distributing information is through the Clearinghouse web site_ 
(http://www.nmsu.edu/~traffic/) The Clearinghouse also supports a List Serve which functions as 
a communication tool for vehicle detector users, manufacturers, and the research community. 

Existing Information Collections/Databases: 
There are currently two primary searchable databases included in the Clearinghouse, one for state 
agency data and the second for vendor equipment data. Report data is organized into four major 
topical areas: Traffic Monitoring Conference Abstracts, Vehicle Classification Abstracts, Weigh-in­
Motion Abstracts and Miscellaneous Abstracts. 

Who Maintains the Collections/Databases? 
The Clearinghouse is maintained by the Southwest Technology Development Institute at the New 
Mexico State University. 



Location and General Format Description of the Data: 
The database resides on the New Mexico State University's computer system. The data is organized 
via database programs from the University's mainframe system. They are also using Excite for Web 
Servers and Altavista search engines. The site was created with PageMail, web site builder software. 

How Can the Data Currently Be Accessed? 
The data can be accessed through the Clearinghouse web site. (See above.) 

Access or Subscription Fees: 
There are no access or subscription fees for the Clearinghouse. 

Current Use(s) of the Collections/Databases: (how used and how much-from sponsor's 
perspective) 
The Clearinghouse is just getting started. There are no use statistics available at this time. 

For More Information: 
Program/Resource Coordinator 
Project Manager 
Southwest Technology Development Institute 
New Mexico State University 
Box 30001, MSC 3SOL 
Las Curces, NM 88003 
Telephone: 505-646-1846 



World Bank Knowledge Management Initiative 

Description/Scope: 
The World Bank Knowledge Management Initiative is a program being developed by the Bank to 
provide expertise in a series of approximately 12 broad technical areas. The Initiative will be 
available to inform, train, and provide technical assistance and other technology transfer activities 
for international users interested in becoming more knowledgeable about the general topics. 

The World Bank is currently soliciting participants for the Initiative. The Initiative participants will 
be expected to provide staff expertise/counsel in the respective technical areas. Transportation is only 
one of the broad technical topics being considered for the Initiative. For the purposes of the 
Innovation Clearinghouse Srudy, this initiative is an international technology transfer mechanism. 
It will not be specifically dealing with incorporating highway innovative technologies into 
transportation systems. 

For More /11/ormation: 
Program/Resource Coordinator 
Mr. Ian Heggie 
Roads Advisor 
World Bank 
1818 H Street, NW 
Room F44 P206 
Washington, DC 20433 
Email: iheggie@worldbank.org 
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World Federation Technical Assessment Organization (WFTAO) 

Description/Scope: 
The World Federation of Technical Assessment Organizations (WFT AO), established in September 
1996, is a network of organizations that are engaged in issuing Technical Assessments (testing and 
evaluating technologies/products to determine suitability for use) in the construction field. WFTAO's 
mission is to enhance and promote the role of "Technical assessments of innovative and non­
standardized systems and products in the construction field worldwide and to develop the mutual 
confidence on technical assessments made by its members." WFTAO's goal is to foster 
harmonization of "technical assessment processes" and eventually mutual acceptance of "findings 
and results." 

Type of Activity: 
X T&E _ Technology Transfer _ Technology Deployment 

Sponsor(s): 
WFTAO is a fee-based "association" of public and private organizations engaged in "technical 
assessments" in the construction field. CERF's Innovation Centers-HITEC and EvTEC, and 
CEITEC are members of WFT AO. 

Typical _Users: 
Presently, WFTAO's mission is involved with enhancing coordination and collaboration within its 
membership only. Thus it does not provide any direct service to "other users." 

How are Findings or Results Reported and Disseminated? 
Findings from technical assessments are only available from members of WFT AO, not from 
WFT AO per se. 

Existing Information Collections/Databases: 
WFTAO does not have a centralized database. Individual members have a variety of databases. 

Who Maintains the Collections/Databases? 
Individual members 

Access or Subscription Fees: 
Varies from member to member 

Plans for Near-Term Enhancements to the Collections/Databases: 
WFTAO will be developing an electronic network to coordinate activities (see HITEC). 
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For More Information: 

Program/Resource Coordinator 
Emile Farhi 
Secretary General/WFT AO 
clo CSTB 
Paris Cedex France 
Telephone: 33-1-40-50-28-28 
E-mail: FHRHI-CSTB WFTAO<FARHI@CSTB.FR> 
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World Interchange Network (WIN) 

Description/Scope: 
The World Interchange Network (WIN) was officially instituted during the PIARC (Permanent 
International Association of Road Congress, now known as the World Road Association) X.Xth 
World Road Congress held in Montreal, Canada in September 1995. WIN has been organized to be 
the international non-governmental organization devoted to promoting the exchange of road-related 
information and knowledge. Through WIN, a client can identify experts and then may follow up with 
the expert to accomplish the transfer of transportation information. The global electronic nature of 
the network assures communication speed heretofore unknown in the international road community. 
Goals of WIN are to establish a network of as many subscribers as possible to reach out with 
transportation expertise to those in less developed or newly industrialized countries. WIN has the 
potential to significantly improve access to international transportation experts throughout the world. 

WIN currently consists of 148 members in over 54 countries. There are 62 nodes on the network 
located in over 32 countries. Nodes are individual sites or transfer centers. The function of nodes is 
to analyze requests and identify a technical contact, if appropriate. Once a referral is made. the 
initiator and the technical contact communicate in whatever manner is most convenient and then 
determine the most appropriate way to exchange information. 

WIN is currently undergoing a three-year trial period. The organization is based in Montreal and is 
operating with seed funds from various international and national organizations. The Network has 
had a very positive beginning and there is great future potential for the program. 

Type of Activity: 
_ T&E .x._ Technology Transfer _ Technology Deployment 

Sponsor and Participant(s): 
Various institutions involved in WIN cover the spectrum of public, private. academic. and non­
profit sectors. 

Typical Users: 
Worldwide transportation community 

How are Findings or Results Reported and Disseminated? 
The network is currently accessible via its web site: http://www.rme-win-rmi.qc.ca 

Existing Information Collections/Databases: 
The web site lists member organizations (network nodes) and provides the opportunity to request 
infonnation from the network. 
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For More Information: 
Secretary General 
Jean-Pierre Tasse 
World Interchange Network 
393, rue St-Jacques Ouest 
Bureau 620 
Montreal, Quebec, Canada H2Y l N9 
Telephone: 514-844-9926 
Fax: 514-844-9602 
E-mail: rme-win-rmi@mtq.gouv.qc.ca 
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2.2 Examples of State Departments of Transportation New Product 
Evaluation Programs 

Arizona Depa rt men t of Transpo rta tio o New Product Evalu a tio a Program 

Description/Scope: 
The Product Resource Investment Deployment and Evaluation (PRIDE) Program is the Arizona 
Department of Transportation's (ADOT) product evaluation program. It is administered and 
facilitated by the Arizona Transportation Research Center (ATRC). The program reviews and 
evaluates new products for the department and produces the Approved Product List, which catalogs 
all new products, approved for use. The program accomplishes its work through three participatory 
technical committees: Traffic Control Products Evaluation Committee; Maintenance Products 
Evaluation Committee; and Materials Products Evaluation Committee. The New Products Policy 
Committee, which is responsible for the overall success of the program, coordinates the three 
committees' activities. 

New product information is submitted by vendors and manufacturers in specific format and includes 
detailed product information. This packet of materials is the basis for the evaluation and review. The 
A TRC New Products Engineer performs the technical review as well as verifies other users' 
experiences. Should this screening show the product to be appropriate, the product is included in the 
Approved Product List (APL). A summary report of evaluation is prepared ( up to 2 pages in length). 
The Approved Products List is included in a PRIDE database. 

New products on the APL may be used in construction projects. If specifications have not been 
written for the product, a request for product evaluation is made after the product has had at least two 
years in service. This provides performance feedback and if appropriate, information as input to the 
writing of a specification This process assists in the complex effort involved in specification "Writing 
and assists in getting valuable new products into the field more readily. 

Type of Activity: 
X T&E _ Technology Transfer _x_ Technology Deployment 

Spo,rsor(s): 
Arizona Department of Transportation; funding source is the federal-aid State Planning and Research 
Program. 

Typical Users: 
The APL has broad use throughout the department and especially with members of the technical 
committees described above including assistant state engineers, technical professionals in the 
respective areas. central and field office personnel. 
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How are Findings or Results Reported and Disseminated? 
Product evaluation summaries are distributed to the technical committees. The committee members 
are the primary conduits for all new product information dissemination within the department. The 
A TRC has published a PRIDE Annual Report, which provides a full recap of program activities. (A 
New Products Evaluation Engineer was just recently appointed, an Annual Report for the past year 
may not be available.) Published Annual Reports are available through NTIS. 

Application forms for submitting products for evaluation are found on the ATRC web site. 
http://www.dot.state.az. us/about/atrc/pride.htrnl 

Existing Information Collections/Databases: 
PRIDE Approved Products List, which includes a tracking function especially valuable to update 
vendors on the status of their products' evaluations. 

Who Maintains the Collections/Databases? 
The database is maintained by the New Product Evaluation Engineer of the ATRC staff. 

Location and General Format Description of the Data: 
The database currently resides in the ADOT computer system and uses an older software relational 
database program (Revelation). 

How Can the Data Currently Be Accessed? 
The database is accessible by ADOT technical staff through the ADOT computer system. 

Access or Subscription Fees: 
There are no fees associated with accessing PRIDE data or the APL. 

Plans for Near-Term Enhancements to the Collections/Databases: 
Plans are now being made to include access to the APL via the ATRC web site. This new process 
will also allow the retrieval of evaluation policy and forms through the A TRC web site. The database 
will reside on a wide-area network system, available throughout the department. 

The database will be converted to a new system using MicroSoft Access software. 

A TRC is also investigating the possibility of more involvement from local agencies. A TRC is 
planning to coordinate some new product activities with the Local Technical Assistance Program 
efforts. There is potential that A TRC will be able to maintain a database for local projects as well 
as do some follow-up evaluations on in field products. 

Illustrative Example of Collection/Database Content: 
The database includes product name, vendor/manufacturer,dates of contact (tracking of events), and 
status of evaluation. 
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For More Information: 
Program/Resource Coordinator 
Al Zubi 
Arizona Transportation Research Center 
Arizona Department of Transportation 
I 130 N. 22nd Ave. maildrop #075R 
Phoenix, AZ 85009 
Telephone: 602-407-3134 
Fax: 602-256-6367 
E-mail: azubi@dot.state.az. us 
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Kansas Department of Transportation New Product Evaluation Program 

Description/Scope: 
The Kansas Department of Transportation (KDOT) evaluates new highway construction and 
maintenance products, materials, and procedures to determine whether they improve the agency's 
efficiency over currently used products or methods or satisfy an agency need. The Bureau of 
Materials and Research is the responsible organization within the agency for administrative and 
technical coordination of the activities. The department's Research Steering Committee is 
responsible for determining acceptability for department use of all new products or processes. 
Vendors and manufacturers desiring to have products evaluated submit a standard form and full 
complement of information regarding their products. KDOT accepts and utilizes testing from other 
state and federal agencies and recognizes independent research entities such as HITEC and NTPEP 
when evaluating new products. KDOT will duplicate such tests only when particular Kansas 
materials warrant additional testing for verification. The Technology Transfer Engineer shepherds 
the application through the new product evaluation process. 

The Research Steering Committee performs its initial review and assigns an expert in the relevant 
area to perform a detailed evaluation. The evaluation is circulated to the committee for its decision 
regarding approval or rejection of the product for use by the department. A database containing new 
product evaluation information has been created. 

Type of Activity: 
___x_ T &E _ Technology Transfer _ Technology Deployment 

Sponsor(s): 
Kansas Department of Transportation, some Federal-aid State Planning and Research funds are used 
for the administrative oversight functions. 

Typical Users: 
Design, construction, maintenance, materials and research, and other department technical personnel: 
field forces tend to make personal contact with the Bureau of Materials and Research; vendors 
requesting status of the evaluation 

How are Findings or Results Reported and Disseminated? 
Evaluation information is available through evaluation reports, and summary information as output 
from KDOT new products' evaluation computer systems database, and on the Internet. 

Existing Information Collections/Databases: 
The collection consists of evaluation information from all products reviewed and evaluated by 
KDOT. 
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Who Maintains the Collections/Databases? 
The Bureau of Materials and Research 

Location and General Format Description of the Data: 
The data is contained in an Access database on the Materials and Research server. Older product 
information has recently been entered into the Access database with newer evaluations. Some of this 
older information is out-of-date. The department has not had the resources required to maintain these 
data. Information from the past 2 or 3 years is to be available shortly on the KDOT web site: 
http://www.ink.org/pub 1 ic/k:dot/business/ 

How Ca11 the Data Currently Be Accessed? 
All information is available on the Kansas DOT intranet in a static table, giving the product 
information and approval status. Contact with the Bureau of Materials and Research can assist with 
supplying any additional information. The Bureau makes available periodic reports summarizing 
new product assessments, implementations, and evaluations. 

Access or Subscription Fees: 
There are no fees associated with this activity. 

Plans for Near-Term Enhancements to the Collections/Databases: 
KDOT will soon have a new products listing available on their web site. This will be a searchable 
state table and will contain information for KDOT employees as well as vendors seeking information 
about product approval status. The department also plans to include a web site process by which 
vendors may submit new product evaluation applications fonns. 

Illustrative Example of Collection/Database Content: 
The database contains: product name, vendor and vendor contact person, product code/category, 
disposition {approved, need more info or other actions, not approved, and others), date application 
received, date of most recent or final action. This information is available in print at present and will 
be available electronically via the web site. 

For More Information: 
Program/Resource Coordinator 
William L. Jacobs 
Technology Transfer Engineer 
Bureau of Materials and Research 
Kansas Department of Transportation 
2300 Southwest Van Buren Street 
Topeka, KS 66611 
Telephone: 913-291-3847 
Fax:913-296-2526 
E-mai I: bi l lj@dtmrc. wpo. state.ks. us 
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Information Systems Coordinator 
Condie Erwin 
Bureau of Materials and Research 
Kansas Department of Transportation 
2300 Southwest Van Buren Street 
Topeka, KS 66611 
Telephone: 913-291-3847 
Fax: 913-296-2526 
E-mail: condie@dtrnrc. wpo.state.ks. us 
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Mississippi Department of Transportation Product Evaluation Program 

Description/Scope: 
The Mississippi Department of Transportation (MDOT) Product Evaluation Committee is the 
primary body that governs all new product evaluation activities. The committee is a non-policy 
making body of technical and administrative advisors to the Chief Engineer. The committee reviews 
and evaluates new materials, new products, and new procedures proposed to the department and 
makes appropriate recommendations regarding use (from adoption to rejection). The committee is 
comprised of state engineers and managing technical engineers in the various disciplines, 
construction, maintenance, materials, traffic, bridge, roadway design, research, information systems, 

· and planning, among others. 

A primary goal of the committee is to encourage development and introduction into the highway 
field of new and improved products, materials, and processes. In conjunction with a product 
approval, the committee investigates the effort required to implement a specification and through 
department channels forwards its determinations for appropriate actions. 

The committee considers manufacturer or vendor proposals through an individual product review 
subcommittee formed to study each submittal. Reports of evaluation are presented to the committee. 

Type of Activity: 
_x_ T&E _ Technology Transfer _ Technology Deployment 

Sponsor(s): 
Mississippi Department of Transportation, funded through state moneys 

Typical Users: 
The evaluation reports are used by a broad spectrum of department technical areas, those represented 
on the committee, in particular construction and maintenance, and including the six district offices. 

How are Findings or Results Reported and Disseminated? 
As they become available, reports are widely distributed throughout the department. Reports are 
presented at quarterly Evaluation Committee meetings. Data for the approved product sources is 
stored on floppy disk. Committee minutes provide docwnentation of products evaluations. These 
minutes and the approved sources of materials are distributed to committee members. 

Existing Information Collections/Databases: 
The Materials Division is the lead organization for information collection regarding new products. 
The collection is comprised of individual product evaluation reports. Hard copy Ii stings of approved 
sources of materials are maintained with distribution made within the Department. 
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Who Maintains the Collections/Databases? 
The Materials Division 

Location and General Format Description of the Data: 
All material now is in report format. 

Plans for Near-Term Enhancements to the Collections/Databases: 
The department is implementing a wide-area network computer system. The new product 
evaluations' reporting is considered to be an appropriate application for such electronic format. The 
department is reviewing the options for computerizing this material. 

For More Information: 
Program/Resource Coordinator 
Jimmy W. Brumfield 
State Materials Engineer 
Mississippi Department of Transportation 
Materials Division 
P.O. Box 1850 
Jackson, MS 39215-1850 
Telephone: 601-944-9132 
Fax: 601-944-9104 
E-mail:j brumfield@mdot.state.ms. us 



Pennsylvania Department of Transportation New Product Evaluation Program 

Description/Scope: 
The Pennsylvania Department of Transportation (Penn DOT) has had a new product evaluation 
program for as many as 30 years. The program utilizes a standard requirement application form for 
product manufacturers and vendors to apply for consideration by the program. The program 
continually has more applications than can be handled. Like many other organizations, Penn DOT 
is experiencing the lack of resources to accomplish this growing work.load. 

The New Products Evaluation Program is the sole source of approval for new products for use in 
Penn DOT highway applications. Recently, the department underwent a re-engineering of the 
process used for product evaluation with the goal of a more time! y imp! ementation of new products 
and technologies. A brief risk assessment will be made early on in the process to determine the 
extent of the evaluation required and information from other agencies will be used where applicable. 
Provisional specifications will be developed for new products to make them available for contracting 
while the placements are monitored for performance. Formal field evaluations will continue to be 
used for products that are deemed mediwn-high risk, or where little information is available 
concerning actual field placement performance. 

In addition to the re-engineering effort that is currently being implemented, the department will be 
utilizing_university and private sector partnerships for materials testing and evaluation related efforts 
and their implementation, among other items. 

Type of Activity: 
_x__ T&E _ Technology Transfer _ Technology Deployment 

Sponsor(s): 
Pennsylvania Department of Transportation 
Federal-aid State Planning and Research moneys fund field evaluations. 

Typical Users: 
Penn DOT construction, maintenance, and design professionals; Local/municipal agencies public 
works departments; manufacturers and vendors. 

How are Findings or Results Reported and Disseminated? 
At present, Penn DOT new product evaluations data is available upon request from the Division of 
Engineering Technology and Information, Bureau of Construction and Materials. Field evaluation 
reports, when available, are available to department employees and to others expressing an interest 
in and need for the data. 

Existing Information Collections/Databases: 
The existing database is a current listing of descriptive data on each approved new product. 



Who Maintains the Collections/Databases? 
Penn DOT Materials Laboratory maintains the databases on its in-house IBM AS400 computer 
system. 

How Can the Data Currently Be Accessed? 
Data is accessed in batch mode-upon request producing printed documentation for distribution. 

Access or Subscription Fees: 
There are no fees associated with this program. 

Plans for Near-Term Enhancements to the Collections/Databases: 
Penn DOT plans to provide additional guidance to manufacturers and vendors so that more complete 
application packages are received. New forms have been developed to insure that all needed 
information is included for a faster review of the product. 

The re-engineering effort includes development of a new database for product evaluations with 
future Internet accessibility. Vendors and other interested parties will be able to check on current 
evaluations through the Internet. The database and access to it are anticipated to be on-line in early 
1998. The department is also actively participating in the development of AASHTO Product 
Evaluation List (APEL), the revised Special Products Evaluation List (SPEL). 

Illustrative Example of Collection/Database Content: 
The new database being developed will include information compatible with the APEL database 
including product name, vendor, manufacturer, contact information, status of evaluation and other 
similar information. 

For More Information: 
Program/Resource Coordinator 
Gerald Malasheskie, PE 
Chief, Engineering Technology & Information Division 
Bureau of Construction and Materials 
Department of Transportation 
1118 State Street 
Harrisburg, PA 17120 
Telephone: (717) 787-7150 
Fax: (717) 787-5955 
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Washington State Department of Transportation SHRP Evaluation & 
Implementation Database 

Description/Scope: 
The Washington State Department of Transportation (WSDOT) SHR.P Database was established as 
the state's response to facilitate the imp I ementation of S HR.P results. The database serves to enhance 
communications among the states, AASHTO, TRB and others in the highway community. The 
objectives of the SHRP Evaluation and Implementation Database are: 

• facilitate objective evaluation and eventual implementation or rejection of SHRP products, 
• coordinate the exchange of product evaluations, SPS and GPS test site histories, meeting 

minutes, and questions, answers, and comments between the individual states, and 

• provide international, federal, state, local, and private partners with access to the most 
comprehensive SHRP resource available. 

Individual states are invited to contribute information to the database to increase its overall value for 
all users. The database is designed to be a comprehensive, interactive resource available via the 
Internet. 

The database was created after extensive information seeking from the states regarding their 
assessment of the usefulness of such a tool. 

Type of Activity: 
__x_ T&E __x_ Technology Transfer _ Technology Deployment 

Sponsor(s): 
Washington State Department of Transportation 

Typical Users: 
A very broad spectrum of highway professionals from state DOTs industry academia-including 
those participating in SHRP; national and international highway community members. 

How are Findings or Results Reported and Disseminated? 
Data are input to the database via disk, which is then put into the database by WSDOT. WSDOT 
contacts states and provinces for input data twice per year in approximately June and November. 
Data may be sent in most general formats. Smaller contributors may fax in completed data 
information forms. Material is distributed via the web site: 
http:/ /www.wsdotwa.gov/fossc/OT NSHRP 
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Existing Information Collections/Databases: 
The information found in the database is: 

• evaluations of individual SHRP products, 

• directories of key federal, state, and local personnel and vendor contacts, 

• moderated discussion groups for each of the four SHRP program areas, 

• information regarding SPS and OPS pavement performance test sites, and 

• a calendar of upcoming events. 

Personnel from state and local transportation agencies, FHW A, TRB, AASHTO, and academic and 
industry professionals have completed the product evaluations in the database. 

Who ilf aintains the Collections/Databases? 
WSDOT 

Location and General Format Description of the Data: 
The database resides on the WSDOT mainframe computer system. The system was written in 
PowerBuilder a product of Power Soft Corp. 

How Can the Data Currently Be Accessed? 
Via the web site as mentioned above. WSDOT staff fields technical questions by telephone calls or 
email. 

Access or Subscription Fees: 
There are no access or subscription fees associates with this database. 

Plans for Near-Term Enhancements to the Collections/Databases: 
The web site is continually evolving, near term future plans are to transition to address more needs 
of the current SHRP lead state consortia/organizations being formed. WSDOT is actively involved 
in planning a web site addition for one of the technical topics, anti-icing. This new database will 
contain experiences in snow and ice control, team activities and progress. These changes reflect the 
movement toward a focus on the technologies having come from SHRP and not oriented toward the 
actual research program. Much of this conceptual change originated in the AASHTO Task Force on 
SHRP Implementation. 

Illustrative Example of Collection/Database Content: 
The evaluation portion of the database contains information such as: product name, 
manufacturer/vendor,primary recommended use of product, alternate uses, cost, other products that 
may serve the same function, required staff training, evaluator contact, and more. 
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Current Use(s) of the Collections/Databases: (how used and how much-from sponsor's 
perspective) 
Once people were aware of the resource provided by the database, they started calling and sending 
e-mail. In early 1997, the WSDOT web site had 1120+ unique hits per week. WSDOT has been 
receiving 80-100 e-mail messages a day. The direct contacts are requests for information and contact 
names among other items. The high activity shows a strong need for such a technical assistance 
response service. 

For More 111/ormation: 
Program/Resource Coordinator 
William P. Carr 
Director, Technology Applications 
Washington DOT 
Transportation Building 
P.O. Box 47350 
Olympia, WA 98504 
Telephone: 360-705-7802 
Fax: 360-705-6823 
E-mail: bcarr@wsdot.wa.gov 

Information Systems Coordinator 
Mark E. Hambrick 
Technology Implementation Coordinator 
Washington DOT 
Transportation Building 
P.O. Box 47350 
Olympia, WA 98504 
Telephone: 360-705-7509 
Fax: 360-705-6889 
E-mail: mhambric@wsdot.wa.gov 
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2.2 Local/Municipal Departments of Transportation/ Associations 

A number of mediwn-sized local and municipal authorities and departments of public works were 
contacted during the course of this study. The purpose of contacts with this group of transportation 
professionals was to detemiine the level of activity or sponsorship of testing and evaluation 
programs. In general medium to smaller local and municipal departments of transportation or public 
works do not have major resources committed to the testing and evaluation of new products and 
processes. Included in the examples is a County Utilities organization, which does show the type of 
effort when a fomial program is instituted. However, for the most part these agencies rely on their 
respective state departments of transportation for approved new products for highway applications. 
These local/municipal agencies in general were interested in the types of information that an 
innovation clearinghouse could provide. These agencies could very much be part of the user 
community for a Highway Innovation Clearinghouse. 

These local/municipal organizations were selected from a list provided by the FHW A Local 
Technical Assistance Program Manager. The individuals have in the past been involved with or 
active in some LT AP program offering or related services. 

City of Milwaukee, Department of Public Works, Roads and Streets Division 

Description/Scope: 
The City of Milwaukee does not have a formal process for new product testing and evaluation. As 
the need arises and under the direction of senior officials, new products may be tested and evaluated. 
The most common means of performing tests and evaluations is in partnership with vendors. Each 
test and evaluation project is customized to the product with specific emphasis on the ultimate 
benefit to the agency. There is no formal reporting process, yet as appropriate evaluation 
documentation is produced. The basis for selection of a testing and evaluation exercise is if there is 
promise to improve operations, and if it fits the agency's needs and budget. In general for new 
product evaluation information, the City relies on the new product approval list from the state 
department of transportation. 

Evaluations data is used in developing specifications, reports and standard specification 
documentation are the primary dissemination mechanisms. 

A number of organizations within the department (such as Maintenance) have Internet connections. 
The use oflntemet for coordination and reducing duplication of effort is in the early stages and is 
growmg. 



For more information: 
James Purko 
Field Operations Manager 
City of Milwaukee, Department of Public Works 
Roads and Streets -- Maintenance Division 
Municipal Building, 
841 North Broadway, Room 701 
Milwaukee, WI 
Telephone: 414-286-3437 
Fax:414-286-5993 

City of Austin, Department of Public Works 

Description/Scope: 
The City of Austin roads and streets organization does not perform testing and evaluation on new 
products or processes. It relies on the state testing program and its approved new products list Over 
the past years the City has tested and evaluated a few items, yet there is no policy or resources 
specifically committed to this function. As information, the city water and wastewater organization 
has an evaluation committee that reviews new products such as pipes, manhole valves, and other 
related items. 

The City of Austin is connected to the Internet. Regarding an innovation clearinghouse, "it would 
be good to have a place to go to see what other's experiences have been with new products, very 
much in favor of such a clearinghouse effort." 

For more information: 
James Lund 
Supervisor of Materials 
Department of Public Works 
One Texas Center 
505 Barton Springs Road 
P .0. Box 1088 
Austin, TX 78767 
Telephone: 512-440-8444 
Fax:512-499-7088 
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City of North Little Rock 

The City of North Little Rock has no formalized testing and evaluation program. They specifically 
rely on the state department of transportation's new product approval list. The City is not required 
to use state specifications for city road and street construction, but usually does. The City maintains 
no database or collection of products. 

For More Information: 
Robert Ward 
City of North Little Rock 
1124 N. Orange Street 
North Little Rock, AR 72114 
Telephone: 505-340-5355 

Chesterfield County, Virginia-Utilities Department 

The Chesterfield County Utilities Department reviews and evaluates new products and technologies 
in conjunction with its process of developing standard specifications for utility products and 
procedures. The Product Design and Review Committee is responsible for approval of all new 
products. A formal process of application, field-testing and evaluation (if required), vendor 
presentations to the Committee, and consultation with other users of the products are standard 
elements the County's product approval procedures. The Product Design and Review Committee are 
also responsible for specification updates. The organization publishes a comprehensive Water and 
Sewer Specific.1tions and Procedures manual which is available (for fee) to contractors and other 
interested parties. 

In general, new products are incorporated into the County's specifications and therefore the County 
does not have a publicly available database of approved new products. The County does publish an 
"Approved Materials and Manufacturers List and Materials Specifications" as part of the 
Specifications and Procedures manual. The Specifications and Procedures manual is the primary 
vehicle used for dissemination of all information. 
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The County is interested in coordination of effons among the regional water and sewer organizations 
and is working toward regional specifications. There is interest in reducing duplication of effort, in 
understanding experiences from others in the industry, and in enhancing working relationships with 
their state counterparts. The concept of an innovation clearinghouse was seen as a very positive step 
for increasing the likelihood of introducing innovations. 

Although this organization directs its focus to utilities, it shows the type of involvement 
local/municipal organizations can have in either providing or using information provided by an 
innovation clearinghouse. 

For more information: 
Robert B. Wilson 
Engineering Supervisor 
Operations and Maintenance 
Chesterfield County Utilities Department 
P.O. Box 40 
Chesterfield, VA 23832 
Telephone: 804-751-4340 
Fax: 804-751-4607 

Ontario Good Roads Association-The Road Authority 

Description/Scope: 
The Road Authority is an Internet based interactive service to the highway community that provides 
source products and services related to construction and maintenance of municipal roads and bridges. 
The system is being designed to enable municipalities to deliver more cost-effective solutions to road 
system problems. The objective of the Road Authority is to collect, organize, and disseminate 
information concerning products and services that are used throughout the transportation sector. The 
Road Authority will publish standards and technical literature related to the construction and 
maintenance of roads, bridges, and other infrastructure components. 

The Road Authority web site facilitates communications between products and service suppliers on 
one hand and users on the other. Primary categories such as manufacturers, products, contractors, 
service companies, consultants, and standards will be quickly and easily accessible. The system is 
layered so that technical information such as product evaluations, test results, or design specification 
changes can be linked to primary sources, or appropriate service providers-accessing one 
information category to call up electronic links to related information. The Road Authority site can 
also provide hot links to existing supplier web sites. The web site came on line during Summer 1997 
and is still under construction. Some example entries are currently accessible. (Excerpted from web 
site.) 



Type of Activity: 
_x_ T&E _x_ Technology Transfer _ Technology Deployment 

Sponsor(s): 
Ontario Good Roads Association (OGRA) 

Typical Users: 
Municipal and provincial, as well as state highway construction and maintenance personnel, are the 
typical users. Principally "inking the OGRA municipal members to their marketplace." The web site 
has potential for being a resource to a broad spectrum of public and private sector users. 

How are Findings or Results Reported and Disseminated? 
A Classification Steering Committee has been established to classify products and services according 
to a classification matrix. Details on committee activities and the process for companies to submit 
product and service information will be published later in 1997. 

Existing Information Collections/Databases: 
The database is currently being built. Major categories to be included are: 

• products and services related to companies and consultants 

• standards relating to construction, operations, and maintenance issues 

• designs 
• testing results, reviews, and qualifications 

• evaluations 

Linked information categories: 

• application and product listings 

• technical drawings and specifications 

• transport services 

• laboratories 

• manufacturers and distributors of materials and equipment 

• engineering consultants 

• contractors, their specialties, abilities, and experience 

• standards, methodologies, and practices 

• road authorities from Ontario, Canada, USA, and around the world 

• service companies (legal, insurance) 

• educational and training courses, seminars, conferences, and other relevant programs 

Who Maintains the Collections/Databases? 
The Ontario Good Roads Association 
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Location and General Format Description of the Data: 
The data is organized as a knowledge-based relational interactive database. Data entries provide 
short synopses of information with hot links to more in-depth information and related topics and 
sources. 

How Can the Data Currently Be Accessed? 
The Road Authority web site: http://wwww.roadauthority.com/ 

Access or Subscription Fees: 
There are no fees for public sector users and municipal members of the OGRA. A fee schedule for 
private sector organizations and non-members is available on the web site. 

Plans for Near-Term Enhancements to the Collections/Databases: 
By the end of 1997 or early 1998, the site could offer quick access to an estimated 1,000 products 
and hundreds of services and related information. 

Current Use(s) of the Collections/Databases: (how used and how much-from sponsor's 
perspective) 
Web site and database are currently under construction. 

For More Information: 
Program/Resource Coordinator 
George Gera 
President 
The Road Authority 
530 Otto Road, Unit 2 
Mississauga, Ontario LST 2L5 
Telephone: 905-670-0469 
Fax: 905-670-0468 
Email: info@RoadAuthority.com 



2.3 Industry Groups Information Resources 

In addition to several industry groups' summaries included in this document (ITE, ITS America), 
other highway industry associations were contacted to determine the if these organizations provided 
information and databases which were available to the highway commWiity at large. In general, the 
associations were membership driven and provided specific industry related information (for fee) 
to the public or highway community at large. Most of these organizations considered that their 
mission was technology transfer and to be a national voice for their specific area of interest. The 
organizations had World Wide Web sites and were optimistic regarding the enhanced 
commWiications provided by the Internet. 

National Asphalt Pavement Association 

Description/Scope: 
Since its founding in 1955, the National Asphalt Pavement Association (NAP A) has been providing 
comprehensive answers and definitive solutions to the questions and concerns of the Hot-Mix 
Asphalt (HMA) industry. NAPA is the only national organization to exclusively serve the 
independent HMA producers and contractors across the nation. NAPA promotes the use of hot-mix 
asphalt pavements through programs of engineering, education, and research. The Superpave mix 
design system and stone matrix asphalt are two innovations that NAPA is actively researching and 
promoting through technology transfer and training programs. Membership is open to for-profit 
organizations in the hot-mix asphalt industry. 

NAPA's web sit~ address is http://www.hotmix.org. The organization has a publications catalog 
available and provides the most current texts/handbooks on mix design, construction, and 
maintenance for hot-mix products and procedures. 

For more information: 
Margaret Cervarich 
National Asphalt Pavement Association 
5100 Forbes Blvd. 
Lanham, MD 20706-4413 
Telephone: 301-731-4748 
Fax: 301-731-4621 
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American Concrete Institute 

The American Concrete Institute (ACI) strives to be the world's premier developer and disseminator 
of information on the use of concrete for structures and facilities. It is a membership-based 
organization of over 18,000 individuals from over 100 countries. Members represent engineering 
and architectural professions, contractors and materials producers, as well as government and 
academia. 

ACI has a comprehensive web site (address is http://www.aci-int.org) which provides information 
on the organization and its activities as well as access to its library and bookstore. The Library has 
an on-line search capability. Products may be purchased online from the bookstore. Such items as 
codes and standards, technical reports, handbooks and manuals, CD-ROM products and software, 
periodicals, and videos are available. The web site has information for members, yet most 
information is accessible by the general public. 

For more information: 
John Glumb 
Director, Electronic Information 
American Concrete Institute 
P.O. Box 9094 
Farmington, MI 483 3 3 
Telephone: 248-848-3700 
Fax: 248-848-3701 
Email: jglumb@aci~int.org 



2.4 Academic Information Resources 

ITS Research Centers of Excellence Clearinghouse (At TTI) 

Description/Scope: 
The Federal Highway Administration has funded three Research Centers of Excellence (RCEs) to 
engage in research of ITS technology. The Centers are: 

• University of Michigan ITS Research Center of Excellence 
• Texas A&M ITS Research Center of Excellence 
• Virginia Tech ITS Research Center of Excellence 

A fourth center, while not formally part of FHWA's RCE program, is funded by the U.S.DOT, 
Research and Special Programs Administration and shares common goals and objectives with the 
other RCEs. 

• University of Minnesota ITS Institute at the Center for Transportation Studies 

The ITS Research Centers of Excellence Clearinghouse manages the information produced by the 
three RCEs. 

Type of Activity: 
_x_ R&D T&E _ Technology Transfer _ Technology Deployment 

Sponsor(s): 
Federal Highway Administration 

Typical Users: 
State departments of transportation, researchers and industry representatives with interest in ITS 
technologies 

How are Findings or Results Reported and Disseminated? 
Currently the collection is comprised of completed projects by the various RCEs. The reports and 
findings can be accessed by making a request to the RCE Clearinghouse Coordinator. Reports from 
research activities are also distributed by the individual institutions that performed the research. 

How Can the Data Currently Be Accessed? 
The three RCEs web sites are as follows: 

Texas A&M: http:/tti.tamu.edu/rce/ 
University of Michigan: http://its.engin.umich.edu/itsrce 
Virginia Tech: http://www.ctr.vt.edu/and University of Minnesota: http://www.umn.edu/cts/ 
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Access or Suhscriptio11 Fees: 
There are no fees associated with requests for reports. 

Plans for Near-Term Enhancements to the Collections/Databases: 
The Clearinghouse plans to have a searchable database located on the Internet in the future. 

Current Use(s) of the Collections/Databases: (how used and how much-from sponsor's 
perspective) 
The current TII web site has experienced high use, in February 1997, there were 3,400 hits including 
800 individual user sessions (about 120 users a day). Web site hits are from worldwide sources. 

For More Information: 
Program/Resource Coordinator 
Gary Lobaugh 
Clearinghouse Program Coordinator 
ITS RCE Program Clearinghouse 
The Texas Transportation Institute 
Texas A&M University System 
College Station, TX 77843-3135 
Telephone: 
Eax: 409-845-9848 
E-mail: g-lobaugh@tamu.edu 
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University Transportation Centers and University Research Institutes 

Description/Scope: 
The University Transportation Centers (UTC) includes IO regional centers within the 10 Federal 
regions. In addition, under the provisions of the lntermodal Surface Transportation Efficiency Act 
of 1991 (ISTEA), UTC has three national centers. 

The 10 regional centers are as follows: 

• The New England University Transportation Center (Region 1) includes Massachusetts Institute 
of Technology, Harvard University, University of Connecticut, University of Maine, University 
of Massachusetts, University of New Hampshire, University of Rhode Island, and University of 
Vennont. The center focuses on strategic management of transportation systems. For further 
infonnation, contact Thomas Humphrey at ( 617) 253-4978. 

• The University Transportation Research Center (Region 2) includes the City University of New 
York, New Jersey Institute of Technology, New York University, Polytechnic University, 
Princeton University, Rensselaer Polytechnic Institute, Rutgers University, State University of 
New York, Stevens Institute of Technology, University of Puerto Rico, and University of the 
Virgin Islands. This center specializes in regional mobility and urban/suburban accessibility.For 
further information, contact Robert Paaswell at (212) 650-8050. 

• TI1e Mid-Atlantic Universities Transportation Center (Region 3) includes The Pennsy 1 vani a State 
University, University of Pennsylvania, University of Virginia, Virginia Polytechnic Institute 
and State University, and West Virginia University. This center concentrates on advanced 
technologies in transportation and management. For further information, contact James Miller 
at (814) 863-1909. 

• The Southeastern Transportation Center (Region 4) includes Duke University; Georgia State 
University; North Carolina A&T State University; North Carolina State University; University 
of North Carolina, Chapel Hill; University of North Carolina, Charlotte; University of Florida; 
University of Kentucky; University of South Florida; University of Tennessee; and Vanderbilt 
University. The theme of this center is to improve transportation safety. For further information, 
contact Stephen Richards at (423) 974-5255. 

• The Great Lakes Center for Truck and Transit Research (Region 5) encompasses Central State 
University, Michigan State University, Michigan Technological University, Northwestern 
University, The University of Michigan, and Wayne State University. This center specializes in 
commercial transportation. For further information, contact Thomas Gillespie at (313) 936-1064. 
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• The Southwest Region University Transportation Center (Region 6) includes Texas A&M 
University System; Texas Southern University; and University of Texas, Austin. The center 
concentrates on sustainable transportation for mobility and economic strength. For further 
information, contact Dock Burke at (409) 862-2946. 

• The Mid-America Transportation Center (Region 7) includes Kansas State University; Kansas 
University; University of Missouri, Columbia; University of Missouri, Rolla; University of 
Missouri, Lincoln; and University of Nebraska. Lincoln. This center started operations in July 
of 1995, and its theme revolves around improving the design and operations of transportation 
facilities and services in mid-America. For more information, contact Patrick McCoy at (402) 
472-5019. 

• The Midwest Transportation Center (Region 7) includes Iowa State University and The 
University of Iowa. It specializes in transportation actions and strategies to accommodate 
economic shift. For more information, contact Thomas Maze at (51 S) 294-8103. 

• The Mountain-Plains Consortium (Region 8) members are Colorado State University, North 
Dakota State University, University of Wyoming, and Utah State University. The consortium 
specializes in rural and non-metropolitan transportation. For further information, contact Gene 
Griffin at (701) 231 • 7767. 

• The University of California Transportation Center (Region 9) includes the University of 
California, Berkeley; University of California, Davis; University of California, Irvine; University 
of California, Los Angeles. This center focuses on improving accessibility for all persons. For 
more information, contact Melvin Webber at (510) 643-7378. ' 

• Transportation Northwest (TRANSNOW) (Region 10) consists of Oregon State University; 
Portland State University; University of Alaska, Fairbanks; University ofldaho; University of 
Washington: and Washington State University. This center specializes in management and 
planning of intennodal operations. For further information, contact Nancy Nihan at (206) 543-
8255. 

The 3 regional centers are as follows: 

The National Center for Transportation and Industrial Productivity at the New Jersey Institute of 
Technology focuses on improving productivity through transportation. For more information, contact 
Louis Pignataro at (410) 319-3666. 
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• The National Center for Transportation Management, Research, and Development at Morgan 
State University focuses on the link between transportation and economic development. Call 
( 410) 319-3666 for general information. 

• The Mack-Blackwell National Rural Transportation Study Center at the University of Arkansas 
specializes in improving the quality of rural life through transportation. For more information, 
call Jack E. Buffington at (501) 575-7957. 

University Research Institute: In addition, ISTEA authorized the following University Research 
Institutes (URI): 

• The Institute for National Surface Transportation Policy Studies, San Jose State University, 
analyzes ways of improving, developing, and operating the Nation's surface transportation 
programs. 

• The Infrastructure Technology Institute, Northwestern University, studies techniques to evaluate 
and monitor infrastructure conditions, works to improve information systems for infrastructure 
construction and management, and studies new materials and processes for constructing and 
rehabilitating public works facilities. 

• The Urban Transit Institute is affiliated with the University of South Florida, North Carolina 
A&T State University, and a consortium of FloridaA&M, Florida State University, and Florida 
International University. This is an interdisciplinary institute for the study and dissemination of 
techniques to address the diverse transportation pro bl ems of urban areas experiencing significant 
and rapid growth. 

The Institute for Intelligent Vehicle-Highway Concepts, located at the University of Minnesota, 
Center for Transportation Studies, conducts research and recommends activities that focus on 
methods to increase road way capacity and enhance safety. The inte Uigent vehicle-highway systems 
technologies will be researched, and recommendations will be made which, through the use of these 
technologies, reduces negative environmental effects of transportation facilities. 

The Institute for Transportation Research and Education, University of North Carolina, conducts 
research and directs technology transfer and training for State and local transportation agencies 
improving the overall surface transportation infrastructure. 
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The UTC Program conducts basic and applied research as supported by local sponsors, and supports 
the development of future transportation professionals through graduate studies and programs. 

The UTC conducts infrastructure research and education concerning the transportation of people and 
goods; and it publishes and disseminates research results. More than 600 research studies have been 
initiated in the first 6 years of operation. Research covers three modes of surface transportation and 
a broad range of multimodal topics. 

The centers direct educational energies toward undergraduate and graduate students. To encourage 
expanded participation in the transportation workforce, the centers also emphasize education for 
minorities and women. Each center has a lead university that manages the consortium and has a 
theme around which research and education activities are focused. 

Type of Activity: 
_x_ R&D T &E _ Technology Transfer _ Technology Deployment 

Sponsor(s): 
U.S. Department of Transportation, Research and Special Programs Administration 

The UTC program benefits all surface transportation. The UTC program is managed by the Research 
and Special Programs Administration (RSPA) and assisted by the Federal Transit Administration 
and FHWA 

Each UTC provides funding, which is matched by research activity partners/participants. 

Typical Users: 
Federal and state transportation professionals, researchers institutes and academia 

How are Findings or Results Reported and Disseminated? 
Information is available through the University Transportation Centers Program Clearinghouse at 
(814) 863-3 614. Reports are disseminated by the individual institutions. 

Existing Information Collections/Databases: 
The collection is primarily the list of research projects performed through the program and includes 
contacts information at the performing institution. 

Who Maintains the Collections/Databases? 
Pennsylvania State University, UTCP Clearinghouse 

How Can the Data Currently Be Accessed? 
Data may be accessed by contacting (telephone, fax, mail) the Clearinghouse or through contacts at 
any of the individual consortium centers or institutions. 
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Access or Subscription Fees: 
There are no fees associated with acquiring information, except for out-of-print items, there may be 
a copying charge. 

Plans for Near-Term Enhancements to the Collections/Databases: 
The Clearinghouse is planning a web site that will have a searchable database containing reports 
generated by the various institutions. The software to be used will be Microsoft Access. 

Illustrative Example of Collection/Database Content: 
Report title, principal investigator, university, funding source, abstract, start and end date, and 
nwnber of pages in report. 

For More Information: 
Program/Resource Coordinator 
Ann Marie Hutchinson 
UTCP Clearinghouse 
Mid-Atlantic Universities Transportation Center 
Pennsylvania State University 
Pennsylvania Transportation Institute 
Research Office Building 
University Park, PA 16802-4710 
Telephone: 814-863-3614 
Fax: 814-865-3039 

Information Systems Coordinator 
Susan Rossman 
Database Manager, Database Search 
Telephone: 814-863-3456 
Fax: 814-865-3039 
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2.5 Other Resources Deserving Discussion 

There are a number of very important resources that are major contributors to the dissemination 
of information, technology transfer, and promotion of innovation throughout the highway 
industry. These information resource providers do not uniquely focus on new product or process 
testing and evaluation, and therefore they were not included in the brief summaries contained in 
this appendix. The Steering Team, however, expressed a desire to highlight these resources to 
indicate their significance, relevance, and stature among highway professionals. 

AASHTO VAN and Internet Activities 

The American Association of State Highway and Transportation Officials (AASHTO) supports 
a network service function called the Value-Added Network (VAN). The AASHTO VAN 
provides linked computer services to the AASHTO Member Departments, the Federal Highway 
Administration, and the Transportation Research Board. The V AN's electronic information 
system provides an electronic mail, interactive forum, retrieval of AASHTO's weekly Journal 
and allows access to other information such as several of the FHW A fiscal management 
reporting and reimbursement systems. 

During the past six months AASHTO has committed considerable resources to its new web site 
The address is: http://www.aashto.org. The web site provides information about the organization, 
current and past years' volumes of the AASHTO Journal and Regs Report. descriptions and 
contacts for AASHTO programs and services (such as the National Transportation Product 
Evaluation Program and the SHRP Product Implementation activities), ISTEA recommendations, 
meeting and events notices, as well as how to obtain publications from AASHTO. 

Construction SuperNetwork 

The Construction SuperNet:work is an interactive community for members of the concrete and 
masonry industries. The Aberdeen Group is a privately owned company and produces educational 
books and videos, electronic media, directories, five construction magazines, and conducts 
worldwide trade shows and other information services for the concrete and masonry construction 
industries. The mission of The Aberdeen Group is to strengthen and grow the concrete and masonry 
industries worldwide through information services. This site can be found at www.supemetwork.net. 
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Transportation Research Board Web Site 

The Transportation Research Board maintains a web site that provides a comprehensive and 
extensive view into a multitude of resources within the research and technical arenas of 
transportation research. The TRB web sit includes information about its organization and 
membership; activities carried out by its Technical Activities Division and the Cooperative 
Research Programs it administers; its publications and ordering information, as well as a soon to 
be active link into its popular database, the Transportation Research Information Service (TRIS). 
The TRJS database is a valuable tool to help researchers be more informed about research, 
development, and technology transfer projects thus providing cooperation and collaboration 
among transportation researchers. TRIS also serves as a valuable tool to reduce duplication of 
effort and thus allows transportation researchers to more effectively utilize research funds. TRB 
information resources include primarily results of research and development efforts and do not 
specifically address the new product testing and evaluation arena. It must be noted that TRB in 
general, and particularly through its web site, is a major factor in the dissemination of leading 
edge technical information within the transportation community. In addition to the information 
generated by TRB, the web site also includes one of the most complete lists oflinks to domestic 
and international transportation research organizations and transportation agencies found on the 
web. The TRB web site address is http://www.nas.edu/trb/ 

FHWA Web Site including TECHNET 

The Federal Highway Administration provides a comprehensive view into its programs and 
activities through its web site which includes the full activities of the agency including, among 
many, the research, development, and technology efforts at the Turner-Fairbank Highway 
Research Center and in particular the Office of Technology Applications (OTA), HIGHWAY 
TECHNET. TECHNET is OT A's online highway technology resource center that provides users 
with the most current information on its technology projects in pavements, assessments and 
marketing, safety, structures, and traffic. Currently TECHNET highlights its "RoadSavers" 
which document the results of implementing the products produced by the Strategic Highway 
Research Program, provides a Directory of Superpave Resources, and discusses digital camera 
technology for bridge inspection. Information resources such as FHWA's Testing and Evaluation 
program and other activities conducted through OTA are accessible at TECHNET. A number of 
these programs are described in the information resources swrunaries contained in this appendix. 
The FHW A TECHNET web site address is http://v.ww.ota.fhwa.dot.gov/. 



World Road Association (WRA formerly PIARC) 

World Road Association (formerly PIARC) - was founded in 1909 following the 1st 
International Road Congress held in Paris in 1908. It is the oldest international association 
concerned with Road Engineering, Road Policy and the Management of Road Networks. It has 
evolved since and now boasts 91 Member Governments and other Members in 129 countries 
worldwide. The World Road Association is a non-political and non-profit making association. 
The general aims of the association are to facilitate international co-operation and to foster 
progress m: 

• the formulation of road and road transport policies and the development of road technology 
taking full account of sustainable development, user's perspective, including safety and value 
for money, and 

• the improvement of knowledge transfer with priority given towards developing countries and 
countries in transition. 

To achieve these aims, PIARC creates and coordinates Committees and Working Groups, 
organizes a quadrennial World Road Congress and various technical seminars, and publishes a 
large number of documents including a quarterly magazine. 
The Association comprises several categories of members: Governments, Regional Authorities, 
Collective Members and Individual Members. The Association seeks the active participation of 
all members be they from a developed, transitional or developing country. Member countries are 
able to create National Committees. These Committees play an important role in the activities of 
the Association and represent PIARC in their countries. 

WRA established the World Interchange Network and is one of the active nodes of WIN (see 
information resource summary in this appendix). Among the many services WRA provides, it 
has established a comprehensive list of road terminology as well as provides information on 
materials and testing activities of its member organizations. Information about these and other 
services is available through the WRC web site. The WRA web site address is: 
http://www.piarc.lcpc.fr/. 



Section 3 Summary Information 

3.1 Cross Reference by Major Activity 

Test and Evaluation: 

Experimental Projects Program & Tabulation 
Highway Innovation Technology Evaluation Center 
National Transportation Product Evaluation Program (NTPEP) 
Non-Destructive Evaluation (NDE) Validation Center 
Long Term Pavement Performance (L TPP) Program 
Testing and Evaluation Projects 
Texas DOT/TTI Hydraulics and Erosion Control Laboratory 
Vehicle Detection Clearinghouse (at the New Mexico State University) 
World Federation Technical Assessment Organization (WFTAO) 
Arizona Department of Transportation New Product Evaluation Program 
Kansas Department of Transportation New Product Evaluation Program 
Mississippi Department of Transportation Product Evaluation Program 
Pennsylvania Department of Transportation New Product Evaluation Program 
Washington State Department Of Transportation SHRP Evaluation and Implementation 
Database 
Ontario Good Roads Association-The Road Authority 

Technology Transfer 

Border Technology Exchange Program 
Bureau of Transportation Statistics 
Coordinated Federal Lands Highway Technology Implementation Program 
National Quality Initiative Clearinghouse (at TTI) 
National Work Zone Safety Information Clearinghouse 
Non-Destructive Evaluation (NDE) Validation Center 
Long Term Pavement Performance (LTPP) Program 
SHRP Implementation and Lead States Program 
Special Products Evaluation List (SPEL) 
Testing and Evaluation Projects 
Texas Dot/Tfl Hydraulics and Erosion Control Laboratory 
Vehicle Detection Clearinghouse (at the New Mexico State University) 
World Interchange Network (WIN) 
Washington State Department Of Transportation SHRP Evaluation and Implementation 
Database 
Ontario Good Roads Association - The Road Authority 
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Technology Deployment 

R&D 

ITS America Clearinghouse 
Priority Technology Program (PTP) 
SHRP Implementation and Lead States Program 
Arizona Department of Transportation New Product Evaluation Program 

ITS Research Centers of Excellence Clearinghouse (at TTI) 
University Transportation Centers 
Long Term Pavement Performance (L TPP) Program 
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3.2 Cross Reference by Sponsor 

American Association of State Highway and Transportation Officials (AASHTO) 

National Quality Initiative Clearinghouse (at TTI) 
National Transportation Product Evaluation Program (NTPEP) 
SHRP Implementation and Lead States Program 
Special Products Evaluation List (SPEL) 

Federal Highway Administration (FHWA) 

Border Technology Exchange Program 
Coordinated Federal Lands Highway Technology Implementation Program 
Experimental Projects Program & Tabulation 
Highway Innovation Technology Evaluation Center 
Local Technical Assistance Program (LT AP) 
National Work Zone Safety Information Clearinghouse 
Non-Destructive Evaluation (NDE) Validation Center 
Priority Technology Program (PTP) 
Long Term Pavement Performance (LTPP) Program 
Testing and Evaluation Projects 

U.S. Department of Transportation 

Bureau of Transportation Statistics 
Infrastructure Technology Institute at Northwestern University 

State Departments of Transportation 

Arizona Department of Transportation New Product Evaluation Program 
Kansas Department of Transportation New Product Evaluation Program 
Mississippi Department of Transportation Product Evaluation Program 
Pennsylvania Department of Transportation New Product Evaluation Program 
Texas Department ofTransportation/TTI Hydraulics and Erosion Control Laboratory 
Washington State Department of Transportation SHRP Evaluation and Implementation 
Database 
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Local/M uo icip al Departments of Transportation/Associations 

City of Austin, Department of Public Works 
City of Milwaukee, Department of Public Works, Roads and Streets Division 
Chesterfield County, Virginia-Utilities Department 
Ontario Good Roads Association-The Road Authority 

Industry Groups Information Resources 

National Asphalt Pavement Association 
American Concrete Institute 
ITS Research Centers of Excellence Clearinghouse (at TTI) 
University Transportation Centers 
University Research Institutes 
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Master Listing of Acronyms 

AASHTO - American Association of State Highway Officials 
ACI - American Concrete Institute 
BTEP - Border Technology Exchange Program 
BTS - Bureau of Transportation Statistics 
CERF - Civil Engineering Research Foundation 
CTIP - Coordinated Federal Lands Highway Technology lmplementation•Program 
FHW A - Federal Highway Administration 
FLHP - Federal Lands Highway Program 
HITEC - Highway Innovative Technology Evaluation Center 
ISTEA - Intermodal Surface Transportation Efficiency Act 
ITE - Institute of Transportation Engineers 
ITS - Intelligent Transportation Systems 
ITI - Infrastructure Technology Institute (at Northwestern University) 
LTAP - Local Transportation Assistance Program 
LTPP - Long Term Pavement Performance Program 
NAPA - National Asphalt Pavement Association 
NCHRP • National Cooperative Highway Research Program 
NOE - Non-Destructive Evaluation 
NEPT - National Experimental Projects Tabulation 
NHI - National Highway Institute 
NTIS - National Technical Information Service 
NTPEP • National Transportation Product Evaluation Program 
OT A - Office of Technology Applications 
PTP - Priority Technology Program 
RCE - Research Center of Excellence (for ITS) 
RSPA - Research and Special Programs Administration 
SP&R- State Planning and Research Program 
SPEL - Special Products Evaluation List 
TRIS - Transportation Research Information Service 
TTI - Texas Transportation Institute 
TRB - Transportation Research Board 
URI - University Research Institute 
UTC - University Transportation Centers 
VDC - Vehicle Detection Clearinghouse 
WIN - World Interchange Network 
WRA - World Road Association (formerly PIARC) 
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AppendixB 

Innovation Clearinghouse Survey 





The following questions are designed to help us assess the interests and needs of your agency or 
organization concerning electronic data and information access. The results of this survey will be 
used to organize and create an electronic clearinghouse that will serve as a "home base" or 
"gateway" to the nwnerous and various existing resources available. 

This survey has been distributed to both the suppliers and users of informational resources as well 
as a random sample of individuals within select state transportation agencies. Note if your 
organization is both a supplier and user of information, please answer this survey from the 
perspective of a user. 

Your participation is a vital step in this process of developing an unprecedented Clearinghouse for 
the exchange of information in the highway and transportation community. Please return the 
completed survey by July 11, 1997 via fax at (202) 789-5345. Thank you for your time and 
assistance. 

SECTION 1 - General Information 

The following questions are designed to help us classify your organization and to determine the types of activities performed 
within your functional area that prompt contact with clearinghouses databases, or other program resource materials. 

1. What category best describes your organization? (Check one) 

• Federal Government 
• State Highway or Transportation Agency 
0 County or Municipal Government 
• Research Institute 

(e.g., academic, testing, evaluation laboratory) 

D Engineering or Consulting Services 
0 Product Invention, Manufacturing and/or Marketing 
• Technology Transfer Center 
• Professional Association 

• Other 

2. Which area best describes the primary activity performed within your functional area?(// your involvement 
includes more than one of the activities, please only rank the most frequently performed activily as 1, the next most 
frequently performed activity as 2, and the third most frequently performed activity as 3). 

Research and Development 
---
___ Testing and Evaluation 
___ Technology Transfer 
___ Technology Deployment (including other general implementation activities) 
___ Design 

---Specifications 
Purchasing/Procurement ---
Operations ---
Maintenance ---

___ Other 



SECTION 2 - Information Use and Access 

There are a number of sources that may provide information to assist you and others within your functional team to perform 
your daily assignments. We'd like to know about your contact (receipt or request of information) with a number of 
information clearinghouses, databases, and other programs. 

Please be sure to give us the information regarding the actual organization with which the contact was made. For example, 
if you were to have requested information from a technology transfer organization about another organization, make sure to 
record your activity for both organizations. 

3. Approximately, bow often have you had received product information or made requests from the 
following clearinghouses, databases or other programs during the past six months, and/or is there other 
information that you have received/requested not listed here? If so, please include its source at the end 
of the table. Please indicate the contacts you have had or made in the past six months. Note: Information 
dissemination is a result of the information provider sending information to you, it may be newsletters, 
reports, CD-ROM collections; regular distributions from Internet-based collections; or other such items. 

Information requests are those inquiries made by you from the information providers, such requests may 
be for written documentation, CD-ROM coUections, Internet inquiries of databases, and other such items. 

We understand this is an estimate. We are looking for order-of-magnitude data to determine the 
types/levels of information contacts that are occurring. (Rank: a= 0 contacts, b = 1-10 contacts, c = 11-25 
contacts, d = 26-50 contacts, e = 55-100 contacts,/= over JOO contacts) 

Jnfonnation Source Information contacts Information contacts 
resulting from provider resulting from user 
generated contact in last 6 generated contact in 
months last 6 months 

Border Technology Exchange Program 
Experimental Projects Program - FHWA 
Geotextile Testing and Evaluation Clearinghouse (at Texas 
Transportation InstituteffTI) 
Highway Innovative technology Evaluation Center (HITEC) 
ITE Clearinghouse 
ITS America Clearinghouse 
Coordinated Technology Exchange Program - FHW A 
Federal Lands 
Local Technical Assistance Program (L TAP) - FHW A 
National Quality Initiative Clearinghouse at TT[ 
National Transportation Product Evaluation Program 
(NTPEP) 
Northwestern Infrastructure Clearinghouse 
Non-Destructive Evaluation (NOE) Validation Center -
FHWA 



Priority technology Program (PTP)- FHWA 
_ 1:cial Products Evaluation List (SPEL) 

Washington State Department of Transportation SHRP 
Database 
SHRP Long Pavement Perfonnance (LTPP Program) 
Testing and Evaluation Projects - FHW A 
Vehicle Detection Clearinghouse (at New Mexico State 
University) 
World Bank Network/Databases 
World Federal Technical Assessment Organization 
(WFTAO) 
World Interchange Network (WIN) 
State Departments of Transportation New Product 
Evaluation Programs 
Local/Municipal Departments of Public Works or 
Transportation new Product Evaluation Data 
Industry Associations lnfonnation Resources 
Product Vendor, Suppliers, and Manufacturers 
University Transportation Centers Program Clearinghouse 
(at Penn State or other Centers' data) 
Research Centers of Excellence (at TTL University of 
Minnesota, or University of Michigan) 

Other Information Sources Please List Give Contact Information 

4. Approximately how many of the above contacts (percentage of total contacts for each category) were 
electronically based contacts? Electronically based means use of data transfer via computers or related 
hardware/software (i.e., computer generated communications, e-mail, electronic bulletin boards, CD-ROM, 
or Internet/World Wide Web). 

For user generated contacts, if any part of the transaction was done via electronic request/receipt please 
include it as an electronically based contact. 

Percent of provider generated contacts that were electronically based 
0-25 percent 26-S0percent 51-75 percent 76-100 percent 

Percent of user generated contacts that were electronically based 
___ 0-25 percent ___ 26-50 percent ___ 51-75 percent ___ 76~ 100 percent 



5. In the past six months, approximately how many times have you used the following electronically based 
resources for information regarding product testing, evaluation, approval, and deployment topics? (Rat. 
a= 0 contacts, h = 1-10 contacts, c = II-25 contacts, d= 26-50 contacts, e = 51-100 contacts,f= over JOO contacts) 

AASHTO electronic resources ---Civil Engineering Research Foundation CENET ---
___ Transportation Research Board Web Site 
__ _.FHWA Web Site including TECHNET 
---Other Site _________________________ _ 

Other Site 
--- ---------------------------

0th er Site 

6. During the past six months what is the most frequent use of product testing, evaluation, approval, or 
deployment information that you received or requested (from any means, electronically-based or not)? (Rank: 
I = most used, 7=/east used) 

___ Reduce duplication of effort/coordination with other similar efforts 
___ Planning research and development projects 
___ Product specifications and standards 
___ Maintain state-of-art in my technical field 
__ __.Product evaluations/ approvals 
---Purchasing/procurement 
___ Other-----------------------------

7. What capability for electronic access to a number of these information sources do you have or will have 
in the next six months? Check all that apply. 

D Database on CD-ROM (with periodic updates) 
D Database on diskette (with periodic updates) 
• Electronic bulletin board 

• E-mail 
• Internet/World Wide Web 
• Other 

8. In the next three years, if there were an electronically-based, enhanced system - an Innovation 
Clearinghouse - that facilitated your access to various clearinghouses, databases. and other programs 
related to product testing, evaluation,approvals,and deployment, where would it provide the most utility 
for you? (Rank: I = most utility, 7 or 8 = least utility; please do not use duplicate numbers for ranking). 

___ Reduce duplication of effort/coordination with other similar efforts 

---Planning research and development projects 

---Product specifications and standards 

---Maintain state-of-art in my technical field 

---Product evaluations/approvals 

---Purchasing/procurement 
Other ___________________________________ _ 

---



9. It is common understanding that as a whole, current clearinghouses and databases do not completely 
address all needs for product testing, evaluation, approval, and deployment. We would like to have a 
better understanding of why this is so. Why is information not available to you? (Rate: 3=highly important 
factor for information not being available, 2=moderately important factor for information not being available, 
/=not an important factor for information not being available, 0 = does not apply). 

___ Information has not yet been documented/collected. 
___ To my knowledge appropriate tools do not exist to allow me to access the infonnation. 

There are tools to access the information, but my organization uses other tools not compatible with ---
those needed. 

___ My organization does not commit resources for support of tools to access this information. 

10. If an Innovation Clearinghouse to access product testing, evaluation, approval, and deployment 
information were developed where should effort be spent? (Indicate a percentage for each area that when 
totaled equals 100 percent). 

Percent 
___ Collecting/documenting infonnation to be available via the Innovation Clearinghouse 

Developing appropriate tools (hardware and software) to access the data ---
Other activity --- ---------------------------------

12. What are the three top gaps for technical subjects regarding product testing, evaluation, approval, and 
deployment that might be solved by having data available through an Innovation Clearinghouse? Please 
be as specific as possible. 

I . ----------------------------------------

2. ----------------------------------------

3. ----------------------------------------



13. If such an Innovation Clearinghouse were to be developed, please describe what would be most useful and 
productive for you. (Rate: 3=most useful, 2=moderately useful, ]=somewhat useful, O=not useful). 

___ An Internet/World Wide Web based system of linkages including intelligent decision support tools 
to enable seamless entry to the wide variety of electronic databases and clearinghouses. 

___ An integrated database containing information from the variety of sources accessed by use of common 
terminology and through specific database software. 

___ An Internet/World Wide Web based system of hot links that point the user to the variety of sources 
causing the user to perform the search and identification of appropriate resources. 

-~_Other, please describe -------------~~---~~---------

14. Regardless of its ultimate form, what are the most difficult barriers you see to implementing an electronic­
based Innovation Clearinghouse? 

I. 

2. 

3. 

15. To your knowledge, are there other industries besides transportation that have broad-based clearinghouse 
systems in operation? 

16. Please give any additional comments or recommendations (If you need additional space to answer please 
continue on a separate sheet of paper and reference this question). 



We would appreciate you and your organization's willingness to discuss your responses once all respondent data has 
en compiled. Let us also assure you that individual respondent infonnation will be kept confidential. 

Name & Title 

Organization 

Address 

Telephone Fax E-mail --------- --------- ---------

I would be willing to discuss the survey ___ _ 

Thank you for taking the time to compete this survey. Your input will be carefully reviewed and used in 
planning a framework for an Innovation Clearinghouse. Please return the completed survey by July 11, 1997 
via fax at (202) 789-5345 or mail to: 

HITEC 
c/o CERF 

1015 15th Street, NW 
Suite 600 

Washington, D.C. 20005 
(202) 842-0555 
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Synopses of Technology Presentations 
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' 
~ ---- ---------

_____________ _] 

Volpe National Transportation 
Systems Center 

, 

Volpe Support to 
U.S. Air Mobility Command 

Using Broker 
and Internet Technologies 

·H¢.!@x 

'',-w,;rii 
W, ; 

{..,; US DOTNolpe Center John M. Krumm 



r------ -----, 

l-"----·~·•- .. --·-···J Worldwide Access 

Functional 
Users· 

BROKER 
~ •. c:~~~- __ , ij 

Event- Handl4" 
& 

Database ' 
i=,inrHnn' 

(==) 

LG DATABASE 

G081 
Terminal 

~~ - - ;;:_ - ·- ·- --- ---_,. --_,__ --·· 



~. _. l Some of the systems involved 

• G081 (CAMS for Airlift) circa 1975 

- Central database used to manage heavy airlift 

• Information Broker Volpe developed in 1993 

- Logistics system that shares data between numerous systems 

• C2 IPS (Information Processing System) in development 

- A Base Level Command & Control System 

• ReVIS (Registered Vehicle Information System) 

- A Base Level Specialized Vehicle System 

• ATMS (Air Traffic Management System) 

- An FAA airline tracking system 

' -- -=---- -----~- ~- -- -------~ -·-----· __ , •• "O •-~, " ~ -•-• •--••TO 
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The Data Warehouse & Data 
Warehousing: Essential Concepts 

and Implications.for the 
Community of Knowledge 

Workers 

Presentation to 

The Civil Engineering Research Fo1,11dation 

Highway Innovation Clearinghouse Steering Con1n1ittee 

by 

Mr. Christopher J. 0' Shea 

Vice President and Chief Operating Officer 

Barquin and Associates, Inc. 

July 24, 1997 



Inmon 's Definition 
-

IA1 A data warehouse is: 

,- I] Subject oriented 

!] Integrated 

l]Time variant 

!]Non-volatile 

i]'' [A] collection of data in support of 
management's decision making 
process'' 
Wm. Inmon (1990) 



Other Definitions 
--~-----· ·-·----

14"A data warehouse is a complete repository of 
complex data extracted from transaction systems 
that is available for ad lioc access by knowledge 
workers." 

S. Brobst 

a ''Data warehousing is the consolidatio11 of data 
fro,n m11ltiple-sources into a query database." 

H. Edelstein 

-~"The clelivery n1echa11ismfor providing i11tegrate{/ 

bttsiness inf orniation to yo11r organization.'' 

C. Burleson and D. Tabler 



Basic Points 
to Keep in Mind 

II The 'Data Warehouse' (aka 'clearinghouse') as 
powerful, organic, and dynamic analytical 
compt1ting environment for decision support a11d 
related purposes [noun] 

13 'Data Warehousing' - Two perspectives ... 

,J 'Data Warehousing' as a ter1n to describe a 
basket of essential enabling technologies or 
tools designed to empovver n1anagen1ent cit all 
levels of the enterprise [adj] 

: I 'Data Warehousing' as a term to describe c,n act 
or process through which to ,nanipulate and 
transfor,n data resources into inforn1ation 
assets [verb] 

Source: C. J O'Shea~ 3/97 



Major Components of 
the Data Warehouse 

·----•r•T------M•~H~~-~~-~·~-r------------------- ---·--·······-~--------~·-·-··· 
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Example of Typical Data 
Warehouse Architecture 

OPERATIONAL TRANSFORMAT 
SYSTEMS ION PROGRAMS 

✓ r~ 

ID tl$1DJ 
\ t 
Cl)>' 

~ 



Types of Data 
Warehouses 

• Decision Support Data 
· Warehouse 

• Data Mart 

• Operational Data Store 

• Virtual Data Warehouse 



Classic Problem: Inaccessible 
Data Resources ... 

• Many databases originally 
implemented as very complex 

·· data structures 

II End-user access limited by lack of 
connectivity, absence of data 
standards, dearth of support for 
older applications, and aged 
media· 



Transaction vs. Analytical 
Processing 

II Transaction processing 

: _ J Capture and storage of data about on-going 
operations 

:·-1 Basic to running and 1naintaining the 
business 

·11 Analytical processing 

~ ·1 Extraction of meaning from transactions 

: J Key to improving the business 



Why Do We Need Data 
Warehouses? 

___________ , ____ ----------------------------

fl Inf or1nation systems ofte11 are not integrated 

~ Incompatible data structures 

ii Multiple access paths to data 

II Inaccessible data 

II Out-of-date data 

II Inconsistent data f or1nats 

-~~ User reports are difficult or very nearly 
impossible to obtain 



In Summary, Data Warehouses Are 
Needed In Order To ... 

-~ -- ----·-··--------·-·-·-·------------

fl Provide a single view of the business 

ti Assure an integrated enterprise model 

fl Increase yield from the data resources of the 
enterprise 

II Consolidate data from disparate sources 

~l Obtain answers to key questions about the 
business, and 

~ With 1ninimum interruption to operational 
systems 



j .. ~4 •• ~ 

Things to Consider Before 
You Build ... 

I-IOW BUSY ARE 
THE 
OPERATIONAL 
COMPUTERS'! 

PROCESSING 
POWER 
AVAILABLE ON 
EXISTING 
EQUIPMENT 

ADDITIONAL 
1-IARD\VARE IS 
REQUIRED 

WHY IS THE INFORMATION NEEDED? 

FOR REAL-TIME 
TRANSACTION 
BASED DECISIONS 

VIRTUAL DATA 
WAREHOUSE 

OPERATIONAL 
DATA STORE 

FOR PATTERN­
BASED DECISIONS 

ENTERPRISE 
DATA 

WAREHOUSE 
OR DATA MART 

ENTERPRISE 
DATA 

W AREI-IOUSE 
OR DATA MART 



_\ Implications 
-----··-·~--~--- ---------~- -~~---~-- --

;111 Paradigm Shift 

II Cl1a11ging Roles and Responsibilities 

\;)\~ New Kinds of Questio11s 

~I New Questio11s Openi11g Up New 
Possibilities 

II I1111ovation is t/1.e Ot1tco1ne 



Conclusions 
n The 'Data Warehouse' is here to stay. 

m 'Data Warehousing' concepts and tools will continue to 
evolve, converge, and proliferate at a rapid pace. 

e Continuing advances in the art will give rise to uses that 
are not presently foreseeable. 

~, Growing understanding of essential concepts, tools, and 
applications will enable end-users of all kinds throughout 
various enterprises and across industries to transform 
data resources into inforn1atio11 assets that will create, in 
turn, competitive advantage(s), encourage innovation, and 
facilitate technology transfer throughout whole industries 
and sectors of the economy. 

Ii In the future, no matter what the business of the business, 
it will be the community of 'knowledge workers' that will 
become the tru·e 'innovators' of the information age. 





NCHRP 20-7(82) 
. ,c_·~.·,.,,. ====----.----1 

Enhancements for the 
Special Products 
Evaluation List 

Survey findings - General 

I Web access would serve largest group 

I Summaries as well as contacts desired 

I Links and integration with other product 
evaluation systems desired 

"'"' 

Survey findings - Products 

I Retain listing as long as product is in use 

I lndude both completed evaluations and 
those in progress 

I Less interest in products 
I Not meeting exiSting specification 

I Proposed for evaluation 

Overview .,,,,""" . ........,--~==-------1 
I Survey findings 

I Survey I 

I Survey II 
I Discussed together 

I Recommendations 

I What happens next? 

Recommendations -
General 

I Get database and Web site up and 
running 

I Develop alternate access in next phase 

I Provide both summaries and names of 
contacts 

I Link with other product evaluation 
systems 

"""' 

Recommendations -
Products 

-·--·~-,.,. ·-· ... ,- -:,c. .• ==-------
I Retain listing while product is in use, 

verified annually 

I Indude both completed evaluations and 
those in progress 

I Indude other listings at discretion of state 
supplying 

"'"' 

l 



Survey findings -
State systems 

__ ,,,,.,,c,. ----a;;:s:1------...... 1 
I More than half of agencies have 

computerized product evaluation system 

I Variety of platforms, software packages, 
and data structures used 

I Manufacturer submission forms are very 
similar 

I Many agencies still using SPEL product 
category codes or variant 

Survey findings -
State DOT participation 

I Over half the state DOTs say they would 
contribute evaluation records 

I They say "Making it easy'' would be the 
best incentive to participate 

I They want system to be actively 
maintained 

'""' 

Survey findings -
Populating the database 

I Willing to enter new evaluations into 
WWW form or other menu-driven system 

I Some agencies interested in sending 
batches electronically 

I Prefer that contractor work with them to 
convert older data 

I Imported SPEL data is 2nd dloice for 
adding older data 

,,,,., 

Recommendations -
State systems .• ---_,,._,,,., __ =::;::;;=------....,.. 
I No particular platform or data structure 

dominates state DOTs 

I Most states have customized their 
databases for their internal purposes 

I No one state agency system can serve 
as model 

I Work with states to develop more 
consistency 

Recommendations -
State DOT participation 

I Pilot test all web pages to make process 
"easy" 

I Work with states to establish other 
submission methods 

I Contact states regularly to verify 
previous and encourage future 
submissions 

I Establish feedback though web site to 
identify problem areas 

Recommendations • 
Populating the database 

I 0-eate WWW form for new evaluations 

I Test SPEL data for feasibility of import 

I Work directly with selected states to 
convert older data 

I Set up template for word-processor or 
spreadsheet entry 

.. 

,, 

2 



Survey findings -
Database fields 

~~~--,::i,----11:1--------1 
I Numerous fields, but simple to use 
I Some agencies wanted to omit fields 

that would be hard to keep current 

I Almost half of respondents would accept 
vendor input in one or more fields, but 
others are opposed 

" 

Survey findings -
Potential users 

I Over half the state DOTs said all 
potential users should have access 

I Strong interest in blocking "sensitive" 
data from public view 

I Some respondents said their agencies 
might contribute less information 
because of liability concerns 

Survey findings - Other 

I Majority of respondents would use a 
system the same amount whether or 
not a password was required 

I More than 1/3 of agencies said they 
would like to post 

,,.,., 

I Product: evaluation procedures 
I Links to home page 
I Product: evaluation fotmS 

" 

,, 

Recommendations -
Database fields 

-.,,...-E>ilol-=-flir.ll-------1 I Eliminate selected field to simplify data 
enby and database maintenance 

I Add fields for housekeeping and linking 
purposes 

I See report for specified fields 
recommended 

I Additional input will be needed on 
"multiple choice" fields 

Recommendations -
Potential users 

-==-=--,,,---===--------~ I Web site should be open to all users · 
during pilot phase 

I As needed, restrict some portions from 
certain users at a later date 

I Define "sensitive" fields 

I Keep content brief to limit liability issues 

I Collect certain otherwise "sensitive" 
information from vendors 

Recommendations - Other 

I Password for viewing can be 
implemented if problems develop 

I Password proliferation can frustrate 
users, discourage "quick hits" 

I Give agencies opportunities to post or 
link to additional relevant files 

" 
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Survey findings • 
Naming the system :•_,:;,_-,..._,..,, ... _==:.i,.==--11a ... _._,,.. . ..,_~f 

I Respondents supplied 
35 Ideas for names, 
including 

,,,... 

I SP8.. 

I SPEl. II 
I UltraSPEL 
I NPEO (National 

Produa Evaluation 
Database) 

I William 
I And morel 

Panel Recommendations • 
Naming the system 

I AASHTO Product Evaluation Listing 

I No acronyms, please! 

'""' 

" 

Recommendations • 
Naming the system 

-'->--=:'-·,-.. ...,,,,,.._. -=-=~:,:,,-=!Ila-'"""--= 
I Considerations 

I Pronounceable acronyms seem popular 

I Avoid confusion with other systems 

I Should consider ultimate targeted audience 
I "National. assumes U.S. only 
I "StatE• assumes states Ollly 

I Rumor says: "SPEL" is out of the 
running 

,,.,., 

Additional 
recommendations 

"' 

-~=""--=---==;:;;::::::si--------1 
I Hardware and software 

I Hardware needs are fairly clear 

I Database software could use more research 

I Staffing needed 
I Technical 

'""' 

I Administrative 

I Quality control 

I Marketing 

4 







HIGHWAY INNOVATIVE TECHNOLOGY EVALUAT!ON CENTER 

TO: 

FROM: 

DATE: 

Highway Innovation Clearinghouse Study Steering Committee 

Peter Kissinger 7 fa 
June 10, 1998 

IO I 5 I 5th Strei: t, r\JW 
Surte 600 
Washington, DC 20005 
tel: 202/842-0555 
fa-.;: 202/789-294 3 

As you know, our Clearinghouse study report \Vas delivered to FHWA several months ago. 
Since then it has undergone internal review but it has not yet been circulated for external review. 

HO\.vever, based on recent discussions with OTA officials, I understand that it will be circulated 
shortly for external review along with some material on the "Value of Information'' study and the 
internal FHWA/OTA Technology Resource Center initiative. 

If l learn more, I wi!! pass it along. Thanks! 

cc: Barbara Harder 
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US.Deportment 
or Tconsporiotion 

Federal Highway 
Administration 

Francis B. Francois, Executive Director 
American Association of State Highway and Transportation Officials 
444 North Capitol Street, NW, Suite 249 
Washington, DC 2000 l 

Dear Mr. Francois: 

,!(iO Sewnlh St., S.W. 
\V,1:,hinglon. D.C. 20590 

JUN 2 3 1998 

Refer to: HT A-2 

I am writing to you and our other partners in the transportation Research and Technology 
(R&T) community to solicit your input on how we can best serve the community's needs for 
knowledge sharing and infonnation management. 

i think we all share a common goal of providing transportation professionals with easy 
access to comprehensive, accurate, and up-to-date information. As our organizations 
struggle to harness the latest information technology, we need to collaborate so we can 
move forward with a common vision. Toward that end, I want to share with you a number 
of activities that we have initiated within the last year here at the Federal Highway 
Administration's Office of Technology Applications (OTA), in order to get your thoughts 
regarding next steps. 

Knowledge Management: OT A has initiated a pilot project to establish a knowledge-sharing 
network. The structure of the knowledge-sharing software provides a way to capture and 
disseminate information and knowledge within a specific community of practice. The 
structure allows for collaborative work among a designated community of users, as well as 
for the archiving and distribution of documents, including publications, technical data, 
meeting minutes, etc. There are different levels of user interface, so that some docwnents or 
areas will be available to the public, while other areas, where more confidential discussions 
or documents are stored, are for restricted use. The pilot project is being conducted with 
American Management Systems, Inc. An Executive Summary of Transportation Knowledg~ 
Sharing is enclosed, detailing ideas regarding how knowledge sharing can be applied both 
within the FHWA and throughout the transportation community. 

Innovation Clearinghouse: OTA conducted a study in partnership with the Civil 
Engineering Research Foundation (CERF) and its Highway Innovative Technology 
Evaluation Center (HITEC) to examine the need for a national highway innovation 
clearinghouse. The need for such a clearinghouse was identified. However, as preliminary 





planning began, it was recognized that creation or a physical center was not necessarily 
appropriate. Advanced communications and information management techniques offer 
greatly expanded options for virtual clearinghouse opportunities. HITEC organized a 
Steering Committee comprising representatives of key highway community stakeholders, 
and has issued a report reflecting the consensus of the Committee, which is enclosed. 

Value of Information: The Volpe National Transportation Systems Center has issued a draft 
report on "The Value oflnformation and Information Services," which is enclosed. The 
report grew out of a 1994 workshop sponsored by the Transportation Research Board 
Committee on the Conduct of Research, which first recognized the need to improve 
recognition and awareness of the value of information. The report discusses the value of 
information and identifies strategies for promoting information programs. A national 
distribution of .this report is planned. 

By working together, partners in the transportation R&T community can develop a more 
comprehensive approach to achieving common goals through the innovative use of 
knowledge management and information technology. I would welcome your ideas regarding 
the next steps to be taken. Michael Halladay (Telephone 202-366-921 O; e-mail 
michael.halladay@fhwa.dot.gov) in my office is coordinating OTA's activities. If you 
would like to identify a key person to work more closely with him, please do so. 

I also would welcome any general comments or suggestions regarding the enclosed reports, 
or any other aspect of knowledge management for the transportation community. I would 
appreciate receiving any feedback as soon as practical, and no later than the end of July. 

The possibility of a small national workshop, where key officials could brainstorm next 
steps, has been discussed. If you would be interested in working with us on such a session, 
which would probably be held in late August or early September, please let me know. 

eph S. Toole 
Director, Office of Technology Applications 

Enclosures 
Transportation Knowledge Sharing Executive Summary 
Highway Innovation Clearinghouse Study Draft Report 
The Value of Information and Infonnation Services Draft Report 
List of others who received similar letters 
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FHWA Transportation Knowledge Sharing 

Executive Sumrilary 

Introduction 

The wealth of technical information that resides within the Federal Highway Administration 
(FHWA) and the larger highway community is enormous. Within the organization, various 
offices have developed or evaluated new technologies and materials. At the same time, 
field offices have participated in technotogy development and implementation efforts. A 
number of innovations have been developed in cooperation with outside partners. Indeed 
FHWA's focus on partnership is a key characteristic of its technical program 

As a knowledge-based organization within the DOT, FHWA has a strategic imperative to 
capture its collective knowledge of transportation technology and deliver it to its customers 
so it can be put into immediate practice. FHWA is moving K meet this challenge by 
pursuing a Transportation Knowledge Sharing (TKS) initiative for collaboration and sharing 
innovation within the highway community. This initiative will leverage FHWA's most 
valuable asset - the expertise of its employees and partners - and make it accessible to 
its customers. 

The most tangible product of the TKS will be a knowledge network that facilitates the 
electronic exchange of ideas and provides a knowledge repository of documentation of 
best practices, procedures, product evaluations and research reports. However, the 
overall TKS strategy must also focus on the organizational and management framework 
needed for successful knowledge sharing within FHWA and for expansion beyond FHWA 
to include outside partners. 

Vision of Transportation Knowledge Sharing 

During the past six months, FHWA has developed a vision of transportation knowledge 
sharing that: 

• Serves the technology needs of its customers. FHWA has a role to deliver 
transportation technology so it can be put into immediate practice. 

• Presents information according to the customer point of view, not inside 
organizational walls. Customers want to access =., Jrmation according to 
transportation subject matter, regardless of which organization "owns" the information. 

• Facilitates knowledge capture and exchange by creating Communities of Practice 
to capture, share, and build knowledge among transportation professionals. 

• Promotes technology sharing among transportation partners. FHWA will act as 
a "node" on a transportation knowledge network. It will provide coordination, set 
protocols and standards, and the host server. Partners will provide adherence to 
protocols, additional infrastructure, and their content 



The following diagram depicts this envisioned transportation knowledge sharing structure, 
with FHWA as a single node in the partnership. Clearly, this diagram does not include all 
potential participants; for instance, other US DOT administrations and other associations 
would be valuable contributors. 

· TRIS 
• Ad hoc committees 

• AASHTO 
• State DOTs 

Features of the Knowledge Network 

FHWA envisions its transportation knowledge network as: 

• R+D 
• NHI 
• Program Offices 
• Resource Centers 
• Division Offices 

• ASCE 
• ITE 
• ARTBA 
•APWA 

• Cities I Counties 

• A forum for the highway community to share knowledge. The knowledge 
network will create a collaborative space where technical experts from various 
organizations can exchange ideas, insights, and experience as well as share project 
specific schedules, meeting minutes, and works-in-progress. 

• A repository for valuable information about highway innovation. The knowledge 
network will contain a widely accessible electronic library of project- and organization­
related information, such as technical briefings, recommended best practices, and 
evaluation and research results. 

• A resource for training and education. The knowledge network will provide a focal 
point for FHWA employees and other transportation professionals to access 
information about training resources and activities. It would include catalog of course 
offerings. on-line registration, and training and conference reviews. 

• A means of accessing technical and industry developments. The knowledge 
network would allow users to search for information from a variety of source 
databases as will as point to other sources of information. The knowledge network 
will incorporate a robust search engine that allows for full text searching as well as the 
controlled language of the Transportation Thesaurus developed for TRB. 
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The information in the Knowledge Network would be organized and presented according 
the customer perspective. not organizational boundaries. However, the search and 
indexing function will be sophisticated to enough to allow searches across multiple 
databases, so the user can find information on topics that crosses specialties. 

Building Knowledge through Communities of Practice 

In the course of developing the vision, FHWA recognized that knowledge management 
entails far more than databases and networks. Companies undertaking similar knowledge 
management initiatives have found that only 20% of their efforts involve technical issues; 
the remaining 80% is institutional. In fact, an Ernst and Young survey of U.S. and 
European executives found 54% citing organizational culture as the biggest impediment to 
knowledge transfer. FHWA's knowledge management initiative represents an opportunity 
for the transportation community to foster a culture that is more collaborative, open to 
innovation and knowledge sharing, and less divided by functional specialization. 

A central principle of knowledge management is that organizations can best foster 
knowledge capture and exchange through Communities of Practice - professional 
networks to pose, share and resolve issues and publish the results. A Community of 
Practice is a "virtual community" of people throughout the highway community connected 
by interest and expertise in a specific discipline. Each community should be led by a team 
of Coordinators, recognized as leaders in their respective aisdplines. In addition to 
contributing research papers, technical briefings, or other reports, the members of the 
community will make an effort to identify the best practices as well as the gaps in 
knowledge in their field. This information will then be recorded in the knowledge repository 
for the CoP. 

TKS Structure: Communities of Practice 

,;,:;,. ---: ,mF o j 
T«hnology 

J:~:LJ 

Training 

T2 professionals network 
to pose and resolve technical 
issues, contribute best practices, 
share resources. 

Discussion 

Product 
Esaluation 

8 

CoP Coordinator: 
• finds 
• organizes • <~1 shari"glra,,, 

FJ --
Best 
Practices 

' Work 
Group 

ffl 

Members of a Community of Practice are also committed to helping solve problems "in the 
moment" by responding to directed e-mail and voice mail messages from their peers. The 
individual posing the question has the responsibility to record the responses in the 
knowledge repository. 
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The idea of Community of Practices within the highway community is not new. There are 
already for1nal and informal networks of professionals who exchange information and 
assist each other on a regular basis. The real potential is to support customers by 
recording the essential information that the community knows and where gaps in 
knowledge exist. As they participate in CoPs, customers can become both users and 
producers of information. 

TKS Objectives 

Through its Transportation Knowledge Sharing initiative, FHWA seeks to achieve the 
following objectives: 

• Improve customer service by speeding the delivery of transportation technology to 
FHWA's customers and partners. This will enable FHWA to fulfill its mission to 
provide proactive leadership, expertise, resources and information to improve the 
Nation's highway and intermodal connections 

• Leverage community.wide knowledge by giving staff access to cumulaUve 
expertise on specific topics. Eventually the Transportation Knowledge Sharing 
network will create intelligent linkages to partners' databases, expanding the FHWA 
knowledge base. 

• Improve the knowledge base of the participating organizations by encouraging 
individuals and groups to record their special knowledge. This is especially important 
as key staff members near retirement and the pace of technological innovation 
accelerates. 

• Extend infonnation networks. Long~term staff members have personal contacts, 
developed over many years that give them access to most of the information they 
need. Less tenured staff members have less extensive links. The Technology 
Resource Center is intended to provide access to these personal resource networks. 

By giving each staff member the ability to increase effectiveness and make use of the 
organization's collective knowledge and experience, the Transportation Knowledge 
Sharing initiative has the potential to play a significant part in FHWA's continued success. 

Timeframe for Achieving the Vision 

A TKS of this scope should be implemented in phases over a period of three to five years, 
depending on the scope and complexity of the system. As a first step in achieving the 
TKS, FHWA is working to create a shared internal vision for the TKS. The next step is to 
share this vision with FHWA partners and begin inviting partners to further shape this 
vision and to participate as "nodes" on the knowledge network. 

At the same time as FHWA communicates its TKS vision, FHWA / OTA should begin to 
pursue the development of internal TKS features and content. The Superpave 
Technology Delivery Team has been identified as the first project group to test a 
collaborative forum, and this effort is underway as of the spring of 1998. Once this effort is 
evaluated and a technical platform for the TKS is identified, components can be added or 
expanded as desired, as flexibility ls a primary goal of the TKS. A suggested sequence for 
these activities is presented below: 
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• Create a working Community of Practlce to model how knowledge sharing will operate 
in the future. This group should be educated in the goals and principles of the TKS 
project and guided towards becoming a cohesive working group that can help define 
TKS requirements. 

• Begin to gather and organize existing best practices. working papers, research 
results. and other "state of the practice" materials in preparation for recording them in 
the knowledge repository. 

• Extend the collaborative forum and knowledge repository components to key FHWA 
program offices and partners within the highway community. 

• Organize and expand the knowledge repository component to make it available to the 
general public. This would involve developing an engine with the ability to search over 
multiple databases within FHWA and the transportation community. 

• Expand the full capabilities of the TRC to the entire hlghway community. 
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TIS - Legacy Plan Development Information 

Although the FES was designed to run in an automated mode, it is expected that operational and 
maintenance support will be required to keep data current and troubleshoot/diagnose problems. It 
will be necessary for a GDOT software and hardware support staff to become familiar with the 
physical connections and programs that interface with the various legacy TIS devices/systems. 

In addition, if the FES is selected for retention, a support agreement with NavTech (mapping 
database) for future updates and maintenance must be initiated. The NavTech database is resident 
on the FES and provides routing information to the TIS devices/systems. It is also essential that 
support/maintenance agreements be established and or continued for all FES hardware and software. 

In order to accommodate the potential for future growth possibilities, and to reduce the cost of 
operations and maintenance, consideration should be given to establishing a Landline Data System 
(LDS) dial-up capability to the FES. Although this may require some modification to current 
Interface Control Documents (ICDs), it will greatly simplify the maintainers role in providing 
information to the ISP. The FES architecture currently has seven (7) spare modems suitable for this 
dial-up access (phone lines are needed). 

In order for the FES to be retained as legacy, the following must be considered: 

3.2 

- Maintenance/support of Hardware and Software. 

- Training of GDOT Staff for System Administration and Call-Taker/Operator functions. 

- Transfer of TIS radar site control/data acquisition software to ATMS Communications 
Server; along with necessary integration, testing, and evaluation. 

- Transfer of TIS video control GUI to ATMS (integrate or link) along with necessary 
integration, testing, and evaluation. 

Personal Communications Device - Envoy 

3.2.1 TIS 

The Envoy is a hand-held device with integrated communications capabilities that can graphically 
display a variety of ITS Atlanta TIS information. It has a built-in wireless packet radio modem 
compatible with the ARDIS wireless network, an additional circuit-switched fax/data modem, a serial 
port, an infrared transceiver, and two Personal Computer Memory Card International Association 
(PCMCIA) Type Il card slots. In addition to providing the user with TIS-unique traffic and transit 
information, the Envoy also provides e-mail and fax capabilities as part of its baseline personal 
productivity functionality. 
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TIS -Legacy Plan Development Information 

Information is exchanged between the PCD and FES via the ARDIS network, a two-way packet-data 
demand-driven communications path. Fastline developed the TIS unique custom software for the 
Envoy to control and display functions that require an interface exchange with the FES. The interface 
provides graphical icons that allow the user to navigate among the available functions. When a 
request is initiated by the user, the PCD connects to the server, retrieves the appropriate information, 
and displays the information on the PCD screen. 

3.2.2 Legacy 

The key to maintaining the Envoy PCD as legacy is the operational and maintenance support of the 
FES and the ARDIS server (currently located in the equipment room of the TMC}. Fastline, the 
developer of the TIS software for the Envoy, has stated that they do not intend to pursue a market 
in the Atlanta area for the PCD. However, at the end of the TIS, FHWA will own approximately 
115 Envoy devices. These devices have extensive inherent functionality as personal organizers and 
communications devices; in addition to static loads of TIS unique information (e.g., MARTA, CCT, 
etc.). 

Retention of this device as legacy would require: 

- Operational and maintenance support for the FES and ARDIS server. 

- A support agreement with ARDIS to continue communications capabilities, would need to 
be established. The costs associated with maintaining communications are provided in 
paragraph 4 and Appendix A of this document. 

- A support contract would need to be established with NETTECH for the RF Gate software 
used in the ARDIS server. Costs associated with this requirement are in paragraph 4 and 
Appendix A of this document. 

3.3 Personal Communications Device - Hewlett Packard 200LX 

3.3.1 TIS 

The Hewlett Packard 200LX is a hand-held device capable of graphically displaying a variety of ITS 
Atlanta TIS information. The HP 200LX is a self contained IBM-compatible PC, with a 
communications application. It connects to the SkyTel network through a Personal Messaging Unit 
(PMU) (Pager) when connected to the HP 200LX with a special cable. A 20MB Flash memory card 
in a PCMCIA Type II format is included to hold the resident Traveler Database. 

Information is received by the PCD from an ETAK Server via SkyTel. The ETAK communicates 
with the FES to receive updated traffic situations and route information. Hewlett Packard and ET AK 
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TIS - Legacy Plan Development Information 

developed the TIS unique custom software for the HP 200LX to control and display functions that 
require an interface exchange with the TIS server. 

3.3.2 Legacy 

Hewlett Packard has stated that they do not plan to retain operations in the Atlanta area after the 
TIS. Therefore, no attempt will be made to provide for a legacy of this system. The system was 
installed in Room 307 of the TMC to allow for easy removal of equipment after the TIS operational 
period. There are no unfunded costs anticipated with this transition. 

3.4 In-Vehicle Navigation Device 

3.4.1 TIS 

The In-Vehicle Navigation device is capable of providing a variety of textual (instructions) and 
graphic (map) information, in addition to TIS traffic situation information. Navigation Technology 
(NavTech) provided the mapping program necessary for the device to provide built-in route guidance. 
This is a baseline feature of the In-Vehicle device and does not require a separate agreement. The 
device receives TIS traffic information from the FES, through a Frame Relay Access Device and a 
CSU/DSU, broadcast via an FM subcarrier to the vehicle. The information is received through a 
serial port that is connected to an FM receiver located in the vehicle, then processed by the CPU, and 
sent to the display unit. DCI has contracted with six radio stations in the Atlanta metro and 
surrounding areas (including Savannah, GA) to broadcast TIS information over their FM subcarrier. 
The following radio stations were active during the TIS period: 

- WRFG Atlanta (89.3) - WSKZ Chattanooga (106.5) 
- WRAF Toccoa Falls (90.9) - WJTG Macon (91.3) 
- WSTH Columbus (106. I) - WEAS Savannah (93. I) 

Siemens developed the custom software to control and display broadcast speed and incident 
messages, and parking information from the FES. The device utilizes a Global Positioning System 
(GPS) to determine its initial location when the vehicle is started. Subsequently, the device navigates 
using a combination of dead reckoning, map matching, and an inertial gyroscope. 

3.4.2 Legacy 

The key to maintaining the In-Vehicle as legacy is the operational and maintenance support of the 
FES and the continuation of a service/support contract with DCI. The costs and operational 
considerations for maintaining this system in its current configuration, are discussed in detail in 
paragraph 4 and Appendix A of this document. 
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TIS - Legacy Plan Development Information 

FIIW A currently owns 20 In-Vehicle devices. These devices are installed in a variety of FHW A and 
other government agency vehicles. The devices can be operated without the TIS traffic data, but 
would be limited to their inherent baseline functionality of route guidance. 

3.5 Cable TV System 

3.5.1 TIS 

CATV provides TIS traffic situation information in the form of graphic map images, audio (pre­
recorded), live surveillance video, and traffic advisory information. An ET AK Transportation 
Workstation receives traffic situation information from the FES, processes the information, then 
pushes the information to a Multimedia Workstation. The Multimedia Workstation then scripts the 
data with live video broadcasts and prerecorded audio. An announcer, or GDOT staff, can provide 
live traffic information during peak traffic hours. Special traffic advisories and/or announcements are 
input into the system via one of four CATV bulletin Boards. Once information is processed and 
converted to the proper signal, it is broadcast to the Georgia Public Television (GPTV) system via 
a fiber optic connection. From the GPTV location the information is broadcast via satellite to 
subscribing cable companies. Alternatively, the same program (video/audio) is delivered via TMC­
TCC fiber to the City of Atlanta, Clayton County, and Gwinnett County. 

3.5.2 Legacy 

The key to continuation of the CATV system is a fully operational FES environment. There two 
possible scenarios, besides discontinuing and removing the system. 

Continue operations of the CATV System in Room 119 by GDOT and/or FHW A. Maintenance of 
the ET AK Traffic and the Multi-Media Work Stations hardware and software would be required. 
There must also be funding for repair and/or replacement of the audio and video equipment in the 
event of a failure. Maintenance of the software could be contracted with ET AK or another vendor 
withETAK as an advisor. Operational support could be under an existing contract (ATMS, FES, .... ) 
or independent support contract. The existing public fiber cable TV transmission infrastructure could 
be used. The system would remain under government control. 

Transition the CATV System component to a vendor/agency (i.e., Media One, Scripts Howard,.etc.). 
All CATV equipment would be transitioned to a vendor under a temporary or permanent agreement. 
The selected vendor could maintain the system for a set period of time with the agreement that 
GDOT would continue to provide the traffic information during that period. The agreement would 
be renegotiated at the end of the designated period. In this option, equipment would be transferred 
to the vendor's location. The vendor would arrange and coordinate the CATV operations, equipment 
and software maintenance, and TV signal transmission. In order for this option to work, 
supplemental agreements would have to be made with the selected vendor to provide traffic 
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TIS - Legacy Plan Development Information 

infonnation to other cable systems ( counties, City of Atlanta, etc.) if they choose to continue service. 

3.6 Interactive TV System 

3.6.1 TIS 

The Interactive Television System is an on-demand system that provides; a highway speed map with 
color coded road segments to indicate traffic speed; incident infonnation from an overview map. 
The user selects choices from pre-defined zones and selects the proper incident icon in the selected 
zone from a menu. This results in a more detailed street map and a textual description of the incident; 
a pre-canned direction service where the user can select from I 00 pre-selected points of interest -
each point of interest contains a color photograph, road map(s) indicating directions from the hotel, 
a brief textual description, and a pre-recorded narration; instructional infonnation provides the user 
with slides, text, and voice narration on transportation options (e.g., MARTA rail, park-and-ride 
locations, and bus routes), transit schedules (static), and general infonnation on traveling within the 
Atlanta metro area; and Yellow Pages, as well as route infonnation which can either be displayed on 
screen or sent to a printer located at the front desk of the hotel. 

IATV is a client/server application. The IATV system consists of a hotel resident head-end server 
which communicates with the TV set-top boxes in the hotel rooms. Hotel guests use a remote 
control device to request infonnation and interact with the head-end server. The head-end server is 
connected to the ETAK Transportation Workstation via a leased modem line to receive current traffic 
data (e.g., traffic speed and incidents). 

3.6.2 Legacy 

IT Networks does not plan to continue operating the IATV system at the Crown Plaza Hotel. 
However, IT Networks has a two year contract to demonstrate a home based interactive TV system 
in an apartment complex in Atlanta. IT Networks could integrate the Traffic capabilities into this 
system, if the traffic infonnation is available. 

There are two scenarios if the transmission of the traffic data to the IATV is continued. 

The IATV (ETAK) TWS would remain operational in the lMC. The support for the IATV (ETAK) 
TWS would be included as an extension of the ETAK CATV contract. 

IT Networks and/or another vendor would take responsibility for the TWS off-site. It could remain 
as a stand alone system or the software could be incorporated into the IT Networks Head-End 
Server. The IATV communications with the FES would be via a dial-up line. IATV would operate 
independently of the (CATV) and make arrangements for a work station to receive the data. 

9/06/96 10 
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3.7 On-Line System - Web Site 

3.7.1 TIS 

The Web Site is a 24-Hour, real-time, high speed system that provides TIS information to the public 
over the Internet. Anyone with Internet access via a modem or network ( e.g., Prodigy, CompuServe, 
America On-Line; Mosaic, NetScape, etc.) is able to receive a full range of information including; 
traffic information, route planning guidance, yellow pages, wide-area travel, web pages (press 
releases, TIS information, Atlanta ITS projects), as well as links to other ITS and/or Atlanta web 
sites. Information from TIS sources are fed to a server workstation which utilizes a Maxwell Labs 
developed application software and the Netscape Communications Navigator/ Mosaic World Wide 
Web server software to make TIS information available to customers accessing it on the Internet. 

3. 7 .2 Legacy 

The key to retaining the Web Site is the retention of the FES and maintaining the Web server located 
in the TMC Equipment Room (124). Maxwell Labs has made a proposal for maintaining the web 
site; a copy can be provided under separate cover. The two main issues surrounding this support are 
outlined below. 

Issue 1: 

The web pages themselves do not have any "source code" in them. They are textual "html" pages. 
Maxwell Labs will provide these existing pages to GDOT free of charge. Once these pages are 
transitioned, GDOT can either hire their own Webmaster (possibly Georgia-Net) to maintain the html 
pages, or have Maxwell Labs maintain them at no cost to GDOT. However, if Maxwell Labs does 
maintain the html pages, they would want an agreement with GDOT to use the pages as "marketing 
tools". 

Issue 2: 

Included in the Georgia-Traveler web page is "source code" for accessing the FES when a route 
request or traffic update is performed. This "source code" is proprietary, and belongs to Maxwell 
Labs. Maxwell Labs can provide a license to GDOT for use of the executable files in the "source 
code'' at no cost to GDOT. However, if any changes needed to be made to the interface between the 
FES and the web server (changes to "source code"), Maxwell Labs would then charge GDOT. A 
formal agreement would need to be worked out between Maxwell Labs and GDOT on this issue. 

The Internet provider for the Georgia-Traveler web site is PeachNet. Cost for the Tl connection is 
$1,500 per month/$18,000 per year. 

9/06/96 11 
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3.8 Surveillance 

3.8.1 TIS 

3.8.1.1 Automated Surveillance Sites: 

The TIS has made a substantial investment installing 51 operational survey sites, 22 which have 
slow-scan Pan-Tilt-Zoom (PTZ) controllable color video. All are connected to the TMC by dial-up 
phone lines. Maps of Radar and Video Surveillance Sites are shown at Tables 3-2a and 3-2b. A 
typical TIS automated surveillance site consists of two Doppler radar detectors mounted near the 
top of a 45-foot wood pole. Every five minutes the FES calls each site and receives the current 
average speed. The FES can define the parameters of the speed collection; to call or not to call, how 
often, etc. If at any time during the averaging period, the RPU detects a significant change in 
average speeds across pre-defined boundaries (either up or down), an "exception" call is initiated (to 
the FES) to immediately report the new values. In addition, the ATMS can also call (poll) the site 
at predetermined intervals to receive average speed values. 

At strategically selected sites, information reported by the radar units is supplemented by 22 slow­
scan video images from full PTZ controllable color cameras. The environmentally protected cameras 
are attached to the same pole as the radar units. The video signals are digitized at the site by an 
encoder unit and transmitted back to the TMC through a 28.8 kbps modem over standard, dial-up 
phone lines. Unlike the radar installation, camera equipment does not initiate a call to the TMC. 
Instead, upon receiving an alert from the TIS server that speeds at a particular location have suddenly 
changed, (and assuming the location is equipped with a camera) an ATMS Zone Operator (Call 
Taker) can call the camera site to begin receiving the digitized video signal. A companion modem 
and decoder at the TMC converts the data back to a standard video image. The pictures received 
are routed through the ATMS video switch for display to the TMC operators for their use in situation 
verification. 

3.8.1.2 Supplemental "Manual" Surveillance: 

Manual, or spotter, surveillance is provided to supplement the surveillance information received from 
radar and camera sites. Metro Networks provides general information pertaining to the traffic flow 
conditions in addition to their normal surveillance areas. Information reported that relates to traffic 
conditions in the specific coverage areas includes traffic volumes (light, medium, or heavy), range of 
speeds, and current weather conditions. Information is updated every 15 minutes during the peak 
hour periods (6am to 9am and 4pm to 7pm), no less than every 30 minutes during off-peak hour 
periods (9am to 4pm and 7pm to 10pm). Conditions and incidents observed by aerial or ground­
based spotters are transmitted to the Metro Networks display terminal at the TIS call-takers position. 

9/06/96 12 
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An operator reads the infonnation from the terminal and then, after verification procedures have been 
followed, manually enters the information into the ATMS. 

3.8.1.3 Spotter Sureveillance: 

To supplement the Metro Networks surveillance information, JHK hired approximately 16 spotters 
to concentrate on the traffic activity around the park-n-ride lots identified by the Atlanta Committee 
for the Olympic Games (ACOG), as well as the access routes to the lots and the freeway interchanges 
along the routes. JHK spotters report on conditions every 15 minutes during peak hours ( 6am to 9am 
and 4pm to 7pm). The method of communication is by cellular phone directly to a TIS call-taker 
who manually enters reported information into the ATMS. In addition, JHK hired Showcase 
Surveillance supervisors. They are responsible for monitoring the TIS Call-Takers, the performance 
of mobile spotters, repositioning spotters, coordinating spotter operations with a Metro Networks 
liaison, and reporting equipment malfunctions to JHK personnel. 

3.8.2 Legacy 

The key to maintaining the TIS supplemental surveillance sites ( 51 radar and 22 video) would be the 
costs associated with the 73 phone lines to the surveillance sites. The FES would not necessarily 
have to be retained for the surveillance to operate, since in "normal" operations surveillance data is 
fed to the ATMS, stored in a database, where it is available for use (i.e., by the FES). However, the 
FES could be utilized as a surveillance server, when the ATMS is unavailable, and continue to feed 
surveillance data to the ATMS. Detailed equipment, communications, and operations information 
is located in Appendix A. 

Continuation of supplemental traffic information from MetroNetworks would require a support 
contract to outline the extent and cost of the service. It is possible to receive MetroNetworks data 
without verification, via a terminal ( with a printer) in the TMC, but details of this would need to be 
worked out. 

4. Legacy Scenarios 

Each of the scenarios outlined below describes the legacy possibilities for retention of TIS Legacy 
devices/systems. The retention of the HP 200LX is not included in the scenarios because Hewlett 
Packard has indicated that they do not intend continue operation after the TIS period. 

4.1 Scenario 1- Retain no TIS devices/systems 

If the decision is made not to retain any TIS devices/systems, to include the FES, as legacy, the only 
cost incurred is for the removal of any equipment from the TMC and disposition of the equipment 
as directed by FHW A. 
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4.2 Scenario 2 - Retention of the TIS FES 

The retention of the FES as a stand alone system, would or could have several uses: 

- As a backup to the ATMS and as a repository for static information possibly needed for 
other ATIS systems. 

- Dial-up access for LOS Interface. The system currently has seven (7) modems; phone lines 
would be needed. 

- Use for collection of supplemental surveillance information from TIS sites and manual speed 
data. 

- TRW support needed to either maintain or transition the FES. 

4.3 Scenario 3 - Retention of TIS FES Plus 

In this scenario, various combinations of TIS devices/systems could be retained. The following tables 
show detailed costs for retaining the system/device and an operations summary for legacy. 

TIS FIXED-END SERVER (FES) 

COSTS 
TIS SYSTEM/DlVICE COMMENTS 

COMMUNICATION EQUIPMENT OPERATIONS 

(Duk) Opt,-Jonal FES I. CoovnuniCAk with 1- l'io I . Autoll'Wl:d I. Minimwn .onfig,inlion for fES 
(ATMS. Rd..- & vlolito ,\TMS via existing additmn.u intcrl"a.x r« da1a fimct1onality would C'!Uble ATMS Uld 
NK"dll.ac~ aanuJ ATMSIICfWOOI.. ,:quir,nmt is wllmioofrum IIWl\l&I d&l. miry 1nlcTf-, 
lntt rfllCe!I oaly) no:dnl ATMS. badup,failov« rontml of video Uld 

2. Manual da1a aill')' /1.1:.inlcit.lu\i:c or radlll silc:5; ha.cirup'failovcr rwi&r w 
fromX-T~vi• rq,hwcmmtu 2. Supplffllffllal .au ~11iaition, md nc,,.,asary Sy,tem 
1uhoct (IO Base T hub) c.- neokd. data entry by Call A.clministr-ahon. 
\~• A ThlS ooworlL T .u.cn/Opcnlon 

2 Buie Ff.S relict on mdU1& ATMS 
3. Sul'V<:ill an.e ,iic 3. B&d.upiFll-ilo\'c,r infru1nMuR fc.- power. phonc/PB.X, 
con1rol °'" data conllol 1U1d J.t-1 dcdi<;&J.c-d extcrml rncuib UJd inter-
acqui1ilion vi. lWo a,;q11isit.ion from nctwooong ronne-rtivity to AThlS uid 
hanlu of IO m0<lcms ali>w- viJc.<1 "11<1 MARTA 
ca.ii and up to l3 r..w,iia. 
dcdii;ate,d phof1e lines. 

•. S)'llem 
4. Re<jllirc:s we of AJmini.u-ai,oo 
cxistmg ooworl 
~ion to MART A 
fc.- any diCIII lystcm I.hat 
uses tnonsil itinefvy 
rl.uming ,ai:i-hility. 
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Comments above apply to all enhanced FES systems ID addition to thote comments enumerated below: 

Operational FES witb 1. Communicate with 1. Additional 1. Periodic 1. Basic FES has two 16 port modem 
LDS Interface(s) external clients using moderns or operational and racks equipped with 10 modems each; 

direct null modem serial phone lines as maintenance checks basic FES uses 10 of20 modems for 
(BP 2001..X PCD an4 interface or via modem needed. to insure proper radar site control/data access and 3 of20 
CATV) and phone line. functions of all modems for video site control. There are 

2. Additional devices and media. currently 7 spare modems, 12 spare 
2. Point of demark. is serial port modem slob, and one spare phone line. 
serial port at FES. concentrators 2. Periodic system 
Media or phone costs are (DigiBoards) as administration tasks 2. Basic FES has 2 16-port 
responsibility of client needed. to insure data DigiBoards; basic FES uses 13 ports for 
system/user (see Cable currency and control/data acquisition of video and 
TV, lntcractive TV or stability. radar data and 4 ports for existing TIS 
HP200LX sections). ISP systctm. There are potentially 19 

spare ports for use as LDS serial ports; 
3. MARTA network each LDS port requires either a modem 
connection if client and a phone line or a dedicated serial 
system has tramit line circuit (see above). 
itinerary planning 
capability. 

Operational FES with 1. Communicate with 1. Additional 1. Periodic 1. MSBC interface has a character-
MSBC Interface external client web network operational and oriented (verbose) variant format for use 
(10BaseT /Olaracter- server using ATMS connectivity via maintenance checks via network or low-cost media. 
Oriented) network or dedicated hub, interface to insure proper 

subnet (l0BaseT hub). boards, etc. functions of network 
(Web-Site) Responsibility media. 

2. Point of demark. is of client/user 
1 0BaseT port at FES system. 2. Periodic system 
hub. administration tasks 

to insure data 
3. MARTA network currcncy and 
connection if client stability. 
system has transit 
itinerary planning 
capability. 

Operational FES with 1. Communicate with 1. Additional 1. Periodic 1. MSBC interface has a bit-oriented 
MSBC Interface external clients using or new wireless operational and (terse/coded) variant format for use over 
(Wirelesa/Bit-Oriented) ARDIS PC with EICON connectivity maintenance checks wireless oc more expensive usage fee-

board, ARDIS devices ( e.g., to insure proper based media. 
(EavoyPCD) modem(s), dedicated DSU/CSU, functions of all 

circuit foc ARDIS modems, devices and wireless 2. Use of existing ARDIS: all costs 
connectivity. servers, etc.) media. Associated with ARDIS modem(s), 

And dedicated dedicated circuit for ARDIS 
2. Point of demark is circuits. 2. Periodic system connectivity, ARDIS connect costs, and 
input/output port of Responsibility administration tasks ARDIS service fees are responsibility of 
EICON board. of client/user to insure data user(s). 

system. currency and 
3. MARTA network stability. 
connection if client 
system has transit 
itinerary planning 
capability. 
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TIS SYSTEM/DEVICE COSTS 
COMMENTS 

COMMUNICATION EQUIPMENT OPERATIONS 

Opu-ational FES with L Communicate with I. Additional I. Periodic I. Basic FES has 2 16-port 
BAJ> lntufatt el\iernal client broadcast serial port operational and DigiBoards; basic FES uses 13 ports for 

system using serial data. concmtrators maintenance cltecks control/ data. acquisition of video and 

I 
(IB-Vehkle) to FR.AD and DSUICSU {DigiBoards) as to insure proper radar data There are 19 spare ports for 

via external dedi ca led needed. functions of all ~ as BAP interface serial ports. 
circuit. devices and media-

2. Communicate with 2. Periodic system 

I multiple cxtcma.l administration tasks 
broadcast systems (same to insure data 
media as above) using C\lrrency and 
e .\1emal software driven stability. 
network (e.g., DC!). 

SUMMARY 

RESPONSIBLE ORGANIL\ T ION 
ACTION 

TIS 1-llWA GOOT OTHER 

; FULL OPERATION: 

O)wnttoaal FES (Bask) 

I Sywcirm TIU'DOvirr 

• Ddivter system in pla.ce ffMC I H, 112. B-09. de.) 

• 0.:1iva- System Documentation 

• Train Call Tu.en & Tochnica\ Support St.uf 

Sywlirm Opt,ntJo• 

• at.blishlT ~<:I" mainknan!;e agreements 

- Hardware (Sun, AdPro, HP, et,;.) 

I - Software (Sun, Solaris. S~ ck.) 

Syst.-.1 Technical Suppor1 

I • Emb loo on-call/= idcnt l«hnical support agreements (Basic n:s) 

Opttom brluw lnctu.ir abovr U.t wilh chances as nolrd: 

I 
Op,rndooal FES with LDS lnlirrfittt 

Sydna Ttttuunl Support 

I 
• Eslablish on-nlL'rcsidcnt le<:hnical support agrccmrnts (Basic FES & LOS 
lntfflKt") 

01N'nd,-I FES with MSHC lntirrfatir (108-T/C.luln.cter..Orkntrd -or ARDIS 
\\'lttlna/Blt-Oriiralrl) 

I 
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Sm.lMARY 

RESPONSlBLE ORGANJZA TION 
ACTION 

TIS nlWA COOT OTHER 

Syma TKbalnl Support 

• Estahli.h on-calllresidenl t.c,;hni,;:ai 11.1ppo11 ~ (BPic FES A MSBC 
lnlau,,;.e) 

Opcnitioul FES ""11 SAP laurl'-.e 

S)'llml Ttcllnkal Support 

• ul.abliJh 1)11-Qllll'Qidml l.o:dwcal support ~ {Buie FES & MSBC 
liilc:rfa,;e) 

DISCONTINUE OPERATION: 

Sylu• Rnaoval 

• Remove sy,t,:m hardware and softwwe p 

• Tnnsf« ll)'llml hatdwvc .-nd software to AThfS (e.g., survdll.,_ site gJfflf"Ol fot p 
n.da- aod video, software for radar data prOCCSl.ing. eti;;.) 

• RC!llon! rcsu lling infrutructuR to "normal K for A TMS opcnli OID p 

P: Primary Responsibility 
S: Sccooduy/Supporting Responsibility 

Table 4-1 

CABLE TELEVISION 

COSTS 
TIS SYSTEM/DEVICE 

COMMUNICATION EQUIPMENT OPERATIONS 

CABLE TV LocaJCI.Jlllledivity I. Servi« Contrai:1 1. Support contnct with 
I. Serial inlcrf.wc HPTWS ET AK for Multi-Media 
between FES & TWS Yeai-ly $JOO WSATn.ffkWS 
l. Serial Interface software- oomrnun.icati om, 
between TWS & Multi- 2. M~ fund fot &. open.I ing environment 
Media rqwrireplacanet111 of Annual SJ.MOO 

audio & video eqiiipment. 
F..stinwe SI0,000 over a 2. Dlily operations 
J )'Cat period. suppo.-1 to mooitor 

CA TV. coordination wilh 
TV IWiOllli Cable 
providen, de ... 

J. Vou.,c ova- GOOT 
p,monnel or conlnct with 
Metn> Nctworlcs 
@S601k 

• Mmo Ndworlu 
surwill.tlll:C monitoring A 
printa in CA TV room 

9/06/96 
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s 

COMMENTS 

I. The IXlSIS is baxd on a 
pelimin.ary eatirMle from 
ETAK. 

2. NOTE: Tm~ 
fO(fllimnau could be 
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£or«bcrTISi}'Stcnll 
being transitioned for 
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I TIS SVSTEM/DE\1CE COSTS 
COMMENTS 

COMMUNICATION EQUIPMENT OPERATIONS 

I Cable TV Sy,lcm I. C-01111t1unica1ions no I. Repl-=nml of optical I. The COltl ii hued on • 
Evolution (futUR) charge in current recoding cquipmcnl with preliminuy estimalc &om 

configuntion (in-house digital technology. t."TAK. 
communicationa links) 

2. Update the Multi- 2. NOTE: The pcnooal 
Media & TWS softwan rcquimncnts i;ould be 
to Windows NT opcnting combined with &Upport 
system. for other TIS systems 

being lnNitioncd for 
legacy. 

I SUMMARY 

RESPONSJBI.E ORGANIZATION 
ACTION 

TIS FRWA COOT OTHER 

I FULL OPERATION: 

• Otwradom.l FES with LDS laluf'ace 
(refer= FES l..cgac)· Summary) 

Sundllantt: 
Vidro Cunen Frech 
(reference Surveillance up:y Summary) 

I 
Opdoaal Sanelllantt AcrHmenta 
- Mo:1ro Nctworu hclkoptc:r monitoring 
• Metro Ndworiu ~ & printer supplement.al infomwion S)"Skm. 

- lliK roving IJ)OUen 

CA TV Systnll Tunaonr 
• Deliver TIS CA TV h.ardwan: &: software (Rm 119 & 124) 
- Deliver l)"llffll docwncnl&bon 
• Train apcnwn & ~iinical support stalf 

CATV Otwndom 
• Op:ntion1 plan ( .chedu Jes & staffing) 
• E.llablish maintenance agreements 

- llardwarc(ETAK & HP) 
• SollwwelET AK) 

• Voi«»over plan (M:hedulc & IUiTIJlg) 
· Reoonsncndalion: Purchase spare Traffic Wort.. Station f« b.L-kup & trouble &hooting 

I 
Ttthakal Support (oa--.lte) 
• Assill opcnlioN mmagcr 
- Analyze and document problems 
• Coordinaae with TV II.al.ion, softwarc, & hardw&rc i.:chnical rcprcscntativcs 

I Broedcad viii Flbu: 
Co .... DeK.alla, & Gwlnndt 
• Pun:hue & i.nst.all&ti,lll TIS audio equipmait (DcK.alb & Cobb) 
• Eatabl iah st&tion broadcut agrc-cmcnts 

I • Complete fibff implementation for CA TV 
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SUMMARY 

RESPONSIBLE ORGANIZATION 
ACTION 

TIS nlWA COOT OTUU 

lnurtm llrotMlcm Afl'Hlllm1: 
Contnc:e with GPTV to ccotin11c broadcut 11ntil fiber transition or olher broadcast unngmw:nt ia 
completed. 

DISCONTINUE OPERATION: 

CATV S,.. Trnmiaadoa p s 
• Disoomcd & remove all TIS CA TV cqi.iipmcnt in the TMC 
• Dcadivate A ThfS QID(R conncctiOM 
• T ertlllNU! FES serial 00fflfflllnications linb 
• Diaoonned audio equipment al TV 11.&1.ions 
• lnvmtory equipment & dispcnc u ~ 

Table 4-2 

ON-LINE SERVICES - WEB SITE 

COSTS 
TIS SYSTEM/DEVICE COMMENTS 

C'OMMUNJCA TION EQUIPMENT OPERATIONS 

ON-LINE SVCS· WEB lnlmxl provida" for "hlml" 
Georgia-Traveler web • Can be maintained by 
1itc is PcachNct ~ OOOT or by Maxwell 
yeas-ly cost is $18,000. Laba (free) 

Web Page 
• Can be maintained by 

GDOT or by Maxwell 
Labl {free). If maintained 
by GOOT, Maxwell Laba 
rct.ailll proprietary rigt,u 
to Msourcc code" for any 
changes. 

Sec Appendix A Web Site 
for Maxwell Labs 
propoul. 

SUMMARY 

RESPONSIBLE ORGANIZATION 
ACTlON 

TIS I FHWA I COOT I OTHER 

FULL OPERATION: 

Opendoa FES with MSBC lntufau (108-TIOianc-cu Orlrn!NI) I I I 
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SUMMARY 

RESPONSIBLE ORGANtZA TJON 
ACTION 

TIS FHWA COOT OTHER 

01..S Oprnidom 

• Eat&blish mainlen.lnce agreement, 
• furdw.ue (ET AK) 
• Softwa,-c (MaxwcU La.bl, ET AK) 

• Maintain TI Communications Link. 

Tcdmlcal Support 

• Ealablish wd>-sik llllpporl agrcemml 
• F..slabli.sb OCH.il.clolf-site rupport agreements 

DISCONTINUE OPERATION: 

TrnuiaaCc WrlhSICc 

•~and lransfcr equipment in IIC\.'OrtWlCC with 1-llWA guidance. p s 

TIS SYSTEM/DEVICE 

IN-VEHICLE DEVICE 

9/06/96 

Table 4-3 

IN-VEHICLE DEVICE 

COSTS 

COMMUNICATION EQUIPMENT OPE.RATIONS 

Subscriptions for one FRAD Monlhly Cost Support con'"'1 with 
Ycu ~ S200 (SIOO for 6 $665 Seimens/DCI for FRAD 
momhl) and In-V chicle Device 

Yearly:$665 X 12 comes with the yearly 
• 20 Dcviccs@S200- months~ $7.980 subscription COil 
S4,000. 

COMMENTS 

In-Vehicle devices can 
be purchased after the 
TIS period for S 1,000 
if currently in~; 
Sl,200 pha Si70 
installation, if installed 
in another vehicle. 
The extra S200 is 
approx cost for new 
Y.iring harness. 

OCI subscriptions cost 
SI 00 for 6 months. 

22 



TIS - Legacy Plan Development Information 

SUMMARY 

RESPONSIBLE ORGA.NIZATION 
ACnON 

TIS FHWA GDOT OTHER 

FULL OPERATION: 

Opentloaal FES 
• FES inlcrfai;e with the ibdio &wkall Data S}'ltcm 8c:afer Applkation Protocol (RBDS-
BAP). 

la-Vmkle SyltaJI Opuadoa 
• Fully functional in-vehicle device imklled in a vehicle 
- DC! FM Sub.:arricf ronnccl.ivity - Coonlina1e OCI 111b&ai:pcioo 

la-V~likle Oaw""'-1/Munlt'llllllce Sapport 
• System ~oo & appropriaio lninin& 
- Opcnliom monitoring & vendor c:oordinatioo 
• Coordinate aupport and mainlcnancc agrftmffll 

- Hardwvc (Sicmcm for In-Vehicle device, and IX'! for FM R~ver) 
- Softwan= (Sicmcns) 

DISCONTINUE OPERATION: 

• lnvmory equipmml and rfll1rn lo a.ppropriale vendor/agmcy. p s 
• fHW A will ll.ill own 20 In-Vchidc Devica but lhe)' will r>QI ha~ t.-affit siluation display 
capability. 

MOTOROLAENYoY-PCD 

COSTS 
TIS SVSTEMIDKVICE COMMENTS 

COMMUNICATION EQUIPMENT OPERATIONS 

MOTOROLA £NVO\' I . Month! y Scrvic.c I. Thcc05ttorq,l-.:can I. Eadi addilional I.TbeCOll:l~b-'oo 
~: Sl.300(115@ Envoy would be appro,c Envoy would <;<>It S6' to the !lllfflh,er of Env,,yw 
$'20) sno-s9oo. regitta- with the ARDIS ownedbyfliWACld 

Network. Wfffllloocnmo<:Olta. 
- Y _.-ty: $27,600 l. 2MB PCM CIA cwds 

.re llppl'tlX: S1)0. l. Sp! llOlllnl.:l with 2. NOTE: The eatima1c 
2. Monthly Lased l.inte NElTECH for RF for one trained~ 
Chatgea: Sl.495 OA TE IOftwve filllSl be t'OUid be <:a"l"lbincd wi1h 

renewed. lllpporlmedtdfi:wctber 
- Yea.rly: Sl7,940 TIStyaambeing 

3. A1 ininimwn ooe nmruonrd ri:w leper. 
3. Avg Traffic Updale: trained pel'$OQ would be 
SAO ; Daily 6 per dnioe: needed to maintain 
S-2.40 ; I D@$2.40 $276 A.ROIS PC and FES 
pet" day . lnurf'.ICe. 

• Yearly: 260@$276"' 
$71,760 

9/06/96 23 
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TIS - Legacy Plan Development Information 

TIS SYSTEM/DE\1CE COSTS 
COMMENTS 

COMMUNJCA T JON EQUIPMENT OPERATIONS 

4. Avg Route Request: 
SA-4 ; Daily 2 per device: 
US; IIS@UII 
SJ o 1.20 p,:r day. 
• Yearly; 260@ 
SIOl.20426.312 

S. Tlllal wmmo c05b per 
year. 

11:!Mll 

SUMMARY 

RESJ>ONSJBLK ORGANIZATION 
ACTION 

TIS FUWA COOT OTHER 

FULL OPERATION: 

O~..-.lk>a FES ""U. MSBC wlerlace (Wlrdesa/BII-Orlentrd) 
(Refcn:nce FES l.qacy Sumnwy) 

Connertlvlly lwt'l'ttn ARDIS PC/EICON BoanlJ 11ES 

lxdkau.l dnvJI for ARDIS Wlttlru ~nice e<.1J1Mtth·lly 

Sy.tem Tllnt<IVfr 

• Dc:liwr system in pl..:e (ThfC 124) 
- Dcliv« ryllffll documcnwioa 
• Tnin T~ Support SIU!" 

Sy.teiaa O~ndon 

• Esw>li.sh rrrwiaro:r supp0f1 agr=nmts 
- EstabllUIITnmifo:r communications w.-:,,:,untJ, (ARDIS) 

Syram Technical Support 

• Establish oo-o.lVri:si den! tedvti.:al $UPP'-'f1 agreanmls (ARDIS re, ARDIS Win: kss) 

DISCONTINUE OPERATION: 

Sym111,Rcm,»d p s 

• lnvmlory l)"llan ~Klftw:U-C: 

- Remove l)"llffll li"om ThtC 

- FIIWA will o"n 11 S Envoy devices. a PC, and mod,:mi; 

Table 4-5 
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TIS - Legacy Plan Development Information 

TIS SURVEILLANCE 

COSTS 
TIS SYSTEM/DEVICE COMM£NT8 

COMMUNICATION EQUIPMENT OPERATIONS 

SURVEILLANCE I. Moalhly Servi~ l. No additional I. A rndf"O Nctwwb L There is OCMl lq 
Ciargr. equipment would be tenninal ii lor.a1od in tbo distl.ncepb<:,nelirllll'lo 

.-y. NomlAI wea, call taken room Ill the Oaltoa. Thia plow doet 
7lpmx:s@S60- and tar rcplaccmaiL TMC. CoalWLllioo of IIOl c:all the lMC un1eu 
S4,380 Yearly.~ this Cl •DO"°"' ~CU thcR is., exoc,ptional 

2. JHK will need the ~ in the lnffi.G 
2. C.Cllulu Phones: All Lape.op PC (urady p,aid 2. Continues mwnge of titu.uon. c--. ocb,:o-
"""- .. ._ rc,cciw,d free for by TIS) through Jm tr.tfK: titu.atiom in the than 1bc modhly .-vicc 
or charge. 4 PbooCI wue 97 to paform di~GS Metro Allaor.a are, with dwp in mluma one, 
put into servioc in OD RPU's. vcrifi,;:ation would haw to haw IIOl yd. bem 
fcbnJary md 28 in July. be rmegot.iatcd with idmified by J}{K. They 
The moaihly fee for Adi MdroNetWOl'b. CwTmt will prow. thia 
is approx S50. &.di is OD dwp for Mdto infonnatim during tlw 
• l )'GU/6 month Nctwotb acrvica are: demobilization and 
minimwn aervitt 1nn1ition period. The 
<Ullnd- The buy out • S.50 per hour ocllliscxpcdcdtobe 
aft« 6 monlha ii S 120. • 8 bouts • day @S.50 - minimal 

- 32 Phoaa@S.50 5400. 
month-S1.600 • .5 days • wedt@S•OO l. Cellular Phofic:s; mK 

~Sl,OOOwcclt will med 4 f'borlCS 
Analy,is: • n "'ffb a year@ tlw'ough tbo end oflhe 

- 4 Pboneure al 6 52,000 • S104,000 a yar for coatillued v.w 
month point; buy out: year monitorina --..dll.-ncc 

- 4@S120~$480 or • SI 04 ,000 IUSUmCI sitea. The olhcr 27 
• 4@S.50=S200 mondi ,:ither outside pcrimdcr f'borlCS will be avutablc 
X 6 moolha-S1,200 covcn.gc or inside &I the end of Augwa 

- 27 """- ( I Phone perimeter mVGngc. If 1996. 
was IOll) are only 2 bolhari:needcd,thcCOllt 
months in1o lhc Wlllnd would be approximaldy 
period. double (S208,000). 

• 27@S.50 monlJia 
Sl,.3.50 X 4 months• 3. JHK hu provided 
S.5,400. This amount cstim&ta of manpower to 
would have to be paid mainla.in ndu and video 
until buy oul sites. These cstim&ta are 

- 27@Sll0~S3,240 provided in Appendix A 
- 27@S50 month~ in tht: survrillan,;,e lepi:y 

S 1,.3 50 X 6 ITKllllhF anal)'$is. 

58,100. 

SUMMARY 

RESPONSIBLE ORCA.NIU TION 
ACTION 

TIS FHWA COOT OTBD 

FULL OPERATION: 

RMtar~rillan(e 

- Opcr.i.i,;,nal A™ S 
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SUMMARY 

RESPONSIBLE ORGANIZATION 
ACTION 

TIS FHWA GOOT OTHER 

Vibe Sarnlllaau Openlloe 

• TIS video surveillance tiles can aJJTmtly be viewed and ,ontrollcd tJvough the TIS s)'Jtml.. 
TM camen aaignmcnl to the AdPro is done through lhc 11S video controller 5'Uffl. The 
AThtS GUI can sel«t any of the lhree ADPros and perform PTl fun..--tions for the video 
aineru. Hownu, the ATMS cannol ch&ngc the camcn tlw the AdPro is using. 

I - In orda f<lf lhc AThfS lO have full fundional rontrol of TIS Video 11les: 

- A ThfS GUis would have In be modified and'or a new GUI a-eated, and/cw 

- n:molcly acau TIS video controller through the FES (lfthis is done Full Opcnlion would 
require an Operational FES. 

- If there ill no FES, then A ThfS would need to develop 1imilu lw-dw&re ~ona to the 
AdPro (currmtly the ADProa &re~ to the digiboanls for TIS) 

Sywn11 Tumonr 

• Deliver system in pl~ (all Rada, and Video S1.11'1tillancc iilt' equipment) 

• Deliver systan documentation (JHK will pro,idc during tht'ir 1nnsition and dcmobiliz.ahon 
phase) 

I • Train Call Tu.en and Technical Support St&IT(JIIK will provide) 

s,-m Operadon 

• uublisl\l'trms(cr mainlaW1CC a111=b f<lf lwdwarc and software. 

Sy,,um Tubnlcal Suppon 

• uublish 00-<:aWrcsidenl ~cal support agrecmmt.a (dlould be similar to,\ ThfS opcration) 

DISCONTINUE OPERATION: 

I syw-~•al 

• Remove systan hardware and softw&re. I( a decision is made to di5coolinue wing TIS Radar 

I 
and Video sitc:s. a further dc,cisjon would have lo be made on "11c:thcr to physic.ally remove tbe 
equipmcnl or leave it in plaa: and tum it offal the TMC (lhiJ includt:a dca,1ivatmg phone: lines). 

- lnvcntory ~ hardware/software 

I 
I 
I 
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TIS - Legacy Plan Development Information 

INTERACTIVE TELEVISION 

COSTS 
TIS SYSTEM/DEVICE COMMENTS 

COMMUNJCATION l!.QUIPMENT OPERA.TIONS 

JNTERACTIVE Local ~vity I. PwdiaK an HP TWS I . Support tu11rK1 with 1. lbc,QOll&i,;bucdon• 
TELEVISION t . Scri.t imrf&ce @$2000 ET AK for Multi-Mtdia prelunuwy edima&e &vm 

between FES &. TWS WS &. Traffic WS ETAK. 
2. Serial lnt.afac:e toftwwe. Annua.l 
bctwccn TWS & Multi• 2. Sem1.-e Contn,;-i s l. NOTE: Th,., pc,r-..1 
Medi• HPTWS requiranenta could be 
Ran00:-Oial Monthly S 2. Daily opentionl combined wilh 111ppm 
3. Dial Lw IA TV TWS Y=iy S support to to monitoc & for odxr TIS s)'llam 
to Head EM Saver, coordina1c IA TV l)'ltcm being lnmitioncd for 
TMC local line lcpcy. 

SUMMARY 

RESPONSffll.E ORGANlZA.flON 
ACTION 

TIS FHWA COOT OTHER 

FULL OPERATION: 

O~nttoaal FES 
• Serial lrfflfa.:e Loc;aJ./Remote to IA TV TWS 

lATVTWS: 
• System ducuma,lation &. opcnion training 
• Pu,=-:, IA TV Tnffic Work Stalioo 
• Eow:iluh ~ -~ 

• Hartlwln(HP) 
• Saftware(ET AK) 

lA TV Optradolw Support 
• Opaal.iom monitoring & vendor ooordinat.ioo 

IT Nttworlm As-1 

DISCONTINUE OPERATION: 

•~pbonelinctoTWS in Room 119. 
• AU e,quipmae belonp to IT Nctworiu. 

Table4-7 
5. Summary 

The information in this document summarizes the critical items that are needed to identify the 
necessary requirements to operate and maintain the various devices/systems that make up the TIS as 
a legacy. Combined with the information in the attached Appendix A, all elements necessary to make 

9/06/96 27 
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TIS - Legacy Plan Development Information 

a decision should be available. Once a decision is made on which devices/systems will be maintained 
beyond the TIS Showcase period, detailed legacy transition plans and schedules will be developed. 

In preparation for the legacy, all TIS systems were designed, engineered, and developed to allow 
transfer of critical parts of the system to other supporting entities such as Georgia DOT and/or 
GerogiaNet. Systems were designed to be compatible with the strategies developed and implemented 
by the Georgia DOT ATMS. In an effort to minimize maintenance and support issues, TRW was 
selected as the development contractor for the Fixed End Server (FES). 

Since the TIS has been operating in the ATMS environment, minimal changes would be necessary 
for legacy. However, the system will potentially require additional GDOT staffing for operational 
and maintenance support. NOTE: Georgia DOT has requested that the TIS surveillance equipment 
remain in place and that full operation of the hardware be transferred to the ATMS staff at the end 
of the TIS. This will be accomplished by the TIS team member JHK in late 1996. 

9/06/96 28 
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APPENDIX A 

LEGACY ANALYSIS 
FIXED END SERVER 

1. EQUIPMENT: Also see attached inventory sheet provided by TRW. 

DESC1UPTION VENDOR COff ffATtr8 

F,QUIPMENT ROOM 

Vertical Eqwpmml lwk(ICXFR- Elric« Owned 
)17819) 

SPARCSt.llimlO SUN llJ,JU Owned 

EJdmw Tap Unit (4mm) (•I l) SUN Sl.178 Owned 

ElCllrnal Dilk Unit (llll. JOH) SUN $).821 Owni=d 

20" Monitor (OOM-20D10) SUN hrtaf o-od 
SPAR.cs,-

kial.PortC.-.- DigiBoard S8l7 Owned 

Radar Sile AIB Swn,;:b. Unil 8lackBox $1,110 o-.d 

Vidi!io Siu: A1H Swilda Unil Hladd3ox $302 °"'1N,d 

Elbcmd Hub (LMJUl) 1....-rmi:JI: ow.d 

CALL TAKER ROOM 

Eavu..cx: Xtmninal {C2731A) HP Owned 

I 9R Mmutnr (HM--4020-D) HP Ownod 

2. COMMUNICATION: 

COMMtln'S 

lE.a 

:I: Ea (Sl6,69<f eadl) 

:I: Ea (SJ ,019 aim) 

:I: Ea{SJ,91• alda) 

2Ea 

:I: Ea 

2 Ea; 11'1:M, #:l:c6-lO(S,51 
eai::h) 

2 Ea {11'1, #2) 

S Ea (l:Sya)p. J:e.11. Tam, 
I :JHK S\lricm-) 

H.a 

A. ATMS Interface: The FES requires a network connection (minimum of IOBaseT 
Ethernet) for transfer of traffic situational data (e.g., incidents, speed). This connection is 
currently active and is part of the TMC ATMS infrastructure. Some housekeeping and re•wiring 
costs to sustain in operation for legacy. 

B. MARTA Interface: The FES requires a network connection (minimum of 
lOBaseT Ethernet) for query/response of transit itinerary planning data (e.g., navigational 
maneuvers for use ofMARTA bus and rail). This connection is currently active and is part of the 
1MC ATMS~MARTA infrastructure. No action or additional cost to sustain it in operation for 
legacy. 



C. Other (External Devices/Systems): All other FES communications to/from existing 
or new external devices or systems (e.g., ARDIS, frame relay for BAP, LOS subscribers via dial­
up access, Digital DJ, etc.) are fee or usage based and are the responsibility of that client 
subscriber device or system. Refer to Envoy, in-vehicle, or web site discussions for details of 
their communications requirements. 

3. MAINTENANCE: 

A HAR.OW ARE: See above table. Normal replacement maintenance. 

B. SOFfW ARE: Continue or establish maintenance and support agreements for: 

(1) Operating System: Solaris 2.4 

(2) Database System: Sybase 10.0 

(3) Application(s): 
(A) Trans View Engine: 
(B) Showcase Value-Added: 

(4) Third-Party Database(s): 

TRWNersion 2.0 
TRWNersion(s) 

(A) Mapping Data: NavTech (data and API code libraries), Yellow 
Pages. 
(B) OAG Flight Schedules, Greyhound, AmTrak (Manually entered) 

4. OTHER COSTS/CONSIDERATIONS: 

A TRAINING: 

(1) Operators (Call Takers): GDOT staff will require training on basic FES 
functions and GUI operations. This will include: system operator terminal startup, navigation 
techniques, traffic information data entry and management procedures, surveillance site control 
(via terminal GUI and using manual control), and system shutdown. 

(2) Systems Administration: GDOT staff will require training on the unique 
aspects ofFES UNIX SysAdmin as it applies to the Solaris operating system, Sybase database 
engine, and the Showcase-unique application architecture (e.g., networking, data tables and 
elements, directories, etc.). This includes system initialization, main and cold boot/restart, 
troubleshooting, etc. 

B. OPERATIONS: 

(1) Normal Operations: the FES (Showcase) will operate in a hands-off or 
operator-assisted mode. In the hands-off mode, the FES will draw traffic situational information 
(incidents and speed) from the ATMS. This information is then disseminated to external systems 
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via dedicated interfaces. In the operator-assisted mode, supplementary information can be 
entered by the Operator/Call Taker to amplify the traffic-related situation in terms of information 
of use to the traveler. 

(2) Failover Operations: the FES could be used as a limited backup for the 
ATMS in terms of surveillance site control and acquisition of radar data. This mode requires 
System Sdministration action to invoke "failover'', and again to restore normal operations. 
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The following information is provided in response to a request to examine the expandability of the FES to 
allow dial-up access to the LDS interface. 

The FES architecture currently has two modem racks with sixteen (16) slots each. There are ten (IO) 
modems mounted in slots 1-10 in each of these two racks. From the outside world, each modem rack has 
a 25-pair TELCO cable connected to it. One of the racks is currently used for radar site control and data 
acquisition-all ten of these modems are dedicated to that purpose. In the other rack, three of the ten 
modems are in use for video site control and viewing. There are thirteen (13) dedicated phone lines 
assigned to the FES for this purpose-ten for the radars and three for the video. These thirteen lines are 
connected to the modem racks through the mentioned 25-pair TELCO cables. The serial connection from 
the modem to the FES is via a serial port concentrator (aka DigiBoard). Each of these DigiBoards has 
sixteen (16) ports, matching the capacity of the modem rack itself. These same DigiBoard ports are in use 
for purposes other than modem connections, so there is not a one-to-one correspondence in availability of 
DigiBoard ports to modem slots. Therefore, there are seven spare modems ready for use, an additional 
twelve spare modem rack slots and fifteen spare DigiBoard ports in the existing equipment suite. 

The limitation in expansion of this interface to accept additional user dial-up ports is: 

1. 

2. 

3. 

4. 

Telephone Line: 

Modems: 

DigiBoard: 

Modem Rack: 

can add seven (7) phone lines to existing suite. Cost: (none) 

after adding seven phone lines, each new line (8, 9, ... 15) will 
require a new modem in one of the 12 spare modem rack slots. 
Cost: $135/modem 

after adding 15 phone lines, using the 7 spare and adding 8 new 
modems, the next phone line/modem pair will require a new 
DigiBoard with 16 ports. Cost: $135/modem + $837/DigiBoard 

after adding 19 phone lines, using the 7 spare and adding 12 new 
modems and a DigiBoard, the next line will require an additional 
modem rack with 16 slots and a 25-pair TELCO cable. 
Cost: $135/modem + $837/DigiBoard + $?/Modem Rack 

... and why is that hot dogs come ten to a package and hot dog buns come eight to a package? 

This expansion can occur with minimal impact on the performance of the FES. 
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P.O Vendor - .,iion Cost 1 

EB5203 Hewlett Packard 16MB Memory Module $ 2,049.60 
EB5252 International Computer Modem $ 135.00 
EB5256 Hewlett Packard Compter $ 2,553.00 

Hewlett Packard Keyboard Unit $ 67.20 
Hewlett Packard 16MB Memory Module $ 716.80 

EB5257 Hewlett Packard System Support $ 76.80 
EB5264 Interface Electronics, Inc. Cable $ 10.36 

Interface Electronics, Inc. Cable $ 9.25 
Interface Electronics, Inc. Cable $ 4.50 

EB5265 Crenlo, Inc. Equipment Shelf ', $ 67.95 
EB5267 International Computer Outlet $ 8.00 ·-

International Computer Hub $ 82.00 
EB5271 Accu-Tech Corporation 0B9 to RJ45 Adapter Male $ 20.00 

Accu-Tech Corporation 0B25 to RJ45 Adapter Mate $ 15.00 
EB7836 Digi International C/CON - 16 AJ45 "$ 837.00 
705009 24 Port TPM 1 M $ 2,340.00 
322239 So.-' 4MMDatTape $ 1,089.00 

SPARC20MP $ 16,694.70 
64MB Expansio $ 2,508.00 

· 1 GB Internal $ 528.00 
CD Internal $ 264.00 
SCSICard $ 722.70 
US Country OP $ - -
Solaris 2.X $ 66.00 
[System Docume .i $ 148.50 
CTI Products $ 6,828.60 

Page 1 



P.O Vendor Description Cost 
322239 Solstice Back $ 1,596.00 

Motif Tool Ki $ 295.00 
4.2 GB Ext $ 1,914.00 

322241 3u .......... 4MM Dat Tape $ 1,089.00 
SPARC20MP $ 16.694.70 
64MB E.xpansio $ 2,508.00 
1GB Internal $ 528.00 
CD Internal $ 264.00 -· SCSICard $ 722.70 
US Country OP $ -
SOLARIS2.X $ 66.00 
4.2 GB Ext . ·$ 1,914.00 

322244 1 0 Base T Cables $ 105.00 
' Open Client C 402132 $ 477.00 

SMP Access Fee SOL $ 3,750.00 
SQL Server Mgr $ 600.00 
SA Companion Utility :$ -
SYBASE SQL Server $ 5,760.00 

402133 DIGIEPC'XSY $ 5,790.00 
402137 l Rack Box w/5 ABC Switches $ 1,109.60 

Rack Box w/3 ABC Switches $ 301.77 
RS 232 to Rs-485 Interface $ 166.00 

702597 ENV1ZCK Terminal $ 13,072.80 
Keyboard $ 348.00 

\ 

$ 96,913.53 
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1. EQUIPMENT: 

DESCRIPTION 

Personal Commtmi.cations 
Device 

PCD · PCMCIA Card 

Pavilion 7020 75MHz 
Multimedia PC 

Multi.scan 14• Di!play 

EICON Interface Board 

RF Gate License 

Magic Exchange (3 copies • 2 
for PC and I fa- MAC) 

TclebugBox 

Code Warricx-

APPENDIX A 

LEGACY ANALYSIS 
PCD - MOTOROLA ENVOY 

VENDOR COST STATUS 

Range: 
Motorola 5750 • Owned 

$1,395 

5230 Owned 

HP Owned 

HP Owned 

EICON Owned 

NETTECH $2,000 

$200 

Mctrowcrb 

Metrowcrks $400 

COMMENTS 

There arc cum:ntly 115 
F.nvoys on-hand that will 
be tr11DSitioncd during the 
legacy period. 

ARDIS Saver 

Support must be n:ncwed 

This software ports the 
TfS Software from PC or 
MAC to the F.ovoy. 

Software to port TIS 
Software to MAC for 
debugging 

This s/w was used by 
F amlinc to develop the TIS 
:!IOftwlll'C 

2. COMMUNICATION: 

The Motorola Envoy PCD utilizes the ARDIS network to communicate. The costs for this service 
are currently: 

DESClllPTION ITEM COST COMMENTS 
,.)<' 

Envoy Account Set-up One Envoy $65.00 This is • one time charge to add 
Charge an Envoy to the ARDIS Network 

Monthly Service Charge One Envoy S20.00 This is • monthly charge foc each 
($2.300) Envoy reg:im:rcd with the 

network. 

Monthly Phooe Charges Leased Linc Sl,495 



Sample Charges for Envoy J!pdate; These are average requests. 
User Request. - Traffic Request (l Packet) $.06 - Cost of Packet=S.06 (Peak) 
(Request is in two parts: -Parking (14 Char) $.0042 - Cost of Packet=$.04(0ff Peak) 
Request and Response) -Congestion (24 Char) $.0072 - Cost per Charactet=S.0003 

-Incident (24 Char) $.0072 
- Traffic Respome 
-Parking (1 Packet+ 194 Char) $.1182 (Char: Body-180, Header-14) 
-Congestion (1 Packet+ 64 Char) $.0792 (Char: Body-50, Header-14) 
-Incident(s) (Avg 1 Packet+ 200 (Char: Per Incident Body-26, 
Char [5 Incidents]) $J.L Header-14) 

TOTAL: $.396 

B2ml Char: Header-14 
- Route Request (1 Packet) $.06 Char: Address-SO 
- Address to Address (114 Char) $.0342 Char: POI-2 
- POI to POI (18 Char) $.0054 Char: Long/Lat-8 (Not currently 
- Address to POI (66 Char) $.0198 used) 

- Route Reapome 
- Avg# Packets 3 $.18 
- Char per Packet 198 $.1782 

Therefore Total Route Request 
Cost would be (average): 
- Add/Add: Request/Respons $.4524 
- POI/POI: Request/Respons $.4236 
-Add/POI:Request/Respons $.438 

3. MAINTENANCE: 

A HARDWARE: See above table, paragraph 1. Normal replacement maintenance. 
Manufacturers warranty will be transferred with the equipment. 

B. SOFTWARE: 

1. Envoy: 

- TIS software ( currently version .39) developed by Fastline is a deliverable 
along with applicable code. Support agreement, if applicable, would need 
to be worked out with Fastline. 

2. ARDISPC: 

- TRW developed software, written in C++, to interface RF Gate with the 
FES. Source code is a deliverable from TRW. 

- NET TECH software. RF Gate license has been purchased but support 
agreement, if applicable, would need to be worked out with NET TECH. 

-WmdowsNT. 
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3. Other: 

- Magic Exchange Software. 

- Code Warrior Software from Metrowerks. Software has been paid for 
but support agreement, if applicable, would need to be worked out with 
Metrowerks. 

4. OTHER CONSIDERATIONS: 

A TRAINING: 

1. Training for ARDIS PC, and related interfaces to the FES, are a TRW 
deliverable. 

2. Training on Envoy related equipment (Telebug box, Code Warrior, TIS 
Software) would need to be worked out with Fastline. 

B. OPERATIONS: 

1. All elements to support the current number of Envoys in use are in place. The 
addition of Envoy users/devices may require a system upgrade. 

2. To date, neither Fastline nor any other ISP has request support for creating a 
legacy PCD market in Atlanta. 

3. The DSU is supplied free of charge by ARDIS as long as the system remains 
active. 
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1. EQUIPMENT: 

DESCRIPTION 

APPENDIX A 

LEGACY ANALYSIS 
PCD - HP 2Q0LX 

I VENDOR I COST I STATUS I COMMENTS 

All equipment related to the operation of the HP 200LX (ETAK Transportation Work 
Station (1WSJ, Modem connected to a leased telephone line, and the SkyTel 
c:ommunications system), will be removtd from the 11\,fC at tht c:onclasion or the TIS 
period. 

2. COMMUNICATION: 

A All communications utilized by the HP 200LX device will be discontinued at the end 
of the TIS. This includes connections from the TWS to the FES. 

3. MAINTENANCE: 

A HARDWARE: See above table. 

B. SOFWARE: 

1. The application software (Travel Guide) in the HP 200LX is a deliverable from 
Hewlett Packard. 

2. The software developed by ET AK/Hewlett Packard for the TWS is a 
deliverable at the conclusion of the TIS. This includes both any original software 
developed as well as any modified software. NOTE: Some of the software for the 
TWS was developed by Hewlett Packard for another project, and was modified to 
work with the TIS system. 

4. OTHER CONSIDERATIONS: 

A TRAINING: No training requirements exist. 

B. OPERATIONS: No requirements and/or operational considerations. 
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1. EQUIPMENT: 

DBSCRJPTION 

In-Vehicle Device (20 plua I 
Bench Unit) 

Device indudn; 

. Display Sc= 
• Wuing H11.mna 
-CPU 
• DCI FM Receiver 
• Supplement&! AntcnM 
-GPSAntmllll 
• Hard Di.sk 
- Electronic ln~acc for OCl 
Reccivcr to CPU 

Excalibur DAP (DSU/CSU) 

Frame Relay Accesa Device 
(FRAD) 

FR.AO lnmllation 

2. COMMUNICATION: 

APPENDIX A 

LEGACY ANALYSIS 
IN-VEWCLE NAVIGATION DEVICE 

VINDOR COST STATUS 

Siemens 200wncd by 
FHWA 

I Bmch Unit 
Onto.n 

S 1,000 
S 37S• 
s 30 

$ 230 
s 100 

Rac&I No Cost OnLoan 

Motmola Sl,500 

Sl,200 

COMM£NTS 

Unit. arc cum:ntly located in 
vehicles CJWnCd by 

6-GIX>T 
9-FHWA 
1-FTA 
1-FRA 
I -FAA 
1 -MARTA 
1-NHTSA 
1 · Bench Unit Room 
307,TMC 

• TIS bought W Reeeivcn 
for a total coct of: S7 .SOO. 
The 20 In-Vehicle l)'Rffll 
cost approximal.dy $2,000 
each for • total coat of 
S40,QOO_ 

Jn.. Vehicle dcvica cu, be 
pun:hucd dla the: TIS 
period for S 1,000 if currently 
inNlled~ SI .200 plu• S 170 if 
inst.alled in another vehicle. 
OCI subacriplion• coat $100 
for 6 monlhl. 

Comc:a wilh the syllml at no 
Mldilional COllt. 

One time cost 

- The In-Vehicle device receives traffic situation data via an FM Subcarrier. Four radio 
stations in Atlanta and the surrounding area ( 100 mile radius), as well as one station in 
Savannah, provide the means to broadcast the signal once received from the TMC. 

- The following table shows the communications costs: 



DESCRIPTION ITEM COST COMMENTS 

FRAD Monthly Cost Service S 665 Yearly: $7,980 

Subscriptioo.s for ooc Year DCI Service $ 100 The TIS is cum:ntly paying fcx-
(Sec 100 devices Fcx- lcgacy. 20 units 
Note) arc owned by FHW A 

Yearly; 20 @ SI 00 :: $2,000 

NOTE: The additional charge of 
$100 per subscription fcx- I 00 
mile radius ,ice the normal 50 
mile radius, was waived by OCl 
for the TIS. C009Cqucntly, then: 
could be an additional charge of 
S2,000 for a total of$4,000_ 

After the TIS period DCI 
subscription costs will be $100 
for six months. 20 @$200 pa 
year= $4,000. 

Software to Process Data $4,000 One time cost. 
Through Network 

3. MAINTENANCE: 

A HARDWARE: 

1. See above table, paragraph 1. Normal replacement maintenance. 
Manufacturers warranty will be transferred with the equipment. 

2. Support contact for maintenance on the FRAD ('IMC), DCI Receivers, and 
CPU (mounted in the vehicle). 

B. SOFTWARE: 

1. Software developed by DCI to process data through the network. 

4. OTHER COSTS/CONSIDERATIONS: 

A TRAINING: 

- No training would be required for the In-Vehicle devices since they are currently 
being operated by the agencies listed in paragraph I. 
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- Training may be required to troubleshoot the DSU/CSU, FRAD, and FES 
connection. 

B. OPERATIONS: 

- A support contract with DCI for the maintenance of the FRAD or CPU would 
need to be developed. 
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1. EQUIPMENT: 

APPENDIX A 

LEGACY ANALYSIS 
CABLE TELEVISION 
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.... ~X::9.d~":-.~,;~ )~ z:, .... -.l: ........ ~~~/•~o;>',;-t-:-..k,~ :-c- -¥"!1.'
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Cable TV Equipment (Room 119) 

Vectra XM Desktop PC HP 4080 Owned Traffic Mgmt WS 

Ultra VGA 1280 Monitor HP 800 Owned 

V ectra XM Desktop PC HP 5400 Owned Multi-Media WS 

Ultra VGA 1280 Monitor HP 800 Owned 

TV Monitor 13 • Panasonic 350 Owned 
CT-1384YY 

TV Monitor 13" Sony 825 Owned 
Trinitron PVM-1350 

Digital AV Mixer Panasonic 6700 Owned 

Video Cassette Recorder Panasonic 4800 Owned 

Rewrittable Optical Disk 10000 Owned 
Recorder (LQ-4000) Panasonic 

Rewrittable Disk 2000 Owned 
Cartridge Panasonic 
(2@ 1000 each) 

Optical Disk Player (LQ- Panasonic 4500 Owned 
4002) 

VLXi VideoMedia 4000 Owned 
VLX-1-RM 
VLX-1-3 

VLANPROl VideoMedia 4000 Owned 

Video Switch (8in/2out) Serra Video 3300 Owned Select from up to 8 
video inputs 

Titler w/Keyboard FOR-A 1215 Owned 



Scan Do Pro Communication 2100 Owned VGA Capture 
Specialities, Inc 

VLXi (2 in one box) VideoMedia 600 Owned 

-" . :c,·,. . . , ~, . : ·_: ~ , '-'~' ,, ... , . ; . '»,~'=·=·«- -.· ',< • "· , ··'-~- ,,,,x,:;~ ·"' • , .. " ' -· .... -. ·i :i, . ';#.-' y, -·,j'<,i,[f •= .. :>: x; I:' ', . --~,--,- . " :,,- ·?: , .. ,; 
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Cable TV Transmission Equipment (TMC & TCCs) 

(2) Audio Distribution Leitch soo Owned TMCRm 124 
Amplifiers @ 250 each 

Video Distribution Leitch 250 Owned TMCRm 124 
Equalizing Amplifier 

(3)Audio Encoder C-COR 6600 Owned TMCRm 124 
4 Channel 

@2200each 

Audio Decoder C-COR 2200 Owned Installed at 
4 Channel Clayton TCC 

Audio Decoder C-COR 2200 Owned Installed at 
4 Channel City of Atlanta 

TCC 

Audio Decoder C-COR 2200 Owned Installed at 
4 Channel Gwinnett TCC 

TOTAL 13950 

New equipment required to complete the CATV deployment to DeKalb and Cobb county over 
the Fiber Link: 

~<>(t$~1.yAfr,=·+,·f!!_:t="}.,, ,,n - ·?'":'0/¥it:=,:-- ·:irr-.-,A<, :; ~(,~r.--== ·- -~-=---~=-=-=~--<- --m ~ ...,_ ~-i=-=..'§:..- %:::t-· .. _... ,. ~-
r:?·A"'j';,gu-·,.,:-. ·: . ··<. • t ,'T/ : ""i'•;'{; '<,.' ' ~i:. 

;}., ,.:c,-~,1'S--'>:<-4.4J.~t~~ \{ l' 1 l:\.c.:...:i\!,,t d/~~ 1,-,,._ ~--:- < F~~• !~-"-; ~ :, :t · , '!li:l i-..: ,-.· <>,i l Lt:,,,,,L,x-
, ',}/.:.,.,❖YiX J,.J,,.; .. , •• • :.fil w,;. y w.,~ J.,.:}(•:,,.;,,,,❖ ,, >=:# 

Cable Television Audi0Transmis1ion Equipment: 

(2)Audio Encoder C-COR 4400 TMC 
4 Channel 
@2200 each 

Audio Decoder C-COR 2200 DeKalb TCC 
4 Channel 

Audio Decoder C-COR 2200 CobbTCC 
4 Channel 
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I TOTAL 88001 

2. COMMUNICATION: 
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OZ -PCE Application Video media 2000 

Serial Communications In-house 0 If equipment is external 
link from TWS to FES to TMC, a modem & 

external phone tine are 
required. 

Serial Communications In-house 0 If TWS WS is external 
link from TWS to Multi to TM, a modem & 
media external phone line are 

required. 

TOTAL 2000 

3. MAINTENANCE: 

A HAR.OW ARE: See Table l. 

Replacement cost. 

B. SOFIWARE 

We are in the process of reviewing an initial cost estimate provided by ETAK. for 
maintaining and supporting the ET AK Traffic and Multi-Media work Stations software. 
This is off site support and does not include daily operational support and/or initial 
problem assessments by the on-site technical staff. All hardware and vendor operating 
system software would be placed under the vendors maintenance contract if available. 
Otherwise, ETAK would (under their support contract) assess the problems and 
coordinate the repair or replacement of the equipment to ensure continuous operations of 
the CATV system. Also, transitioning the system to Windows NT should be considered. 
Microsoft support for Wmdows 3.1 may not be available in the long term due to Windows 
NT & Windows 95 deployment. 

1. ET AK Traffic Workstation 

• Operating System: Microsoft Wmdows 3.1 
• ET AK TWS Application: Receives, processes & distributes the traffic 

information over serial communications links. 



2. Multimedia Workstation 

• 
• 
• 

Receiver Program: Receives traffic data from the TWS 
Data is plotted on the speed and incident maps for the presentation 
Script Player Program: Controls the multimedia presentation and devices 
(mixer, laser disk player, video switch). The information from each devices 
is selected in a predetermined sequence for broadcast. 

3. Video & Audio Presentations 

Pre-Recorded video & audio presentation material is played on a laser disk player 
and incorporated into the TIS CATV. Changes to presentation material would 
require a contract to create and/or acquire new material. 

4. OTHER COSTS/CONSIDERATIONS: 

A TRAINING: 

1. Operational training for the ETAK TWS and the Multi-Media Work Station is part 
of the TIS deliverable. 

B. OPERATIONS: 

1. All elements to support the Cable TV system are installed and operational. 

2. CATV should operate on a dedicated traffic work station to ensure timely 
transmission of data to the CATV multi-media work station. 

3. If the CATV equipment is off site, a dial line or low speed dedicated circuit would be 
required to transmit data to the CATV TWS. 

C. Future System Expansion Tasks: 

Task that go beyond routine maintenance may to negotiated on a case-by-case basis. The 
following task could be considered: 

1. Additional Live-Video Feeds: Expanding the video feed beyond the current 4 that are 
implemented. The hardware is in place to support 8 video feeds, but software revisions 
would be required. 

2. System Hardware Upgrade: Implement new digital video technology to replace the 
video recording and playback analog hardware with digital hardware. This would 
improves reliability and the system would be less expensive to maintain and easier to use. 
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13 August 1996 

Ms. Barbara Harrelson 
System Resources Corporation 
400 Virginia Av .• S.W. 
Washington. DC 20024 

Dear Ms. Harrelson: 

This letter is in response to your request regarding proposed cenns from Etak to suppon 
and maintain the Atlanta Traveler Information Showcase Cable TV system beyond the 
present 30 September 1996 contract period. We propose to provide this suppon on a 
time-and-materials basis at Etak.'s standard engineering rate of $135 per hour, plus 
expenses. We would suggest a tasking agreement with the following components: 

1. Maintenance - An initial one-year "not-to-exceed" maintenance and support task of 
$35,000 that would include up to 200 hours of labor ($27,000), up to 2 person-trips to 
Atlanta ($6,0CIO), and miscellaneous expenses ($2,000 allowance for pans, supplies. and 
out.side repairs) for routine support and maintenance of the system. This effort would be 
billed on an "as-needed'" basis with verbal and/or written concurrence from the customer 
for each expenditure. The work would cover bug fixes, minor enhancements, and needed 
repair and maintenance of the hardware and software systems. Hardw~ parts and 
repairs not covered by manufacturers warranties would be charged to the customer at 
cost. This maintenance contract would also cover standard upgrades when Etak releases 
new versions of the TrafficWorkStation software. The contract noMo-excccd amount 
could be increased by mutual agreement if the desired/required efforts tum out to be 
greater than anticipated. However. it is our belief at this time that the needed 
maintenance can be provided for $35,000 or less for the first year. This maintenance 
agreement could be extended on a similar basis for subsequent years by mutual 
agreement 

2. System Modification and Enhancement Tasks -- These tasks would be negotiated on 
a case-by-case basis for Cable TV system modifications and enhancements that go 
beyond routine maintenance. Examples include: 

2. l More Live-Video Feeds - We understand that there is a desire to utilize more 
live-video f~ than the 4 presently implemented (for example, 'lid.co from a 
helicopter-borne camera. The Etak:-providcd hardware can handle up to 8 video 
feeds, but some software revisions would be necessary. We estimate the cost of 
these revisions to be about $15,000 (SO hours of labor for $10,800, travel for 
$3,000, aod miscellaneous pans and supplies for $1.200). 

Er.k, Inc. 1430 O'Brien Dtiv• Menlo P.rk, C8lifomi• 94C26 U.S.A. 416 328-3825 FAX 415 318-3148 
2 ~% ALG--13-19% 14:29 415617014 ~, r P.02 



2.2 Expanded Coverage•- We also understand that there is a desire to increase 
the system display coverage co extend fwther beyond Atlanta, particularly to the 
north. We estimate the costs of doing so to be· about $17 .000 ( 100 hours of labor 
for $13,500 plus travel for $3,000 and miscellaneous for $500). 

2.3 System Hardware Upgrade -- New digital video technology is now 
becoming available and affordable that will pennit replacement of much of the 
video recording and playback analog hardware with digital hardware. We 
anticipate that this digital equipment will be easier to use, more reliable, and 
simpler and less expensive to maintain. We expect within the next year to 
develop CATV systems using this new hardware for at least two MDI projects 
(Seattle and Phoenix) and for at least one FOT (Travlnfo). Hence, we recommend 
waiting for the digital CA TV system development to be paid for by these other 
projects. However, once the development has been accomplished, the Atlanta 
CA TV system could be upgraded for about $17,000 ($6,000 for a TARGA board. 
$1,500 for a SCSI hard drive, $5,400 for labor, $3,000 for travel, plus $1,100 for 
miscellaneous parts and materials). 

2.4 Other Upgrades and Enhancements -- Additional tasks could be undertaken 
on a case-by-case basis as mutually agreed between the customer and Etak. Each 
task could be performed on a time-and-materials basis or on a fixed-price basis. 
whichever was mutually deemed most appropriate. 

I hope this information will be satisfactory for your present planning purposes. Please 
contact me with any questions or for additional infonnation. 

Sincerely, 

,1 
Lawrence E. Sweeney, Jr., Ph.D. 
Vice President and General Manager 
Intelligent Transportation Systems 

f=lli-13-1996 14:29 4156170142 P.03 
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APPENDIX A 

LEGACY ANALYSIS 
INTERACTIVE TELEVISION 

1. EQUIPMENT: 

f=·:~~-~- :i111-··•··;·t«tii~11,~m*' ·":ri{\ttt?t;f1.illm~f11~1.,.. iti , , ~ 
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Vectra XM Desktop PC HP Included Owned Traffic Work Station 
in CATV - Serves CATV & 
cost IATV 

Ultra VGA 1280 Monitor HP Included Owned 
in CATV 
cost 

Sponster 14.4 US Robotics Owned 
Fax/Modem 

Dial Communications TMC/Bell 
Line South 

2. COMMUNICATION: 

Communications lines is dial line operating at 14. 4 Kpbs. 

3. MAINTENANCE: 

A HARDWARE: 

It is recommended that the IATV operte on an independent work station. An additional 
system should be purchased for approximately $2000. 

B. SOFTWARE: 

We are in the process of reviewing an initial cost estimate provided by ETAK for 
maintaining and supporting the Traffic Work Station software. This is off site support and 
would not include daily operational support and/or initial problem assesssments. This 
would be accomplished by on-site technical staff All hardware and vendor operating 
system software would be placed under the vendors maintenance contract if available. 
Otherwise, ETAK would (under their support contract) assess the problems and 
coordinate the repair or replacement of the equipment t oensure continuous opererations 
of the IA.TV system. 



ET AK Traffic Workstation 

• Operating System: Microsoft Wmdows 3.1 
• TWS Application: Receives, processes & distributes the traffic information 

over serial communications links. 

IATV Head End Server 

The software and operating system on the Head End Server is the full responsiblity of the 
IATV System provider. 

4. OTHER COSTS/CONSIDERATIONS: 

A TRAINING: 

Training for the IATV Traffic Work Station located in the TMC Equipment Room (124), 
would be provided by ETAK. 

B. OPERATIONS: 

To provide traffic information to other vendors/cutomers/general public, dial-up ports to 
the FES using the LDS interface could be provided. The user systems would receive only 
traffic data in a "firehose" mode from the FES. The IATV TWS interface to the FES, is a 
serial direct interfaces and could transition to the dial-up if the IATV TWS is moved off 
site for a vendor. 
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l. EQUIPMENT: 

APPENDIX A 

LEGACY ANALYSIS 
ON-LINE SYSTEM - WEB SITE 

11mr~r,· ,~. '94" ·~{l(li1\r;;{1~1~illml~ ·'( V !Dlf-
~ ·"' A%~-~W,, ""' y -~ 

Gateway 2000 Desktop Gateway Owned 
PC 

Gateway Vivitron 15" Gateway Owned 
Monitor 

Sporster 28.8 US Robotics Owned 
Fax/modem 

TI OataSmart CSU/DSU ADC Kentrox Owned 
Dual Port/V.35 

Router Bay Networks OYmed 

Network Hub Baystack Owned Not currently used 

2. COMMUNICATION: The Internet provider for the Georgia-Traveler web site is 
PeachNet. The cost of this connection (Tl line) is $18,000 per year. 

3. MAINTENANCE: 

A. HARDWARE: See above table. Nonnal replacement maintenance. 

R SOFTWARE: 

- Operating System: Web Server NCSA 

- Traffic Processing Application Software (Maxwell Labs) 

- Netscape Communications Navigator/Mosaic World Wide Web server software. 

4. OTHER COSTS/CONSIDERATIONS: 

A TRAINING: Training for the Web server located in the IMC Equipment Room (124), 



would be provided by Maxwell Labs. 

B. OPERATIONS: 

-The Web Site can be handled remotely, with back-up on site at the TMC. 

- Maxwell Labs can maintain the "html" pages at no cost to GDOT. However, if 
Maxwell Labs does not maintain the "html" pages, they would want an agreement 
with GDOT to use the pages as "marketing tools". 

- The web page for Georgia-Traveler includes "source code" for accessing the FES 
for route requests from user and for traffic updates. The "source code" is 
proprietary. Maxwell Labs can provide a license to GDOT to use the code at no 
cost. However, if any changes needed to be made to the "source code", Maxwell 
Labs would then charge GDOT. 

- A formal agreement between GDOT and Maxwell Labs would need to be 
developed for the above mentioned items. 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 

I 
I 
! 

I 
I 

j 

I 
I 
I 
I 
I 
I 
I 

1. EQUIPMENT: 

DESCRIPTION 

VST IOCA XCVR(4) 

VM85 Keyboard 

VMD Programmer 

XMTR w/RS232 (25) 

ABC D89 Switch (3) 

ABCDEDB9 

15" SVGA Monitor 

486DX4 100 Laptop PC 

486DX4 l 00 PC 

Equipment Racks (2) 

Protocol Converter 

20" Video Monitor (3) 

Video Camera Assembly 
(25) 

Control Receiver (26) 

APPENDIX A 

LEGACY ANALYSIS 
SURVEUJ,ANCE 

VENDOR COST STATUS 

Traffic: Management Center 

ADPRO $12,156 

ADPRO S 1,296 

ADPRO $ 217 

ADPRO $54,810 

Black Box s 210 

Black Box s 107 

Magtronic s 310 

Magtronic s 1,370 

Magtronic $ 949 

s 2,534 

COHU s 200 

$ 3,481 

Located On-Site 

Burle $82,101 

COHU $38,232 

COMMENTS 

All equipment was 
purchased/owned by 
TIS project. A 
detailed cost sheet is 
attached. 

4@$3,039 

25@$2,610 

3@$70 

For 486DX4 100 PC 

2@$1,267 

3@1, 160.50 

21@$3,281 
4@$3,300 

21@$1,482 
5@$1,422 



Protocol Switch (RPU) Z-World $23,337 
(58) 

Master Control Panel COHU $ 2,355 

Preset Panel COHU $ 650 

Construction Materials $ 5,011 

Poles (Various Lengths) $38,092 
(59) 

Equipment Cabinets ( 55) $103,125 55@$1,875 

28.8 Modem (Sportster) US Robotics $15,894 55@$182 
(88) 25@$181.70 

8@$167.78 

Radar Detector (116) Wheelen $107,685 110@$961 
6@$1.130 

On-HandJHK 

Software for Local $ 495 
Control ofMPC-D-111 
Receivers 

Spare Parts $ 3,100 

Remote RS-232 Display Wheelen $ 426 
(2) 

Cellular Phones (32) $ 1,483 3@$59.95 
29@$44.95 
Phones are for 
spotters. 

NOTE: A comprehensive equipment listing, provided by JHK, of surveillance equipment is 
attached. 

2. COMMUNICATION: 

A There are 73 phone lines utilized for communicating to TIS surveillance sites. The 
monthly charge for each line is $60.00 ($4,380). The TMC calls each radar site every 5 
minutes to poll the site for speed data. 

B. Only one of73 phone lines, Dalton, is a long distance phone call from the TMC. This 
phone line does not call the TMC unless there is an exceptional occurrence (major change 
in the traffic situation). Therefore, the cost of this line is considered minimal. Exact 
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charges will be available from IlIK during their demobilization and transition period. 

3. MAINTENANCE: A worksheet of resources for the surveillance system support is attached. 

A HARDWARE: 

- See above table, paragraph 1. Normal replacement maintenance. 

- IlIK has provided estimates of manpoower and resources to maintain radar and 
video sites. These estimates are provided as an attachment to this Appendix. 

B. SOFTWARE: 

1. IlIK developed firmware for Radar Processing Units (RPU). The source code 
will be provided by JHK. 

2. MPC Receiver (COHU) software purchased by JHK provides for local control 
of cameras at the site cabinet. A PC can be connected to the cabinet for testing or 
monitoring activities at the site. 

3. JHK developed software, to call out to the RPU s for operational checks, will be 
provided during the demobilization and transition period. 

4. All other software is FES/ATMS resident and is deliverable by TRW. 

4. OTHER CONSIDERATIONS: 

A TRAINING: 

1. JHK will provide training materials and instruction during their demobilization 
and transition period. 

B. OPERATIONS: 

1. TIS surveillance sites have not interfaced with the ATMS to date. Additional 
training and/or testing support may be required once this connection is made. 

2. JHK hired spotters to supplement TIS surveillance systems. The cost to JHK 
was $10. 00 an hour plus overhead for each spotters, as well as reimbursement of 
$.25 per mile for their privately owned vehicles. Total costs for spotter support 
can be obtained from JHK at the conclusion of the TIS period. 

3. Metro Networks was hired to cover the traffic situation outside the perimeter 
(plus Savannah in weeks 8 and 9) during the period 1 June 1996 through 28 
August 1996. All reports had to be verified by either air or by vehicle. The cost 



for this coverage was $29,200. 

4. Metro Networks was also hired to cover inside the perimeter if the system was 
in the "failover mode" (no ATMS traffic data). This period was from 1 June 1996 
to 25 August 1996. The following is a breakdown of this cost: 

- 2 X 4 hours per day = 8 hours per day @ $50 per hour = $400 per day. 

- 5 days per week= 40 hours per week @ $50 per hour= $2,000 per 
week. 

- 13 weeks @ $2,000 = $26,000. 

- Total for Metro Networks coverage= $55,200 (13 week period). 
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Surveillance Site Equipment Costs 

I Item Description Unit Qty. Unit Price Tot. Price 
Ad pro VST 10CA XCVR (Transmitter/Receiver) ea 4 3,039.00 12,156.00 

Ad pro VM 85 Keyboard ea I 1,296.00 1,296.00 

I 
Adpro VMD Pro11rammer ea I 2)7.00 217.00 

Ad pro XMTR wltli RS-232 (Transmitter) ea 25 2,610.00 54,810.00 

Black Box ABC DB9 Swltcll ea 3 70.00 210.00 

Black Box ABCDE DB9 Switch ea I 107.00 107.00 

Durie Video Camera Auembly ea 21 3,281.00 68,901.00 

I 
ea 4 3,300.00 13,200.00 

CeUular Ploones ea 3 59.95 179.85 

ea I 44.95 44.95 

ea 28 44.95 1,258.60 

Collu Control Receiver ea 21 1,482.00 31,122.00 

I ea 5 1,422.00 7,110.00 

Cohu Muter Control Panel ea I 2,355.00 2,355.00 

Coiau Preset Panel ea I 650.00 650.00 
Cohu Protocol Converter ea I 200.00 200.00 

I 
Construction Materiab 

7-Conductor, 18 A WG, Shielded Tray Cable ft 5000 1,510.00 

ft 1000 294.11 
9-Conductor, 18 A WG Uiuhieldcd Tray Cable ft 1500 373.50 

ft 1000 329.50 

I 
12-Conductor, 18 A WG Shielded Cable ft 1500 682.50 

ft 1000 447.05 
Alpha 1855/19-1 AWG 22 (19). White ft 100 0.17 17.00 
Alpha 1855/19-3 AWG22 (19), Red ft 100 0.17 17.00 

I 
Alpha ITT-22IV-3/32 Shrink Tubing ft 16 0.00 0.00 
AMP 413589-9 BNC Plug ea 85 2.28 193.08 
AMP 58531-1 BNC Connectors ea I 91.18 91.18 
AMP 605980-2 I' Cold Shrink Wrap ea 30 6.31 189.30 
AMP 66103-2 CPC PINS Type ill ea 100 0.11 10.60 

I 
Belden 8920-9 22 AWG wire, White ft 100 8.00 
Belden 8920-2 22 AWG wire, Red ft 100 8.00 
Belden 9659/RG-59 Coax Cable ft 1500 36).50 

ft 1000 319.00 
CINCH 1421-2 Jumpers ea 400 0.15 60.00 

I ECN04X EIA Cable 4-Conductor Cable ea 4 21.82 87.20 
GE RTV-103 Black, In Caulking Gun Tube ea 2 6.26 12.52 

IEaull>IDfllt Cablneta ea 55 1,875.00 103,125.00 
IEauinment Racks ea 2 1,267.25 2,534.50 

I 
c Hi" SVGA Monitor ea I 310.00 310.00 

IU-~--1c 486DX4 100 Laptop PC ea I 1,370.00 1,370.00 
IMaaitronk PC 486DX4 100 ea I 949.00 949.00 
Pola 

25 ft Steel Pole ea I 2,950.00 2,950.00 

I 30 ft Wooden Pole ea 37 435.00 16,095.00 
55 ft Wooden Pole ea 21 907.00 19,047.00 

Software for Local Control orMPC-D-111 Re«lven ea I 495.00 495.00 
ISonv 20" Video Monitor ea 3 1,160.50 3,481.50 

I 
Spare Parts 

C Interface Board ea I 200.00 200.00 
CX06-BNCY ea 10 41.59 415.90 
Dynamic C (Wm) Deluxe ea I 395.00 395.00 
PC-642 C-0 I 5 ea 10 34.4) 344.10 

I 
PC-642C-o:20 ea 10 34.41 344.10 
PC-642 C-200 ea 10 34.41 344.)0 

PC-642 C-232 ea 20 34.41 688.20 
P264-130/RMS ea 10 37.06 370.60 
Z-World Protocol Switch (RPU) ea 2 580.00 1,160.00 

I US Robotics Sportster 28.8 Modem ea 55 182.00 10,010.00 
ea 25 181.70 4,542.50 
ea 8 167.78 1,342.24 

Wheelen Radar Detector ea 110 961.00 100,905.00 

I 
ea 6 1,130.00 6,780.00 

Wheelen Remote RS-232 Dlaptay ea 2 213.00 426.00 
Z-World Protocol Switch (RPU) ea 55 399.50 21,9n.so 

ea 3 454.00 1,365.00 

I Total: 499,779.78 

I 
7/30/96 
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RESOURCES FOR SURVEILLANCE SYSTEM SUPPORT 

Slow-Scan Video Cameras 

Phone Lines: 
22 sites @ $64.00 / month .............................. $1,408 / month 

Repair Maintenance: 
2 technicians for 20 hours/ month ................. 40 man-hours/ month 
2 pick-up trucks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 truck-hours/ month 
1 bucket truck (Hi-Ranger) ....................... 8 truck-hours/ month 

Preventive Maintenance: 
2 technicians for 7 hours/ month .................. 14 man-hours/ month 
1 bucket truck (Hi-Ranger) ............................ 7 hours/ month 

Factory Repairs: 
0.5 I month @ $150.00 / repair ........................... $75.00 / month 

Doppler Radars 

Phone Lines: 
51 sites @ $64.00 / month ............................... $3,264 / month 

Repair Maintenance: 
2 technicians for 40 hours/ month ................. 80 man-hours/ month 
2 pick-up trucks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 truck-hours I month 
1 bucket truck . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 truck-hours I month 

Preventive Maintenance: 
2 technicians for 7 hours/ month .................. 14 man-hours/ month 
1 bucket truck (Hi-Ranger) ............................ 7 hours/ month 

Factory Repairs: 
3 /month@ $120.00 / repair ........................... $360.00 / month 

Electrical Power 

Camera & Radar Sites: 
22 sites @ $33.00 / month .............................. $726.00 / month 

Radar Only Sites: 
29 sites @ $21.00 I month .............................. $638.00 / month 

Traveler Information Showcase Page 1 Surveillance Support Resources 



Miscellaneous Spare Parts 

Surge Suppressors: 
5 I month @ $35.00 

Solid State Relays: 

..................................... $175.00 I month 

2 / month @ $5.00 ..................................... $10.00 / month 

Traveler Information Showcase Page2 Surveillance Support Resources 
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Background 

NUCLEAR RADIATION HAZAROO TO 
HIGHWAY 'l'RAlraPCffl'ATIOlfl' 

---
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,\ JI 11. J. () ; :ki i 
\ 

Highway traffic regulation in an emergency aa.y be 
instituted f'or several reasons. One of the reasons is the 
presence of radioactive fallout which would cover vast areas 
of the United States, including highways, in the event of an 
all-out nuclear attack on this country. 

Radioactive fallout emits dangerous nuclear radiations, 
which cannot be detected by the five human senses, but can 
be injurious or fatal to all living things. Radiation 
emitted by fallout would be most dangerous within the first 
several hours after the explosion of a nuclear weapon. As 
time passes, the radioactivity becomes less int.ense and in 
time would be at a level low enough to permit normal move­
ment in most areas. Some areas would be dangerous for hwaan 
resettlement for many years. 

Because this situation may exist after an attack, the 
system of highway traffic regulation being devised and 
organized on a nationwide basis shou.ld be used to protect 
the highway user from unnecessary exposure to radiation. 

Fallout Pattern Study 

A nuclear attack on the United States could take many 
forms. In addition, the pattern of fallout contamination 
would be affected by weather conditions and wind directions 
and velocities at varioua levels in the atmosphere. When 
the cloud of radioactive matter is formed after a surt'ace 
nuclear burst, the larger particles fall more rapidly and, 
since they generally carry a large part of the radioactivity, 
the dowvind area uearer ground zero (the point of' explosion) 
is likely to be more highly contaminated than areas farther 
away. 

Smaller particles, on the other hand, require many 
hours to fall to earth. During this time, they may be 

ifTbie document received review and comments by the Of'fice 
of Civil Defense 

Federal Hlghwlly Adruh•ballOit Research library 
Tumer-fairt>Snk Higttway ~arcn Center 

8300 Gaorgetown Pike 
McLean, VA 22101-2296 



carried hundreds of miles from the point of explosion and 
widely distributed by prevailing Winds. Moreover, a surface 
burst, in the megaton range, vould produce a quantity of 
conteminated matter so large that fallout may continue to be 
deposited in hazardous concentrations up to perhaps 24 hours 
after the burst. 

Changing wind pattern• rroa the ground to the top of 
the cloud, the effect of rain and irregularities in terrain, 
and the irregular distribution of- radioactivit:r in the cloud 
would c011tribu.te to the development of saall areas ("hot 
spots") that have a much higher radioactivity than the eur ... 
rounding area. 

In a.any areas of the earth 1 s surface, fal1out from one 
nuclear burst vou.ld overlap the fallout :frCD other nuclear 
bursts. Even though large areas of the country could be 
covered by the fallout of strategical.ly exploded weapons, 
there wou.ld be other areas in which fallout would be rela­
tively negligible. 

Figure l illustrates the irregular distribution of' 
fallout that could be expected. 

Fallout on Highways 

Crisecroeeing the United States are roughly 3½ million 
111.iles o:f highways that are ll8ed by the drivers of some 
90,000,000 cars, trucks and buses. 

Tbe fallout f'rca a nuclear attack would also fall on 
these highways and the highway users, being unaware of its 
presence could, unknowingly, expose tbeJD.&elves to lethal 
doses of radiation. 

Even though traffic or cbaaging weather conditions 
could blow or we.ab the fallout :from the surface, the radia­
tion hazard could still be significant, since gamaa rays, 
given orf by the fallout, can penetrate many reet of air 
without great lose in energy. 

Unless the user bad specially designed instruments to 
detect the presence of radiation, he would not know vb.ether 
a road vs.a safe or unsafe ror travel. Be, therefore, au.st 
rely upon., and be guided by, those persons who are specifi­
cally trained and equipped to conduct radiological monitor ... 
ing. 

2 



-

--~ 
m:::;;;JJ] 

-
3000 R/H 
1000 R/H 
100 R/H 
10 R/H 

FALLOUT PATTERNS (H+ 1) 

FIGURE 1 

3 



Areas of Unrestricted Travel 

Referring again to Figure 1, one can see that sane 
areas are relatiV'ely free of fall.out. These are called 
11 areas of unrestricted travel. 0 

In an emergency, these areas YOlll.d be defined by 
barricading and signing the limits beyond which unre­
stricted travel would be hazardous,. 

At specific periods of time, as radioactivity decays, 
barricades and signs would be moved forward, expanding the 
areas of unrestricted travel. The point to which barricades 
and signs are moved should be consistent Vi.th established 
criteria for human exposure for permanent resettlement and 
unrestricted travel. 

Travel Through Restricted Areas 

Highway travel 110Uld be restricted in those areas in 
which the levels of radiation intensity would not permit 
permanent resettlement of people Without subjecting them to 
serious biological consequences. 

There may be many miles of highways covered by fallout 
within these areas, and travel would only be permitted on 
certain regulated routes. Transportation benefits frODl the 
use of these routes would have to be weighed against the 
dangers of radiation exposure to drivers, policing personnel 
and highway maintenance personnel. 

Certain routes extending into or through restricted 
areas would be open tor emergency movement of equipment, 
supplies, manpower, or evacuation of people. Movements on 
such rou.tes would be strictly regulated to keep radiation 
exposure of participating personnel to a practicable 
ainimum. 

The Equivalent Residual Dose (ERD) 

The reading of a personnel dosimeter gives the dose to 
which the wearer ia exposed, in roentgens or milliroentgens, 
for the period of tille it is worn. It vould be convenient 
to assume that the accwaulated exposure dose and the dose 
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received or absorbed by an indiv1dua1 are identica1; but 
such is not the case. The exposure dose in roentgens should 
be converted into absorbed or tissue dose in Rads. However, 
this is not practical in an emergencyo 

To simplify matters, it 1e assumed that in the case of 
brief exposure 1ast1ng up to 4 days, the extent of the 
radiation injury is dependent on the total dose. In pro .. 
tracted exposure, over 4 days, recovery from injury leads to 
an increasing d.ieprop0rtion between the size of the accwnu­
lated. dosE< and the extent of radiation injury. In this 
situation, the equivalent residual dose (ERD) is more useful 
than the accwau.l.ated dose for predicting the possibility of 
illness and the chances of survival. 

The Nationa1 Committee on Radiation Protection and 
Measurement (WCRP) states in Report lfo. 29: 

"ERD is a concept that perndts ~ more reliable predic­
tion of the biological and medical consequences of exposures 
to radiation than is possible on the basis of the accumulated 
dose a1one. 

"Tbe decision to use ERD to evaluate radiation exposure 
in an emergency is based on the following considerations: 
{l) it is not possible to predict the immediate effect of 
any amount of radiation unless one knows the manner and 
du.retion of the exposure; (2) the body can repair a substan­
tial fraction of the injury responsible for such immediate 
effects as acute radiation sickness; {3) recovery requires 
time; (4) what injury cannot be repaired persists, and 
successive increments o:f the irreparable injury a::>:l!: cumula­
tive." 

Animal expe~imentation resulted in establishing the 
folloving assumptions as a basis for -':,he ERD concept: 

L 

2. 

3. 

Ten percent of the total injury ie irreparab1e. 

'?he oody can repair 90 percent of the total injury, 

Recovery after a brief dose (i.e., delivered over 
a period of a fev seconds to 4 days) begins on the 
5th day after the onset of exposure. The remain .. 
ing reparable injury is reparable at the rate of 
2½ percent per day. 
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4. The process of' recovery is continuous in the case 
of protracted exposure. 

5, The equivalent residual dose (ERD) at any point 
in time after the onset of exposure is equal to 
the irreparable 10 percent of the accumulated 
dose plus the fraction of the balao.ce of the 
accumulated dose which has not yet been repaired. 

Several curves (FigLU"es 2, 3, 4 and 5) show the relation­
ship between the accumulated dose, the ERD With the passage 
of time, and the 10 percent dose which is never repaired. 

An examination of the curves will show that after the 
ma.xiJmu!t ERD has been reached the body rep8ffs the injury 
faster than it accumulates the daily dose.-

Radiological Exposure Criteria 

'l'b.e Rational Comm.ittee on Radiation Protection and 
Measurements (lfCRP) issued, in January 1962, Report 29 on 
"Exposure to Radiation in an Emergency. 11 

The report discusses current scientific knowledge of 
the effects of radiation; decision-making problems in a 
nuclear war emergency; the equivalent residual. dose concept 
and its use in an emergency; and numerous recommendations. 

The Office of Civil Defense (OCD), be.sing its pol.icy 
on the ICRP Report, states that, in a nuclear war emergency, 
peacetille standards mu.st be replaced by the principle of 
limiting the exposure of our people: first, to protect them 
from radiation injury; second, to protect them from radiation 
injury severe enough to require medical care; and third; to 
minimize the long-range effects of radiation. 

The OC:D has established specific guidelines based on 
t.he Equ.i valent Residual Dose Concept (ERD). The OCD states 
in the Federal Civil Defense Guide, June 15, 1963, Part E, 
Chapter 5, Appendix l: 

"In most areas, after nuclear attack, the ERD of the 
general public can be controlled to less than lOOR by the 
appl.ication of counteraeasures such as optimum utilization 
of shelters, remedial movement and decontamination • 

.!leased on the recipient remaining in the area that received 
the indicated initial intensity of fallout. 
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·-
.,In no instance should the BRD of' sergency personnel 

exceed 2000, except on a c:aamend decision basis where such 
exposure of a fev indiv.iduals might be instrumental 1n the 
saving of hundreds ot li-.es or in the saving of a highly 
essential. taci l1 ty." 

The Wetional. Committee on Radiological Protection end 
Measurements states: 

"The acceptance of any radiation exposure is warranted 
only Yb.en there is no practical or reasonable alternative 
vay to achieve the required goal." 

l!:Teryone 11183' be exposed to saae radiation hazard after 
a nuclear att.a.ck. Unl.ese the general public was equipped 
With reliable dosimeters, it vould be impossible to deter­
mine hov mu.ch radiation vas absorbed except through clinical 
atudiea of, and symptcme displ.ayed by, those exposed .. 

As stated above, it is the objective of the OCD to 
maintain exposure of the general public below an ERD of lOOR 
by the application of certain countermeasures. Conforming 
to this objective, the following assumptions were made: 

l. There may be mill.ions of people in. travel status 
after a nuclear attack. 

2. A large percentage of these travel.era ll'O\lld be 
using the highway network.. 

3. Th011Bands would be located in areas low in 
fallout contamination and would desire to re­
tum to their homes. 

4. The l.ocation of fallout, and its degree of 
hazard, may be unkn.OYD. to the traveling public. 

5. 'l'he traveling pu.blic must be protected immediatel.y 
after the attack and during the long~range recovery. 

6 .. Flexible guidelines for exposure o:f the traTeling 
pllblic are necessary. 

Neither the Of':fice of CiTil Def'enae a.or tb.e Wational. 
Ccanittee on Radiation Protection and MeB81IJ'alllD.t haw iaaued. 
specific guidelines ~or radiation expoaure of tbe trawliag 
public. 

11 



The _r..~delinea set :forth in Table l are calculated and baaed 
on the t- • theoretical decay scheme for a nuclear detonation of 
known time. However, in a real emergency, fallout frOIO several 
veapona, which may be detonated at substantially different times, 
vould result in a radiation field with a decay scheme other than 
that used :for calculation o:r the guidelines. 

Field radiological data would have to be evaluated and inter­
preted by speciali~ed technical personnel who would advise decision­
making officials in charge. 

With a view to anticipating confusion and the probable lack of 
an orderly procedure in the early stages, State highway department 
personnel, located in relatively uncontaminated areas, should begin 
monitoring as soon as fallout has settled, using the guidelines in 
Table 1 and Table 2 for setting barricades and signs on highways. 

Adjustments in the tables, monitoring operations and setting 
of barricades and signs may be necessary as measured radiological 
data is interpreted, and general weapons effect on the populace 
and econcmy are evaluated. 

Until cirCUD1Stances and official decisions require that adjust­
ments be made, the present guidelines for setting limits o:r unre­
stricted travel are as shovn in the following tableo These lilDits 
o:f unrestricted travel are being reexamined. Revised criteria will 
be issued as soon as it is available. 

TABLE l 

BPR CRITERIA FOR 
EllTRY LIMITS OF UNRESTRICTED TRAVEL 

TIME Actual B+l Max. Day of ERD At 
R/RR Intensity ERD Max. ERD End of 1st year 

D+l 2.2 lOOr/hr 95r D+l6 2lr 

D+30 .14 375r/hr 54r D+80 28r 

D+90 .o8 750r/hr 46r D+l70 26r 

12 



In the last two columns of the table, the "end of tbe let 
year" means one year after H+l (one hour after the boab ex­
ploded). 

If the same maximum ERD were used for eacb of tbe entry 
times shown, people resettling at D+90 vould receive aore 
than double the irreparable dose of those resettling at D+l. 

Emergency Exposure Criteria 

Where possible, monitoring will begin at H+24 hours, 
assuming that all fallout is down. At D+l (H+24) a monitor 
would find the limit of unrestricted travel by finding the 
actual on the ground meter reading of 2.2r/hr. This would in­
dicate the area where the initial intensity was lOOr/hr. Like­
wise, at 0+30, the actual meter reading would be .14r/hr and at 
D+90 it would be .o8r/hr establishing the limits of unrestricted 
travel and indicating the areas where the initial intensities 
were 375r/hr and 750r/hr respectively. 

Table 2 shows the H+l intensities for various intensity 
readings at various entry times. 

The above crife~ia has been established from curves using 
a decay rate oft- · • The rate of decay can change in an 
actual attack requiring some modification in criteria, meter 
readings, H+l intensity lines, etc. 

In routine emergency work, monitors and other highway 
personnel should not expose themselves to more than 5r in any 
single day nor more than a total of lOr during the first week. 

Where an Extreme Emergency exists, such as the saving of 
many lives or an essential facility, it may be necessary for 
the monitor, construction or maintenance worker to accept a 
brief exposure of up to 200r. 

Decision Making 

After a nuclear attack, a major objective in the support of 
survival is maintenance of the economy and reconstruction. One of 
the prime elements in accomplishing this objective ie the decisions 
made by officials in charge, in respect to radiation exposure of 
individuals, in relation to all other elements of the situation. 

13 



'flaa aft.er 
Blut. 

-· 

B+l 100 202 

• + 2 Jt.3.5 87.8 

B + It. 18.9 38.1 

B + 6 11.6 23.4 

B+8 8.2 16.5 

B + 10 6,3 12.7 

B + 12 5.1 lQ,3 

B + 14 4.2 8.48 

K + 16 3.6 7.27 

II+ 18 3-1 6.26 

B + 20 2.7 5.i.2 

D + 1 2.2 4.84. 

D + 2 .98 1.98 

D + 3 .59 1.19 

D + 4 .42 .85 

D + 5 .32 .646 

D + 6 .26 .572 

D+7 .215 • 434 

D + 14 .093 .188 

D + 21 .057 .115 

D + 30 .037 .CJ75 

a ... 60 .016 .032 

a+ 90 .01 .02 

TilU 2 

Ml'1'IR RBADIIIGS (r/hr.) 

267 320 375 

U6 139 J.63 

50.4 60.k 7').8 

30.9 37.1 I. - ,-
,-j •,.,..' 

l - ·~· 

21.9 26.2 I 

I ,';(:,.? 
-· ~-

16.8 r.r 1 :·:3.6 :,,_. 
-- - --

13.6 - - - !._9..,1 -- - - -- -
11.2 /_ ) "· :_7 .• 7 

--- ' -
9.6 J.. 

' 
i3-5 

- ---· - -

I 
8.te 9 ,._,. ' 11.6 . _• __ -_· ·i 
7-20 :-l ,·-c, c_, I LO,l -~ --- --- -

5.87 7 o:' 
! 8 125 

- . ' ---
I 

2.62 -, 
•. J J _-1. 67 

--·- -·--· I 
I 

1.57 l,C,½ 2.21 
·--•--- - -----

1.12 
I 

1..y, 157 -----... -~ -- -• 

,,354 l,(!.,: I l.20 
-~----·--

.694. .832 .975 -·- -

.5·72 .688 .806 

-~ .'2!77 .3lt8 

.152 .182 ,214 

.099 .118 .139 

.olt-3 .051 .o6o 

.027 .032 .038 

14 

565 

2~ 

106 

65.5 

~-3 

35.6 

28.8 

23.7 

20.3 

17.5 

15.2 

12.4 

5.54 

3.33 

2.37 

1.81 

1.1.q 

1.21 

.525 

.322 

.209 

.091 

.057 

750 

326 

142 

87 

61.5 

li,7.2 

38.2 

31.5 

27 

23 .. 2 

20.2 

16.5 

7.32 

4.42 

3.15 

2,40 

1.95 

1.61 

,6CJ7 

.427 

.277 

.120 

.076 

.. .. 
+" 
0 • 

I 



e 
Officials who have the responsibility for making command 

decisions which will expose persons to additional radiation 
must understand, first, the biological and medical consequences 
of exposure (lfCRP, renort Mo. 29). Secondly, they must have 
essential materials readily available for reference in planning 
movements and/or controlling exposures. 

Charts and ~omograms for Operational Planning and Controlling 
Exposures 

The 1u~es end nanograms {figures 6 through 9) are based 
on the t- · decay law and can be used for planning operations 
end controlling exposures in a real emergency, subject to ad­
justments in the decay rate. 

(a) Decay Law or Curve (Figure 6). 

In view of the rather large variability in the rate of 
decay of fallout, attempts to predict the decay of actual fall­
out on the basis of any given decay law or curve are almost 
certain to be inaccurate. 

In an actual emergency, decay characteristics can be deter­
mined by measuring dose rates at specific time intervals in an 
area where fallout is not subject to weathering. By making a 
logarithmic plot vith the measured dose rate {r/hr) as the 
vertical axis and time as the horizontal axis, the decay slope, 
can be computed. 

In Figure 6, three slopes have been plotted to represent 
decay characteristics. To find the slope or exponent of {t), 
divide the measured length of vertical line ab by the length 
of horizontal line be. In this case ab:2:7/16 inches and bc=20/16 
inches which divided equals 1.35. 

The t-1.2 decay law and the equations derived from it 
have been used in the preparation of many types of charts, 
graphs, n0111.ograms and calculations. Most of these devices are 
being used for planning purposes and in forecasting the pro­
bable effects of fallout in the preparation ot tests, 
exercises and problem studies likely to be encountered in a 
poetattaclt situation. However, in an actual emergency, a 
Radiological Defense Officer would have to adjust any 2 .1. 
recommended remedial action to reflect variations frca the t 
decay characteristics. It should be noted that when the 
ainue exponent ia large, e.g. -1.35, the dose rate decreases 
aore rapidly than when it is small, e.g. -1.05. 

15 



1000 
I\. 

'" " '1'. 
~ 

'-\ ~ 
~ 

\ ~ I r--.... 

100 

\ ~ " V / '\ I"\ I ['.. 
\ \ " I'\. I 

' ' , 

" \ ' ,, 
\ t., "'-

~ ~ 
~ \ 

10 J> 

l 

l 10 

DECAY CURVE - PLOI'S 

,. - .n I J; IJr'[ 

' •• •• .. _, 

,. ..J (.J J!irt: 

' ' "\ "" ~ I\ I"-

'I\ I\ '\ " '\ I"\ 

- ' ...... \. ' \ 
\. 

\ 

\ 

Time - Hou.rs 

FIGURE 6 

t6 

'\. 

' 

I\ 

bl e I of I 

n-f" I 

Pl el of ( 

' 
I\. 

' 'I '\ 
\ 

\. "' i\ " 'I 

\ 
100 

I 

I:) 

t) 

It) 

' 
"" "' '\ ~ "" ' ' 

~ " " \. \. ~ 
'\ 1000 



, (b) Equivalent Residual Dose (ERD) (Figure 7). 

Figure 7 is a nom.ogram which can be used for rapid com­
putation of the (ERD). The scale at the bottom is laid out 
in "time in days" after exposure. The scale on the right 
represents a brief, initial dose (shock dose or dose spread 
over one to four days.) The scale on the le:ft shows daily 
exposures in r/day which occur after the brief dose. The 
curved, quasi-horizontal lines drawn fro• left to right 
represent the Equivalent Residual Dose. 

On the nomogram, a line has been drawn from 50r on the 
right vertical scale to 5r/day on the left vertical scale. 
The line shows that an individual was exposed to a brief 
dose of 50r and thereafter to daily doses of 5r/day. If the 
line is followed, one can pick off the ERD on any day up to 
400 days. For instance, at 10 days the ERD is 70r; and at 
50 days it is 150r. 

If an individual did not experience a brief dose but 
was exposed to daily doses of 5r/day, a line would be drawn 
from zero on the right to Sr/day on the left. The ERD could 
then be read for various times in the future. With an 
initial brief dose of 150r and no subsequent exposure, a line 
would be drawn from 150r on the right to zero on the left. 

The nomogram can be used to find the ERD at a future 
time for each group (not exceeding 7 days per group) of 
daily exposures, For example, an individual is exposed for 
seven days as follows: The first day 50r, then 30r, 20r, 
lOr, 15r, lOr, and 5r. Find the ERD at 30 days from the 
first day of exposure. By laying a straight edge from 50r 
on the right to zero on the left, read the ERD at 30 days 
(28r); for the second day, from 30r on the right to zero 
on the left, read the ERD at 29 days (17r); from 20r on the 
right to zero on the left, read 12r at 28 days; lOr to O, 
read 6r at 27 days; 15r too, read 9r at 26 days; lOr too, 
read ?rat 25 days; and 5r too, read 3r at 24 days, The 
total ERD at the end of 30 days would be 28r+l7r+l2r+6r+ 
9r+7r+3r=82r. 

A more simplified and faster method is as follows: 
The total dose for the seven day period is 140r. Note that 
more than half, or 8or, was received at the end of the 
second day. From D+2, the end of the second day to D+30, 
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the day on which you wish to find the ERD, is 28 days. Lay 
a straight edge :from. 140r on the right to zero on the left 
and read the ERP at 28 days. Thi• vill read about 82r. 

The ERD'a for each group ot seven-day exposures can be 
added to give the total ERD 011 a future day. 

(c) Dose Rate Nomogram (Figure 8). 

Figu.re 8 is a nomogram which can be used to estimate, 
at any specif'ic time after the explosion of' a nuclear weapon, 
the dose rate as of H+l and any future dose rate at that same 
location. 

Example: 

The dose rate at H+l2 hours was 50r/hr. What is the doae 
rate at H+l and D+27 

Under the column "Dose Rate at H+T" on the left, find 
50r; and under the column "Time Af'ter Burst" in the center, 
find 12 hours. Lay a straight edge on the line frca. 50 to 
12 and read the "Dose Rate at H+l" where the straight edge 
intersects the column on the right (about grOr/hr). 

To find the dose rate at D+2, hold the straight edge on 
970r/hr and pivot to D+2 on the center column 11 Time after 
Burst" and read 9.2r/hr on the left column "Dose Rate at H+T.n 

(d) Tota1 Dose - Stay time - Entry time - llomogram. (l"igure 9). 

Figure 9 is a nomogrem which can be used to determine vben 
to enter a radioactive contaminated area, how long to stay in 
the area, and the total dose absorbed while in the area. 

Example: 

The dose rate in an area is lOr/hr at H+24 hOW'8. What 
would the total dose be if a person entered the area at D+2 
days and remained for 8 hours? 

Referring back to Figure 8 find the dose rate at H+l as 
described in Section (c). This Yill be li.5or/hr. Then in 
Figure 9 lay a straight edge fraa. D+2 on the "Entry Time" 
column through 8 hours on the "Stay Time" column and read 
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about ,07 on the D/r reference line. ffext lay the straight 
edge from the ,07 point on the D/r line through 450r/hr on 
the "Dose Rate at H+l" column and read about 3lr on the 
Total Dose Column. 

The nomograms, Figures 8 and 9, can be applied to 
movements on highways or to specific missions to be 
accomplished by truckers, construction and maintenance 
crews or others, while maintaining control of exposure to 
radiation. 

Example: 

Given: A trucker must leave his sheltered area to 
accomplish a mission in an area where the measured dose 
rate is 20r/hr at D+2. The stay time outside the shelter 
is 6 hours. The total dose allowable to accomplish the 
mission is 50r. 

Find: The earliest day the trucker can leave the 
shelter and perform the mission. 

Solution: Using Figure 8 (Dose Rate lfomogram) find 
20r/hr in the "Dose Rate at H+t" column and D+2 in the 
"Time after Burst" column, and connect these tvo points 
vith a straight edge extending it on the same line and 
read 2100r/hr in the "Dose Rate at H+l" column. Then 
using Figure 9 (Entry Time - Stay Time nomogram) connect 
50r total dose vith 2100r/hr and mark D/r reference line. 
Pivot straight edge at D/r reference line through 6 hours 
stay time and read about 3,4 days entry time. 

Example: 

Given: The average dose rate through an area 4oo miles 
long is 15r/hr at D+2. A one-way mission by truck is to be 
carried out through the area at D+7, The protection 
factor of the truck is 1. 5 • The maximum permi sa ible mission 
dose is lOr. 

Find: (a) Allowable travel time (Stay time) at D+7, 

(b) The average speed required so that the 
mission dose is not exceeded. 
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Sol.ution: To get the actual average dose rate the 
driver vould be exposed to in the protected truck, divide 
15r/hr by the 1.5 protection factor Yb.ich equals l.Or/hr. 
Then using Figure 8 (Dose Rate ll'omogram.} find lOr/hr 
under the column "Dose Rate at H+t" and connect this point 
Yith a straight edge to D+2 under the column "Time after 
Burst." Extend the line between these two points until it 
intersects the column "Dose Rate at H+l" and read about 
l.0SOr/hr. 

In Figure 9 "Entry Time - Stay Time N011.ogrem" find the 
mission dose l.Or under the colWIID. "Total Dose" and connect 
a line between this point and 1050 r/hr under the "Dose 
Rate (1 hour)u column. Extend this line to intersect the 
D/R reference line. Connect the point or intersection on 
the D/R ref"erence l.ine w1 th 7 in the "Entry Time11 column 
and read 8 hours in the "Stay Time" column. 

To get the average speed of the truck, divide the 
distance (400) miles by the stay time (8 hours) which 
equals 50 miles per hour. 

(d) Highway Trip Chart (Figures 10, 11, 12, and 13). 

Figures 10, 11, 12, and 13 are charts deeigned for the 
control of the exposure of the drivers of trucks, buses, care 
and maintenance crevs. The drivers of the vehicles are in 
the class of emergency personnel and are expected to accept 
a minimum. exposure of up to 2r/week. or a total of up to lOOr 
in one year. This would be in addition to that to which 
they voa.ld be exposed during normal day-to-day living during 
the remaining non-working year. 'l'he ma.ximwn exposure in any 
one week should not exceed l0r. 

Protection factors of 1.25 tor cars and 1.7 for trucks 
were incorporated in the caa.putations of the curves. 

On the charts, the vertical scale is the "Entry Tble" 
in days after a nuclear burst. The horizontal scale is the 
"Theoretical Exposure at H+l11

, and shove two separate scales 
which distorts the curves at the dividing line. The curves 
show the number of one-vay trips which can be made in one 
week. 

To becaae familiar Yith the use of these charts, a 
theoretical problem and solution is worked oat below: 
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Problea: At D+2, officials at Oklahcma City, vbich 
eurvived the greater hazards of blast and fallout, decided 
to eh1p eeTeral truckloads of urgently needed supplies to 
Fort Worth. A fallout map shoving approximate radiation 
intensity lines in the Oltlah011a-Texas area vaa available 
and the decay rate vaa found to be generally t-1.2. 

It vaa estimated that the trucks coul.d travel the 200 
• ilea, in a most direct route, at an average speed of 50 
a.ilea per hou.r. 

Officials had to determine what day the truck movement 
could begin vith011t exposing the driver to more than 10 
roentgens of radiation in one week, and on what days more 
than one trip per week could be made. 

Solution: The problem. was worked out by making a 
cha.rt in table form, Table 3. The table shows the towns 
encou.ntered between Oklahana City and Fort Worth, the 
distance in miles between these towns, the average r/hr 
at H+l on each section, the travel time f'ran one town to 
the other and the theoretical dose received at H+l. 

By using the Highway IJlrip Chart titled "Trucks Without 
Exceeding lOr Per Week, 11 find 4170r ( rounded off) on t h, 
horizontal scale and read the one-way trips at D+4, 1 pe-.;: 
week; at D+7, 2 per week; and at D+l4, 5 per week.· 

To find the DWll.ber of round tripe which could be 
made, one could interpolate between curves. For instance} 
at about D+7, 2 trips per week or one round trip per week.," 
at D+16, 6 per week or 3 round trips per week. 
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Dist. 
From To Miles 

Oklahoma lforman 15 
City 

Worman Pauls 
Valley 45 

Pauls Denton 
Valley 110 

-· I 

Denton Ft. Worth 30 

Use Truck Chart lOR/veek 

TABLE 3 

Map Problems 

Solutions 

H+l Ave. 
R/HR. ' H+l R/HR 

500 750 
1000 

1000 
2750 1580 
1000 

1000 
500 833 

1000 

1000 1150 
1300 

I 

Find ~170 and read one way trips 
at D+4, 1/Yk . 
at D+l4, 5/vk 
at D+l8, 7 /vk 

Theoretical 
Dist. /50 Dose H+l 

3/10 hrs. 225R 

9/10 hrs. 1422R 

11/5 hrs. 183~ 

3/5 hrs. ~ 

4 hrs. 417CB 
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Traffic supervision has always been a basic responsi­
bility of various police agencies and so a call for police 
traffic services, even in unusual emergencies, generally is 
classed as routine. However, emergency highway traffic 
regulation poses unique problems and responsibilities for 
the police as it does for all those charged with official 
obligations. 

Since this country has never experienced an enemy 
attack in modern ~imes, much less one involving the use ot 
nuclear weapons, it is necessary to preface this chapter 
largely on assumptions. These assumptions will be repeated 
where applicable in this text for purposes of understanding. 
New assumptions will be interjected where necessary as an 
introduction to potential police problems and subsequent 
guidelines as to how to cope with the problems thus raised. 

Although it is recognized that police duties, before, 
during and after an enemy attack, conceivably would run 
the gamut of police responsibilities, it is the purpose 
here to limit or confine attention solely to the role of 
police as one of a large team of many officials and agen­
cies concerned with emergency traffic regulation following 
a nuclear attack. 

The restoration and regulation of traffic in a 
national emergency is the responsibility of each State. 
Since a Governor has the prerogative of designating which 
agency will be delegated the authority to direct emergency 
traffic supervision, the police responsibility may vary 
from State to State. 

Whether police have full or only partial responsibi­
lity for emergency highway traffic regulation, the magni­
tude of the problems involved will require the full 

ifThis text was prepared by the International Association of 
Chiefs of Police. 

Federal Highway Administration Research library 
Turner-Fa1rtJani< H1y11way Research Center 

6300 Georgetown Pike 
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cooperation and coordinated efforts of many agencies and 
individuals. Besides the police, other chief participants 
in this team operation are representatives of the U.S. 
Bureau of Public Roads, the State highway departments, the 
military and the organized highway user groups. 
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Chapter II.---ASSUMP'l'IONS 

1. An attack on the United States would employ pre­
dominantly nuclear weapons of multimegation yeild. 

2. Little warning of attack can be expected with the 
advent of long-range supersonic missiles with nuclear war­
heads. 

3. Roads, bridges and tunnels within a blast area will 
be unusable in varying degrees. 

4. Many miles of highways throughout the Nation will: 
be denied to'use for varying periods of time of destruction 
or radioactive fallout. 

5. Routes in and about blast areas must be utilized 
where available or where they can be speedily developed. 

6. Unaffected routes may need to be fully utilized, 
some probably on a regulated basis. 

7. Routes through radioactive areas, which can be 
traversed without serious peril to the occupant's of the 
vehicle, must be opened to essential travel on a regulated 
basis. 

8. Routes so highly contaminated as to be dangerous 
to the traveling public must be so marked and with the 
decay of contamination, the markers must be moved to permit 
less restricted travel. 

9. Since target areas would be damaged or destroyed, 
police facilities, equipment and personnel would suffer 
similarly. 

10. Widespread devastation and fallout will result in 
the involvement of many political subdivisions at the 
municipal, county, and State levels, including their 
respective police representatives. 
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Chapter III .---DEFINITIONS 

Emergency Highway Traffic Regulation is a system which 
facilitates orderly flow of traffic under a national 
emergency situation including but not limited to postattack 
evacuation, regulation of movement through dangerous areas 
and clearrnce of priority traffic over routes of limited 
capacity. 

Clear Routes* are highway routes or sections without 
any restriction of use. 

Regulated Routes* are highways selected for control 
by the EHTR organization because of hazardous conditions, 
special uses or limited capacity. There are three classes 
of such routes: A, B, and C. 

Regulated Routes Class A* are those highway sections 
that lie within a radioactive contaminated or other danger­
ous area and which must be identified and used with special 
precaution and practice. 

Regulated Routes Class B* are highway sections which 
are temporarily reserved for a special purpose such as 
civil defense and/or military movements. 

Regulated Routes Class C* are highway sections on 
which all traffic is rigidly controlled by official road 
space permit at specified times because of critical capa­
city restrictions or volume demands. 

Highway is any roadway, thoroughfare, street, alley, 
toll road, boulevard, expressway, parkway. 

EHTR Road Space Permit2is a form issued to identify 
and recognize vehicles having priority missions on routes 
subject to regulation. 

1 
Policy and Procedure Memorandum 50-7, Bureau of Public 
Roads, June 25, 1962 

*Instructional Memorandum 50-4-63, Bureau of Public Roads, 
September 25, 1963 

2policy and Procedure Memorandum 50-7, Bureau of Public 
Roads, June 25, 1962 
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Special Size and Weight Permits3 are issued to identify 
and recognize vehicles which exceed ordinary size and/or 
weight limitations. 

Police refers to any duly constituted peace officer 
engaged in law enforcement at the State, county or parish, 
or municipal level. 

State Police also refers to highway patrol, State 
patrol, State highway police, and State troopers. 
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Chapter IV. ---

ORGANIZATION FOR EMERGENCY HIGHWAY TRAFFIC REGULATION (EHTR) 

The organizational structure which has been designed 
for highway traffic regulation purposes is illustrated in 
Chart No. 1. The State Highway Traffic Regulation Center 
will be activated immediately. It will be located near 
the State emergency operating center for purposes of com­
munication and coordination with other emergency operating 
agencies. The EHTR Center wilJ be the focal point in the 
State to direct the emergency highway traffic regulation 
effort. 

District 
EHTR Center 

District 
EHTR Center 

State Highway Traffic 
Regulation Center 

District 
EHTR Center 

District 
EHTR Center 

EHTR EHTR 
Sector Sector 

EHTR 
Post 

Chart No. 1 - Basic Organization for Highway 
Traffic Regulation 
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The District Highway Traffic Regulation Centers will 
most often be located at district or division State 
highway offices and garages because of their capability 
to provide personnel and equipment resources. In 
addition most district offices are equipped with radio, 
connected to their state-wide radio network as well as to 
mobile units in automobiles and trucks used in their 
local operations. Their capability is further enhanced in 
some States where district State police or highway patrol 
headquarters are located in or near the highway offices. 

Even though field or decentralized police offices 
may not be a part of a district highway complex, police 
should be prepared to make their facilities available as 
district or sector headquarters or as highway traffic 
regulation posts because of their communications and, in 
many States, their housing, feeding, and garage facilities. 

Highway traffic regulation sectors, subordinate to the 
district centers, are to be established and will function 
at the county, city or metropolitan level as required. 

Highway traffic regulation posts will be established 
along regulated highways to assist, protect, and expedite 
traffic. The number of posts, and their locations will 
be determined by the district traffic regulation center, 
or by the sector. 

Chart No. 2 illustrates the police "chain of command" 
for purposes of assigning responsibility, delegating 
authority and establishing lines of communication. The 
Governor, as the State's chief executive, is ultimately 
responsible for the State's emergency effort including 
highway traffic regulation. The Governor will normally 
delegate the authority for state-wide police emergency 
operations to the commanding officer of the State police 
agency. Since highway traffic regulation is but one task 
encompassed by his duties, the State police commander will 
usually designate another high ranking State police 
officer to represent and direct police operations from the 
State Highway Traffic Regulation Center. 
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GOVERNOR 

STATE EMERGENCY 
OPERATING CENTER 

----
Commanding Officer 

State Police 

EMERGENCY 
HIGHWAY TRAFFIC 

REGULATION CENTER 
----

State Police 

DISTRICT EHTR 
----

State Police 

EHTR SECTOR 
----

State, County, or 
Municipal Police 

EHTR POST 
----

State, County, or 
Municipal Police 

Chart No. 2 - Police "Chain of Command" for 
Highway Traffic Regulation 
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The very decentralized nature of State police opera­
tions, their communications capability, proximity in some 
cases to State highway offices and garages, familiarity 
with routes throughout the State and their experience in 
handling area-wide situations which frequently cross juris­
dictional lines makes them best adaptable to assume respon­
sibility for police highway traffic regulation command at 
the HTR District level. Below this echelon, command 
responsibility may be assigned to State, county or munici­
pal police depending upon the availability of police and 
the location of the HTR Sectors and Posts. Police command 
of a sector established in or near a metropolitan area will 
normally be delegated to a county or municipal officer. 
This will also be applicable to HTR Posts serving the 
sector area. This situation does not preclude the probabil­
ity that State police or officers of other jurisdictions 
will be subordinate to such a comm.and. 

It is important to note the implications of Chart 2. 
Although it represents the most logical approach to per­
formance of the police role, the success of the mission is 
solely dependent upon the complete devotion of all police 
agencies involved to a singular purpose. There must be a 
coordination and cooperation among State, county and munic­
ipal police. Each must make his plans so as to mesh with 
the total effort. All officers need to be well trained in 
emergency highway traffic regulation, and to be uniformly 
trained. Police have many responsibilities. A chief must 
pre-determine what portion of his force will be assigned 
to highway traffic regulation duties and decide in con­
junction with HTR officials just what those duties are to 
be. A well-coordinated organizational, planning, training 
and operating effort may be enhanced by using already 
existing groups such as State associations of chiefs of 
police or the enforcement committee of a State safety 
council. 
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Chapter V.---RESPONSIBILITIES 

Manning of HTR Offices 

A major police responsibility is to provide one or more 
persons as a member of the team needed to properly activate 
and maintain EHTR offices. 

A high ranking officer - a captain or above - should be 
assigned to the State EHTR center. He should be an 
experienced officer. He should be answerable to the top 
police official assigned to the State Emergency Operating 
Center. This officer will either be immediately subordinate 
to the official in charge of the State EHTR center or he may 
actually be in charge, depending upon to whom the Governor 
delegates this authority. 

A commissioned officer or supervisory officer should be 
the police representative and local spokesman in both 
district and sector EHTR's. 

If available and needed, police should provide techni• 
cal and clerical personnel at the various EHTR offices. 
This is particularly true of dispatchers, lab technicians, 
and garage mechanics as well as public information and 
clerical personnel, such as stenographers and typists. 

Highway Traffic Regulation Posts 

Police have the primary responsibility for the estab­
lishment, staffing and operation of EHTR Posts in order to 
maintain the integrity of regulated routes. 

HTR Posts should be strategically located on regulated 
routes at: (1) State lines; (2) intersections where 
potential of unauthorized infiltration is probable and could 
not be effectively controlled through other means; (3) at 
the start and end of a regulated route; and (4) at sufficiently 
close intervals to assure adequate regulatory controls on all 
regulated routes. 
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Following are some considerations in establishing HTR 
Posts: 

(1) Sufficient space for holding unauthorized 
vehicles or convoys, and temporarily 
holding movements off schedule. 

(2) Communications capability to and from HTR 
Center. 

(3) Availability of such emergency equipment as 
tow vehicles, ambulances, highway maintenance 
equipment, gasoline, and supplies. 

(4) Level or threat of radioactivity. 

EHTR Posts shall check rapidly all vehicles and con­
voys for their road space permits. If the movement is 
authorized and on the proper time schedule, allow them to 
proceed. If the movement is authorized but not on the 
proper time schedule, direct it into the holding area and 
advise the EHTR Center. The EHTR Center will advise the 
permit issuing authority and request a new time schedule. 
The EHTR Post will then be advised of the new time 
schedule and the vehicle or convoy will be allowed to 
proceed after noting new time on the road space permit. 

Police Patrol of Regulated Routes 

One of the major functions of patrol is police 
traffic supervision which ordinarily consists of (1) 
traffic accident investigation, (2) traffic direction 
and control, and (3) traffic law enforcement. These 
same three basic component elements would still be ap­
plicable with some modifications in emergency highway 
traffic regulation. 

Accident Investigation. If at all possible a report 
should be made of all accidents, particularly injury and 
fatals. Although the report may be abbreviated, it 
should at least contain basic information, the names of 
persons involved, addresses, age, sex, race, location of 
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accident, time and date, investigating officer's name and 
department, description of vehicle(s) and a resume of the 
circumstances. A standard accident report form can be 
used. Besides getting the basic information, the officer 
will also be responsible for treating the injured, pre­
venting other vehicles from becoming involved, and 
clearing the roadway. All pertinent information should be 
transmitted to his headquarters. 

Direction and Control. The patrol officer is responsible 
for keeping the roadway clear of stalled and abandoned 
vehicles and other impediments. It may be necessary to 
change or modify signing; erect barriers; perform point 
control; divert traffic; keep pedestrians off the traffic­
way; set out fusees and flares; provide directional and 
other information. 

Enforcement. Police are responsible for the enforcement 
of emergency traffic regulations. They will detect and 
remove unauthorized vehicles, convoys and pedestrians; 
require adherence to any emergency prompted regulation 
such as minimum speed limits; prevent unnecessary parking 
or stopping on the highway; protect lives and property of 
highway users; enforce the proper use of road space 
permits; detect and restrain anyone who threatens the route 
by an act of sabotage. 

Other Related Patrol Duties. These will include: 

(1) Cargo Protection. Security of classified 
or high-priority movements will be pro­
vided by shippers or carriers. 

(2) Reporting. A very important phase of 
police responsibility will be to report 
all pertinent infonnation to an EHTR 
office, generally the nearest one. 

Although other agencies and individuals will also be 
reporting information to EHTR offices, some of it duplicat­
ing that which police may report, police are, by the very 
nature of their responsibility, assignment, training, 
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communications and other resources, and experience the 
most competent and capable of relaying the best informa­
tion possible relative to weather, traffic, damage, 
highway, and radiological conditions. 

Communications 

Police have the best emergency communications experi­
ence, equipment and facilities. Therefore, whether they 
are called upon to establish or assist in the operating of 
an emergency communications center at an EHTR office, or 
they provide supplemental and relay service, police must 
be ready to assume a leading role in this vital function. 

Emer~ency Medical Assistance 

Emergency first aid is a routine police duty, but in 
times of war this duty and the skills attendant to the 
task would receive its greatest challenge. The police 
must be prepared, both in the skill and with the equipment. 
It is also conceivable that police and EHTR offices will 
be required to act concurrently as a first aid station 
until victims can receive professional medical assistance. 

Public Information 

One of the most difficult and yet most important 
functions to be performed by EHTR personnel is to acquire, 
assimilate, and appropriately disseminate the best informa .. 
tion possible for public consumption as it relates to 
highway traffic. One of the real tests of our postattack 
recovery ability rests with the effectiveness of our com­
munication with the surviving population. To get compliance 
with EHTR Center policy and directives; to facilitate the 
safe and efficient evacuation of goods and people as well 
as the prompt and orderly ingress to disaster areas; to 
lift the spirit of a shocked and terrified people; to 
minimize further injury and loss of life and property -
all are to a considerable extent dependent upon our public 
information capability. Police are responsible for relay­
ing information to the EHTR Center and to assist in its 
dissemination. 
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Develop Plans 

A major purpose of this text is to provide a guide for 
police planning for emergency highway traffic regulation. 
It is also a stimulus to thinking and planning for the 
many other aspects of the police role in such an emergency. 
The next section is devoted to planning as a means of pro­
viding for maximum police preparedness. 
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Chapter VI.---

POLICE PLANNING FOR HIGHWAY TRAFFIC REGULATION 

Good planning is an essential prerequisite to maximum 
police operational capability and execution. 

Planning requisites involve an appreciation of the 
following principles. Plans must 

a. Be made in advance, and constantly updated to 
assure their currentness. Where no planning 
has taken place or is only partially completed, 
every effort should be made~ to draw plans. 

b. Be flexible and provide for alternatives. This 
was never so true as in planning for emergency 
highway traffic regulation. The inherent 
devastation of one nuclear device coupled with 
a lack of human experience following its use 
makes flexibility of plans imperative. Also 
remember, no plans can be devised which can 
eliminate the many occasions when a police 
officer must exercise his best judgment to 
meet a situation. 

c. Keep in mind the human element. Plans must 
recognize hum.an limitations; the need to pro­
vide for basic wants; the necessity of protec­
ting personnel from excessive radioactive 
fallout. A crisis such as is involved in this 
particular event requires the greatest challenge 
yet conceived of an officer's devotion to 
service to mankind. It would be folly not to 
consider that some surviving personnel strength 
may not be available because of an overwhelming 
personal concern for the welfare of family. 

d. Be drawn so as to be easily understood. Plans 
must be as simple and free of superlatives as 
possible. The methods and techniques of 
implementation should be regulated to training. 
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e. Be realistic so as to appear capable of accom­
plishment. Such plans are much easier to sell 
to all personnel and their acceptance is, of 
course, of paramount importance to the success 
of our mission. Plans will be more practical, 
more realistic, more saleable if they reflect 
the thinking and suggestions of subordinates. 
Another means of gauging the practicability 
of plans is to test them in mock exercises. 

f. Be documented. This is fundamental, but a 
rudiment in planning too frequently overlooked. 
Ease of distribution is also facilitated. 

g. Be disseminated to police and other appropriate 
agencies and individuals. Training and informa­
tional programs are two vehicles by which wide­
spread and accurate dissemination can best be 
effected. More emphasis on police training will 
be found later in this chapter. 

h. Be coordinated and correlated with the overall 
mission. Police are not singularly responsible 
for either normal or emergency highway traffic 
regulation. They are an important part of a 
team effort. Concurrent jurisdictions and the 
multiplicity of agencies demands the highest 
degree of cooperativeness and coordination among 
the police themselves. 

Specific Planning for Highway Traffic Regulation 

Highway traffic regulation following a nuclear attack 
will demand police planning in several specific areas. 
Following are those areas which can readily be identified. 
In addition, observations and suggestions are made relative 
to planning details. 

1. Organization. An organization chart should be pre­
pared reflecting not only the highway traffic regulation 
structure, but also the HTR position in and relationship 
to the whole emergency operating structure. A police 
"chain of command" is an inherent part of this structure. 
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2. Manpower Assignments. Written descriptions of respon­
sibility should be drawn for each police task to be 
performed. Specific individual assignments should be made 
where feasible, particularly for positions of command 
authority. Other assignments for each officer and police 
department employee will be dependent upon orders given by 
superior police personnel at the time his services are 
needed and available for use. Plans should also include a 
list of especially qualified young officers who could 
temporarily assume various command positions. 

3. Alerting Personnel. A standardized set of procedures 
should govern the alerting of personnel. A personnel 
roster listing name, rank, address and phone number should 
be currently maintained in each department. At least one 
State* has established a series of four (4) readiness con­
diLions. Each condition requires an increased state of pre­
paredness on the part of personnel to meet an increasingly 
serious or imminent situation. It is vitally important 
that proper police action be taken immediately in an emer­
gency. Such action must be correct, prompt and decisive. 

4. Maps. Planning must include the acquisition of 
current maps and the preparing of overlays. Maps should 
be obtained depicting the United States, the State, major 
metropolitan areas, and counties. Maps and overlays can 
be used to plot radioactive fallout patterns, identify 
clear and regulated routes, locate EHTR offices and posts, 
and pinpoint areas of damage. They are also an invaluable. 
training aid. Maps may further be of use in showing 
vulnerable points such as bridges, tunnels, powerhouses, 
armories, telephone and communications centers, subway and 
elevated stations, interchanges, and railroad crossings. 

5. Take Inventory of Resources. Police should determine 
now and periodically in the future just what resources are 
potentially available. This would include manpower, both 
sworn and civilian, in respect to rank or classification, 
skills, present assignment, physical location and duty 
hours. Do not fail to include any police cadets, recruits 
and reserves. 

-lf,(!alifornia Highway Patrol Disaster Plan 
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All existing police equipment should be inventoried 
with respect to location, type of equipment, condition, 
and accessibility. This includes first aid materials, 
vehicles, weapons, ammunition and parts, uniforms, towing 
equipment, radiological monitoring equipment, badges, 
fusees and flares, signs, office equipment, communications 
equipment and parts, report forms, cameras and supplies, 
bull horns, public address systems, fire extinguishers, 
axes and wrecking bars, rope and/or cable, flashlights and 
batteries, aircraft, gas equipment and masks. 

All police facilities should be inspected and listed 
according to how each could be used as an EHTR center, 
district, sector or post headquarters; a first aid station; 
a communications center; an informational office; a 
garage; or other appropriate facility. Considerations such 
as emergency power, kitchen and feeding facilities, housing, 
parking, fallout shelter protection, location, access routes, 
fuel storage and supplies on hand would be valuable in­
formation for further planning and future reference. 

Non-police resources useful in an emergency should be 
itemized as to type, location, how contacted, possible 
use, limitation, accessibility, and other pertinent infor­
mation. Examples of such resources would be: 

••• wreckers 
••• ambulances 
••• hospitals 
••• other law enforcement agencies 
••• fire departments 

• police, fire and military reserve 
units 

• fallout shelters 
••• heavy construction equipment and 

operators 
••• physicians 
••• vehicle fuel and service outlets 

• equipment service centers 
••• engineers 
••• communications technicians 

• motor fleet operators 
• members of military veterans' 

organizations 
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As the inventory is being conducted, notations should 
be made as to deficiencies and inadequacies so that action 
can be taken to better meet the anticipated needs. Such 
an inventory, if thoroughly and properly made, will reveal 
more than resource strengths and weaknesses. Undoubtedly 
you will find gaps in training which must be filled; new 
plans and policies will have to be formulated; new lines 
of communications will have to be established; new equip­
ment will be tested and other specifications re-written. 

Police may have orlhould at least know how to acquire 
such special equipment as inhalators, jacks, small tools, 
acetylene cutting units, wrecking and digging tools, chain 
and handsaws, grappling equipment and portable 100 volt 
generators. Lists of such equipment and how and where 
obtainable should be compiled for future reference. This 
list, like others, must be kept current. 

An adjunct of the inventory process should be the 
determination as to where, what, and how much emergency 
equipment and material should be stockpiled. With the 
possibility of total or partial destruction of much of our 
"in use" recources, it is quite clear that provision should 
be made for accumulating, locating, maintaining and protect­
ing emergency supplies. This stockpile should include 
essential items only. Examples might be a vehicle(s); food 
and water; radiological monitoring equipment; fuel; 
emergency radio and power equipment; clothing; hand tools; 
emergency or blank traffic signs. Stockpile sites should 
be carefully selected keeping in mind their proximity to 
personnel; accessibility; security and maintanance features. 

6. Police Reserves or Auxiliaries. When taking inventory, 
it will be immediately apparent that manpower resources 
are grossly inadequate to meet unusual emergency needs. 
Although police cannot justify nor can public funds afford 
the maintenance of a full-time task force solely for EHTR 
and other wartime emergencies, many police agencies have 
already established a reserve unit which can be of immense 
value as supernumeraries. Plans should be drawn to create 
a reserve unit now or to expand an existing unit. Reserve 
programs involve comparatively little cost. Every 
community has citizens who can be recruited or will 
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volunteer for a public service activity. Recruitment, 
selection and training can be handled by appropriate 
existing police functions. The man-hours expended and 
relatively small outlay of supplies and equipment can 
return big dividends, particularly in times of emergency. 
In many communities, the reserve purchases his own equip­
ment. Reserves also generally serve without remuneration 
and other benefits which usually accrue to regular police 
officers. One exception is the necessity and equity of 
providing some form of insurance coverage to protect 
both the reserve and the employer. 

The use of police reserves requires at least two 
important considerations. First, recruitment should be 
oriented away from those persons who hold reserve positions 
in the military, are employed by public utilities, possess 
highly critical skills such as engineers and physicians, 
or are otherwise committed to performing necessary emer­
gency duties following an enemy attack making them un­
available for police use. Secondly, the fact that these 
personnel are volunteers who have assumed their police 
reserve capacity only on a part-time basis and as a 
secondary vocational choice, it is obligatory that police 
manpower plans discount their full response accordingly. 

7. Legal Problems and Implications. Planning must include 
a thorough review of laws and ordinances to determine those 
statutes which may apply to anticipated situations. Study 
should include applicable Federal, as well as State and 
local laws. Clearly defined laws should be delineated 
from those where opinion only is the basis for possible ac­
tion. Police authority should be made clear. Admittedly, 
not all emergency situations may permit the exercise of 
police authority within clearly defined limits. Some need 
for new legislation or revisions of the old may be necessary. 
"Battlefield" judgments may be unavoidable. However, 
police must use the law as the basis for their actions, and 
recognize the continuous need for the exercise of sound 
judgment, particularly in the so-called "gray" areas of 
jurisprudence. Martial law and its ramifications should 
be thoroughly understood as should police authority to 
deputize. A list of legal questions should be made and 
researched. 

20 



8. Detention Facilities. Arrests will be inevitable. 
Jails and/or prisons may be damaged or destroyed. Sites 
and facilities for detention should be provided for in 
good planning. Officers making arrests should report to 
their headquarters all pertinent information. There an 
arrest log should be maintained with captions for name, 
sex, race, location of arrest, date and time of arrest, 
charge, and name and department of arresting officer. 
Space for additional comment is advisable. 

9. Police Emergency Communications System. Generally, 
police have the best existing emergency communication 
system. Therefore, with some modifications the system 
can be used to maximum advantage for EHTR operations. 
Plans should be developed which will provide emergency 
adaption. The inventory of communications equipment, 
personnel, and facilities will reveal needs. Alternate 
communications plans should be drawn where possible. Plans 
should include emphasis on abbreviated or minimal messages 
and transmission discipline. Acquisition of pack sets and 
walkie-talkies is recommended. The great importance of 
emergency communications demands that greater impetus be 
given now to increasing communications contact, particularly 
voice radio, between all police agencies. Although some 
destruction of teletype circuits and micro-wave systems can 
be expected, use of unaffected facilities can be continued 
to real advantage. Repairs to damaged systems and replace­
ment of destroyed ones can eventually be made. Therefore, 
plans to install or extend these excellent police communi­
cations media should be expedited. 

10. Reporting. Standard or existing report forms and 
reporting procedures should be used where possible. 
However, EHTR will require some revised or new reporting 
systems and report forms. Reporting methods for traffic 
accidents and incidents must be determined. Report flow 
must be established. 

11. Police Uniforms. State-wide plans and specifications 
should be drawn to assure that some semblance of uniformity 
exists in the display and design of symbols of authority 
(badges, uniforms, etc.). The ready identification of 
authorized persons and the enhancement of their appearance 
are two important objectives. 
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Chapter VII.---

TRAINING FOR EMERGENCY HIGHWAY TRAFFIC REGULATION 

Of vital importance to police preparedness in perform­
ing emergency highway traffic regulation is a training 
program for police personnel. 

A training program should consist of at least four 
types: (1) basic course; (2) mock exercises; (3) specialist 
training; and (4) supplemental training. 

Basic Course 

The basic course should be a well-rounded program 
covering generally all aspects of emergency highway traffic 
regulation, and some attention to detail as an aspect 
particularly relates to police duties. The "Guide for 
Highway Traffic Regulation in an Emergency" is suggested as 
one text for this portion of the training program. All 
sworn and civilian personnel should attend. Such a course 
would be extended to include local and State plans where 
applicable and necessary to the full understanding of each 
employee's role. 

Specialist Training 

Specialist training should be designed for further 
educating the various technicians in their particular 
skill so that they may be more adept and suitably oriented 
in their responsibility in emergency highway traffic 
regulation. The extent of such specialized training will 
depend upon the numbers of personnel involved, present level 
of skill, and whether additional instrumentation is antici­
pated. 

Supplemental Training 

Supplemental training should be offered continuously 
in ~der to keep all personnel current and to act as a 
reminder of their individual responsibilities. Such train­
ing can and should take several forms: (1) attendance at 
other related training programs; (2) training bulletins; 
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(3) department newsletters or house organs; (4) films; 
(5) expert speakers; (6) distribution of appropriate 
literature; (7) refresher courses; (8) staff meetings; 
(9) use of libraryo Such training also draws the 
employee's attention to the fact that the department 
places emphasis on EHTR as a very important police 
function. This in turn will stimulate personnel to take 
a more personal interest in the total program. 

Mock Exercises and Demonstrations 

Wherever possible all personnel should be involved 
in mock exercises and demonstrations. Such exercises 
should be a part of the basic course as well as a tech­
nique to be employed in supplemental training. 

Instructors 

All police department instructors should be carefully 
selected and well-oriented themselves before being 
assigned to the program. They should be thoroughly 
familiar with the subject, their own State and local plans, 
the various publications emanating from the U.S. Bureau 
of Public Roads, Office of Emergency Planning and other 
pertinent materials. Planned visitations to other States 
or cities which are further advanced in their training 
efforts may well be advisable. As .in any training program, 
the instructors should not only be excellent teachers but 
also exude enthusiasm reflecting a genuine belief in their 
subject area. 

Many knowledgeable and capable instructors are avail­
able from other agencies at little or no expense. They 
should be employed where appropriate. 

Should Emergency Highway Traffic Regulation 
Be Integrated With Other Training Programs? 

This question can be answered both negatively and 
affirmatively. EHI'R should be made a part of police recruit 
training and new employee orientation but only in a limited 
sense. It would certainly be appropriate to refer briefly 
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to EHTR while recruits are being exposed generally to 
emergency police traffic supervision. Distribution of 
literature and other materials relative to EHTR should be 
a part of a package of materials provided a new civilian 
employee. Obviously, these methods of teaching are ex­
tremely limited. 

Aside from some superficial disadvantages, EHTR 
training should be presented as a separate and distinct 
program. This does not, however, exempt it from being 
considered as a part of an overall training effort to 
meet emergency needs in a postattack period. Training in 
emergency highway traffic regulation must be provided with 
a cognizance of the total spectrum of police responsibili­
ties. There must be a balanced relationship. 

All police personnel are not uniformly trained in 
basics or fundamentals. We cannot assume that all police 
are equally capable of assimilating instruction due to 
wide variations in selection standards. As an aside, 
therefore, in making our plans, every consideration should 
be given to a continuous effort designed toward up-grading 
selection and training standards. 

Whose Responsibility Is EHTR Training? 

This question can best be answered by another question: 
Who is in the best position to provide training? It is the 
obligation of the State police to provide mu.ch of this 
training. State police staff, equipment, and facilities 
can be augmented by support from other police departments, 
particularly in large metropolitan areas, other State 
agencies, and the Federal Government. 

Where Can Training Be Given? 

Existing police academies at the State, county and 
municipal level are best suited because of their size, 
staff and experience in handling numerous large and small 
classes alike, both in basic and specialized instruction. 
Although, as mentioned earlier, the State police have 
primary responsibility for EHTR training, every consideration 
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should be given to decentralizing the training so as to 
make it available to as many police agencies as possible. 
Training plans should include a curriculum so fully 
developed that one of the inherent disadvantages of 
decentralization--the tendency toward lack of uniformity-­
is greatly reduced. A team of trained instructors, 
circulating throughout a State, can also do much to insure 
a standardized program. 

Curriculum of Basic Course 

Suggested topics for inclusion in the EHTR basic 
training program are as follows: 

1. Definition and purpose of EHTR. 

2. Organizational structure for EHTR. 
a. Its relationship to the State emergency operating 

center. 

3. State and local EHTR plans. 

4. Police chain of command in EHTR. 

5. Police responsibilities for EHTR. 

6. Specific duties - e.g., manning EHTR centers, districts, 
sectors, and posts; reporting highway conditions; 
accident inver,tigation. 

7. Familiarization with emergency routes signing. 

8. Radiation 
a. Monitoring devices, techniques and reporting 
b. Human tolerance and necessary safeguards. 

9. Familiarization with various reporting forms and sym­
bols used in EHTR. 

10. Familiarization with a glossary of terms peculiar to 
EHTR. 

11. Legal aspects of EHTR. 

12. Police personnel alerting procedures. 
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13. Familiarization with road space permits, special 
permits for excessive size and/or weight. 

14. Use of special equipment. 

15. Cpmmunications procedures. 

16. Mock exercises and demonstrations. 

17. Role of civilian personnel, including reserves and 
recruits. 

18. First aid. 
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VIII.---SUMMARY 

Since police have the responsibility for the handling 
of all types of emergency situations, it should be 
emphasized that planning for emergency highway traffic 
regulation is not a substitute for well-developed plans 
dealing with pre-attack, attack and immediate postattack 
phases. Rather, EHTR is only a part of postattack planning. 
It is a vital part, however, because so much of our post­
attack survival and recovery depends upon the prompt and 
efficient flow of people and goods over a disrupted but 
functioning highway system. 

The need for active police participation in the early 
planning stages is essential. Lacking informed guidance 
from police executives, non-police planners--unfamiliar 
with police resources and capabilities--may cast the police 
in a role which is unrealistic. Adequate, workable plans 
can be structured only on a base of intelligent effort and 
not on one of ignorance. 

The police role in emergency highway traffic regula­
tion can only be met through a recognition and identifica­
tion of responsibilities, well-coordinated planning, uni­
form and continuous personnel training and a growing spirit 
of interagency cooperation. Altruistic as it may sound, 
preparedness is the strength of our Nation. Are you ready 
to assume your role in her defense? 

l} U.S. GOVERNMENT PRINTING OFFICE: 1967-251-025/89 
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Section 1 

INTRODUCTION AND SUMMARY 

1.1 Introduction 

The nation's freeway system has proven to be one of its 

most important transportation resources. Like all transportation 

facilities, however, it is not entirely free of operational pro­

blems. Considerable attention has been devoted to these pro­

blems in the past, and several approaches have been investigated. 

One such approach lies in making the most efficient use of 

the traffic carrying capabilities of the present system through 

electronic surveillance and control. While this approach offers 

no real alternative to the development of an expanded and 

'
1 balanced" transportation system, it does offer some tangible 

short-term benefits, in the improvement of freeway operations 

and safety. In many respects, it provides a stop-gap- measure 

pending the development of more adequate facilities. In another 

sense, however, it is definitely a part of the long-term solu­

tion to transportation problems since it promises to be the 

logical ancestor of many of the futuristic traffic control con­

cepts now on the drawing boards. 

This report deals with four separate topics in freeway 

surveillance and control: 
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'The use of traffic density as a control parameter, 
is discussed in Section 2, which deals with the 
various types of density-based models, and the 
techniques by which density may be measured. 

·The subject of entrance ramp control is treated 
in Section 3. Two specific topics are explored, 
including the evaluation of the motorists response 
to the "green-band" display, and the "open-loop" 
pacer concept. 

·Section 4 deals with the advisory and control 
messages which may be presented to drivers al­
ready on the freeway approaching critical sections 
which are subject to "bottleneck" operation. 

·The final section discusses the concept of the 
automatic detection of capacity reducing incidents 
by a freeway surveillance system. The subjects 
which are presented include the characteristics of 
highway incidents, a functional analysis of an 
incident detection system, and the information pro­
cessing logic by which these incidents may be iden­
tified. 

The material presented herein was originated in a number of 

technical analyses performed for the Federal Highway Administra­

tion by the Kelly Scientific Corporation under Contract No. FH-

11-6373. 



Section 2 

THE USE OF TRAFFIC DENSITY 

' AS A CONTROL PARAMETER 



2.1 Introduction 

Section 2 

THE USE OF TRAFFIC DENSITY 

AS A CONTROL PARAMETER 

The macroscopic variables which describe the state of a 

traffic stream are: 

·Flow Rate, (Q) vehicles/hour 

•Density, (K) vehicles/mile 

•Speed, (U) miles/hour 

These three variables are related by definition such that any one 

of them may be expressed in terms of the other two, according to 

the basic relationship: 

Q = KU 

In addition, a number of empefrical models have been formulated 

which relate these quantities internally such that only one of 

the three need be measured accurately to provide a statistical 

basis for a complete description of the state of the stream. 

It is essential to note at this point the differences be-

tween "point" and "area" measurements. Point measurements such 

as flow rate and speed describe the conditions which exist at a 

point in space taken over a finite time interval. Area measure­

ments represent the converse situation - i.e., they are taken at 

a point in time and measured over a finite distance interval. 
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Thus, an area oriented measurement, such as density, can only be 

expressed accurately in terms of point oriented measurements, such 

as speed and flow, when the facility in question is operating in 

a homogeneous manner - i.e., when all vehicles are travelling at 

the same speed and with the same spacing. Most traffic sensors 

are of the point-measurement type, and it is extremely difficult 

to obtain true density measurements for on-line control purposes. 

However, in many real-time applications, the actual number of 

vehicles in a given section of roadway is generally accepted as 

the most meaningful piece of information which the highway has 

to offer. Some success has been obtained in the measurement of 

density in tunnels by close surveillance of the traffic flow at 

frequent intervals, (l) however, in the less constrained traffic 

movement observed on multi-lane freeways, the required density 

values have been approximated by point measurements for purposes 

of real time surveillance and control. The usual method of ap­

proximation lies in the measurement of detector occupancy, which 

is defined as the percentage of the total time in a given sampling 

interval during which a presence detector is occupied by ave­

hicle. This quantity has been shown to be related to the equiv-

(l)cunningham, Ronald F. and White, Carroll F., "Vehicular Tunnel 
Traffic-Flow Control", Vehicular Technology, February 1970. 
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alent density at the point of measurement and it has been found 

experimentally that the occupancy values are strongly correlated 

with figures obtained by dividing measured flow rate by measured 

speed(l) (which, by our previous definition, yields a calculated 

value for density). Occupancy inputs have been used, therefore, 

in past freeway surveillance and control activities for such pur­

poses as prediction of travel times, determination of metering 

rates, and location of highway incidents. The conclusions drawn 

from all three of these experimental applications suggested that 

occupancy alone left much to be desired and that actual measured 

densities could have been used more effectively had they been 

available. 

2.2 Application of Density Models 

There are four main areas in which reliable real-time den-

sity information could be used effectively in freeway surveillance 

and control applications. These include: 

·Prediction of travel time: since traffic den­
sity is a measure of the number of vehicles 
which must be served at a freeway bottleneck 
of (more or less) known capacity, it provides 
the basis for a realistic estimate of waiting 
time during periods of congested operation. 

·Bottleneck density controls: density is also 
accepted as the most reliable predictor of 
congestion resulting from the breakdown of 
traffic flow at a bottleneck. Under stable 

{l) Courage, K.G., Some Electronic Measur~ments of Macroscopic 
Characteristics on a Multi 1 Lane Freeway, Highway Research 
Record No. 279, 1969 
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flow conditions, bottleneck density may be 
controlled to some extent by restricting the 
input of vehicles at upstream entrance ramps. 
Therefore, with accurate density information, 
it is reasonable to expect that many of the 
current real time freeway metering schemes 
could be significantly improved. 

·section Density Controls: when congestion 
does develop in spite of bottleneck controls, 
it becomes necessary to optimize the upstream 
inputs on a different basis - i.e., optimal 
distribution of delay between the freeway and 
adjacent surface streets. This requires 
an adaptive system model which relies heavily 
on the density of traffic in individual sec­
tion of the freeway. 

"Incident Detection: ·the occurrence of an in­
cident on a freeway tends to create "pockets" 
of density which may not become detectable by 
point measurements until considerable time 
has elapsed. Therefore, a knowledge of in­
dividual section densities can prove especially 
valuable in the detection of such incidents. 

2.3 Measurement of Density 

2.3.l Input-Output Methods 

If the number of vehicles within a highway section at t = o 

is defined as N
0 

then the number remaining in the section at a 

later time, t = T may be calculated by 

T T 

NT N + £ Q. -~ Qo 0 l 
t=:o t=o 

Where: Q. 
l 

denotes the flow of vehicles into the section 

Qo denotes the flow of vehicles out of the section 
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Simply stated, this means that the number remaining in the system 

is just the algebraic sum of the initial number plus the net 

change. 

The initial number may be approximated under very light 

flow conditions by observing the flow over a suitable period and 

assuming an average value for "free" speed. This number may then 

be used as a basis for subsequent density estimates during periods 

of more congested operation. As an alternative, a reference value -------
may be established periodically using_ ~ m()v.:i._r1_g_ v_ghig_le _t_e_chnique, 

with the position of the vehicle_COJTilllunicated to the ~~ntral lo­

cation at key points in the system. This technique has been used 
-- - -------------

success f u 11 yin short term experimental studies for the evaluation 

of control algorithms, but is likely to be too costly and cumber­

some for operational purposes. 

Assuming that the initial storage can be determined reliably, 

there still exists the problem of an accurate accounting of in­

puts and outputs. The first requirement, of course, is that de­

tectors be installed at the boundaries of the chosen freeway 

sections and on all entrance and exit ramps within the study area. 

Experience has shown that accurate counts can generally be ob­

tained on the single-lane ramps, but significant errors can creep 

in on the mainline where multi-lane operation is involved. Fur-
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thermore, these errors are accumulated in the subsequent calcu-

lation of storage and in many cases calculated values bear little 

relationship to reality after a very short time. 

It is interesting to note, however, that a direct input-

output method is currently used in Chicago with some success. 

The subsystem accumulations, referenced to a point of very low 

density prior to the peak period are printed out on a five minute 

basis and used on-line by the system operator in assessing cur­

rent conditions. The figures so obta!ned ~re nQt used in connect-

ion with the metering algorithms, however, the project staff has 

expressed a general confidence in the validity of the figures, 

particularly as tempered by human judgement to account for de­

tector failures, etc. 

An important consideration in the counting accuracy of a 

multi-lane sensor station is the placement of the detectors where 

the vehicle paths are predictable. Current models of loop de-

tectors, and their equivalents can provide an accurate count of 

vehicle passage over a fairly wide speed range provided that the 

vehicles occupy a reasonably constant portion of the detection 

area. Where excessive lane changing takes place, there is a 

tendency to either over-count, by recognizing the same vehicle 

in two adjacent lanes, or to under-count by missing lane changing 
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vehicles completely. Furthermore, in freeway surveillance ap­

plications, it is often desirable to place the detectors quite 

close to bottleneck areas, such as entrance ramp locations where 

lane changes are frequent, to increase the sensitivity of the 

system to breakdowns in traffic flow. Thus, some measures must 

be sought to i~prove tr_~fJJ_c countipg_ accuracy if input-output :, 

studies are to provide useful density information. 

One such method, tested in Detroit in 1968, utilized add-

itional detectors located between lanes, combined with special 

processing logic to eliminate possible miscounting due to lane 

. h" 1 (l) changing ve 1c es. This technique was not formally evaluated, 

however, it appreared that within the depth of the studies carried 

out, accuracy improvements in the order of three to four percent 

were obtained. Another possible technique, which has not been 

implemented, uses two detectors per lane, i.e., one detector 

more per station than the Detroit system (which used 2N-l de­

tectors for N lanes). The advantage of the proposed system is 

that it also provides accurate speed measurements on all lanes. 

This scheme uses a different detection area for the two detectors 

in each lane (upstream and downstream). The basic detector con-

(l)Paesani, G.F., Software Methodology: Appendix C of Texas 
Transportation Inst. Report 488-6 (NCHRP Project 20-3) , 1968. 
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figuration is shown in Figure 2-1. The processing logic, shown 

in Figures 2-2 to 2-5 inclusive, is based on the following assump-

tions: 

/_ 
1-

~! 

·upstream detector lateral spacing such that 
one vehicle can miss both, but can not double­
count. 

·Downstream detector lateral spacing such that 
one vehicle can double-count, but not miss 
both. 

'A vehicle passing over an upstream detector 
cannot pass over the downstream detector in 
the adjacent lane without activating the 
downstream detector in the same lane. 

·Detector spacing (longitudinal) is short 
enough that a vehicle must actuate the down­
stream detector in a given lane before it 
leaves the upstream detector. 

It is felt that this detection scheme may be worthy of implemen­

tation and evaluation where adequate processing facilities exist 

and where there is a need for accurate flow and speed data. 

2.3.2 Extrapolation of Point Measurements 

The storage of vehicles within a roadway of length 1 may 

be expressed as the amount of travel time expended by all of the 

vehicles on the roadway per unit of time. Therefore, if the 

total travel time can be calculated, the number of vehicles on 

the roadway may be estimated. Now, the total travel time (TTT) 

may be expressed in terms of total travel (TT) and average speed 
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TTT = 
TT 

u 

Each of these quantities may, in turn, be approximated using real­

time inputs from automatic presence detectors. 

•The total travel per unit of time may be approx­
imated by the relationship: 

where: 

Q is the measured flow at the upstream u 
detector 

Qd is the measured flow at the downstream 
detector 

tis the spacing between detectors 

•The average speed may be approximated by the re­
lationship 

where: 

Ou and Od are the occupancy values fpr the 
upstream and downstream detectors, respec­
tively, taken over the sampling interval 
and Ku and Ka are constants of proportiori­
ality which must be emperically determined. 



Note: 

The quantity Q/0 has been shown to give 
reasonable estimates of speed over a 1 
minute sampling period. (1) 

1/2 ·( Ku Qu + Ka Qd 
Ou od 

{Qu0 u0 a + oaouoa} 
= i 

·KuQuOd + KdQdOu 

This approximation is, of course, only valid under conditions of 

homogeneous flow between the upstream and downstream detectors. 

In practical terms, this requires: 

•Close detector spacing 

•Low or medium density operation. 

These approximations could be checked for validity by comparing 

upstream and downstream values of flow and occupancy and resor­

ting to an input - output accumulation only when these values 

show large discrepancies. A composite technique of this type 

could probably produce better results over a full peak period 

than either approach when used alone. 

{ 1) G . t Courage, K. . , op. ci • 
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2.3.3 Time Series Analysis 

This technique offers a more accurate method of determining 

speed under stable flow conditions. It's major shortcoming is 

likely to be excessive computation requirements for•both time and 

memory storage. For this reason, it will not be explored in 

depthr however, it is considered to be worthy of some further con­

sideration. 

Referring to Figure 2.6, two sensor stations separated by a 

distance t, will each generate time series measurements, desig-

nated as Mu and Md for the upstream and downstream stations re­

spectively. The dimensions of these measurements could take 

several forms such as moving averages of speed, energy, etc. 

Now, Mu and Ma will be separated by a time interval, T, depend­

ing on the separation, t, and the speed of the traffic. As the 

separation is increased, two effects will be noticed. 

•The degree of correlation between Mu and Md will 
drop; and, 

·The value of ~ at which maximum correlation is 
observed will increase. 

Thus, providing the separation is kept short enough to retain a 

reasonable degree of correlation, the correlation index may be 

calculated for different values of T and the value which gives 

the highest correlation index will correspond to the true space 
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mean speed for the traffic stream. This estimate of the space 

mean speed may be used in the density calculations as described 

in Section 2.3.2. 
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Section 3 

RAMP CONTROL TECHNIQUES 

3.1 Driver Display Interaction in the Green Band System 

One of the current activities of the BPR's merging control 

system program is the development of hardware and software for 

the 11 green band" display. This effort is now being carried out 

by the Raytheon Company in Boston. An experimental installation, 

shown photographically in Figure 3-1, uses a pacer-typce dis­

play to guide the motorist into gaps in the traffic stream. 

The present display is generated on a "closed loop" basis - i.e., 

the position and speed of the ramp vehicle are sampled fre­

quently and these data are used in real time in conjunction with 

freeway operational data to determine the desired position and 

speed of the pacer signal. A previous KSC report, prepared under 

the current contract presented an analysis of this system from 

the point of view of a simple feedback control system and devel­

oped a recommended method for evaluating the parameters of the 

t 1 . (1) h con ro equations. Te green band system, on the other hand, 

is basically an "open-loop" system, in which an illuminated dis-

( 1) Haavik, s., "Driver Display Interactions in a Single Ramp 
Merging Control System", KSC Technical Report, 1970. 
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play is generated in response to a gap in the freeway traffic 

(rather than an individual ramp vehicle as in the pacer system) 

The characteristics of the display, i.e., length and propagation 

velocity, are simply a mapping of the corresponding characteristics 

of the freeway gap. Thus, the driver-display interactions may 

not readily be described by the second order differential equa­

tion approach suggested for use in analyzing the pacer system. 

Nevertheless, it is important to know how well the driver 

follows the instructions of the green band display if this con­

cept is to be evaluated objectively. One of the advantages of 

this particular display technique is that it is not as demanding 

upon the attention of the ramp vehicle driver, since he is not 

expected to follow a moving point at a prescribed distance, but 

simply to stay within a general domain on the time-space plane. 

It must be realized, therefore, that the degree of motorist 

conformance will be somewhat more difficult to express as a 

numerical q4antity. 

The relationship between the driver and the display falls 

into three distinct categories. 

·Driver within the green band; 

·Driver following a green band at a distance 
which makes it practical for him to accel­
erate and "join" the green band; and, 
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"Driver unable to locate an acceptable green 
band. 

It is assumed in the above description that the driver is 

not expected to react to a green band travelling behind his ve­

hicle. 

The effectiveness of the man-machine interface (response 

of the driver to the display) may be assessed to some extent by 

observing the behavior of the driver and comparing these observa­

tions to the required behavior, upon which the ability of the 

system to improve merging operations is based. The two most sig­

nificant behavioral variables (of those which can be readily 

measured) are the speed and acceleration of the ramp vehicle as 

a function of distance from the merge point. The speed in this 

case could be computed from the ramp sensor data, and the accel­

eration could be obtained by comparison of speeds at adjacent 

sensors. The latter quantity may have to be "smoothed", using 

appropriate techniques of numerical analysis( 1 l Table 3-1 sum-

marizes the expected characteristics of speed and acceleration 

for the three separate categories of driver-display relationship. 

(l) McCormick, John M. and Salvadori, Mario G., Numerical Methods 
in Fortran, 1964. 
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Table 3-1 

CONFORMANCE CRITERIA FOR DRIVERS USING THE GREEN BAND DISPLAY 

Criteria for Conformance 
Relationship to Display 

Speed Acceleration 

Driver within Green Band Should not depart Sig- Should be close to zero 
nificantly from dis-
played speed. 

Driver following Green Should be greater than Should be positive as 

Band displayed ·speed. long as speed remains 
below a reasonable max-
imum. 

No acceptable Green Band Should be lower than Should be negative as 
displayed speed. long as speed remains 

above a reasonable min-
imum . 

w 
I 

Ul 
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The recommended procedure for evaluating the driver's con-

formance to the green-band display is as follows: 

·Obtain the required data describing the ve­
hicle kinematics and green band character­
istics under operational conditions. An 
on-line data output to the existing mag­
netic tape unit would probably be best 
suited to this purpose. 

·Adjust the data off-line to smooth the ac­
celeration curves and to interpolate the 
position of the ends of the green band, if 
necessary. 

·For each sensor crossing, determine the ap­
propriate category of driver display re­
lationship, and associate the speed and ac­
celeration of the vehicle with the category. 

When the above calculations have been completed, a series 

of statistical analyses may be performnd on the results. The 

main purpose of these analyses will be to test the hypothesis 

that the speed and acceleration are influenced by the category 

of operation. If it can be proven that the speeds and accelera­

tion are significantly different under the three categories of 

operation, then it may be concluded that the system has, in fact, 

influenced the drivers behavior on the ramp. 
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3.2 The Open-Loop Pacer Concept 

The idea of the 11 moving merge" is a logical estension of the 

ramp control techniques developed in connection with past freeway 

surveillance and control projects. The purpose of moving-merge 

control is to guide the entrance ramp vehicles into gaps in the 

freeway traffic stream by controlling their speed along the en­

tire length of the ramp, rather than by simply releasing them 

one at a time from a stopped position and leaving the drivers to 

seek their own space-time trajectories. The experimental instal­

lation in Boston described in the previous section is the first 

major effort aimed at developing and testing the various schemes 

which may be used for this purpose. 

The alternative means of controlling a moving merge differ 

mainly in the type of display presented to the ramp driver. The 

two schemes presently under consideration are the 11 pacer 11 and 

"green-band" systems which are discussed briefly in Section 3.1. 

Both systems present the driver with a display of illiminated 

signals covering about 600 feet adjacent to the entrance ramp. 

The sequential activation of the individual display segments 

creates a sense of motion which the driver is expected to follow. 

There is no reason, however, to limit future display designs to 

a rigid choice between the two which are presently under consid-
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eration. In fact, it is quite logical to expect some evolution 

in this area as more information becomes available. The concept 

of the "open-loop pacer" is an example of such an alternative 

scheme. This concept is explored in a preliminary manner in the 

following discussion. The depth of the exploration is not con-

sidered sufficient at this point to warrant any basic changes in 

the BPR's current research and development program. It is felt, 

however, that since this program is still in an early stage of 

growth, all promising alternatives should be considered in con­

nection with future plans. 

The distinguishing features of the open loop pacer are 

summarized in Table 3-2 and compared with the two other schemes 

presently under consideration. It is noticed that, in many re-

spects, the open loop pacer represents a hybrid, or compromise, 

between its predecessors. In this sense, it is an evolutionary, 

rather than a revolutionary concept and its intent is to capture 

the best features of each. 

This scheme is based on the selection of three speeds 

which represent: 

"The desired speed of the ramp drivers; 

·The maximum speed which the ramp driver 
could be expected to maintain; and, 



Table 3-2 

OPERATING FEATURES OF MOVING MERGE CONTROL SYSTEMS 

Feature Open Loop Pacer Closed Loop Pacer Green Band 

Primary Generator Freeway Traffic Ramp Vehicle Freeway traffic 
(Stimulus) 

Type of Display Series of moving points Single moving point Moving band of finite 
(Pacers) (Pacer) length 

Required Driver Action Travel at same speed as Follow moving pacer at Stay within moving band 
moving pacers a constant distance 

Controlled Variables Speed of propagation of .Position and speed of Length of band plus w 
I 

moving pacers. moving pacer. speed of leading and \D 

, I;. 
edges. traunng 

/ 

Response to closely Terminate pacer between Attempt to maintain min-
following ramp vehic- vehicles travelling at imum headway through No response 
les close headways control of second pacer 

Response to lack of Set pacers to minimum Attempt to find another Do not generate green 
gap on Freeway allowable speed until a suitable gap; terminate band until new gap ap-

new gap is detected pacer and stop ramp ve- pears 
hicle if unsuccessful 

Response to sudden Several options exist Terminate pacer Interrupt green band 
loss of gap on Free-
way 

/. ' 
I ,.-/ . ~ . ].' 
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"The minimum speed which the ramp driver 
could be expected to maintain. 

.·\ ·. 

' 

c!.'-· 
I' 

Now, if two successive pacers travel the length of the ramp at 

the maximum and minimum speeds, respectively, then a "gap" will 

be created on the ramp, the length of which is proportional to 

the difference between the two speeds. Thus, if vehicles can be 

made to follow the movements of these pacers, their arrival time 

at the merge point can be controlled to a large extent. Further­

more, if this control is coordinated with the predicted conditions 

(gap or no gap) on the freeway, then the matching of ramp vehicles 

with freeway gaps can be accomplished. The time space relation­

ships for this system are shown in Figure 3-2. It is seen that 

the pacers travel, whenever possible, at the desired speed sep­

erated by a prescribed distance which remains constant. When the 

end of a gap is projected, the speed of successive pacers'is 

increased until the maximum speed is reached at which point the 

minimum speed governs until a new gap is located. The desired 

speed is restored when this takes place. The operating parameters 

will vary from ramp to ramp. As an example, assuming 20 and 45 mph 

minimum and maximum speeds, respectively, a "no gap" length of 15 

seconds on the freeway may be accommodated. 

The major difference in philosophy compared to the existing 
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schemes, as seen in Table 3-2, is the response to the lack of 

gap on the freeway. Both existing schemes, it is felt, have some 

potential for driver confusion, since the pacer system may stop 

the vehicle at a mid-ramp traffic signal and the green band dis­

play may leave the driver without any form of guidance under this 

condition. This should present no particular problem to drivers 

who are thoroughly familiar with the systems and able to inter­

pret such actions as an indication of a "no-gap'' situation. How­

ever, to the driver who is not adequately experienced, a reasonable 

interpretation would be that the .system has done something which 

he does not understand, and for no apparent reason (since the 

freeway is not usually visible). Looking now at the other side 

of the argument, the open loop pacer provides the motorist with 

a display which remains with him throughout the ramp length, and 

without any disruptive changes to confuse him, however, it does 

not guarantee him an acceptable gap when he reaches the merge 

point. The ideal ramp display should neither be subject to 

disruptive changes, nor sl~uld it guide vehicles into anything 

but an acceptable freeway gap, however, these two objectives are 

mutually exclusive and some judgement must therefore be a~plied. 

The arguments in favor of the present methods are that guiding a 
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a vehicle into a "no gap" situation is more dangerous than re-

quiring him to alter his course for no apparent reason on the 

ramp, and that the same is true for the possible detrimental 

effect on the drivers confidence in the system. Should these 

arguments be borne out, then the open loop pacer has very little 

to offer the motoring public, at least in the form presented 

herein. There are, however, a number of counter-arguments which 

tend to favor this approach: 

"Even though the ramp motorist would be guided 
into a "no gap" situation, his speed would be 
reduced to the minimum which the system allows. 
This is probably the most desirable way for the 
driver to enter the merge area when gaps are 
not available. 

"Because of the stochastic nature of the mer­
ging process, there is no guarantee, in the 
existing system, that the driver will accept 
the gap chosen for him. In other words, the 
methods presently employed can still guide 
the driver into what he considers to be a 
"no gap" situation. 

"The motorist has become well accustomed to 
merging onto a freeway. 
the same experience with 
confusing ramp displays, 
mid-ramp signals. 

He has not acquired 
following potentially 
or with stopping at 

"The display, at least in the present experi­
mental installation, ends well before the 
merge area, and the motorist is "on his own" 
after that point. 
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·The "merge with caution" sign used in the 
present installation can be activated when­
ever adequate gaps do not exist on the free-
way. 

_; 

Apart from this one·potentially controversial point, there 

are other advantages which ·clearly favor the open loop pacer. Most 

of these advantages stem from the reduction in the complexity of 

the processing logic. It is suggested, for example, that this system 

would be less sensitive to detector ambiguities which can cause frequent 

and undesirable "reinitialization" of the control process. It is also 

felt that an open-loop system could be made operational with fewer de­

tectors (e.g., wider spacing, and replacement of multiple sensors with 

single detectors). This would reduce the hardware cost as well as the 

other problems inherent in the system complexity. 

Thus, there appears to be some merit in considering the 

open-loop pacer concept in further detail. This concept is not 

proposed, however, as a specific alternative to the present tech­

niques, but rather as a collection of ideas which may be used to 

deal with some of their potential weaknesses which may appear 

during the implementation and evaluation phases of the program. 

Since most of these ideas were generated in retrospect, they 

should not be contrued as a criticism of the present design; 

they are intended instead to provide constructive suggestions to 

further the efforts of the merge control program. 
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ON-FREEWAY CONTROL AT BOTTLENECKS 

4.1 Introduction 

Most specialists in the freeway operations area tend to 

favor direct control of entrance ramp access over other forms of 

11 on-freeway 11 control. 

It is important, however, that the potential benefits of 

the latter technique not be overlooked, especially in view of the 

advanced detection capability which current surveillance pro­

jects have developed. These techniques generally take the form 

of advisory messages which prepare the motorist for a downstream 

situation. Their regulatory influence depends on their accept­

ance by the motorist which, in turn, depends on several factors, 

including the motorists understanding of the message and the de­

gree of confidence which he places on the information received. 

Based on the assumption that the driver will respond to a 

message which he clearly understands and which he respects as 

valid information, the concept of on-freeway control offers 

some potential at certain types of recurring bottlenecks. These 

bottlenecks are normally characterized by an upstream demand which 

approaches, and may slightly exceed the capacity for short periods 

of time. In such cases, it is essential to maintain maximum 
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throughput to prevent congestion from forming. 

Assuming that the motorist has already committed himself to 

driving through a bottleneck, (i.e., he has elected not to leave 

the freeway at an upstream exit) he faces two decisions: 

·how fast to drive; and, 
·which lane to use. 

These two decisions are faced throughout the entire length of his 

trip, however, they become especially critical as he approaches 

an area of reduced capacity. At present, he bases these decisions 

on such factors as desired speed, vehicle performance character­

istics and observation of traffic conditions. He may usually be 

observed to accelerate, decelerate and change lanes frequently 

throughout the course of his trip, in an attempt to optimize the 

driving process. 

The crude information available to the motorist through 

visual observation may be refined considerably using state-of­

the-art detection and information processing equipment and tech­

niques. This refined information may be transmitted to the 

motorist through standard types of variable message signs. Thus, 

the motorist may be presented with information which is poten­

tially useful to his decision making process and which (if 

utilized) could demonstrate improved traffic operations at free­

way bottleneck locations. 

4.2 Advisory Speed Messages 

Current and proposed entrance ramp control algorithms use 
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measured speed of freeway vehicles for such purposes as projecting 

gaps, calculating available capacity, etc. This information could 

also be used effectively in determining the optimal speed for 

vehicles entering a bottleneck area. By displaying the optimal 

speed some distance upstream, the motorist could be encouraged 

to improve the operation of the facility. The main problem with 

operating a freeway at or near capacity is the occurrence of 

shock waves which eventually deteriorate into sustained conges­

tion under prolonged periods of high demand. These shock waves 

can be dissipated to some extent by controlling the speed of 

traffic approaching the disturbance. Thus, an effective speed 

control system could increase the maximum throughput which could 

be accommodated under conditions of stable flow. 

The computation of the optimal speed could be approached in 

two ways: 

"The actual speed at the bottleneck could 
be calculated over a short sampling in­
terval and displayed directly. 

"The projected travel time to clear the 
bottleneck could be computed using an 
algorithm of the type described by Wein­
berg et a1(l) and the corresponding 
speed displayed. 

(l) Weinberg, Morton I., Et Al, Surveillance Methods and Ways and 
Means of Communicating With Drivers, 1966. 
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It was suggested earlier that the prerequisites £or success­

ful advisory speed control are understanding and confidence on 

the part of the motorist. The display of actual bottleneck speed 

would probably be preferable from an nunderstanding" point of 

view since it is conceptually simpler and easier to explain to 

the driver. The projected speed, on the other hand, better sat-

isfies the "confidence 11 criterion since it takes into account 

the conditions between the display and the bottleneck. 

Standard variable matrix signs are available for speed dis­

plays. One possible type, illustrated in Figure 4-1, is similar 

to the unit which was used experimentally in Detroit for several 

years. ( l) Recent studies showed that its value was questionable 

in that particular application( 2 ), however, it should not be in-

ferred from these studies that the concept is unsound, particu­

larly in view of the state-of-the-art advancements which have 

been made since the Detroit system was originally installed. The 

advisory speed control system discussed herein differs from its 

predecessor in several important ways: 

(l)Wattleworth, Dr. Joseph A., et. al., "NCHRP Project 20-3", 
June, 1967. 

( 2>wattleworth, Dr. Joseph A., et. al., "An Evaluation of Two 
Types of Freeway Control Systems", April, 1968. 
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·Actual speed measurements would be used 
in the determination 0£ the speed to be 
displayed, as opposed to human judgement, 
based on the observation of television 
monitors. 

·Smaller increments of speed could be dis­
played. The Detroit system provided a 
choice of 3 speeds at 25, 40 & 55 mph. 
This was particularly undesirable from 
the standpoint of motorist confidence 
when extremely low speeds prevailed. 

"The proposed scheme would concentrate the 
information at a small number of critical 
locations rather than attempting to cover 
the entire freeway. This should reduce 
the overall demand on the motorists at­
tention and focus it where it is needed 
most. 

4.3 Advisory Lane Use Signals 

The second decision facing the motorist is the choice of 

lanes. There is some evidence that the motorist attempts, in a 

crude way, to optimize this choice based on his own observation. 

For example, the distribution of individual lane volumes tends 

to become more uniform with increasing flow, indicating at least 

some desire for optimal utilization of the available capacity. 

Further subjective evidence of this desire may be obtained by 

casual observation of the lane changing activities which take 

place within the traffic stream. It is suggested, therefore, 

that optimal lane usage information would be welcomed by many 
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drivers and could promote improved traffic operations at critical 

points by balancing the demand and capacity on individual lanes. 

This assumes, of course, that the required information could be 

presented in a manner which satisfies the two criteria of under­

standing and confidence discussed previously. 

The necessary computations for such a system may be performed 

readily using available equipment and techniques. On the other 

hand, the display of this information presents a more challenging 

problem. Whereas optimal speed can be transmitted in the form 0£ 

a simple numerical speed message, the optimal lane distribution 

is a much more complicated piece of information. 

The specific purpose of the display must be to encourage 

drivers in a lane, known to be too heavily travelled, to change 

to another lane known to be too sparsely travelled (i.e., one where 

available capacity exists). The design of the display requires 

significant effort outside of the limited scope of this dis­

cussion, which will include only a brief description of two of 

the more promising techniques, including: 

"Display of a separate "optimal" speed 
for each lane; and, 

·Display of separate messages recommend­
ing specific lane changes. 
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Display of individual lane speeds could promote lane changing from 

low speed lanes to lanes showing a higher speed. Other advantages 

include: 

"Minimal requirement for motorist education 
since in this case "the medium is the mes­
sage". 

·The ability to transmit both speed and lane 
use information with a single, standard 
type of sign unit. 

The shortcomings of this technique include: 

0

The requirement for the motorist to assim­
ilate a large amount of information at one 
time. 

·The success of the system could be self­
defeating, i.e., a strong response to a 
displayed speed differential could com­
promise the accuracy of the original in­
formation and produce an unstable oper­
ation. 

The alternative of providing direct lane change recommenda­

tions offers, on the other hand, a more stable operation through 

the ability to suppress the display until a high degree of dif­

ferential has been reached, and to limit the displayed message 

to a single recommended lane change. An example of the type of 

arrow-matrix sign which could be used for this purpose is shown 

in Figure 4-2. 
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AUTOMATED DETECTION OF HIGHWAY INCIDENTS 

5.1 Types of Highway Incidents 

5.1.l Introduction 

Another useful function of a discrete-sensor highway sur­

veillance system is the automatic location of capacity reducing 

incidents. The purpose of this function would, of course, be to 

promote the rapid restoration 0£ "normal" conditions by expediting 

whatever assistance is required, and by activating control and 

information systems to minimize the effect of the incident on 

operations and safety. It must be realized, however, that such a 

system is not capable of detecting the incident per se, but only 

the various symptoms which the incident generates. It is nec­

essary, therefore, to examine these symptoms as a preliminary 

step, and to identify the symptoms associated with different types 

of incidents, before proceeding with the development of detection 

techniques. 

Four such incident categories may be readily identified 

and are labeled as follows: 

·congestion-producing incidents; 

·congestion-shifting incidents: 

·congestion-resembling incidents; and, 

·Congestion-free incidents. 

Typical density profiles for each of these incident categories 

are illustrated in Figure 5-1. 



UPSTREAM 
DETECTORS 

5-2 
INCIDENT 
LOCATION 

DOWNSTREAM 
DETECTORS 

~ ---------------~-------------- 8 -f> 
0 ---------

__ o _____________ x___ 8 

CONGESTION PRODUCING 
INCIDENTS 

CONGESTION SHIFTING 
INCIDENTS 

CONGESTION RESEMBLING I 
INCIDENTS I 

I 
I 

~~~ 
I I I 
I CONGESTION FREE I I 

INCIDENTS I 

TYPICAL DENSITY PROFILES FOR VARIOUS 
INCIDENT CATEGORIES 

Figure 5-1 



5-3 

It will become increasingly obvious as this discussion progresses, 

that these categories must, in fact, be treated much differently 

in an incident detection scheme and the need for an appropriate 

terminology will become correspondingly apparent. The above 

terminology was, therefore, developed with this in mind. 

5.1.2 Congestion-Producing Incidents 

These are the most common types of highway incident and 

are certainly the easiest category to detect. They are charact­

erized by a capacity reduction at one point on the freeway, which 

produces high-density, low-speed operation upstream, accompanied 

by the converse situation on the downstream side. This condition 

is relatively easy to identify, and several simple detection 

algorithms may be formulated to identify this type of incident. 

The problem is, therefore, to select the techniques which demon­

strates a fast response, low false alarm rates, and high immunity 

to error in the presence of one of the other three incident 

categories. 

5.1.3 Congestion-Shifting Incidents 

When an incident occurs within an already heavily congested 

area, the symptoms of discontinuity in the speed-density charact­

eristics are very slow to appear and, especially in the case of 

minor incidents, may not appear at all. The effect of the in-
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cident in this case is merely to "shift" the congestion slightly 

upstream. A much more complex stochastic model would be required 

to identify this condition. Several approaches to the development 

of such a model may be explored, including: 

"Keeping a close watch on the progress of minor 
shock waves within the congested area. Re­
peated origin or termination of a shock wave 
at a given point may be evidence of a conges­
tioh shifting incident. This requires the 
development of measures for quantifying in­
tensity and speed of shock waves with a min-

. "j_,JIIUJU of computation time and storage. 

·Comparison of the measured position of the 
""tail-end" of the queue with the number of 
vehicles known to be in the queue. An un­
expectedly long queue may be an indication of 
a "dead spot" in the middle caused by a con­
gestion shifting incident. 

·Comparison of the computed values of detector 
occupancy within the queue with the known 
speed and/or density of the queue. An un­
expectedly low total occupancy measurement may 
indicate a similar condition. 

·combinations of the above approaches could be 
incorporated into a composite model. 

5.1.4 Congestion-Resembling Incidents 

The detection algorithm for the most common incident type 

(congestion producing) must make provision for the recurring 

bottleneck conditions which are observed almost daily on many 

freeways. Failure to recognize these "normal" bottlenecks as 
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such could generate a perpetual false alarm lasting for the 

duration of the peak period. In other words, the occurrence of 

high density upstream and low density downstream of a given 

location cannot be automatically proclaimed as an incident without 

first checking on the possibility that this condition might be 

attributable to the breakdown of traffic flow due to an excess 

of demand over capacity. A simpler check would be to establish 

whether or not the anticipated throughput of vehicles was main­

tained, however, bottleneck throughput is subject to a wide 

variation over short sampling periods and must be considered as 

a distant second choice .to the demand vs capacity prediction. 

In any event, if it is concluded that the breakdown of 

flow could be attributed to a cause other than an incident, the 

decision to proclaim an incident must be delayed pending the 

analysis of data from subsequent sampling periods. This is a 

case of a possible "congestion-resembling" incident. At the 

time of its original detection, it is an ambiguous case - i.e., 

there is reason to believe that the observed breakdown of flow 

has been due to internal, rather than external causes, however, 

the possibility of a congestion-resembling incident at the 

bottleneck or at the tail end of a shock-wave cannot be entirely 

dismissed as long as the congestion prevails. 
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If, during the next few sampling periods, the congestion 

dissipates at the location in question, then it may be concluded 

that no incident has occurred. If the congestion remains, and 

the original suspicion was that a shock wave had passed through 

the area, then the problem must be re-identified as a congestion 

resembling incident. As a third possibility, the condition will 

remain ambiguous as long as the congestion lasts if the sus­

pected cause is a recurring bottleneck condition. In this case, 

the flow rate should probably be monitored frequently, looking 

for signs of a capacity reduction. It should be kept in mind, 

however, that wide fluctuations in flow are to be expected under 

these conditions, and the sampling period (and hence the speed of 

response to the incident) should be adjusted accordingly. An­

,~ther factor which must be considered is the possibility of a 

congestion-resembling incident happening at the bottleneck at a 

future time during the peak period. Hence, the possibility of 

an incident cannot be dismissed at any time during the period 

of congested operation even though an acceptable throughput has 

already been measured. 

5.1.5 Congestion-Free Incidents 

Some congestion, as evidenced by high detector occupancies, 

low speeds, etc., has been associated with all three of the 
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incident categories discussed to this point. There exists, how­

ever, a fourth category termed, logically enough, as a congestion­

free incident. Congestion free incidents may be defined as those 

in which the remaining roadway capacity is sufficient to accom­

modate the current traffic demand. Thus, there will be no 

measurable symptoms of high density, low speeds, etc. observed 

in connection with this type of incident. 

It is quite probable, therefore, that congestion free 

incidents will be, at best, difficult and at worst, impossible 

to detect with a discrete sensor system. The most promising 

avenue of approach, from a conceptual point of view, appears to 

be in a time series analysis technique, the details of which 

are discussed briefly in Section 2.3.3. 

5.2 Functional Analysis of an Incident Detection System 

5.2.1 System Goals 

An incident detection system must be treated as a subsystem 

of an overall freeway corridor surveillance, communications and 

control system, the goals of which are to optimize the utiliza­

tion of the available roadways by the motorist. The mission of 

this particular subsystem may be stated simply as the provision 

of information regarding the probable location of highway in­

cidents to other subsystems whose functions are to minimize the 
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effects of these incidents on traffic operations and safety. 

5.2.2 Inputs 

The inputs available to the system include traffic data 

recorded in real-time by electronic vehicle presence sensors, 

in addition to a selection of historically derived operating 

parameters which provide an a priori basis for predictions con­

cerning the state of the system as a function of time. The 

scope of this discussion has restricted the input information to 

the essentially "blind" forms of purely quantitative data and 

the state of the art in traffic detection has further constrained 

the analysis to consider vehicle presence sensing as the only 

means of data acquisition. 

5.2.3 Outputs 

The outputs are very difficult to define in detail at this 

time, since they are strongly influenced by the type of corrective 

action to be taken by the other elements of the system. It is 

suggested, however, that the outputs should take the form of 

statements indicating: 

"The possible location of an incident; 

"The estimated degree of capacity reduction 
attributed to the incident; 

"The degree of confidence which the system 
places on its own assessment; and, 



5-9 

"The recommended corrective action which 
should be taken to minimize the effect 
of the incident on traffic operations 
and safety. 

5.2.4 System Configuration 

The generalized system configuration for an automatic in­

cident detection system is shown in the functional block diagram 

of Figure 5-2. The major system elements are seen to include: 

"Automatic vehicle presence sensors, 
which form the prima"r-y input to the system. 

•A data link which transmits the sensor 
information to a central location for pro­
cessing. 

"An information processing subsystem which, 
in a practical system, will involve a pro­
cess control computer of the type used to 
operate the other elements of the surveil­
lance and control system. This subsystem 
will also provide for the storage of op­
erating parameters upon which many of the 
system calculations will be based, and 
for the implementation of appropriate 
strategies for dealing with suspected in­
cident locations. 

'Information and assistance media whose 
function may include removal of disabled 
vehicles, display of advanced warning to 
the motorist, etc. 

5.3 Information Flow 

5.3.1 On-Line Information Flow 

The on-line information flow deals with the real-time 
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function of the incident detection system. It involves a closed 

loop process whose major features~ as shown in Figure 5-2 in-

elude: 

·rnput of sensor state information to the 
information processing subsystem. 

·Input of system state information gener­
ated by the input service logic and op­
erating parameters, stored in the oper­
ating parameter file into the incident 
discrimination logic. 

"Transfer of information regarding sus­
pected incident locations from the in­
cident discrimination logic, through a 
deployment strategy; where deployment 
commands are generated. 

"Provision of appropriate information, 
assistance, etc., to the disabled motorist 
and to other motorists affected by the 
incident. 

5.3.2 Off-Line Information Flow 

The off-line information flow is intended to provide an 

evaluation of the effectiveness of the incident discrimination 

logic on an open-loop basis. It is also intended to provide, by 

a closed-loop process, a continuing improvement of the reliability 

of the system by updating the operating parameter file to reflect 

current information and by suggesting possible changes in the 

incident discrimination logic to minimize the errors which this 

logic generates. The evaluation of effectiveness is based pri-
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marily on a comparison of known conditions obtained through some 

form of visual record and the suspected conditions which are re­

corded by the incident detection system. 

5.4 Incident Detection Logic 

5.4.1 Macroscopic Variables 

Flow and occupancy data are the two forms which are most 

readily obtainable from the type of discrete sensor system com­

monly used in freeway surveillance and control. Flow (Q) is de­

fined as the number of vehicles which pass a given point during 

a finite time interval and is obtained by simply summing the out­

put pulses received from the detectors. The other variable, 

occupancy, (0) is defined as the proportion of time in which a 

given detection area is occupied by a vehicle. It has been shown 

to be related to the equivalent traffic density at the point of 

measurement. 

The basic unit of measurement of macroscopic flow models 

may be expressed as: 

where: a and bare intergers. 

Specified values of a and b give the following measurements: 
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Measurement 

Occupancy 

Flow 

Speed 

Kinetic Energy 

Only those examples with simple conceptual significance are sum­

marized above, however, it may be desirable to test parameters 

which result from other combination of a and bin an incident 

detection model to choose the most appropriate combination. 

The macroscopic variables may appear in the incident de-

tection logic in any of four ways: 

·Absolute value; 

•Time rate of change, d/dt; 

·space rate of change, d/ds; and, 

•Distribution by lane. 

The time rate of change would be determined by comparison with 

data obtained from the previous sampling period. Similarly, the 

space rate of change would be determined by comparison with cur­

rent data from the adjacent detector station. 

Macroscopic models considered in Detroit under NCHRP pro­

ject 20-3 were based on: 



·Flow 

·Energy 

·Energy 

·Energy 

d2Q 

dsdt 
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(absolute value) 

(d/ds) 

Lane distribution 

·Composite Speed-density Function 

0) 2 

the value of which is related to the degree of "shift" in the 

operating point on the speed-density plane between two freeway 

locations. 

All of these models demonstrated some ability to detect 

incidents and may therefore merit further consideration. They 

did, however, exhibit a high false alarm rate, and it is felt 

that considerable refinement would be required to produce an op­

erational incident detection scheme. (1} 

5.4.2 Microscopic Variables 

Microscopic models deal with the position, velocity and 

acceleration of individual vehicles within the traffic stream, 

and with the headway relationships between successive vehicles. 

(1) Courage, K.G. and Levin, M., 11 A Freeway Corridor Surveillance 
Information and Control System", Texas Transportation Insti­
tute Report 488-8, 1968. 
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Their application to automatic incident detection may be some-

what limited by the fact that they tend to focus on a single 

point in space and time, whereas the objective is to cover a 

large area continuously in time. 

There are, therefore, a number of obstacles to the devel­

opment of a practical detection system based on microscopic con-

cepts: 

·Kinematic measurements such as speed and acceleration 
are difficult (or at least costly) to obtain for in­
dividual vehicles; 

·Close spacing of sensors would probably be required 
to obtain the desired area of coverage; and, 

·Central processing time and storage requirements 
would be greatly increased by the need to perform 
operations on individual measurements rather than 
the accumulated values used in macroscopic models. 

On the other hand, the microscopic approach, by its nature, of­

fers a more rapid response to a highway incident, and for this 

reason, it may deserve further attention. It is suggested that 

headway should be the basic variable used in the model due to 

the difficulty of measuring individual vehicle speeds, etc., in 

a microscopic sense. 

An example of a microscopic model which may merit further 

attention is one which has been used successfully in the Lincoln 

Tunnel. This model generates an alarm when headways become ex-
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cessive, with respect to the measured traffic volume. (1) 

5.4.3 Basic Processing Logic for Incident Detection 

This final section deals with what may be considered as a 

basic program structure for the development of an incident de­

tection system. It utilizes many of the concepts developed pre­

viously in this report in formulating a scheme by which all four 

of the incident categories discussed earlier may be treated. 

Figure 5-3 shows the suggested program structure, and in­

dicates the conditions necessary to generate the various inci­

dent messages. The essential features are as follows: 

~A congestion free incident is identified when 
traffic flow is known to be very light and when 
a correlation analysis on the time series out­
puts of two adjacent sensor stations fails to 
meet the established criteria. This concept 
was discussed in Section 2.3.3. 

·A congestion producing incident is identified when 
a significant difference is noted between the oc­
cupancy (or some other macroscopic variable) at two 
adjacent sensor stations, provided that the area is 
not the site of a known bottleneck~ and provided 
also that no "shock waves" are calculated to be 
passing through the area. If a known bottleneck 
does exist in the area, a further check is made to 
determine whether the projected demand is at or 
above capacity. If this demand is noted to be well 
below the capacity, a congestion producing incident 
is also declared to have occurred. 

(1) Port of New York Authority, "Review Comments on TTI Final 
Report - NCHRP Project 20-3", 1969. 
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·A congestion resembling incident is identified only 
in bottleneck areas when the demand is known to be 
at or above capacity, and the throughput at the 
bottleneck is significantly lower than anticipated. 

·A congestion shifting incident is identified only 
when two adjacent sensor stations register high 
values of occupancy, or some other indication of 
congestion, and when the computed value of storage 
between the two detectors falls below an established 
level. It is assumed that the storage value would 
be calculated by one of the methods discussed in 
Section 2.3, or by some other appropriate means. 

It is felt that this overall structure provides a worthwhile basis 

for further investigation, however, it is realized that consid-

erable effort would be required to develop an operational sys-

tem of the type discussed herein. It is further recognized that 

the feasibility of many of the computational procedures has not 

yet been established, and that this, in itself, constitutes a 

major undertaking. 
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