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POTENTIAL IMPLICATIONS OF TRENDS IN -
WORLD POPULATION, FOOD PRODUCTION, AND CLIMATE 3
KEY JUDGMENTS

Trying to provide adequate world food supplies
will become a problem of over-riding priority in the
ycars and decades immediately ahead -- and a key role
in any successful effort must fall to the US. Even
in the most favorable circumstances predictable,
with increased devotion of scarce resources and
technical expertise, the outcome will be doubtful;
in the event of adverse changes in climate, the
outcome can only be grava.

R I R .

The momentum of world population growth, es-
pecially in the less developed countries (LDCs),
is such that even strong measures taken now to
reduce fertility would not stop rapid growth for
JUGUULS., BSOSt DINS owicl QR N TR W byt
of much larger populations or face the political
and other consequences of rising death rates.

Demand for food rises inexorably with the growth
of population and of affiuence. Increases in supply
are less certain. Man's age-old concerns about the
adequacy of food supplies have resumed with particu-
lar urgency since the crop-failures of 1972,

The rich countries need have no fear of hunger,
though the relative price of food will probably rise
at times,

‘The poor, food-deficit LDCs must produce most of
the additional food they will need to support their

NOTE: 7This study was prepared by the Office of Political
Research of the Central Inielligence Agency. It does not,
hovever, represent an offictal CIA position. The views pre-
sented represent the beat judgmente of the issuing office
which i avare that the complex {ssuss discussed lend them-
gelves to other interpretations,




growing populations. They cannot afford to import
it, nor is it likely they can count on getting
enough aid from the food-exporting countries. Thex
face serious political, economic, and cultural
obstacles to raising output, however, and are in
for considerable strain at the least, and probably
for periods of famine.

The US now provides nearly three-fourths of
the world's net grain exports and its role is
almost certain to grow over the next several
decades. The world's increasing dependence on
American surpluses portends an increase in US
power and influence, especially vis-a-vis the food-
deficit poor countries. Indeed, in times of
shortage, the US will face difficult choices
about how to allocate it- surplus between affluent
purchasers and the hungry world.

RERKARRAR

The implications for the world food situation
and for US interests would be considerably greater <if
climatologists who believe a cnoling trend is underway
prove to be right,

If the trend continues for several

decades there would almost certainly

be an absolute shortage of food. The
high-latitude areas, including the USSR
and north- China, would experience shorter
growing seasons and a drop in output. The
monsoon-fed lands in Asia and Africa would
also b: adversely affccted.

US production would probablg not be hurt
much. As custodian of the bulk of the

RS R SN Y e o . .
o SEYw ERTOTR En, pae . SO P S X A . o POP

..‘;.A" PRI,
o B

2 She'd

s
A




0

P

N
o

14

nEs

BRI R e ot S

RS

Sy e

3382

o5E 2

P N -

e Y. ’, .- og—
P Tl RN o ek i A iR 4o
| ARG % ST ahe e, - TR G e P ;;‘&’k e

world's exportable grain, the US might
regain the primacy in world affairs it
held in the immediate post-Wo-ld War II
era,

In the worst case, if climate change

caused grave shortages of food despite

US exports, the potential risks to the

US would also rise. Thexe would be
increasingly desperate attempts on the part
of powerful but hungry nations to get grain
any way they could. Massive migrations,
sometimes backed by force, would become

a live issue and political and econonmic
instability would be widespread.

In the poor and powerless areas, population
would have to drop to levels that could be
supported. The population "problem' vwould
have solved itself in the most unpleasant
fashion.
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THE DISCUSSION

INTRODUCTION

The widespread crop shortfalls in 1972 and the
energy and fertilizer crunches in '73 and '74 have
raised anew the basic question of whether the pro-
duction of food can keep pace with demand over the
next few decades. Concern about the capability of
many of the poorer countries to provide for their
growing population is widespréad and rising. Major
international conferences planned for the second half
of this year--i.e., the World Population Conference
in August and the World Food Conference in November--
will focus on various aspects of this que«tiecr .,

There is, moreover, growing consensus meng
leading climatologists that the world iz vnucrgoing
a cooling trend. If it continues, as frared. it

could restrict production in both the USSK w..: China

among other states, and could have an enormous impact,

not only on the food-population balance, but also on

s
..

<=

s

the world balance of power.
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This paper briefly reviews present trends
and projections for world population and food.
production under assumptions of '"normal" weather,
and then essays a necessarily tentative exploration

of the ramifications of a cooling climate. Al final

K]
section addressas the political and other impliczations
i

for the US of its potential role as the main food

exporter in an increasingly hungry world.

11. PEOPLE
i
World population is growing at ever faster

rates. The annual increase in 1930 was abouﬁkl.lt;

by 1960 it had risen to about 1.7%. 1t is now

around 2.0% and may still be rising. In numbers,
these translate to global totals of about two billion
in 1930; thiee billion in 1960, and four billion

by early 1975. At current fertility rates, population
would total some 7.8 billion by the turn of the
century. The UN medium forecast is for about 6.4
billion by 2000 AD; this assumes substantial declines

in fertility between now and then., (See tablés 1 and

2 in Annex 1)
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Population is growing not because birth
rates are rising--indeed they arc steady or falling
in a number of countries--but because death rates, S
especially infant mortality, have fallen so sharply.* . gi

The increase in population is very unevenly !

distributed. In most df the developed countries,

growth rates are low--the US is currently under 1% fgé

a year. But in most of the less developed countries |

(LDCs) growth rates are well over 2.5%, and in some g}g
5

of the LDCs they approach 3.5% a year. This diffe}ence Y

in rates is such that while the peoples of the LDCs

‘ (and China) account for about 70% of the world totél,
. by the turn of the century they will represent nearly

80% of the projected total, as illustrated by Figure 1.%*#*

. ¥ "Birth and death rates refer to mumbers per hwidred total

‘ population, and are thua expressed in percentages. F@rtiliég,
or fertility rates refer to i™e numbers oy children per mother. .
The replacement rate i8 an qverage of 2.1 to 2.5 children per T
forlly, nding on mortality rates. This would lead to zero :
population growth only in the longer run. All such terms refer
to natural growth and omit the effects of migration.

! . *% Ching is not otherwise included in the growp of LDCs in ‘
thie review of population and food trends because its population g
growth ie not so rapid; nor does it rely heavily cn imported |
food. L
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Change in Population Distribution
1870 and 2000
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Moreover, the momentum of population growth
is so strong in the LDCs, largely because of the
cize of the group entering or approaching child-
bearing age, that even if the developing countries
were to adopt strong measures to lower fertility,
it is almost certain that the nacural rates of

population growth would remain high over the subsequent

one or two decades. And, even if fertility fell
dramatically and quickly, the number of young couples
is so large that population would not stop growing
for at least five decades--barring, of course, a

major rise in death rates. Without such measures,

growth rates would remain high much longer.®

Given the growth rate and age structure of

their current populations, it is thus certain that

¥ If, Mextco, jor example, with a current popularion of about
58 million, reached a replacement rate of fertility by 1980-85,
its population would level off at about 110 million by the
midd.ple of the next century. If Mexican fertility did not drop
to replacement levels until the year 2000, its population would
level off at about 170 million in the last half of the next
century. (Figure 2)
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most LDCs will have to provide food for much
larger populations before the end of the century
or face the political and social consequences of
rising death rates. Some will probably have to
do both.

All population projections currently in use
rest on the assumptions that infant mortality will
continue to declina in the LDCs and that life spans Sf
will gradually increase, i.e., until they are near
those in the developed countries.® Such assumptions
in turn depend on some fairly optimistic expectations iﬂ
about improvements in public heslth and thc general E

nutritional level of the more miserable segments g

of LDC populations. The projections also i»ply that ;‘
wars, famine and plague (while not ruled out) will o

not be of sufficient magnitude to affect death rates

¥ Under the ourrent DN medium projections, life expeotanocy
for the world ae a whole rises from 56 (about today's level)
to 8¢ by 2000 AD: for the LDC's as a yroup, it {8 projected
to grow from about §4 to 64 over the eame period. In large
part, aioeing this gap will come from reductions in infant
mortality rates which now range from 1 to 4 per 100 live
births in the developed cowitries to 20 or more in the poor
countries,
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materially on a global basis. For the purposes of
this discussion, consideration of major or catastrophic
wars is ruled out, but not the other great scourges--

famine and plague. These may occur on a scale large

enough to raise global death rates if food shertages
become more severe and chronic than they have been in

recent years.*®
III. FOOD

If population grows as projected, the question
of food is two-fold: will there be enough additional
output to support the coming billions; and will the
distribution systems--physical, administrative, and

economic--be adequate to supply food where needed?

¥ Famine and plague are closely related in that during periods
of famine or poor nutrition, many succumdb to dicteases they

could otherwise curvive. Famine often causes the hagry to
gather at food distribution points which facilitates the rapid
apread of disease. Moreover, if soctal order including public
health services faltere, as frequently happens in such conditioms,
then prevention and treatment of esuoch scourges as cholera and
typhoid beccme less and less possible. For thase and other
reasons then, the avoidance of epidemics depends heavily on
adequate food supplies.
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Need and Demand

A recent UN Food and Agriculture Organization
(FAO) study estimates that 20-25% of the peoples
of most countries in Asia and Africa now suffer from
seriovs under-nutrition. Implicit in almost all
projections of thg coming growth in demand for food
are the assumptions that most LDCs will see no real
improvement in the average diet over the next decade
or two, and that there will be no widespread programs
to alleviate malnutrition among the most ill-fed
groups., Obviously, the need for food is and will
continue greater than the demand for food, which
implies ability to purchase.

Directly consumed cereals provide about half
the world's food energy; consumed indirectly in the
form of livestock products, they account for much of
the rest, And this is where the difference in demand
for food by rich and poor countries emerges most

forcefully., Jt requires several pounds of grain to

-10-
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consume food energy twice--first in the form of

,~'

feed-grain to grow the animul, and then the animal
itself,* As income rises, there is an almost universal
tendency to eat more protein, especially in the form

of animal-products. Annual beef consumption in ..

the US, for example, grew from 55 pounds a person
in 1940 to 117 pounds in 1972, In the other industrial
countries--Western Europe, Japan,and the USSR--dietary
habits resemble those of the US in the 1940's. Since
pastures and other natural sources of forage are no 323
longer adequate to feed the animals currently raised |
for food in most places, increased demand for animal
protein requires more grain and other food-stuffs
like soybeans. 5
Forecasts of demand for food over the coming .i

decades rest heavily then on two main factors: the "

* " Tn South Asta, jor example, most people live onm about

400 pownds of grain a year. RNorth Americans, at the other

extreme, conswne nearly a ton a year, but lesa than a fifta

of it is eaten direotly in the form of cereal, bread, eto. .
The rest is used indireotly ae livestock-feed. —
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growth of population, especially in the LDCs where

demand is most affected by population changes;

and income levels in the richer countries where
demand is fueled by righer income as much as by
population growth.*

Both the U.S. Department of Agriculture
(USDA) and the Food and Agriculture Organization
(FAO) have recently projected demand for food
over the next decade. For the world as a whole
they forecast an annual growth of 2.3 to 2.5%.
The lower estimate by the USDA is based on the

assumption that there will be practically no increase

¥ While it 18 clear that projected demand for food includes
protein (in the form of fieh, soybeans, pulses, peanuts, eto.)
the role of grain as food and feed is 8o great that thig dis-
cugston will hereafter foous on grain alons. Protein supplies
themeelves will be heavily dependent on grain guvailability
since the fish catch has not been growing much in the past
5-6 years; soybeans arc not very responsive to fertilizer

and hence increased output depends largely on planting more
acres (on land that {8 also suitable for grain). In short,
the bulk of protein increasas will depend on feed-grains.
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in per capita consumption in the LDCs, and some
growth in income and grain imports by the rich
countries. The higher FAO forecast is based on
more optimistic assessments of economic development
in the LDCs where food demand is expected to grow
3.7% a year, which implies some increase in per capita
éonsumption.
Neither forecast can be certain of demand

in the developed couniries because so much will

depend on their policies., This applies with particular

force to estimates of the amount of grain that will
move in trade between richer countries. For example,
will the governments of the USSR and East Europco
decide to vrovide more meat per capita, even if they
have to import extra grain, or will they tighten
their belts in poor harvest years as they dil in the
1960's? Such decisions will have considerable impact
on the global demand for grain over the next decades.
In any event, it seems plausible to ussume that world
demand will grow at least 2.3% a year on average and

possibly faster.

-13-
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Supply: The Record

Food production has increased at a fairly
steady pace over the past several decades--about
equally as fast in the deveioped and less developed
countries. In aggregate terms, the LDCs' perform-
ance was impressive. Total food output rose nearly
66% between 1954 and 1973, or more than 2.5% a year.
They did even better in grain production: the area

planted to grain rose by about 35%, and yield rose

nearly as much,

Since population grew vigorously in the LDCs,
however, per capita production changed very little:
more recently, per capita consumption has probably

declined in many LDCs. A number of countries

experienced periods of severe malnutrition and
growing dependence on food imported from the de-

veloped countries.*

X USDA estimates indicate a decline in grain conewwption per .
capita in Mexico and Central America, most of the rest of South
America except Argertina, Central Africa, and South East Asia.

For LDCs as a group, the USDA estimates annual congumption in .
kilograms per capita as follows: 1984-66 - 166, 1969-71 - 173,

1871-72 - 158, 1872-73 - 161, 1873-74 - 164.
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The world pattern of grain trade has changed
over the same period. Most regioné have become
net importers, and the volume of such imports

has risen, as indicated by the following table.

Net Bxporte (+) and Irports (-) in million metrio tons)
1948-52 1960 1966  72/73%  73/74%

North America + 23 + 39 + 59 + 89 + 92
Latin America + 1 0 + 5 - 3 - 2
Western Europe - 22 - 25 - 27 - 18 - 20
East Europe §

USSR 0 0 - 4 - 26 - 12
Africa 0 - 2 - 7 - 1 - 5
Asia - 6 - 17 - 34 - 38 - 49
Australia §

New Zealand + 3 + 6 + 8 + 7 + 9

1- Totals will not balance beoause of etock changes and rounding.

2- Different series, but indioative of trend. 73/74 are preliminary.
Twenty years ago, North America exported mainly to
Western Europe; most other regions were basically
self-sufficient. Now, the whole world has become
dependent on North America for grain--feed grains
mainly to Europe and Japan, food grains elsewherc.
(See Figure 3.) The US now supplies nearly three-
fourths of the net global exports, and Canada
between 15 and 20%.
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In 1972, India's monsoon season was poor,
China had drought in the north and floods in the
south, the USSR experienced both drought and a
short growing season, and drought was particularly
oppressive in parts of Central America and Africa.
The results were starvation for some, hunger for
many, a rapid rise in food prices everywhere--and

a drastic drawdown of existing world stocks of

grain.
Supply: Current Prospects

Until very recently, there were two major
factors available to cushion the effects of poor
harvests: the huge grain stocks in the US (and to
a lesser extent in other exporting countries) and
the acreage held out of production in the US land
bank. Now, stocks are so low they cannot make up
for a crop failure in any major area this year.
And almost all the US land reserve is back in
production. Thus, unless there is exceptionally

good weather this year and next, stocks cannot be

rebuilt quickly.

-16-
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Harvests this year and next are therefore of
critical importance, especially to the poor food-
deficit countries.®* For these countries a poor

. " or mediocre harvest could be cdevastating. Unless,
for example, the Indian monsocn improves soon,
India will have to import far more grain than it
had planned to. Yet, the world-wide inflation of
energy, fertilizer, food and other prices has im-
posed severe straius on its foreign exchange holdings.

Mediocre harvests in other major grain-producing

countries would drive prices even higher.** 1In such
a situation, there might not be enough surplus to
keep India from famine, even if it could afford

the cost of imports--or if it somehow got grain

on concessional ternms.

The current shortage of food affects the de-

AEE TSR

veloped countries quite differently. For the rich,

¥ Not all LDCs Jal. inte this category. Many, especially the

. 0il producers, will be able to afford food iwgorts.
N *® 4z .ndioated by Tables 3-4 in Amnex I, less than 10% of
33 ¢ the vorld'e harvest comstitutes net exports, but relativety
. emall tonnages maks a oritical difference for food-defici
®2 vountries and have a large impact on price.

-17-
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of high food prices; and for the main importers,
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‘

an adverse impact on the balance of payments. But
there is no fear of real hunger (except perhaps - B
among the poorest segments of their population),
’ The major food exporters--the US and Canada--can
expect a sizeable vouost in earnings from agri- i:.l
cultural exports. But if global harvests are :
poer, these exporting countries will face the

o

difficult choice of whether to sell food to the <

richer importers or to give it to the poor ones ﬁ .
when there is not enough to cover both needs. In :l;!
short, famine relief on any major scale would have g |
to come from reduced consumption by the well-fed-- ’
which would be a difficult and divisive process, R

ever. with che best will in the world.
R The Longer Range Outlook , ;

Assuming that the world squeaks by th2 next "
few years with good harvests, what of the longer h

run? As the recent FAC study on the future demand . O

SV,
-18‘ LY




for and supply of food stresses, it is far more
difficult to forecast the growth of food produc-
tion than the rise in demand for it. Here, there
is a wide range of opinion among the experts which
may be put into two, albeit oversimplified, sciiools
of thought--the "optimistic" and the "pessimistic.”
They differ far more on their assecsments of pros-
pects over the longer run than for the next few
years.

Tue optimists stress the theoretical capacity
of world agriculture to increase output, by a variesty
of technical measures, 2-3% a year until at least

sometime in the next century.

--0On the basis of past performance and

improvement in technology, rising demand
can be met, provided (1) normal weather
prevails (i.e., average conditions similar
‘ to the past few decades which cancel out

| both unusually good and unusually bad
years); (2) adequate inputs of fertilizer,

! pesticides, etc., are available at reasonable
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prices and (3) prices paid to farmers

provide adequate incentives to raise

g2 T A u: SRR

output,
--According to US Department of .

Agriculture estimates, the US is

Y i o

capable of.a £0% increase in feed-grain
production F - 1985, and thus of pro-

viding for almost any foreseeable in-

LALS

crease in world import demand for coarse E
grains (mainly feed grain). Moreover, ;
USDA considers that wheat production %f
could increase by at least a third in ?
the same period. Such gains would ?
come almost entirely from higher yields. ;

--Under its conservative projections of

demand, the USDA foresees cereal produc-

tion capacity growing faster than consump-

tion: hence the feasibility of rebuilding

of lower prices. .

According to the optimists, net grain imports by .

world reserve stocks, and the possibility
LDCs would rise from 15.5 million metric tons (1969-71 ;j
i
|
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average) to 40 - 45 million metric tons in 198S.
This assumes that production in these countries
could grow slightly faster than 2.6% a year while
demand would grow about 3%.

In terms of per capita consumption in the LDCs,

.these projections imply no appreciable change over

this period--only from 181 kilograms a person to

186 by 1985. In short, even the optimistic school
of thought projects no real improvement in nutri-
tion for the very poor food-deficit LDCs who make

up the bulk of total LDC population. Moreover, many
of the poor countries will be unable to pay market
prices for the projected level of imports especially
if the cost of other essential imports like oil re-
mains high. Thus, unless even the optimistic pro-
jections about production in the LDCs are too low,
many of the food-deficit LDCs are likely to be in

for serious trouble within the next 5-10 years.®

¥ FAO projections of food demand and output assume a alightly
greater increasa in LDC oconswmption, hence a largar voluma of
imports. They, too, are quite pessimistio about LDC ability
to pay for such imports and hope LDCe ocan rely on atd. In the
1950'e and 60's food aid (muck of tt US PL 480) amounted to
about a third of the total food imports of the LDCs. Such
shipmente have declined sharply in the past couple of years,
however, as the relative cost of food has risen and ewrplus
etooke havs been used up.

RIPCTRN
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The pessimists are dubious about the ability

Y

of the world, especially the LDCs, to increase food

production at the rates discussed above. They cite

a number of very important constraints on ever-rising

output.

-~Additional arable land is practically

unavailable in much of the world, including

China, India, Japan, and other parts of

Asia. Much of the arable areas »f China,

for example, are already double and triple

cropped. Most additions will require

éostly capital improvements such as swamp

drainage, river diversion, complexes of

dams and irrigation canals, or construc-

tion of desalting plants to make ocean

water available. Moreover, the world as

a whole is losing several million acres

of arable land each year to erosion, salini-

za*t on, and the spread of cities, industry

and roads.®

¥ Until about 1930, most of the increase in food production
came through putting additional land under cultivation and/or
having more paeople at work on the land. Sinoe then, tech-
nological improvemente--new etraing of seed, fertilizer,
irrigation, pesticides and mechanization--have played an
inoreasingly important rols in ratsing output.

-22-
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ﬂ(i --Thus, nearly all of the increased
| demand for food will have to be met by
higher yields. There are some indica-
tions that the rate of growth in LDC
output has slowed in recent years: the
cheaper and more promising projects have
been completed; the most receptive and
dynamic farmers have, in many cases, al-
; ready adopted the new varieties and more
| modern methods.
--In the developed countries, yield gains
may also be slowing. Costs are rising
rapidly and it requires ever greater in-
put to achieve an additional unit of out-
put.
--Cinarly, the greatest potential for
increased food production over the longer
run lies in the LDCs, where yields are

far below those of the developed countries.*

. ¥ Fice yialds in India average about 1/3 those of Japan; corn
in tland and Brasil lese than a third of the US,
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But the social, political and economic
obstacles to such development are, in

the opinion of the pessimists, formidable.
--Adequate incentives and inputs for
farmers imply a major shift in the rural-
urban terms of trade in most LDCs. If
food prices paid farmers go up, thg urban
poor cannot afford the increase. Either
they get subsidizsed food, or starve. Tew
LDCs have been willing to pay adequate
subsidies yet, nor is it clear where

they could get the necessary funds to do
so.

--Moreover, the political commitment to

agriculture has thus far been lacking.

In most LDCs, the governing policy has
been either to ignore or to soak the
peasants in order to promote industry
and keep the city-dweller reasonably
conitent. Reversal of this policy would
require enormous inputs of capital and
skilled personnel, both in notoriously

short supply in most LDCs.
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: ' The optimists would argue that as relative food
prices rise, as rise they must in the food-deficit
LDCs, market forces will call forth increased pro-
duction. Hopefully they are right on this, but

the social and political turmoil implicit in such

a price rise is considerable. And large numbers of
the very poor would be likely to succumb to famine
or hunger-induced diseases long before a new balance
were a@hieved.

Ig short, whichever school of thought proves
out, ii seems clear that the world of the poor, at
least, will experience continued food shortages and
occasional famine over the coming decades. Under
either assumption, the developed countries can
expectAto remain well fed, though perhaps not able
to caise their consumption of grain-fed animal
produ:is as fast as they might want to. The dis-
parity between the rich and poor is thus likely to
get evﬁn wider. And the world's dependence on
North Rmerican agriculture will continue to in-

crease
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IV.  CLIMATE®

The precarious outlook for the pocr and food-
defici;'countries, and the enhanced role of North
Amegican agriculture in world food trade outlined
above were predicated on the assumptinon that normal .
weather will prevail over the next few decades.**

But many climatologists warn that this assumption
is questionable; some would say that it is almost
certainly wrong.

Perhaps the simplest worry is marked variation
within the prevailing westher patterns, The US middle-
west has had moderate to severe droughts every 20 to

25 years--e.g., 1930's, mid-1950's--as far back as

¥ Diacueston of the mature and impact of poesible climate
change t8, of necieeity, highly speculative and therefore
controversial. Various experts will disagree with some or
many of the implicit asswyptions. Por example, the Office
of Beonomio Reeearch thinks that too little is known about
possible olimate change and its potential impact on food

production to warrant a discussion of possible adverse

impliocations for food supply. .

*% Norral weather is defined by climotologists as that which

has been experienced in the three previous decades. .
-26-
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. the weather records go. If this pattern holds, the
main US granary (now also the mainstay of world grain
trade) could expect drought and consequent crop

. shortfalls within the next several years. If world
grain stocks were near today's low levels when
this occurred, there would be a severe pinch on
world food supplies even if all the other main
producing areas had average to good weather.

The extent of this shortage would of course

x depend on the degree of U.S. drought and its duration.

‘; . . But almost any drop in U.S. output during the next

- several years would have considerable impact on

| the price and on the availability of food for the

poor food-importing nations.

Such a cyclical phenomenon, however, would
probably last less than a decade. While its impact
could be severe, there would be reasonable hope of
improvement within a short time.

Far more disturbing is the thesis that the

’ weather we call normal is, in fact, highly abnormal
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and unusually felicitous in terms of supporting
agricultural output. While still unable to explain
how or why climate chcnges, or to predict Fhe extent
and duration of change, a number of climatologists
are in agreement that the northern hemisphere, at

least, is growing cooler.*

--Iceland, because of its loca-ion, is a good

R e e,
v M

5
-

indicator of changes in the whole Northern

o
%y

2
£y

o

=

" ftaly

.l

Hemisphere, The weather records and evidencc

for Iceland indicate that the past 4 decades

P

25
i3
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were the most abnormal period in the last

1000 years--much much warmer. (See Figure 4.)

--The arctic ice area has perceptibly in-

creased in the past few years.

--The English growing season has been

shortened by a week or more since the 1940's,

¥ According to Dr. Bubert Lamb--an outstanding British
climatologiat--22 out of 27 forecasting methods he examined
predicted a cooling trend through the remainder of thie centwry.
A ckunge of 2° - 3°F. in average temperature would have an
enormous impaot,
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The best estimates of climate over the past
1600 years indicate that major shifts have taken
place more than a dozen times. The maximum temperature
drop usually occurred within 40 year: of inception
of a cooling trend; and the earliest return to
“normal' required 70 years.
A number of meteorological experts are thinking
4 ina terms of a return to a climate like that of the
19th century. This would mean that within a relatively
few years (probably less than two decades, assuming
the cooling trend began in the 1960's) there would
be broad belts of excess and deficit rainfall in
the middle-latitudes; more {requent failure of the

monsoons that dominate the Indian sub-continent, south

China and western Africa; shorter growing seasons

|4

3 ;.}

Yol for Canada, northern Russia and north China. Europe
A

i could expect to be cooler and wetter.*
Ey‘ ¥Tor @ layman '8 explanation of one of the more plausible
5 climate theories accounting for such changee, that of Dr.
B Reid Bryson, gee Annex Il
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Of the main grain-growing regions, only the

P

US and Argentina would escape adverse effects., In i

both, the cooler climat2 at the higher latitudes

. could be offset by shifting crop-belts equator-ward. . ,
In the US, during the 1800's, thc mid-west grain Zé?-.

areas were cooler and wetter; the southwest was

hotter and drier, and the north-east slightly cooler. <

Too little is known about the effect of such i;f

.- climate changes on yield to predict the quantitative %?
- . impact on production in the US or in other areas; g:
f but some general effects of a major climate change %ﬁ
- b

in terms of the global grain output are suggested.

--US output might be unaffected or even

:% slightly enhanced,

: --a shorter growing season would restrict

production in the high latitude areas, like jg"

R Canada and the USSR. g

: --More frequent monsoon failures in South and :i |
f South-east Asia would significantly reduce ’ %

,é : , grain output there. - Y?

} -30- ﬁfh
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--China would be hit by both cooling in the

r,orth and monsoon failures in the south.

Moreover, in periods when climate change is
underway, violent weather--unseasonal frosts, warm
spells, lurge storms, floods, etc.--is thought to
be more common. The change itself would not be smooth,
and even if the drop in temperature were slow, the
disruptive effect of violent weather on crops might
be considerably more adverse than mere cooling. But
too little is yet known to be definite about this.

It is clear, however, that if a cooling trend
were to have adverse cffects on high-latitude and on
the monsoon-fed lands, 1t would pose a food-population

prcblem of the gravesi nature. Many LDCs are already

expected to encounter serious Jifficulties in In-
creasing agricultural output as fast as their populations
grow; more frequent droughts would almost certainly
frustrate whatever hope of success they had.

During the period of ''normal" (or abnormally

good) weather (1930s-1960s) which now may be ending,

-31-
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the population of the world grew more than 50%.
Moreover, most major dams and irrigation systems
were built during this period and based on prevailing
rainfall patterns. If these patterns changed, such . M
systems would be less useful. Most of the hybrids -
and all of the 'green-revolution" strains were developed .
to use the warmth and moisture prevailing in this
period. Significant change in temperature or rainfall
pattern could negate most of these advances in yield.
Experts are too uncertain about thé possible magnitude
of the cooling trend and change in rainfall to be
able tc chart the effects on irrigation systems and
hybrids, but production in many countries almost
certainly would be cut.

Clearly, agronomists could develop new strains
more suitable to different weather and cvery effort would
be made to counter the adverse effccts of a climate
change. New methods of manufacturing food-stuffs
and stretching what was available would help, e.g.,

texturized vegetable protein, milk made directly .

-32- P
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from grass. Unconvontional food sources, like the

yeasts that can be made to grow on petroleum, would

also be tried. But in most cases the cost of such

supplemental foods is still greater than natural

foods and would thus be of little help to the poorest

and neediest groups for a decade or more.

The USSR, China, and South Asia would probably

need large imports. How much--the most critical

P e o, ’:e.‘
’ e * .

RN
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question--would depend heavily on how far 2ard how

fast the climate patterns changed. If the cooling

trend were marked and persistent, then a physical

That is,

shortage of food would seem inevitable.

rn matter what the price or the distribution arrangements,

there would not be enough produced to feed the

world's population--unless the affluent nations made

a quick and drastic cut in their consumption of

T NN b

grain-fed animals. Even then there might not be

1

e

enough,

V. POLITICAL AND OTHER IMPLICATIONS

> a8 YA N

With or without '"normal' weather, the US is

almost certain to increase its dominance of the
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world's grain trade over the next couple of decades.
This enhanced role as supplier of food will provide

additional levers of influence, but at the same time

will pose difficult choices and possibly new

problems for the US. The magnitude and range of

implications differ radically depending on whether

"normal" or much cooler weather is postulated.
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The growing dependence of poor food-deficit

¥,

i
e

LDCs on imported grain and the continued desire

B
'

Yy

of affluent peoples to increase their consumption

Y

of animal products promise generally strong markets

>
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- for US grain exports and considerable benefits to

the US balance of payments. Moreover, ability to

\«.'
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provide relief food in periods of shortage or famine
will enhance US influence in the recipient countries,
at least for a time,

This dependence is also likely to lead to

resentment of the US role on the part of the dependent

-34-
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countries., Nevertheless, many will find it expedient

to accommodate US wishes on a variety of issues.

Others, perhaps with the backing of the USSR or

China; may seek to establish some intsrnational

controls over the allocation of world food stocks.

The US, for its part, will face the difficult

and returring issue of where its grain should go.

Ja times of shortage when food prices rise, it

will be hard to decide how much should be reserved

for domestic consumption, how much should be sold

at high prices, and how much should be given in aid

to the needy. Each decision will have domestic

e

and balance of payments repercussions, and will

I

‘% engage the humanitarian impulses of the country.
%!

x . . res

¥ Moreover, it may be difficult to chose among LDCs
é .

3 as recipients., Whatever the choices, the US will

become a whipping boy among those who consider

themselves left out or given only short shrift.

‘} The few other nations which might have some surplus

will be tempted to use it for their own political

ends,
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There will probably be a number of times
when there is not enough surplus: for example,
a repeat of the crop shortfalls of 1972 when a number
of major agriculturél areas simultaneously experienced
bad weather. If food stocks were low at the time,
there would not be enough to supply the food-deficit
LDCs and the feed-grain needs of the affluent
countries. The very poor LDCs would almost certainly
be unable to pay for the necessary imports and,even
with aid, many would face famine.

The elites of many LDCs tend to regard
periodic famine as either natural or at least beyond
their power to prevent, e.g., Bihar in 1967, Ethiopia
and the Sahelian states in 1973. But the rural
masses may oecome less docile in the future and if
famine also threatens the cities and reduces the
living standards of the middle classes, it could

lead to social and political upheavals which cripple

govefnmental authority. The beleaguered governments

could become more difficult to deal with on inter-

national issues either because of a collapse in
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ability to meet commitments or through a greatly

heightened nationalism and aggressiveness.

Developed countries that import large amounts

of grain need not fear hunger or real privation,

but will experience additional financial strain in

years when crops are mediocre or poor. In such

times, a sharp rise in food prices will affect their

living standards, It has been decades since any

rich country has been shdrt of food and such an

unfamiliar situation could generate great social

and political stress. The US, as potential supplier,

would gain influence; it might also be blamed for

part of the shortage.

In sum, if the weather is '"normal", it is

essentially the poorer LDCs that will become ever

more dependent on US food exports. Many will be

unable to increase their own exports enough to pay

for such imports and will either have to get food

on concessional terms or face increasing shortages

including a degree of famine which applies a



k Malthusian check on their population growth.
This will pose problems for the US and other rich
countries, particularly if the affected LDCs decline

inte an ungovernable state of confusion.

Aeguming the Cooling Trend Continues

-,

. A discussion of the implicetions of a cooler
climate within the next several decades must,
necessarily, be highly speculative. Yet even tentati e

assessments of the potential prospects may be useful

TR ey e Wraa s L v

in view of the evidence of cooling that now exists.

One obstacle to more definite consideration is that

e )

LN

climatologists are not able to predict how far the

cooling trend might go. In the next S paragraphs,

B

the discussion is based on the assumption of cooling

great enough to cut the production of higher latitude

R e B L TR e T 3.2 )

areas (Canada, the USSR, and norta China) and increase
the frequency of drought in the monscon-fed countries.

It further assumes that US surpluses would still cover

P

- most needs, except in bad years. The last two para-

graphs assume that the regression in weather reaches
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the point where even the best efforts of the US
would not normally be sufficient to meet the
minimum needs of the major food-deficit areas,

In a cooler and therefore hungrier world,
the US's near-monopoly position as food exporter
would have an enormous, though not easily definable,
impact on international relations. It could give
the US a measure of power it had never had before--
possibly an economic and political dominance greater
than that of the immediate post-World War II years.

A substantially cooler climate could add new
and powerful countries to the list of major importers
and reduce Canada's exportable surplus. Among the
most immediate effects would be rapid increases in
the price of food in almost all countries, which
would create internal dislocations and discontent.
The poor, within countries and as national entities,
would be hardest hit. What is happening now to
the poor in India and in drought-stricken Africa
is probably a pale sample of what the food-deficit

areas might then expcrience.



- ks

PR

RS

e

RO o DT

03

- abm

- ﬁ;%u
DS

.',,,o‘ ﬂ‘

i Nt

In many LDCs, the death rate from malnutrition
and related diseases would rise and population growth
slow down »r cease. K6 Elsewhere, there might be waves
of migration of the hungry towards areas thought to
have enough food. The outlook then would be for
more political and economic instability in most poor
countries as well as for growing lack of confidence
in leaders unable to solve so basic a problem as
providing food.

For the richer countries, the impact would
be mitigated, at least, by their very wealth. While
standards of living in countries needing to import

large quantities of food would probably decline,

there would be little danger of starvation. Nevertheless,

there would be varying degrees of economic dislocation

and political dissatisfaction whose results would

be very difficult to forecast.

In bad years, when the US could not meet the

demand for food of most would-be importers, Washington

would acquire virtual life and death power over the

fate of multitudes of the needy. Without indulging

-40-
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in blackmail in any sense, the US would gain extra-
ordinary political and economic influence. For
; not only the poor LDCs but also the major powers
RE would be at least partially dependent on focd imports
from the US.

In the worst case, where climate change caused
grave shortages of food despite US =zxports, the
potential risks to the US would rise. There would
be increasingly desperate attempts on the part of
the militarily powerful, but nonetheless hungry,
natione to get more grain any way they could. Massive
migration backed by force would become a very live
issue. Nuclear blackmail is not inconceivable.

More likely, perhaps, would be ill-conceived efforts
fi to undertake drastic cures which might be worse
- than the dissase; e.g., efforts to change the
climate by trying to melt the arctic ice-cap.
In the poor and powerless areas, population
would have to drop to levels that could be supported.
) Food subsidies and external aid, hoéever generous

the donors might be, would be inadequate. Unless

-41-
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or until the climate improved and agricultural
techniques changed sufficiently, population levels
now projected for the LDCs could not be reached.
The poirulation "problem" would have solved itself

in the most unpleasant fashion.

ARRARARR

The potential implications of a changed
climate for the food-population balance and fof the
world balance of power thus could be enormous.

They w uld become far clearer and possibiy more
manageable if the extent of possible cooling were
thoroughly investigated and if the potential impact

of tlhiit cooling were quantified.
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Tables on Population Growth and on World Grain Production
and Trade .
)
Table 1
» .
Wotld Populstion Projections
;f . Amuming Constant  Assuming Declining °
H Fertility Fertility®
Growth Growth
i Millions  Rate®®  Millicca  Rate
1970 .......... 3,600 ... 3.600 .........
. 198S. .. ........ $,200 2.4% 4,838 2.0%
2000. ... e 7.822 2.8% 8,407 1.9%
*UN “medium" projection.
S*Annual average rate rince preceding date,
Table 2
Regional Distribution and Growth Rates of Poputiation: ’
1970-2000 3
(UN projections, medium variant)
v Annual Average
.o Gtowth Rate
N 1970 1283 2000 1970-2000 s
o e Milliona - — - - - - - Pereent i
’ Developed Courtries.......... Caeen 1,084 1.2 1,368 a.8 T
Western...... «...... 736 833 920 0.7 Y
Of which Q
\ 1 U J 208 718 284 'K ) N
Communiat,............. .. ees 48 30 “? 0.8 é
Of which I
- URBR....vviiiennainnnnanan 243 ZR3 L) o.
% . Lem Developed Countrien.. ... ..., 2,537 3.624 5,000 2.3 :
Communist....... PN . 794 1,007 1,201 1.4 {
: Of which

R CMAB. . oo oeeeinereenenens 75% 933 1427




Table 3

Total Graina (wheat, coarse grain, and milled rice): Production, Disappearance, and Net Trade
(Million metric tons)

196405 1008/67 1948710 19T1/72 19717 1972/13% 197N
Net Net Net Net Net
Region or country Prod  Disap. teade? Prod, Disap. trade?  Prad. Disap.  trede? Prod. Disap. tmdet  Prod. Dissp.  tradet
Developed

United B30 evrvenee senemverer F78.1 M7 433 2087 1853 D83 2383 1742 0.0 263 i8S Tl 2382 WL 4.4
[ 7Y POUURP P < N | 151 14.3 ».» 4 .7 153 nss 18.4 35 3.8 n.? 3.4 .. 7.1
ECH. e eiairernnerrvasnsrenens. THE 10006 -20.0 #2.2  110.4 -18.8 1004 120 -14.3 1030 MT.4 -13.4 1084  MiB4 =133
Other Western Ewrope....ccceeo... 208 382 -5.8 .0 we -s50 .. 35.7 -4 0.2 w3 -3z 2.3 %3 -1.4
F SRS T - K IR T X | 12.7 w2 ~14.4 10.9 ™8 -15.0 11.% %4 -i8e i 0.2 -8
Asatrakia snd New Zealesd. ......... 138 43 1.9 5.9 .0 10.3 15.4 a8 12.4 15.0 a7 1.3 1.3 6.7 L R
Sowth Africa....ccicreervesncaioees 1.8 3.8 ° 1.1 s 1.3 T 13 28 .3 X X 10.3 7.8 .3

Totad, .. oiiiiicirionneraonaen e 348 3238 2”3 403. 4 RN ] 10.0 444 3 ns3 »n.s 424,38 400.7 4.4 4501 #0.2 (18 }

° Communiat

East Eveops. .ovvunn... 4.5 7. -1 75.0 52.2 ~7.% 833 L% | -5.4 K7 .4 .4 ~4.6 8.2 | N ~-8.5
USSR .. ... 1266 1393 =2 853 188 4.0 1137 i1 -3 1801 171 -19.0 2041 M4 3.2
Chisa. .. s 142 -4.3 139.3 162.4 -3.1 .0 1583 -2.3 160.% 1889 -3 1688 1763 -850

TOU e coecrienrieenenneeeeee AL IBSB 1T MR K88 -84 1.8 4303 187 4061 434 -8 4604 a8l ~19.8

Leos developed
Mesico asd Cratral Anerien......c.. 137 13 -8 18.0 150 -1 5.8 14 -2 14.8 9.3 -4 18.3 »e -4
. PTPT U SU O £ 8 183 ~-1.® 0 n.7 -.7 .0 n.3 -.8 19.4 2.4 -2.7 F i H.0 ~2.4
YT T VOO | 8 { 5.7 192 (L] 10.7 L} 138 10.3 1.6 n.2 1.3 1.8 0.8 12.0 .2
Other South Amerdes. . ..., ohcaune 7.2 9.0 -1.8 7.8 ie.n ~3.0 1.4 it.4 ~3.8 7.2 1.8 -4.3 7.2 12.4 -84
North Afrfes. ccciniecevrvnnnonnsonas 1.4 4.8 ~3.2 130 18.3 ~3.3 15.4 =3 -3.2 n.4 183 -3.2 3.0 "1 ~4.3
Centicd Mres. ... vviirnennana.r T 1.3 -.7 ».1 ns -0 3.9 3y ~-1.2 2.2 0.2 ~t18 7.0 .3 -1.3
) West Aslh. i iiovrniverncrcsicrnn. 239 x4 ~13 ».4 .2 ~51 30.% 0. ~8.& 31 3.8 ~3.4 L ] 3.4 ~6.f
i Bauth ABE. .. ..ivoinrnseisisiancse 20 $.8 ~10.1 $14.0 s  -4.7 1144 1S -3 109.9 210 -4 121.¢ 131.2 -%.3
Boubiwnst AMA.....iianirnnirainas, JO6 183 3.4 5.8 23.0 5.4 3.0 2.1 4.2 n.3 20.4 1.8 5.7 2%.5 E N ]

East Asla, Paeifle............c..... U8 T3 ~3.4 3. is4 17 7.4 L5 B N 0.9 423 -9 3.0 s -0

i v o—— " ——re s i S At it s e e ot ot o o o Wt D ot Wi s o o e oA

Total . iveiiiviirvrnererainees. NG NLZ ~10.3 085 N3y ~153 308.3 3236 ~1K. 4 04,4 Ineg -7 313.0 0.8 -3

},’(( '-.; Werld total. . .. .covnernnnnsnennc-ina. I HIR 6.3 L 1160 1,103.% 8.0 1,0768 11434 .4 L1360 1170 2.8 1,228.3 . 2321 2.9
$ Minus indicntes met trade lmporia. Totals may 604 add due 10 rounding of stock changes.
& Prelimitary.
 Projected.

BOURCE: USDA, Workd Apricolnrat Rdnatisn, December 1972,

Z8£80T000
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Table ¢

Preduction, Disappesrancs, asd Net Trade in Craie
{(Whent, conrve grain, and milied rice)

1998-71

satswcsatsaentaas

......... erresestenens . E- X ]

B
M2
.0

Bowth AIPIOS . oviviciancannss (R ]

P AL

Wb

Tetal. .. iiiiiiiiinnnnaanan . e}
Communist
Fat Emope....c..ociinvnunnn L A 4
URSR. ... ... .conee termentann LI ]
Chdml. ... ociviieninnecnnncens 1824

-t.2
~-9.3
2use ~4.2

'
[¥3
[_J

-
*
“wue

Toal, ..o ovivinrrrnnrrreane . 093
Less developed
Meurs and Contral Amerien.... . in.e
......... cestrenmusnsescs .7
Argenting .. .....iicivrnanen . .7
Dty Fouth smevies. . ........ . te.x
Noeth Afeker .. ...0iiiiennn . n3
Contrad Afrdes. .. ....ocovnnnns . Hn
..... versecesencresce . 3.2
Rowth Asia .. ......... aekssane . e
........ . e
East Asia, Pacifie. .. oooviuannn nA4

Total. . iiiiniriinnen.ee 383 i -13.3 .3 sade  -42.9

- e e wwa s wew s e e s e -

| -

3. -T2

». 3 ~-4.9
3.3 ~2.8
12.3 12.¢
7.0 -89
3 -3
“H.e -4.4
T -2
[1 Y -%,9
».8 He 6.1
.. -9 ~-13.2
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*Net wsde may autl equal the diffreeace brteren production sad dimpprorsore breanse of stock
ehunges. Mines indirntrs Bet imoerta
ROURCE: USDA, Well Agnicalinaal Kitwativn, Devember 1972
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ANNEX II: Climate Theory*

Professor Reid A. Bryson of the University
of WNisconsin at Madison has developed a theory and
begun to develop a weather forecasting methodology
based upon it. He contends that the world is at
the end of a golden era: that of benign climate
Whd Fobd SUrPlUSHs. Wy, e Qe s
set in, and it will be 40 to 60 years from now at
a minimum (possibly centuries) before we can hope
for equally benign weather. He reasons along the
following liner.

The earth's atmosphere, hence i-s weather, is
drivea by the heat of the sun. Temperature differsnces--
between pole aid equator and between surface and

upper air--constitute the main working parts of this

heat engine and are responsible for pressure differences

and the consequent flow of air masses.

¥ This 18 a layman's review for laymen of one of the maxy
theoretioal desariptions of climate change that observers
agree is ooourring, For a fuller explomation of this and
othar theses, see the forthcoming paper from ORD, "A Study of
Climatologioal Research.”
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At the beginning of this century, temperatures
were rising and the mound of cold air that covers
the pole was contracting.* By about 1940 it had
reached a relatively small size and more of the
earth was dominated by warm air from tropical regions.
But since about 1940, the earth has in fact cooled
and the polar air mass has expanded.

Why has the earth cooled? There are three main
factors involved affecting how much sunlight reaches
the earth and how much is re-radiated into space:
volcanic dust, man-made dust, and carbon dioxide.

The transparency of the atmosphere to incoming

sunlight <nd heat is affected by dust. The main
variable sources of dust are volcanic activity and
nan-nace pollution. In the early part of this century,
volcanic activity decreased markedly and this increased

transparency; temperatures rose.

¥ These phenomena are of greater impact {n the morthem
hemisphere for 2 reasons: there are muny more pecple anxd
much more land mass in that hemisphere.

AT I
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Bryson estimates that transparency was little
affected by man's activities until about 1930 but
that since then, man-caused dust has increased
rapidly.* And, since the mid-1950's volcanic
activity has again become important.

According to his theory, the earth would have
cooled due to this dust even more than it has if it
had not been for measurable and increasing amounts
of carbon dioxide which man has put into the atmosphere
by burning fuel (the greenhouse effect).

Temperature changes, though important, are less
so than the circulation pattern they help engineer.
And here, dust cools the polar regions proportionally
more than the tropics. This increases the temperature
difference between the two (the temperature gradient).
Increased carbon dioxide warms the surface but not
the upper atmosphere; this increascs the vertical

temperature gradient. These two gradients are the
°

¥ Man-made dust inoludes vind erceion of soils left -
protected as well as the more familiar industrial pollutants.
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main factors that control atmospheric circulation
and rainfall,

The net effect is cooler weather in the
high latitudes (near the arctic air masses) and &
shift southward of the subtropical high pressure
areas. The latter control the northward movement
of monsoon rain (in the northern hemisphere). This
shift, in Bryson's opinion, accounts for the prolonged
drought in the African Sahelian region.*

North (or poleward) of this sub-tropical high
pressure belt, the general effect of temperature
gradient changes seems to be that arcas dependent
on westerlies for rain will have less strong westerlies

and hence less rain. Inland on the Eurasian and

other large land masses, north-south swings of the
polar front (the edge of the great polar air mass)
will tend to dominate the weather picture more than

in the recent warm period.

e ¥The main temperature change seems to be in the swrar, vhere

58 mean arotic temperatures have dropped 0.5° C. (nearly 1°P.)
g giv{ng an inoreased pole to equator gradiemt of 0.1° C. (almoet
2% F.) per 1000 kilometers. This would, aocording to the

e theory, lower the latitude of the sub-tropio high by mon
than 30 miles,

L -4-
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Bryson expects a return to something like
the climate of the last century, in which case

the following tendencies could be expected:

--More rain in the northern half of the US;
drier in Central Gulf Coast, southwest, and
the northern Rockies. The winter wheat area
and the range lands of the high plains would

be much wetter. On balance, these changes

.
e

would probably not affect US food production

very much.

-~a higher frequency of drought in India, as

t
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the northern limits of the monsoon are pushed
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southward. Perhaps as much as severe drought

e oy Af

A

every three to four years in northern and

e Y

pop

northwest India.
--persistent drought in Sahelian Africa so

long as the sub-tropic high pressure area

Ay T

stays where it is.

R oA

<
R

--shorter growing seasons in Canada, northern
Europe, northern Russia and north China and

consequent reduction in grain'output.
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--motre frequent monsoon failures in South

East Asia and the Philippines.

Control over volcanic activity is well beyond
human capability. Nor does it seem likely that
human socicties could change their activity patterns
so as to reduce the amount of man-made dust which
now accounts for perhaps 20-30% of the total. Thus,
if the theory is correct, it is reasonable to assuxe
continued cooling and change in weather patterns
unless or until volcanic activity slows again.

Even then, man-made dust would remain as an important

cooling factor.
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