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ABSTRACT

This volume reports on analysis and general results of the world grain-oilseeds-
livestock (GOL) model. The results point up the importance of the strong
interrelationships tying together the world commodity sectors. Projections rest on
a number of alternative sets of assumptions about world economic growth, trade, and
food policy conditions, Under most of the tested alternatives, the world has
sufficient capacity--whether measured in details of physical potential or eccnomic
feasibility=-~tt meet grain and overall food needs of an expanding, more affluent
population at real prices somewhat above base 1970 levels but below 1972-74 highs,

However, the projections indicate that regional food distribution problems ars
iikely to persist. Moreover, the alternative which assumes lower grair yields and
deteriorating climate and weather suggests the possibility of serious pressures on
resources and increases in price of grain imported by the developing couniries. As
a whole, the developing countries' graim imports are preojected to increase faster’
than imports in the rest of the world. Imports in 1985 are projected to range from
4% million tons undexr the alternative which assumes a continuation of present
agricultural and trade policies, to %1 million tons under the high import demand
aiternative; both compare with recent levels of 30-35 million tons., Rising demand
for meat and livestock products is projected under all altermatives. Growth in the
commercial sectors of the world meat economy ranges from one-third to one-half above
1970 base levels.

Key words: Agricultural projections, alternative assumptions, economic model,
agricultural commodities, grains, cilseeds, ollseed products, livestock products,
international trade.

Washington, D.C. 20250 - April 1978
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FOREHCORD

The Econgmics, Statistics, and Cooperatives Service {ESCS) is working on a
continuing basis on projections of changes in world export markets, population,
income,; and resdurce and environmental constraints and of their impact on the U.S,
agricultural sector. -The affected U.S. variables include production, consumption,
trade, prices, farm costs, and farm incomes.

Major components of the projections program are world, reglonal and country
projecticns of preoduction, demand, trade, and prices of major commodities important

in agricultural trade. These projections are useful in evaluating the broad issues
of future world foed prospects.

The projections are made within the framework of a mathematical world grain-
oilseeds-livestock (GOL) model. The model is designed to capture the main economic
relationships of the three groups ¢of commodities and to test the impact of different
economic and policy assumptions on projected quantities. and values.

Projections of U.8. agricultural exports generated by the GOL model are mot
official ESCS projections of U.S. trade in agricultural commodities. Rather, they

are presented to aid vsers in evaluating the impact of different assumptions on
world trade.

Results of the GOL model are being reported in this volume. Subsequent volumes
provide mcdel documentation., The GOL model 1s one analytical tool alopg with other

ESCS computer programmed mathematical models analyzlng future food and agricultural
trade prospects,

b —rt
Joseph ﬁi Willett, Director
Poreign Demand and Competition Division
Economics, Statistics, and Tooperatives Service




PREFACE

This atudy reports on one phase of an ongoing research effort aimed at
generating and mzintaining up-to-date price, production, consumption, and trade
projections for agricultural commodities in the major countries and regions of the
world. The study assesses alternative world food prospects, through the use of a
mathematical model of ‘the world's grain-oilseeds-1livestock economies {GOL model).

The study is being published in several volumes. The present analytical report,
which summarizes the GOL projections to 1985, 1s volume 1 of four volumes. Volume
2 will contain detailed country and regional supply-distribution tables and related
price and growth rate tables. Volume 3 will describe and present the mathemarical
equations used in the GOL model. VYolume 4 will be a users manual.

This research effort requires substantial ongoing teamwork from members of the
Commodities Program Area working with others in the ¥nreign Demand and Competition
Division (FDCD) of ESCS and with other ESCS divisions in the area of econometrie
model development and country—-specific analyses. Under the overall direction of
Anthony $. Rojko, significant inputs have been made by Donald Regier (livestock and
derived feed), Patrick O'Brien (grains}, Arthur Coffing (oilseeds), Robert Barry
(rice), Myles Mlelke {(dairy), and Linda Bailey. Several pecple have helped to
develop the computer programs, beginning with Francis Urban In the early stages,
Bilarius Fuchs during the main development stage, and Fentor Sands and Martin
Schwartz in the later stages. The contribution of Angela Wray in organizing the
formulation and presentation of the materials in this volume is also acknowledged.

While it 1s impossible to cite all the individuals in FDCD who contributed,
special recognition is given to Wayne Denny, Gene Hasha, John Link, and John Parker
for their inputs to the productivity aspects of the developing world. Recognition
is alse given to James B. Johmson, Leroy Quance, and Allen Smith for their part in
the work on the U.S. ssctor.
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SUMMARY

The results of the world grain—oilseeds-livestock (GOL} model presented in this
repert point up the strong interrelationships tying together the world®s grain,
ollseed, and livestock sectors and their importance in shaping future world food
balances. The mathematical model reported on in this study makes alternative
projections to 1985 of production, consumption, trade, and prices of graims,
oilseeds, and livestock products. Projections are also included for grain and.
oilseed area and yield, and for grain food and feed use. Projected values are
contrasted with 1970 base period levels, as well as with 1973-75 levels.

The projections rest on a number of alternative sets of assumptlons, designed to
evaluate the impact of different combinations of world economic, trade, and food
policy conditions. These alternative sets of assumptlons trace out the impacts of a
continuation of recent policies, of a shift toward high world import demand with
high income and more liberalized trade, of a shift toward low import demand and more
stringent trade restrictions, and of different levels of agricultural productivity
in developing countries.

The alternative tracing out the effect of a continuation of recent policies
around the world and the alternative assuming more liberalized trade poliucles and
higher income growth are considered as having higher likelihoods of occurring than
the alternative assuming slowed income growth aud low import -demand, The
alternative tracing ocut the effects of low income growth and more restricted trade
demonstrates, however, the importance of world prosperity to world trade.

All of the alternatives . discussed above assume the absence of any major climate

change, either favorablie or unfavorable, that could change future grain and ollseed
yields substantially. The 1973 drought in the Soviet Union, the 1976 dwought in
Western Europe, and recent weather problems in the United States have reaztivated
concern about the possibility of deterioration in the world's climate and its
implications for future world food production. Separate computer runs were madz to
estimate the effect of lower grain vields oun the world food supply-demand balance
and resulting pressure on resource availability. Separate runs were alsc made to
capture the effects of more frequent weather-induced crop shortfalls than occurred
in the two decades prior to 1972; results of these runs were used to determine the
production needed to build adeguate stocks in "good™ years to maintain consumption
in "bad"™ years.

Grain

Under most of the alternatives tested, the world has sufficient capacity--
whether measured in terms of physical potential or economic feasibility--to meet the
grain and overall food needs of an expanding, more affluenlt population at real
prices somewhat above base 1570 levels, but below 1972-75 highs.

However, the projections indicate that regional food distribution problems are
likely to persist, Moreover, the alternative that assumes lower grain ylelds
indicates that deteriorating climate and weather could pose sericus, possibly
generalized, pressures on rescurces and prices.

The developed countries as a group—particularly the United States, Canada, and
Australia—have the capaclty to increase grain production to meet projected foreign
and domestic demand, Their own use of grain is forecast to increasz by over a third
by 1985, largely because of increased demand for products from grain-fed livestock.

vii
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Foreign demand for their grain is likely to increase at least 75 percent, and
possibly as high as 125 percent, as a result of hoth stronger feed demand in the
richer importing countries and stronger food demand in the developing countries.

Under the policy continuation alternative, the exporters as a group would
probably face problems of restraining production, given the assumption that the
major exporters continue to adapt their production policies to changing global
supply and demand conditions., Production in the United States and Canada in
particular was assumed to adjust downward so as to prevent the accumulation of
large, price-dampening stocks and upward so as to take advantage of growth in world
import demand--be it either long-term grewth related to population and income
changes, or short-term growth related to production shortfalls.

Grain deficits in the .developed importing countries as a whole are forecast to
increase significantly, possibly doubling by 1985 from base 1970 levels under the
high Import demand alternatives, Substantial growth in grain import demand is
expected in Japan., Growth in Western Europe will depend considerably on the
European Community's Common Agricultural Policy, and possible expansion of the
Community membership or the adoptiom of similar policies by other Furopean
countries. Imports by Eastern Europe are expected o expand significantly, and the
Soviet Union's imports are projected tc be about or. somewhat higher than the 6- to
8-million-ton level of the USA-USSR agreement negotiated in 1976, Under the high
import situation, the Scviet Union's net grain imports exceed 11 million tons.

Grain imports of the developing countries as a whole are projected to increase
appreciably faster than imports in the rest of the world, with 1985 imports ranging
from 49 million tons under the policy continuation alternative to 71 million tons
under the high import demand aiternative. This range compares with 18 million in
the 1970 base and recent levels of 30-35 million tons. Wheat comprises the bulk of
the grain imported; the largest purchasers are the more affluent countries of North
Africa, the Middle East, and East Asia, as opposed to the poorer countries of
Central Africa and South Asia. The developing countries’ 1985 imports could be as
low as 34 million tons, however, under the increased productivity alternative,
Boosting growth in productivity by only the .4 or .5 percent per year implied in
expanded use of physical inputs and agricultural technology could well lewer the
developing countries imports below base 1970 levels--while keeping per capita
consumption growth at roughly twice the annual trend rate of .4 percent registered
in the 1960's and early 1970's.

Projected increases in graln ylelds to 1985 differ widely by individual grain
and by region. Overall growth, however, is expected to exceed the rates of the last
half decade and to approach or exceed--depending on the model altermative-—the rates
of the 1950's and 1960's. Growth is postulated on the assumption that developed
countries expand use of existing technologies. Yield increases are also likely in
the developed countries as existing but still unadopted technology spreads to the
less advanced countries of the temperate gzone.

The larpest potential for yleld increases is in coarse grains--particularly
corn. However, continued emphasis in many of the developing countries on
improvements in wheat and rice yields, and on allocation of the most productive
Tresources to the production of wheat and rice, are likely to keep increases in
coarse grains ylelds well below increases in other grains.




Strong and rising demand for meat and livestock products occurs under all
alternatives. Growth in the commercial sector of the world meat economy ranges from
one-third to one~half above the base periocd level. 1In no case is a decline
projected in world per capita consumption of meat. 1t stagnates in developing
countries under the effects of low income, but rises in all other alternatives.

Important considerations bear on this outlook. While meat consumption is
bolstered by growth in income and population, national policies for production and
trade alse determine meat consumption levels and world trade patterns. Present
policies imply continuation of high domestic prices and import barriers in the most
important meat-consuming regioms. Heavy balance-of-payments disbursements on fuel
imports, feed inputs, and on finished meat imports may cause restrained meat
consumption,

The commercial sector of the world meat economy holds to historical patterns in
the projections. The United States and the Furopean Community (EC) continue to be
the major producing and consuming areas, with Canada, Mexico and Central America,
and Other Western Europe sharing in the growth. Japan becomes a major world
consumer. Argentina and Oceania remain the principal suppliers of long-distance
meat te Western Europe, which continues to be a major importer as well as producer.
If the EC were to lower meat import barriers, world trads would he stimulated,
leading to higher levels of world production, expanded consumption even in the EC,
and possibly exportation of ordinary heef by the United States (in addition to high-
quality beef). Western Europe, rather than the United States, could thus measure as
the world's largest meat importer. '

Feed costs are projected to be higher relative to livestock preoduct prices than
they were in 1969=71. Thus, the degree of expansion in meat production will hinge'__
on greater efficiencies in the structure of production and marketing. :

The GOL model also indicates the crucial importance of developments iu the:
livestock sectors. The extent to which the developed countries expand grain-fed™
livestock sectors, and the developing countries build up such szctors, will be a
major determinant of grain prices and hence of world food problems in 1985. With a
mederate rise in consumption of graln-fed livestock products in the developed
countries and a continuation of largely cereal-based human diets in the developing
countries, the projections iudicate that exporters would have no problem meeting
both food and feed demand for grain at reasonable prices. Even if grain demand
grows more rapidly as a result of modest increases in feed use in developing
countries, production should be sufficient to keep real grain prices below the high
1972-74 levels.

Grain prices could be pushed up substantially, however, if income in the lower
income developed countries grew rapidly and generated stronger demand for livestock
products. 1Lf Japan or the poorer countries of Western Europe were to adopt U.S.
grain feeding techniques, grain prices could rise substantially as foed demand bids
against feed demand. Strong economic growth concentrated in the developed countries
and the higher income developing countries could make it difficult for the poorer
developing cruiivies to raise per capita grain consumption levels faster than .3 to
.4 percentc a year.

Qilseeds

Demand for oilmeals will continue to grow with increased preduction of livestock
and livestock products. Under the policy continvation alterrnative, commercial




demand increases 3.6 percent annually on a global basis., The ilncrease under the
high income alternatives is more rapid. To match these increases in demand, supply
increases are projected under all alternatives, The largest supply changes are
projected -for the United States and Brazil, where soybean production continues to
expand.- Trade in oilmeals continues to expand rapidly, in some cases doubling the
rate of production expansion, One implicatfon is that both producers and consumers
will tend to become even more dependent on world markets.

Real oilmeal prices are projected t¢ advance significantly. Under the high
import demand alternative, the rise is comparable toc the increase projected for pork
prices and only a little higher than the Increase projected for coarse grain prices.

Because of the diversity of crops invelved, it is harder to generalize with
respaect to yields of oilseeds and, consequently, ollseed meals. At one extreme,
sunflower vields have Increased rapidly in many areas of the world. At the other,
soybean yieids have been constant or have trended upward only slightly. Prebably
the greatest yield potential lies in peanut preduction in South Asia and West
Africa. However, since soybeans account Zor the largest share of world meal
producticn, and since efforts to improve yields have been largely unsuccessful, the
area component will continue to account for a significant portion of the total
increasz in production.

Climate and Weather

To estimate the impact of possible long-run changes In climate, reductions in
growth in yields of 5 to 15 percent were postulated for the major areas of the world
subject to wide weather fluctuations historically. The Impact under the lower
income and consequently lower demand alternative is moderate; the major producers,
particularly exporters, are able to expand area, thus offsetting slower growth in
their own yields and slower production growth in regions where area expansion is
more difficule,

However, .lower grain yields combined with the higher demand alternative could
pose serious problems. The major developed exporters would need to expand area
considerably, but only at higher costs per unit of oulput and reducticn of area in
other crops. The higher grain prices projected could discourage some growth in the
livestock industry. For example, a move to more restrictive trade policies and a
return to higher levies in both meat and prains could be expected in much of Western
Eurcpe. The net effect, however, would be to increase U.S. coarse grain exports
from 62 miliion tons under the original high demand alternative to 77 milliien tons
given lower graln yields and high demand. The Increase in U.S, exports of wheat is
considerably less—from 50 millicn tons to 54 million tons. The assumptions of the
poor climate scenario would result in reduced U.5. yields in the present major wheat
belt and some shift in wheat production eastward to areas with more moisture.
However, this move would be limited because of competition from coarse grains and
soybeans. Harvested area in the United States for total grains and soybeans could
be as high as 118 million hectares, This corresponds to a record in excess of 120
million hectares harvested in the 1975/76 period. Harvested area in Canada,
Australia, and Argentina by 1985 would alsc approach or exceed recent highs on a
regular basis,

World trade in beef and pork is also affected under the poor climate scenario.
This scenario assumes low demand and recourse to trade protectiomist practices. An
increase in variable levies in the EC and limitations in Japan would make the market
for low grade beef in United States more attractive than that in Europe. However,




Argentina and Australia would pot be able to take full advantage of the high world
prices of meat. Beef production in the United States, under the lower yield
alternative, would be expected to shift to a greater extent east af the Mississippl—
accelerating a trend that has been occurring in the last two decades. The United
States could be a major exporter of pork as world prices of pork would likely
increase substantially more than prices of beef.

For the developing countries, Imports of grain increase to 82 million toms,
compared with 70 million under the higher yield assumpiion. This import gap could
not be met without massiwe food aid. Siowed production growth and high import
demand, however, would by incompatible with high income growth and low agricultural
productivity. Thus, a concerted effort to boost indigemous grain producticn
probably would take place, thereby reducing the impcrt gap.

Implications for the United States

Under each alternative, the U.5. share of world grain and oilseed exports is
higher in 1985 than it was im 1961=71. The same is true for the U.S. share of world
livestock product imports. However, under the policy contimuation alternative,
increased export availabilities in other major grain exporting countries reduce the
U.S. share of the world grain market below 1972-74 highs. U.S. exports of wheat,
coarse grains, and rice total 77 million tens in 1985, compared with an average of
40 million tons in 1969-71.and 73 million tons in 1974-76. The U.S. share of world
grain exports is 54 percent, which compares with 51 percent in 1969-71 and as high
as 60 percent in recent years.

U.S. wheat exports, projected at 34 million tons, are substantially above the
18-million~ton average of 1969-71 and the 30-millicn-tom average of 1972-74. Coarse
grain exports, at 40 million toms, are double the 1969-71 average but marginally
below the highs of 1972-74.

Under the high import demand aiternative, U.§. grain exports in 1985 are 116
million tons, accounting for some 60 perceut of world grain exports. Cearse grain
exports increase to 62 million toms, with 1.5. corm exports to 1livestock feeders in
Western Europe accounting for about half of the imncrease because of the more
liberalized trade policies assumed. Growth In world feed grain import demand under
this altermative is almost twice the annual rate of the alrernative assuming a
continuation of current policies. The U.S. share of this larger market increases at
the expense of the other major exporters because of greater U.S. production
capacity. U.S. wheat exports increase to 50 millien tons, with imports by the
developing world accounting for most of the gain. The low-income developing
countries account for about three-fourths of the 15-million~ton increase in wheat
exports to the developing countries. These countries might £ind it difficult to
purchase such amounts under the high import demand situation unless a greater
proportion of imports are concessional than under the policy continuatien
assumption,

. "Model Format

The model's mathematical relationships are specified to capture the interaction
of production, consumption, trade, and prices of grain, oilseed, and livestock
products. Basic inputs include population and inceme growth rates, income
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elasticities, direct and cross demand and supply price elasticities, supply
variables, and assumptions about underlying economic trends and policy comstraints.

Where possible, the medel incorporates resource constraints and provides for
changes In trends in yield growth, as well as changes in consumer preferences, such
as shifte toward livestock products or shifts out of feed graine into wheat and rice
producte. The model covers the world in up to 28 country or regional aggregations
for grains and 14 for the commercial, trade-oriented meat economies.
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ALTERNATIVE FUTURES FOR WORLD FOOD IN 1985

VOLUME 1, WORLD GOL MODEL
ANALYTICAL REPORT

By

Anthony Rojko, Donald Regier,
Patrick O'Brien, Arthur Coffing, and Linda Bailley
Foreign Demand and Competition Division
Eccnomics, Statistics, and Cooperatives Service

INTRODUCTION

_ The wide fluctuations in food supplies of the last few years--from surplus to
; shortage and back toc surplus—-have focused attention on a number of longer term
o : world food problems that had been submerged during most of the last two decades.

' The most important of these problems has been the increasing dependence of the
developing countries on the developed countries for imports of food. A second
problem has been the sporadic but increasingly large grain purchases of the 3
centrally planned economies. Still another preblem arises from the increasing use

of grain and other concentrate feeds in the production of meat and other liveatock

products.

Until 1972, the impact of these problems was largely mitigated by the extensive x
; astocks held by the major grain exporting countries, particularly the United States.
3 The increasing dependence of the developing world on both commercial and
* concéssicnal imports, the increased import demand of the centrally planned
' countries, and the expansion of grain-fed livestock production in the developed
g world permitted the axporting countries to reduce surpluses resulting from farm
income support programs. But the use of concessional food aid shipments as part of
: the exporters' surplus management program, and the low food price policies made
- possible by the developing countries' concessicnal imports, dampened incentives to -
produce food in a number of developing countries, The stock drawdown policles and . iy
tighter preduction controls implemented by the United States and the other major RN
exporters in the late 1960's and early 1970's reduced their grain stocks even
i further, made more grain available to food importers, and encouraged more extensive
use of grain in livestock production in the feed importing countries.

=1
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; Production shortfalls in the USSR in 1972, followed by the Soviet's decision to

! import encugh grain to maimtain high consumption levels, combined with shortfalls in

: other parts of the world, depleted world stock reserves, FProduction shortfalls in

the United States in 1974 and in the Soviet Union again in 1975 could not be made up ’
through stock drawdowns. The world was consequently left dependent on zanual

production to meet current food needs.




Marked improvements in production in 1975/76 and again in 1976777 virtually
reversed the world food situation by the beginning of 1977/78. With world supplies
up..and consumption lagging, world stocks of grain hit a decade high, while stocks in
the United States hif a 15-year high. This pronounced shift back toward abundance
has mot solved the problems that' generated the world's 1972/73-1975/76 food crisis.
Recent short=term improvements in world food supplies could well worsen the world
food problem in the longer term by making supply management in the exporting
countries more difficult and by disguising problems in the deficit areas of the
world as opportunities to dispose of excess supplies.

The recent phenomenon of widely fluctuating food prices and uncertain food
supplies that arose out of this combination of weather related production
.shortfalls, policy changzs, and long-term trends raises the following important
- issues:

—-Will the developing world centinue to increase its
dependence on the developed world for food imports?

--What will be the balance bztween the developéd and
developing world? Imperts of food versus imports of
agricultural inputs and technology?

-~What will be the pattern of adjustment forced on the
world's commercial meat economy by rising grain prices?

—-What will be the relaticnship between grain use for food
and grain use for feed and how will it differ among regions?

—-Do the major exporters of grain have the long range
capacity te meet the world's growing demand at reasonable
prices?

This publication addresses these and other questions through the use of a
pathematical model to project world production, consumption, trade, and prices of
grains, cilseeds, and livestock products to 1985 under several different
alternatives.l/ These projections should not be interpreted as forecasts of the
future. The probability that a particular set of projections will materialize
depends on the likelihood of its specific assumptions and the basic relationships
underlying the projections. Moreover, long-range projections or basic assumpticns
and relationships can be invalidated over rime, particularly if the attention they
draw to developing disequilibria is followed by corrective action.

The major alternative sets of projections evaluated in this study can be
summarized as follows:

—~Alternative I assumes a modified continuation of trends
and basic agricultural and trade policies around the world.
International trade is somewhat restricted by protectionist
national economic policies, but not all trade restrictive
goals are met.

~—Alternative I-A assumes the successful implementation of
alternative I's protectionist policies in the developed
countries and slowed economic growth in the developing
countries,

1/ For other studies ccncerned with these problems see pp. 79-83.




—Alternative II assumes high income growth rates that
generate substantiaily higher levels of world import demand.

—-Alternative TI1 quantifies the effects of generalized
slowed income growth and low world import demand in
conjunction yith alternative I-A's restrictive trade
policles.

-=-Alternative IV tests out the case of moderately higher
praductivity in the developing countries in the context of
high income growth rates and strong world import demand.

——Alternative IV-A tests out the case of accelerated
productivity in the developing countries in the context of
high income growth rates and strong world import demand.

In addition, separate runs were made to capture how adverse longrun climatic
change, as reflected by lower grain yields, might affect the world grain supply-
demand balance and rescurces availability. Separate runs were also made to capture
the effects of more frequent crop production shortfalls, caused by bad weather, than
occurred in the two decades prior to 1972, Results of this analysis were used to
determine the amount of additional productive capacity needed to build stocks in the
“"sood" years to maintain consumption in "bad" years. In both cases, these
parsmetric runs were tested using each of the alternative T, II, and IV assumptions.

ANALYTICAL FRAMEWORK

The research reported on in this study 1is based on a formal mathematical mpdel
used to project key economic variables in the world's grain, oilseed, and livestock
sectors. This report concentrates on the model's projections te 1985. 2/
Mathematical relationships underlying the model were specified to capture the
interaction of production, consumption, trade, and prices of grain, oilseed, and
livestock products.

These mathematical relationships may be grouped into nine major components:

Demand block-=livestock
Supply block--livestock
Demand block~-feed
Demand block-—food grains
Supply block—crops

Area

Production

6. Price linkages within reglons

2/ This model builds upon the world grain model by Rojko, Urban, and Naive (1675
and the approach used has been influenced by model development of Bawden (1007},
Takayama and Judge (1069}, (1070}, and others.
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7. Regional equilibrium

; 8. Price equations linking reglons
9. World equilibrium equations for each commodity

Each component of the model may be thought of as consisting of two basic parts:
4 driving and a responding part,

T b The driving part of the model is made up of those variables whose lavels are
determined outside of the model. Tncluded here are the usual demand shifters, such
as population and income growth rates, and consumer preference variables, which are
usually expressed as trend values. Also included are the usual supply shifters,
including technology variables, statements on the avallability and cost of basic
agricultural inputs, factors related to national commercial and agricultural
pelicies and practices, and basic graowth rates for yields derived from analyses of
data for the 1950's, 1960's, and early 1970's. The specific equations of each of
the model's components specify the levels of the driving variables, as well as the
extent to which changes in these levels affect the variables in the responding part
of the model,

The responding part of these compomnents are 930 interacting variables that are
being projected and are contained in 930 equations specifying supply-demand balances
for up to 14 separate commodities in 28 regions of the world., In gemeral, the
parameters defining the interrelationships do not vary between alternative
rrojection runs. The demand blocks consist of direct and cross demand-price
elasticities. The demand block for feed also includes physical input-output
ccefficients relating it to the supply block for livestock products. The supply
block for livestock contains direct and cross supply-price elasticities. The supply
block for crops distinguishes between area and preduction and allows for area
allocation between crops subject to total area for these crops. The production
equation allows for yield response to changes in relative prices. The price linkage
and the equilibrium components relate the medel within regions and among regions.
This responding part of the model is solved simul taneously for given levels of the
- driving variables and is essentially unconstrained. Base data centered on the year
g 1970 ware provided for the interacting variables and their counterpart values were
projected for 1985,

“ur

The parameters for the model's mathematical relationships were synthesized from
either statistical analyses or the judgment of experts. The model could not be a
preduct of a direct statistical fit because of its size. Instead, to facilitate j
comparisons and permit evaluation of different alternatives, the model was built as
an integrated framework of synthesized cvuefficients describing the behavior of the
world's grain-oilseed-livestock sectors. The synthesized coefficlents used in the
. _ model’s equations were developed from numerous sources and adjusted when necessary B
: to reflect relationships among the variables. Data for 1969/70~1971/72 were used to
determine the value of the constants in the equations. But while the 3-year average
1969/70-1971/72 was used as base for projections to 1985, developments through
1975/76 were used to evaluate model inputs and projection cutputs.

The mathematical model, with the aid of a computer program, projects a set of
equilibrivm values for production, consumption, trade, and prices of grains,
oilseeds, ldvestock, and livestock praducts; area, yleld, and food and feed use
values are also projected for prains and oilsceds. The computer program solves a set )
of simultaneous equations consistent with the specific alternative under '
consideration, The equations are specified by commedity, by region, and according to
economic function. They consequently constitute quantified descriptions of the
world's grain-oilseed-livestock ecomomy. The equatiens, as well as the supply
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distribution tables for the individual alternati-wes, are being published in separate
volumes, The parameters underiying the equations-—that is, direct and cross supply

and demand price elasticitias and income elzsticities of demand-—-are presented in a

later section of this report.

The scope and organization of economic relationships contained in the model are
shown in table 1 and figures 1-2, The variable patterns for each of the model's
regions are laid out im table 1. Grains and oilmeals are modeled in all 28 regioms
of the world (see p. 9 ). Table 2 lists the countries included in each of the
model's regions. Production and acreage equations were not daveloped for all
regions; for instance, only international trade relationships were developed for the
three centrally planned regioms, Fuller representation of the centrally planned
regions will be incorporated in future modeling phases. Minor departures from full
coverage in the other 25 regions are deliberate and reflect judgments about the
relative importance of a commodity in a specific region &nd the availability of
data.

Modeling of the livestock economy has concentrated, at this stage, on
representing the commercially Important part of the world's livestock eccnomy. The
focus has been on beef and on the developed countries and Latin America. Attention
has also been given to other meats and dalry products as compating and complementary
praducts and as close substitutes in consumption.

Figurea 1 and 2 present schematic views of (1) a reglen with both a crop and
livestock sector, and (2) a reglen containing a crop sectnr only. Differences in
the modeling approach can be summarized by highlighting the treatment of the arimal
sector. Where there are complete crop and livestock sectors, separate productilon,
consumption, and trade balances are calculated for both the crop and livestock
sectors, with production of livestock products linked technileally to the quantities
of a specific crop produced for livestock feed. As u result, world trade for the
crops as well as for the livestock commedities is calculated. In regiopns containing
ouly a crop sector, factors explaining the consumption and preduction of livestock
products are considered to operate directly on the derived demand for crops used as
livestock feed, In such regions, no livestock balance and no foreign trade In
iivestock commoditles are calculatad.

ASSUMPTICNS

Each alternative projection set has its owm bundle of assumptions concerning key
economic wariables and policy conslderations. These are discussed in detail on
pages 32-62, where the results of the altermative projection sets are presented,
Assumptions general tc all projection sets are discussed below. As 1s usual, the
projections assume the absence of malor wars and natural disasters that would change
the underlying factors affecting future supply and demand prospects.

Population

Population is a key varlant in the model's projection of growth in demand i'or
agricultural products. The United Nations’ "medium" variant population projectiems,
as reassegsgsed in 1974, were used for ail reglons except the United States, for which
the lower Series TII figures of the Department of Commerce were used (table 3 and
fig., 3).
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Table 1--Variables used in world grain-oilseeds-livestock model

Region Wheat : Rice H

Coarse 0ilseed : i * Beef ! Beef

erain g meal Cheese ' cuts ‘products’ Fork i Por rry

f Mutton
o & lamb

Developed countries:
United States
Canada
EC~9
EC-~3
Other Western Europe
Japan
Australia/Mew Zealand
South Africa

=

=

goouousoo
oo boog
LR TR T I T T
oo eoggyg
W d g |
HMedoooooo
oo
™Yoo g
Couusn

Centrally placned cocntries
Zastern Europe
Soviet Gndion
China

Developing countries:
Middle Amsrica
Argentina
Brazil
Yenezuela
Other South America

High-income North Africa
& Middle Easc
Low-income North Africa
& Middle East

East Africa

Central Africa

L R LR L LI T I R P

India
Other South Asia

Thailand

Other Sourheast Asia
Indonesia

High-inceme East Asia
Low-income East Asia

Fest of world H

Bemand, total or nonfeed = Production Svpply
Derived demand for feed = Ares Foreipgn trade, net
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Table Z--Country compositioﬁ of regions in the world grain-oilseeds-livestock mod el

Regions
I. Davelcped countries:

United States
~Canada

. E€-6

EC-3

Other Western Europe

Japan
Oceania

South &frica

- IL Centrally planned countries:

Eastern Europe

Soviet Union
China
1iz. Developing zountries:

Middle America

Argentina
Brazil
Venezuela

other South America

Composition

United States
{tanada

Belgium, France, West Germany, italy,
Luxembourg, Netherlands

Denmaric, Ireland, United Kingdom

Austria, Finland, Greece, Iceland, Malta,
Norwiy, Portugal, Spain, Sweden,
Switzerland

Japan

Australia, New Zealand

Botswana, Lesotho, Namibia, Republic of
South Africa, Swaziland

Albania, Bulgaria, Czechoslovakia, East
Germany, Hungary, Poland, Romania,
Yugoslavia

Soviet Unlon

People's Repubiic of China

Mexicco, Bahamas, Bermuda, Costa Rica,
Dominican Republic, EL Salvador,
Cuatemala, Haiti, Honduras, British
Honduras, Jamalca, Nicaragua, Panama,
Trinidad & Tobago, Other Caribbean
Islands

Argentina

Brazil

Venezuela

Bolivia, Chile, Celembia, Ecuador,

French Guiana, Guyana, Faraguay, Peru,
Surinam, Uruguay

Continued ——
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Table 2-—Country composition of regiona in the world grain-oilseeds-livestock mod el

=~Continued r

High-income North Africa and Middle Eest Algeria, Bahrain, Cyprus, Iran, Iraq,

Low-income Nors h Africa and Middle East
East Africa

Central Africa

India

Other South Asia

Thailand
Other Southeast Asia
Indonesia

High-income East Asia

Low~income East Asia

Rest of yorld

Israel, Kuwait, Libya, Oman, Qatar,
Saudi Arabia United Arab Fmirates

Egypt, Jordan, Lebanon, Morocco, Sudan,
Syria, Tunisia, Turkey, Yemen (Aden},
Yemen (Sana)

Kenya, Malagasy Republic, Malawi,
Mozambique, Rhodesia, Tanzania, Uganda,
Zambia

Angola, Burundi, Cameroon, Central
African Empire, Chad, Congo,

Ethiopia, Djiboutd, Benin,

Gabon, Gambia, Ghana, Guinea,
Equatorial Guinea, Guinea—Bissau,

Ivory Coast, Liberia, Malil, Mauritana,
Mauritius, Niger, Nigeria, Reunionm,
Rwanda, Senegal, Sierra Lecne, Somalia,
Togo, Upper Volta, Zaire

India

Afghanistan, Bangladesh, Bhutar, Nepal,
Pakistan, Sri Lanka

Thailand
Burma, Cambodia, Laos, South Vietnam 1/
Indonesia

Hong Kong, Singapore, South Korea, Taiwan,
Brunei

Malaysia, Philippine Islands

North Porea, North Victnam 1/, Mongolia,
Cuba, Pacific Islands, Papua-New Guinea

1/ The model was designed before the reun

the People's Republic of Vietnam.

ification of North and Socuth Vietnam into

10
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Table 3--World population and growth rates, average, 1969-71, and projected, 1985

Population levels

;Compound annual

Region
1969-71 1985 . growth rates
average _ ; projection
------ Thousands = — = - - Percent
Developed countries: 700,346 792,229 . 836
United States ' 204,880 228,360 . 726
Canada 21,030 26,045 1.436
EC-6 188,084 205,127 .380
EC-3 63,381 67,393 .410
Other Western Europe 82,021 89,921 -615
Japan 104,330 122,443 1.073
Australia/New Zealand 15,320 19,925 1.769
South Africa 21,300 33,011 2.964
Centrally planned countries: : 1,126,189 1,377,782 1.354
Eastern Europe 125,629 139,486 . 706G
Soviet Union 242,760 283,010 1.028
China 757,800 955,286 1.556
Developing countries: : 1,734,192 2,591,070 2.680
Middle America : 78,844 124,691 3,103
Argentiina 24,160 29,173 1.265
Brazii 94,660 144,245 2.848
Venezuela 10,788 16,681 2.948
Other South America 61,780 92,940 2,760
High-income North Africa & Middle Eastf 62,752 101,018 3.225
Low-income North Africa & Middle East : 116,479 177,518 2.849
East Africa : 57,534 90,027 3.030
Central Africa 179,755 270,382 2.759
India 564,810 814,420 2.470
Other South Asia 172,100 263,024 3.023
Thailand 37,160 60,458 3.298
Other Southeast Asia 36,000 79,505 2.364
Indonesia 119,720 177,000 2.641
High-income East Asia 50,280 67,154 1,948
Low-income East Asia 47,370 76,834 3.277
Bait of world 46,740 (66,964) (2.426)
World : 3,607,467 (4,828,0453) (1.9454)
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Figure 3

Over the projection period, 1969-71 through 1985, population is expected to
increase at an aniual rate of 0.8 percent in the developed market economles and 2.7
percent iIn the developing market economles. Earlier USDA projections used higher
rates for the developed countries and somewhat lower rates for the developing
countries. At the world level, the 1,9-percent U.N. growth rate used in the model
is somewhat lower than rates used in earlier publications of the USDA.

Income

Income is another key variant in growth in demand for apricultural products,
With given levels of population, prices, and other factors, the rate of increase in
income largely determines the level, pattern, and variation in per capira
consumption of agricultural products. While population may be the most important
demand factor in developing countries, income 1s the most Important factor in
developed countries,

Where available, estimates of real per capita private consumption expenditures
were used as income variables or demand shifters. For countrles where these data
were not available, elther per capita gross domestic product or net material product
was uged (table 4 and fig. 4). In all cases, however, the implicit prices are those
of 1970.

Income growth rates assumed in alternative I are the projected "trend" income
values published in the Food and Agriculture Organization's 1974 Assessment of the
World Food Situation, Present and Future. For the developing countries, these
"trend" income projections were arbitrarily boosted by FAO to roughly 150 percent
of the growth rates of the 1960%s,

12
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Table &4--World per capita private consumption expenditures and growth rates,
average, 1969-71, and projected, 1985

“Private consumption
: expenditures per capita :Compound annual
Region . I969-71 ;1985 Alt. 1: growth rates
! average : projection
4 - - U.5. dollars - - Percent
: Developed countries: ;' 1,747 2,803 3.202
United States : 3,026 4,660 2,921
Canada - : 2,237 3,490 3.009
EC-6 : 1,463 2,368 3.263
EC-3 : 1,374 . 1,846 1.989
Other Western Europe : 1,008 1,858 4.161
Japan : 966 2,142 5.452
) Australia/New Zealand : 1,596 2,455 2.913
3 South Africa : 502 715 2,385
} :
Centrally planned countries: : 439 792 4.010
Eastern Europe : 1,024 1,988 4.521
Soviet Union : 1,202 2,422 4.782
China : 113 161 2,388
i Developing countries: : 155 251 3.255
I Middle America : &49 ) 696 2.964
: Argentina : 724 1,149 3.125
: Brazil : 268 633 5.893
;i Venezuela : 535 796 2.687
% Other South America : 311 414 1.925
i H
i High-income North Africa & Middle East: 261 614 5.864
; Low-income North Africa & Middle East : 188 306 3.301
: East Africa : 117 148 1.57%
; Central Africa : 96 133 2.220
] i H
o ; India : 73 89 1.364
% Other South Asia H 95 101 L 409
A Thailand : 130 248 4.392
; Other Southeast Asia H 83 99 1.182
f : 79 114 2,500
i Indonesia : 255 578 5.607
i High-income East Asia : 241 251 .271
! Low-income East Asia :
B Rest of world : 181 - 232 1.669
; World ' : 560 834 2,691
' 13
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Figure 4

Alternative I-A uses the same "trend" income assumptions of alternative I for
the developed and centrally planned countries. For the develeoping countries,
however, alternative I-A uses rates of increase close to those of the 1960%'s. These
same slower growth incowe projections are also used for the developing countries in
the low demand alternative IIT,

Alternative IIT agsumes income growth rates to be one-third lower than in
alternative I in all areas of the world, postulating that world inflaticn and
economic stagnation would result in a worldwide low demand situation. For the
developing countries, this corresponds roughly to the growth rates experienced
during the 1960's. The high demand alternatives--II, IV, and IV-A--assume more
rapid income growth rates; for the developed countries, the growth rates are roughly
20 percent higher thanm in alternative I, and for the developing countries, roughly
30 percent higher (table 5},

Prices

Demand, production, and trade quantities are prolected simultaneously with major
commodity prices in the grain-oilseed-livestock model. Commodity prices iIn each
projection set differ, depending on the projected supply and demand balance. All
prices are projected iIn real 1970 dollars because of recent high inflation rates and
uncertainty as to the future purchasing power of money. Where utilized or implied,
exogenous prices are also expressed in terms of 1970 dollars.
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Table 5--World per capita private consumption expenditures and growth rates,
by alternative, average, 1969-71, and projected, 1985

} 1969-71 ° 1985 projection under alternative
Region * Base = I A =7 W - SR « £ S 4 T o
; . éeal 1970 U:S. dcllars'
World : 560 834 814 915 730 915
Developed countries : 1,747 2,803 2,803 3,075 2,553 3,075
Centrally planned ;
countries 3 439 792 792 792 652 792
Developing countriES: 155 251 214 317 214 317
; Compound annual growth rates, percent 1/
World : 2.7 2.7 2.5 3.3 1.8 3.3
Developed countries ; 3.3 3.2 3.2 3.8 2.6 3.8
Centrally planned :
countries : 3.6 4.0 4.0 4.0 2.7 4.0
Developing countriesi 2.2 3.3 2.2 4.9 2.2 4.9

-

1/ Growth rates under 1969/70-1971/72 base are computed from 1960 to 1970. Growth
rates for 1985 are computed from base 1970.

Exchanpge Rates

For about four decades prior to Aupust 1971, the United $States maintained a
stable doilar dn foreign exchange markets, During that periocd, the U.S. dollar
could be used as a numeralre for purposes of intermational currency value
cemparisons. This 1is no longer so confidently true., Since then, the dollar has
been devalued twice and has been floating with respect to other currencies; gold has
heen removed from the central position in International monetary calculations and
been replaced by the S5DR~—-Special Drawing Rights——unit, For this reason, variables
in the GOL model are expressed in local currency or in "dollar ecquivalent' terms,
For the base period, 1370 exchange rates or average foreilgn currency conversion
rates are used, For subsequent years foreign exchange conversion factors were
adjusted to those shown in table 6. The usée of these rates in the projected period
is valid provided intervening exchange rate adjustments fully reflect changes in
relative price levels in countries. The model does not project forelgn exchange
rates. Exchange rates depend upon many factors not included within the model, It
is assumed that projected changes in region~to-reglon ratios of real prices would be
reflected in changes in exchange rates.
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Table 6--Currency and exchange rate specifications 1/

Region Currency and exchange rates

Developed countries:
United States
Canada
Epropean Community
Other Western Eurcpe
Japan
Australia/New Zealand
South Africa

U.S, dellar

1 Canadian dollar = 1 dollar equivalent
1 unit of account = 1 dollar equivalent
Dollar equivalent

357.600 yen = 1 dollar equiwvalent

.897 Australian dollar = 1 dollar equivalent o
Dollar equivalent

P T T FTRE LT
]

e

Centrally plammed countries:
Eastern Europe
Soviet Union
People's Republic of China

Dollar equivalent E
Dollar equivalent
Dollar equivalent

Developing countriles:
Argentina
Others

3.75 new peso = 1 dollar equivalent
Dollar equivalent

PR T TR T I T TR PRI I B TR SR TR T

1/ Exchange rates as of July 1972. Dollar equivalent = 1 U.S, dollar,

Technology and Inpuia

The GOL msdel treats techmology and inputs, and their effect on productivity, as
cruclal supply shifters. Technological advances and improvements in both the
quantity and quality of inputs used In the production of foed affect not only
immediate crop and livestock yields, but also the apricultura. resource base, The
continued evaliution of technology along the lines of the recent past would be
expected to expand the supply and improve the quality of resources to be used in
food production. Perhaps the most obvious examples of this secondary effect of
technology and inputs on the size and quality of the agricultural resource base are
to be found in the impact of irrigation, the development and spread of pesticides
and fertilizers, and the use of improved seeds and livestock strains.

The technology and inputs aseumed in the GOL model either exist currently or are
in the process of being developed. The avallability of improved technology and the
availability of inputs are consequently not assumed to be major impediments to
future increases in food production., Accelerating che transfer of technology to the
developing countries, adapting technology developed in the temperxte countries to
the needs of tropical countries, and encour:iging adoption of techmology and use of
improved inputa by the small developing farm:r, however, are likely to be
significant bottlenecks. The GOL model assumes some advances are made in these :
areas. Full use of existing technolegy in the developing countries, however, would |
require a significant recrganization of the agriculture of mach oi the developing
world,

The projections assume that the developed countries, and to a lesser extent the
developing countries, will continue to take advantage of oncoming technological
innovations and that limitation on the rate of adoption will depend mainly on the
relative cost of inputs,
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Several recent studies on land availability have concluded that at least twice
as much of the world's land is suitable for crop production as is presently used.
Nevertheleru, there are serlous regional problems resulting from a combination of
population pressure on land and the difficulties of increasing agricultural
production with prevailing sechnologies. As with other resources and econcmic
oppert mities, arable or potentially arable land is quite unequally distributed
among the world's developing countries, This affects the options available to
different groups and to different countries. A very large proportion of the world's
people iive in areas where possibilitiles for expanding the area cultivated are very
limited. Bangladesh and Egypt, for example, must apply even more intensive, land-
conserving methods of production to increase food output. The same is true, but with
less extreme urgency, for Japan and Europe. Latin America and Africa have both
intensive and extensive possibilities, as do Canada and the United States.

Except for Africa and Latin America, however, increases in land area will
probably make progressively smaller proportionate contributlons to future food
supplies. The consensus cof recent studies of world food production is that yleld-
increasing techniques will be the primary socurce of future growth in ocutput, even In
the developing countries {(fig. 5}.

Fertilizer is a key factor in yield increases, although it must be combined with
other inputs, such as improved varieties of seeds and improved management practices,
if it 1is to have its full potential impact on ylelds. Assumptlons regarding
fertilizer use are treated in greater detail in the discussion of alternatives IV
and IV-A.

In addition to concern about the availability of land and fertilizer aroused by
recent food shortages, some analysts question whether technological improvements
will permit increases in crop ylelds in the future at the rates achleved in the

Grain Area
Mii. Hectares

Devalioped Markst Economiss Developing Market Economies

prd

1960/61- 1968/70- 1985 1985
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past. Attention has been focused on an dpparent slowdowm in the rate of production
of some crops in some developed countries, and on the apparent loss of momentum of
the Green Revolution in developing countries, The projections model assumes
continued growtk in grain yilelds in the developed countries but at rates below the
highs of the 1960's. For the developing countries, the model assumes grain growth
rates marginally above those of the 1960's,

Weather Varilability and Stock Levels

Stock level assumptions are essentially part of broader production and trade
policy agsumptions, They are treated separately here, however, because of their
importance in the current world food situatiom.

Assumptions about weather varlability affect assumptions about stock levels, and
vice versa. Assumptions about both affect the degree of price varlability and, in
turn, the projected levels of supply and trade. In gemeral, less price variability
occurs when growth in supply tends to be greater than growth in demand, resulting in
a tendency to accumulate stock levels; the burdenscme effect of the tendenecy to
accumulate stocks, in turn, is mltigated by the frequency of droughts. Separate
runs were made to study the relationship between short-term production shortfalls,
longer term production levels, and stock levels.

Policy Assumptions

The production and trade policies of majer feod exporting and importing
countries can have as much impact on future production and consumption patterns as
can the interactions of economic variables, In the model, assumptions about
government policies are included either explicitly in the mathematical formulations
or implicitly in the coefficients used in the equations. For example, equations for
the European Community (EC), provide explicitly for import levy variables. The
equations for projecting graim area in the major grain exporting countries, on the
other hand, have very responsive price coefficlents to implicitly reflect the
capabllity of povernment programs to readily adjust area to changed supply and
demand situations.

Twe important considerations of the policies of major grain exporting countries
are basic to the assumptions of this study. The first Is price maintenance at
reasonable levels, The second is market share maliitenance, It is not always
pogsible to achieve both of these objectives at the same time. During perlods of
heavy world supplies, for example, prices canmot be maintained unless Importers as
well as exporiers curtall production,

Price stability in perlods of short supply can only be achieved 1f stocks are
availlable. It is assumed that the major exporters will maintain sufficient stocks
and implement production policies designed to maintain relative price stability in
the longer run., In the shorter run, however, stocks would likely be kept balow the
levels needed to meet a serles of successive production shortfalls similar to those
of recent years. Implementaticn of such a policy could also be achieved through
international cooperation. Thus, the meaning of the expression "continuation of
policies" in the majlor exporting countries, such as the United States, 1s that they
will follow production policies to keep the world grain supply in relative balance
rather than permit continual appearance of sizable surpluses and deficits.
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U.S. policies are important in establishing world price levels of many :
comodities, It is assumed that f.o.b. prices for these commodities in the United i

States and the appropriate c.i.f, prices abroad can be used as indicators of world
supply and demand conditions.

An underlying feature of the import and domestic food producticn inicies of
major developed importing countries is that they attempt to at least sidintain
current self-sufficiency ratios, Japan would be a major exception, since her self-
sufficiency ratio seems destined to decline. For all other major devaloped
iwporting countries, 1t 1s assumed that recent food and fiber policies will be
continued. Some modiflcatlons are provided for where it appeared that continuatien
of a particular policy would be untenable. Likewtse, modifications, as well as the
essentlals of assumed food and fiber policies, can be different for the different
alternatives.

The European Community is expected to centinue its policy of enlargement. This

means that the countries of the EC=3--the United Kingdom, Ireland, and Denmark--will !
continue through a transition peried to become fully integrated economically with
the EC~6 continental countries—-France, Germany, Italy, Belgium, Luxembourg, and the
» Netherlands. It was assumed that the EC will continue to use variable levies aznd
export subsidies to control the flow of imports and exports., High import levies, of
course, limit trade, while low import levies increase trade. Levy and subsidy
levels, howevar, differ under each alternative in order to be consistent with the
frod and fiber policy apecified. 1Tt is also assumed that price policies of non-EC
countries in Western Europe result in price levels similar to these in the
Community. While Japan does not have specific import levies, 1ts internal price and
marketing structure 1ls such that the effect 1s the same.

It is assumed that the longrun level of trade with the USSR, China, and Eastern
Europe will be affected more by political factors than economic factors. The import
policies of the centrally planned countries, particularly the USSR, will be
influenced considerably by overall trade relations with the United States, as well
as wlith other exporters. Actual trade levels will also depend on the extent to
which the United States and other exporters are willing to absorb year-to-year
variability in Soviet grain production.

Foot-and-mouth disease (hereafter called "aftosa") will continue to strongly
Influence livestock trade patterns, Since livestock in both Europe and South
America already have aftrosa, it was assumed that trade in fresh and frozen meat
between these two contlnents will continue. Livestock in Oceania and the United
States do not have aftosa, so it was assumed that these regions can export to the
whole world, but will not import fresh or frozen meat from any of the aftosa areas.
It was assumed that distances between Argentina and Europe are not toec great to
exclude trade in fresh beef on refrigerated ships.

Quotas on imports of beef Into the United States were assumed to continue., If

the projected imports obtained from the model are less than the quota, they become
the irports.

It is also assumed that dairy preduct imports will continue to be limited by
quotas in most countries, Butter imports into the United States are excluded and
some growth in cheese imports is permitted if needed. Because of the continuation
of 'health regulations and other policy and natural factors, fresh milk will not be
traded. Primary adjustments in dalry markets between countries will take place in
butter and cheese. It 1s assumed that prices of butter and cheese can be used as a
barometer to measure degree of price pressures in the intermational dairy situation.
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OVERALL RESULTS AND TMPLICATIONS

The following section presents the overall results and implications of the model
common to all the alternatives and applicable to broad regional aggregates. Two
more detailed discussions follow—-the first dealing with resuits specific to

“individual alternatives, and the second dealing with results specific to the United

States.

All of the model's projections of 1985 production, consumption, and trade
emphasize the importance of technical and economic interrelationships in the grain-
oillseed-livestock sectors of the world. The following factors will have a strong
impact on the way demand and producticn patterns evolve over the next decade and
beyond:

--Growth in demand for meat and livestock products,
and the Impact of such growth on the use of grain and
oilseeds in livestock feeds.

-—The relationship between affluency and the rate of shift
from grains to animal products as a source of protein in
diets,

=-The improvement in cereal diets in the developing
countries.

--The growth of indigenous livestock economies in the
developing countries,

The projections suggest that the nature of food problems facing the world over
the next decade will depend ¢ the extent to which the developed countries expand,
and the developing countries build up, grain-fed livestock sectors.

World grain balances could tighten if the lower income develeoped countries were
to accelerate their growth in comsumption of 1livestock products and adopt the grain-
intensive feeding techniques of the United States. Consumption of livestock
products in the lower income developed countries in general is low, and if increases
in income were to stremgthen growth in demand for grain—fed livestock products
substantially, world grain and oilseed prices could be pushed up as feod users in
developing countries were forced to bid inputs away from feed users. Feed demand in
the lower income developed countries, however, tould not be expected to Increase
substantially unless grains and oilcake were reasonably priced relative to livestock
products.

If diets in the developing countries continue to bz based primarily on grains,
and if consumption of grain-fed livestock products in the developed countries rises
only moderately, the world's grain and oilseed productive capacity in 1985 should be
sufficient to keep world grain prices, in real terms, below the high 1973/74-1975/76
levels but above the low 1969/70-1971/72 levels. A wmodest increase in feed use of
grains in developing countries does not alter this projection. However, the
alternative that assumes lower grain yields due to deteriorating climate and weather
could put pressures on prices and resources under the high demand alternative.

Meeting a substantial increase in demand for grain in the developing countries——
whether for food or for feed use--would, however, require a sharp increase in these
countries' own grain production, and this, in turn, would require an accelerated
transfer of technology and inputs from the developed to the lower income developing
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countries. Progress in improving diets in the

developing countries, particularly

increasing consumption of animal proteins, would alsc depend on the extent to which
these countries implement restraints on population growth. The whole complex of
income growth, population growth, technological change in food use, and growth in
agricultural and industrial production is closely interrelated. Any projection
beyond 1985 would warrant endogenously rather than exogenously determined
population, income, and productivity growth rates.

Meat

Continued growth in economic activity throughout the world would generate a
strong and growing demand for meat and livestock products under all alternatives.

While demand expansion could not occur without
production and trade policies are likely to be

growth in income and population,
the more important factors

determining levels of demand and trade in meats (tables 7-8). Such policies are
particularly important in Western Europe and Japan. Continuation of restrictive
policies would point toward high intermal prices and import barriers. Moreover, a
continuation of high oil import costs may cause policymakers in some developed

countries to have second thoughts about permitt

ing per capita meat consumption to

grow to levels now experienced in the United States, particularly at the cost of
importing large quantities of feed inputs or finished meat products. For the United

Kingdom, Ireland, and Denmark, joining the Euro

pean Community has meant higher food

Prices. It is in the meat secter, more sensitive to income and price effects than
the crop sector, that adverse impzets of EC membership show up most clearly,

Availability of grain at reasonable prices

1s another important factor in growth

in meat demand. The expansion of the livestock industry in the developed countries

in the 1960's was made possible largely because
of o.: projections indicate that higher feed co

of relatively low feed costs. All
sts relative to prices recelved for

livestock products are likely in 1985. These higher feed costs could dampen
expansion of meat production somewhat unless ecenomies were made in feed usage, oOr
in the marketing and production structure of the livestock sectors.

With the United Kingdom, Ireland, and Denma
into the European Community by 1985, world trad
significantly different from those of the early
projected to lose much of its market in Great B
offset by larger exports of meat to the United
countries outside the EC.

The projections show the commercial sector
recognizable historical patterns while expandin

rk expected to be fully Integrated

e patterns for meat are likely to be
1970's. 1In general, Australia is

ritaip, but this loss is likely to be

States, Japan, and other developed

of the world meat economy holding to
g in a range of one-third to one-half

above the base period ievel, depending on the alternative being considered. The

United States and the European Community contin

ue to be the major producing and

consuming areas, with Canada, Middle America, and Other Western Europe sharing in
the growth. Japan grows to ba a major world consumer, Other regions show strong

growth, Australia, New Zealand, and Argentina
complements of long-distance meat to the United

continue to provide the principal
States and Western Europe, which

remain the major importers while retaining lead positions as producers.

Under alternative I, the United States has

the least restrictive trade policy of

the meat importers and continues to be a strouger import market than Western Europe,
primarily because of EC trade restrictions, A less restrictive appreach by the EC
(that is, lower import levies)} could provide considerable stimulation te world trade
in meat, leading to higher world production, expanded consumption even in the EC,
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Table 7--World meat production, consumption, and
average, 1969-71, and projected, 1985

net exports, and growth rates,

: 1985
Region :+ 1969-71 E
. : I H IT : 111 H v
: 1,000 metric toms
Developed countries; 1/ :
Production - 46,6017 66,379 68,340 63,426 69,562
Consumption . 47,293 65,940 £8,011 62,513 €8,793
Net exports : -§18 15 -93 534 218
Developing countries: 2/
Production : 6,531 10,414 11,292 9,660 11,196
Consumptiou . 5,562 9,808 10,618 9,566 10,886
Net exports : 366 596 663 84 300
Total listed: .
Production + 53,148 76,793 79,661 73,086 B0, 758
Consumption - 52,855 75,748 78,629 72,079 79,67¢
Net exports : 148 611 570 618 518
; Compound annual growth rates, percent
Developed countriess 1/ °*
Productien : 2.4 2.6 2.1 2.7
Consumption : 2,2 2.5 1.9 2.5
Developing countries 2/
Production - 3.2 3.7 2.6 3.7
Consumption : 3.9 4.& 3.7 4.6
Total listed: :
Production : 2.5 2.7 2.1 2.8
Consumption E 2.4 2.7 2.1 2.8

1/ Excludes South Africa.
2/ Includes Middle America, Brazil, and Argentina.

and possibly to some U.S. exports of ordinary meat (in addition toc high-quality
Under these circumstances, the traditional exporting countries would
find the market in Western Furope more encouraging than the market in the United

trade beef).

States.

Dairy Products

World prospects for dairy products to ]985 suggest an ample supply situation,
primarily because of continued production increases in the EC and a continued

decline in demand for milk-fat products throughout Europe.

Full integratiom of the
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Table 8--World per capita meat production, consumption, and net exports, and
growth rates, average, 1969-71, and projected, 1985

X : 1985
Region *1969-71 - - -
¢ average 1 oI > > S A
: Kilograms
Developed countries: 1/ :
Production : 66.6 83.8 86.3 B0.1 B87.8
Consumption : 67.5 83.2 85.8 78.9 86.8
Wet exports : -1.2 - -.1 o7 .3
Developing countries:2/
Production ' : 33.0 34.9 37.8 32.4 37.6
Consumption : 28.1 32.9 35.6 32.1 36.5
Net exports : 4.9 2.0 2.2 .3 1.0
Total listed: :
Production : 59.2 70.4 73.1 67.0 74.1
Consumption : 58.9 69.5 72.1 66.1 73.1
Net exports : .2 .6 .5 .6 .5
H Compound annual growth rates, percent
Developed countries:1/ :
Production : 1.5 1.7 1.2 1.9
Consumption : 1.4 1.6 1.0 1.7
Developing countries: 2/
Production H 4 .9 -.1 .9
Consumption H 1.1 1.6 .9 1.8
Total listed: :
Praduction : 1.2 1.4 .3 1.5
Consumption : 1.] 1.4 .8 1.5

"1/ Exclndes South Africa.
/ Includes Middle America, Brazil, and Argentina.

United Kingdom, Ireland, and Denmark into the EC aggravates both the supply and
demand situation for dairy products in the Community, since projected price
increases at all levels within the three countries stimulate productien and retard
consumption., With the United Kingdom becoming a high-priced butter market and
receiving wost of its supply from other EC members, world trade in butter {excluding
intra=-Community trade) is substantially reduced. In addition, the dairy/beef
linkage in the EC will continue to force milk output up as increased demand for beef
continues to provide incentives for beef production. Although the linkage will
weaken by 1985, the strong demand for beef and continued increases in milk yields
may lead to chronic surpluses of milk.

New Zealand continues to be a major exporter of butter, even though its exports
drop substantially because of loss of the U.K. market. Partially offsetting this
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decline in butter exports is a substantial increase in cheese exports, World demand
for cheese is projected to grow substantially., In addition to New Zealand, Western
Europe will continue to be an important exporter of cheese. The United States will
continue to import substantial quantities of forelgn-type cheeses., Australia, which
was a major butter exporter, is expected to withdraw from the market for butter, but
continue to export some cheese.

Crops

For grains and ollseeds, all of the alternative sets of projections point to the
following general conclusions.

Over the next decade, the world is capable of producing enough grain and
oilseeds, at real prices somewhat above those of the base period but below 1972/73-
1975/76 highs, to meet demand in both the developing and developed countries.
Growth in production and consumption is likely to increase at appreciably faster
rates in the developing countries than in the developed countries, The developing
countries' faster growth, however, will be from a substantially lower base {tables
9-11}.

Contrary to previous USDA projections which assumed a continuation of the low
input. costs and low product prices of the late 1960's and early 1970's, the GOL
projections assume higher input prices and project higher product prices. Continued
high energy costs would be expected to reverse the downturn in crop prices of the
1960's and early 1970's, except under the low demand alternative IIL (table 12).

Pre-1972/73 trends in the production of individual grains and oilseeds are
expected to continue (see tables 9-11). Wheat is likely to continue to account for
slightly less than a third of total grain production, while coarse grains are
expected to increase slightly, at the expense of rice, to roughly three-fifths of
the total. Oilmeal production is expected to grow somewhat faster, from about §
percent of base grain tonnage to over 7 percent of the tonnage prolected for 1985,

Approximately two-thirds of the increase in grain production projected under
alternatives X, 1I, and III is expected to result from improved ylelds, with the
remaining one-third resulting from increases in area (figs. 5-7). The importance of
yield improvements varies between the developed and developing countries, with over
three-fifths of the increases in the developed countriges and slightly over half of
the Increase in the developing countries.

Projected increases in grain yields to 1985 differ widely by individual grain
and by reglion, Overall growth, however, is expected to exceed the rates of the last
half decade and to approach or exceed--depending on the model alternatlve-—the rates
of the 1950's and 1960's. Growth in wheat and rice ylelds i=2 postulated on the
assumption that developing countries expand use of the technology and improved
strains developed at research centers such as the International Center for
Improvement for Corn and Wheat {(CIMMYT} and International Rice Research Institute
(IRRI), Advances in wheat yilelds are also likely in the developed countries if
cultivation of higher yielding utility wheat spreads in countries such as Canada and
in countries of Western Europe and as general strain improvements continue in the
other countries of the temperate zone,

The largest potential for yield increases, however, 1s in coarse grains—-
particularly corn. Accelerating growth in coarse grain yields, however, will depend
on more concerted national and International research and extension efforts,
Continued emphasls in many of the developing countries on improvements in wheat and
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Table 9--World grain production, consumption, and net trade, and growth rates,
recent averages, and projected, 1985

Region ' 1969/70-F 1973/74- 1983
71/72 75/76 T I oI 111 Iv
Million metric tons
World:
Preduction 1,082,1 1,184.1 1,569.8 1,642.0 1,507.6 1,632.2
Consumption : 1,080.7 1,185.3 1,569.8 1,642.0 1,504.4 1,649.1
Trade - ——— ——— - — —_—
Daveloped countries:
Production - : 501.7 438.9 559.7 618.5 505.3 588.2
Consumption : 374.3 381.7 491.3 520.2 453.2 527.9
Imports 38.1 68.3 48.7 66.1 37.2 70.8
Exports 70.3 130.3 117.2 162.5 89.3 131.2
Net exports 32.2 62.0 68.4 98.5 52.1 60.4
Centrally planned countries:
Production : 441.1 443.5 578.0 578.0 578.0 578.0
Consumption : 406.6 469.1 597.4 605.8 585.9 601.0
Imports : 10.8 31,1 20.8 29.6 11.6 26.9
Exports 5.7 9.8 1.4 1.8 3.7 3.9
Net imports 5.1 21.3 19.4 27.8 7.9 23.0
Developlng countries:
Production 279.3 301.. 432.1 4454 424.3 486,0
Consumption 299.7 334.5 481.0 516.0 465.3 520.1
Imports 31.7 52.0 73.7 98.8 64.8 65.8
Exports : 13.7 17.4 24.8 28.3 23.8 31.6
Net imports : 18.0 34.2 48.9 70.6 41,0 34,2
: Compound annual growth rates, percent 1/
World:
Production 2.8 2.5 2.8 2.2 2.9
Consumption 2.8 2.5 2.8 2.2 2.9
Developed countrles:
Producticn 2,6 2.2 2.9 1.5 2.6
Consumption 2.0 1.8 2.2 1.3 2.3
Centrally planned countries:
Production : 3.2 2.5 2.5 2.5 2.5
Consunption 3.5 2.6 2.7 2.5 2.6
Developing countries:
Production 2.6 3.¢ 3.2 2.8 3.8
Consumption 2.9 3.2 3.7 3.0 3.7

1/ Growth rates under l9?3f74-?5}76 are historical rates based on the perioed

1960/61-1975/76.
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Table l0--World per capita grain production, consumption, and net trade, and

growth rates, recent averages, and projected 1985

fend f1969/70- ‘1073/74- ° 1982
eglor gy Porspie 21 o1 I 1V
Kilograms
World: :
Production 1 299.3 343.8 325.3 340.2 312.4 342.3
Congumption : 298.9 3C04.1 325.3 340.2 311.7 341.7
Trade : —_— —-—= —— —-—= — -
Developed countries: : 571.0 599.6 702.2 776.1 633.9 738.0
Production : 532.0 521.5 ' 6l16.4 652.7 568.6 662.3
Consumption : 54.1 93.3 6l.1 8G. 3 46.6 88.8
Imports H 59.8 178.0 146.9 203.9 112.0 164.6
Exports +  45.7 84.7 85.8 123.5 65.4 75.7
Net exports t
Centrally planned countries:
Praduction t 355.4 371.5 418.8 418.8 418.8 418.8
Consumption 1 360.5 3%2.8 432.8 438.9 424.5 435.4
Imports : 9.6 26,0 15,0 21.4 8.3 1%.4
Exports : 5.0 B.2 1.0 1.3 2.6 2.8
Net imports : 5.5 17.8 14.¢ 20.1 5.7 16.6
Developing countries: :
Production : 160.8 152.9 167.3 172.5 164.3 188.2
Consumption : 172.5 169.6 186.2 19s.8 180.1 201.4
Imports : 18.2 26.3 28.5 38.2 25.1 25.4
Exports : 7.9 8.8 9.5 10.9 9.2 12.2
Net imports : 10.3 17.3 18.5 27.3 13.8 13.2
H Compcund annual growth rates, percent i/
World:
Production 1.0 .6 .8 ~3 .9
Consumption 1.0 .6 .9 .3 .2
Developed countries:
Production 1.6 1.4 2.1 o7 1.7
Consumption 1.1 1.0 1.4 4 1.5
Centrally planned countries:
Production H 1.7 i.1 1.1 1.1 i.1
Consumption : 2.0 1.2 1.3 1.1 1.3
Developing ¢ountries: :
Production : ' .2 .5 .5 .1 1.1
Consumption : c .5 .5 1.¢ .3 1.0

1/ Growth rates under 1973!?4—75!?6 are historical rates based on the period

1960/61-1975/76. Growth rates for 1985 are computed from base 1970.
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Table li--World total and per capita consumption of
projected, 1985

grain and ollmeal and preduction of meat, 1970, and

Food grains f Fe

Total and : Total :

ed gralns i Ollmeals

Heat

&T capita : grains : : :
P P - gram DC ., D . BC

LD . Total . DC

C

Per capita:
1970

1985

Million metric tons

42

il
73
75
66
73
73

Kilograms
19.3

21.0
21.8
22.2
19.5
21.6
21.6

70

(100)
(99)
{103}
{96)
(105)
(105)

28.7

(29.6)
{29.3)
(30.4)
(28.4)
(31.0)
{31.¢)

11.5

(13.1)
(12.7)
(13.5)

(12.4)

£13.5)
{13.5)




Table 12--World grain and meat trade prices, recent averages, and projected, 1985

Tear and -

alternative Wheat i Coarse grain : Rice : Oilmeal f Baef

Real 1970 dellars per metric ton
1969/70-1971/72 ; '3 . 153,00 g8.30

1973/74-1975/76 : - . 308.63 113.60

213.09 112.07 1,468
20L.77 110.58 1,392

240.11 138.30 1,811

201.22 99.36 1,173
194,57 120. 56 1,746

Real 1977 dcllars per metric ton

1969/70-1971/72 . 238.58 153.35 2,011
1973/74-1975/76 191,57 . 481.47 177.22 2,050

1985: :
I : 99.78 . 332,42 174.83 2,290

I-4 94,33 . 314.76 172.53 2,172
II H 121.15 . 374.57 215,75 2,325

91.12 87.77 313.90 155.00 1,830

v H 1385.24 100.53 303.53 188.07 2,724

Commodities quoted on the following basis:
Wheat-~U.5. No. 1 Ordinary Protein, Gulf Ports gquoted in baue
Coarse graln--U.S, No. 2 Corn Yellow, Gulf Ports
Rice--Thai White, 5 percent Broken, FCB Bangkok
Cilmeal--1.5. Soybean Meal, 44 percent protein, Gulf Ports
Beef--TU.5. Cow Beef, imported f£rozem, 90 parcent lean Chicage
Pork—1.S. hams, shoulders, canned, average import unit wvalue, carcass weight
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rice yields, and on allocation of the most productive resources to the production of
wheat and rice are likely to keep increases i coarse grain yields in developing
countries well below increases in other grains despite the greater coarse grain
potential. Coarse grain yields in the developed countries are expected to increase
because of wider use of improved strains, improvements in farm management
techniques, and switches out of lower yielding into higher yielding coarse grains,
particularly in areas suitable to corn production.

Because of the diversity of crops invelved, it is harder to generalize with
respect to yields of ollseeds and, consequently, ollseed meals. At one extreme,
sunflower yields have increased rapildly in many areas of the world. On the other
hand, soybean yields have been constant or have trended upward only slightly in most
regions. Probably the greatest yield potertizl lies in peanut production in South
Asia and West Africa. However, since soybeans aceount for the largest share of
world meal production, and since efforts to improve yields have been largely
unsuccessful, area increase will still accovat for significant pettions of the total
increase in production.

Importing and exporting countries in the developed and centrally planned
economies will contirue to be the major producers and consumers of grain,
particularly wheat and coarse grains. Lespite substantial increases In productlon
and imports, the developing countries are likely to continue to account for about
one—third of world consumption of grain while accounting for over half of the world
population. The traditional grain exporting countries—-the United States, Canada,
Australia, Argentina, South Africa, and Thailand--are projected to centinue to
supply the deficit countries with well over three-fourths of their import
requirements. Roughly half of this trade would be in wheat, with ccarse grains
accounting for slightly less, and with rice accounting for about 4 to 5 percent.
More specific conclusions regarding the developed and developing countries follow,

Developed Countries

The projections indicate that the developed countries have the capacity to
increase grain production sufficiently to meet world grain impert demand under most
of the alternatives—even after meeting a more than 33-percent increase in domestic
demand. Under the conditions specified in the low demand alternatives, major
exporters might need to restrict preoduction in order to avoid stock buildups or
dampened trade prices. However, the alternative that assumes lower grain yields due
to weather and climate changes could pose serious upward pressures on prices and
resources.

Grain production in the developed countries will continue to take advantage of
capital-intensive techniques and technological innovations, even though input costs
are projected to be about a third higher in real terms than cogts in the 1870 base
period, Growth in area from the base peried to 1983 is likely te account for less
than one-fifth of the increase iu production, with higher wheat and rice, and
particularly coarse grain, yields accounting for the other four-fifths (figs. 5-7).

The big factor in the growth in demand for grain in the developed countries will
be feed demand generated by expanding grain-fed livestock production. Very little
growth in demand for food grain is projected for the developed countries. Per
capita demand for wheat in Japan will continue to grow as wheat is substituted for
rice. Rice demand in the other high—~income countries is expected to imncrease, but
not fast enough for rice to become an important factor in the Western diet. Per
capita food consumption of grain in the developed countries as a group is projected
to be at or below its 1969-71 level of 170-175 kilograms.
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Developing Countries

Grain production in the developing countries is expected to shift toward greater
emphasis on growth in grain yields through increased use of improved technology and
high productivity inputs. Growth in area would still contribute as much as two-
thirds of the growth in production. Grain area could comsequently be expected to
increace from 36 to 38 percent of total arable area in the late 1960's and early
1970's to as high as 42 percent by 1985 (figs. 5-8).

The increased world production and trade under all alternatives would generate
improvements in the availability of calories from grains, oilseed, and livestock
products in the developing market econemies. Total per capita consumption of grains
is projected to rise from 173 kilograms in the 1970 base to 186 kilograms in 1985

under alternative I and to as high as 201 under the high-demand, high-productivity
alternative IV.

The composition of grain consumption in the developing countries will depend
more on productive capacity and import prices than on income and population growth
or consumer preference. Gaps between grain production and demand in developing
countries would be met primarily with added imperts of wheat. Developing countriass
with limited foreign exchange would be forced to give priority to imports of grain
for food, and particularly tc wheat rather than higher priced rice.” Those with

abundant foreign exchange could afford imports of feed grains and rice as well as
wheat.

Our analysis suggests that the food problems facing the developing countries
wiil also depend to a large extent on a number of demand factors in the developed
countries. The amount of grain available to the developing countries over and above
their own production—be it in the form of commercial or concessional imports—
hinges on the degree to which the developed countries--particularly the lower income

i

Developing Market Economies’ Arable and Grain Area
Mil. Hectares
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developed countries outside the United States, Japan, and the EC--build up or expand
grain-feed livestock sectors. Food production capacities and income levels are such
in the developed countrles that there is no gquestlon that adequate diets Iin excess
of 2,800 calories per day would be maintained. What is in gquestion is what
proporticn of these calories will come from grain-fed livestock products.

Consumption of livestock products in the lower income developed countries is
well below levels in the higher income countries. If income grows rapidly in these
countrles and is translated into stronger demand for livestock products, and if
these countries adopt the grain-feeding production techniques of the United States,
demand for feed would tighten available world grain supplies.

Under these circumstances, grain available from the surpius developed countries-
-particularly as food aid or as concessional imports——would be much more limited.
Grain prices could be pushed up as food demand bids against feed demand. Some
developing countries would find the opportunity cost of improving low consumption
levels at home too high relative to exporting grain to more affluent developed
countries. The poorest of the food-deficit developing countries could find the
prices the more affluent countries are willing to pay for feed too high to pay far
all but the most crucial food imports. Much the same case would also be true if the
European Community or Japan attempted to raise their per capita livestock protein
consumption to the levels approaching those prevailing in the United States. In
either case, a very affluent developed world could make it harder for the poerer
developing countries to raise per capita grain consumption levels faster than .l or
.2 percent per year implied in growth in indipenous production.

The adverse effects of livestock feeders in the developed countries buying up
grain or bidding up the grain prices paid by the developing countries must be
weighed against a number of positive effects. Feed use of grain has acted in the
past not only to stabilize the world grain market in pericds of surplus, but also to
provide a hedge or added margin of reserve above and beyond conventional grain
stocks in periods of shortages.

Over the last 15 vears, feed demand for grain was azlso more price elastic than
food demand for grain; adjustments in food usage in periods of marked surpluses or
deficits were consequently minimized by appreciably larger adjustments in feed use.
Over the last 4 years cf high prices and short supplies, food usage in the
developing countries fell below the trend of the previocus 10 years an average of 3
million tons, or 1 percent each year. Feed usage In the developed countries, on the
other hand, fell below trend an average of 17 wmillion tons, or .wore than 4 percent a
‘year.

RESULTS AND IMPLICATIONS BY ALTERNATIVE

The model incorporates a number of alternative sets of assumptions to quantify
their effect on world production, consumption, prices, and trade of graims,
oilsseds, and livestock. EFach set was designed to evaluate the impact of a specifie
combination of assumptions rather than to predict probable production, consumption,
prices, and trade. To evaluate the full implications of alrernatives, some sets of
assumptions were used that were not necessarily internally consistent in a breader
economic context.

For example, the high income growth in the developing countries assumed under
alternative II also assumes the same agricultural productivity as alternative I.
However, this combination of high Income growth and altermative I agricultural




productivity would require a highly unlikely growth rate in the Iindustrial sector of
the developing countries. Given no marked improvement in indigenous agricultural
productivity, sizable exports of nonagricultural products would be necessary to pay
for large food imports. With the agricultural sector generally accounting for a
large proportion of the economy in developlng countries, it would be more consistent
to.associate rapid income growth with higher agricultural productivity and
consequently lower imports. Thus, alternative IV, which comnnects high income with
increased agricultural productivity in the developing countries, may be a more
plausible alternative than alternative II.

Alternative II does quantify, however, the level of potential demand implied in
the higher income growth rate. It also underlines the improbability of realizing
any sharp increase in consumption in the developing countries without increased
domestic production or without food aid transfers appreciably larger than the record
levels of the mid-1960s.

The following secticns present the different assumptions and results of the
various alternatives. For each alternative, population for the United States is
projected according to the U.S. Department of Commerce Series III figures. For the
rest of the world, the United Nations' "median' variant population projections are
used with some wodifications.

Emphasis is on alterpatives I and II, which can serve as the basis for
comparison with the other alternatives. Each alternative set of projections has its
own bundle of assumptions regarding key economic variables and policy
considerations. UWNot all of the alternatives have an equal probability of cccurring.
Nor is the likelihood of one alternative to be considered superior to another in the
context of a forecast. Alternatives I and II, however, can be considered as having
somewhat higher probabilities than the others.

Alternative 1L, reflecting high U.S, exports, appears the more plausible in a

setting of strong world import demand and widespread production shortfalls—
providing U.S. production remains relatively stable or sufficient stocks are
maintained, or, as in 1975, adjustments are made in U,S. livestock feeding in order
to maintain export levels,

Un the other hand, several years of relatively "good weather," making it
possible for other countries to come closer to fulfilling their gvals of self-
sufficiency, could make alternative I appear the most likely. But the important
consideration is that while basic agricultural policy may remain the same, much of a
country's or region'¢ import and export behavior is conditioned by actions beyond
its control,

Alternative I

In general, this alternative assumes a continuation of basic policies around the
world. International trade i1s somewhat constrained by self-serving natiomnal
pelicies, but not all trade restriction goals are met, The following assumptions
are employed: -—Inceme is projected according te the "trend" income projections of
the Food and Agriculture Organization of the United Nations. These projections




foresee a coutinuation of the trend of the 1960's for the developed countries and.a
boosted trend, higher than the trend of the 1960's, for the developing countries: .

Population and income, compound annual growth rates

Base 1/ E Alternative I 2/

Population Income : Population Income

Percent
World

beveloped countries
Importers
Exporters

Developing countries
Twmporters
Exporters

1/ Growth rates are for 1960-70.
2/ Growth rates for 1985 are computed from base 197(.

——Continued growth in world import demand is somewhat constrained by high
internal prices and national food policies desipned from local viewpoints. --The
European Community continues its policy of enlargement. For the United Kingdom,
Ireland, and @ko.nark, EC membership means higher prices. --The Soviet Union,
Eastern Europe, and China implement policies gradually liheralizing their foreign
trade. =--Wot all trade restriction goals are met. Countries with a history of
active participation in international trade are treated as likely to continue
trading actively. --Technological response to agricultural inputs——using fertilizer
as a proxy for a number of basic inputs such as irrigation, pesticides, and hybrid
seed—is set at the basic rates comparable to recent trends.

Meat

Under alternative I, the grain available for livestock feed is sufficient to
permit continuved substantial growth in world productionr of meat and other livestock
products. Per capita meat consumption in the commercially important part of the
world meat economy (ceonsisting of 14 of the 28 regiomal breakdowns) rises to an
annual average of 70 kilograms in 1985, as compared with 59 kiloprams in the 1969-71
base. These estimates take into account over two-thirde of all world meat
consumption and production: 8l percent of world beef (including veal), 86 percent
of werld pork, 56 percent of world poultry, and 35 percert of world mutton
(including lamb and goat). Over the projection period, a 41 percent increase in the
feed grain use in the developed countries is associated with a 42 percent rise in
meat production. The quantity of grain allowed for feed In the developing world
shows a 74 percent growth, which appears consistent with a 70 percent rise in meat
producticn, This transiates into roughly a 1 percent annual rise in per capita meat
consumption in the developing countries. Woxld trade in meat is somewhat reduced in
volume as compared with base 1970 figures.

As the world's largest meat consuming region, the United States is projected to

continue to account for a fifth of world meat consumption., Under alternative I,
U.5. meat consumptien per person during the 15 years rises less than 1 percent
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aﬁnuﬁlly from a base of 107 kilograms to 121 kilograms. Both beef and poultry
reégicter gains of 8 kilograms to levels of 60 and 30 kilograms, respectively.
However, consumption of pork remains at relatively the same level of 31 kilograms.

With only modest increases in the U.5. population, U.S. meat production keeps
pace with consumption. WNet meat Imports remain essentially at 1970 levels, with the
decline in beef iImports offset by pork imports.

In the Eurcpean Community, the largest meat consuming area outside the United
States, consumption of meat per perscn has been growing steadily and is projected
under alternative I to continue its strong expansion--1.9 percent annually in the
original EC-6 and 1.0 percent annually in the EC-3., The incréase is from 64
kilograms in 1870 to 85 kilograms in 1985 for the EC-6 and from 73 to 84 kilograms
for the EC-3.

For the EC-3, the projected rise in meat consumption Is substantially less than
for the EC-6 because of the inhibiting effect of the more rapid rise in meat prices
in the EC-3 and also because of curtailed income growth under EC enlargement. Under
the requirements of harmonization of agricultural prices within the EC, the EC-3 is
expected to adjust to the substantially higher price levels of the EC-6.

At the same time, price effects stimulate livestock production among the EC-3 to
such an extent that appreciable exports of livestock and meat develop for Denmark
and Ireland. U.X. dependence on imported meat from cutside the EC 1s }likely to be
appreciably reduced and what remains is largely expected to be taken care of within
the enlarged EC.

Meat production within the EC-6 has been expanding also, but at a rate somewhat
less than the growth of demand for meat, So, since the early 1950Fs, the growing gap
has been filled by larger meat imports, East Germany and Poland furnish pork and
plgs, while Denmark, Yugoslavia, and increasingly, Socuth America, provide heef and
cattle. The outlock, however, Is for the production—consumption gap to gradually
become narrower. But, periodic falling off (cyeclical) of EC beef production could
require larger imports. On the other hand, cyclical highs in production trigger the
variable levy to shut out imports, as occurred in 1974, with the result that since
then, meat Imports have been at the minimum permitted under the General Agreement on
Tariffs and Trade.

In the rest of Western Europe, growth in meat consumption is projected to
outpace advances in production. The recent rapid rise in grain cutput there
probably signifies a modernization of agriculture that embraces livestock.
Alternative I projects that by 1985, the Other West Eurcpean countries will have
reached the per capita meat consumpticn levels which the EC-6 had in 1970. Imports
are projected to more than double by 1985 to .5 million tons,

Japan is projected under alternative I to rapidly increase both production and
consumption of meat. This is the wmost dramatic consumption transformation indicated
by any of the projections, raising per capita meat consumption from 15 kilograms in
1970 to 38 in 1983. While production of pork and poultry is projected to keep pace
with demand, output of beef and mutton is not. The result is that meat imports
triple in the course of the 15-year periced, reaching .8 millioan tons by 1985,

With per capita meat consumption among the world's highest, Argentina
nevertheless exports the meat from one beef animal In every four grown domestically.
It is generally considered that the high meat consumptiocn coastitutes a naticnal
reserve which can be drawn down as opportunities appear for increased exports.
Exports, however, are not steady. Supply-demand conditions in the EC-6 and in the
United Kingdom have been the major factors affecting the foreign demand for




Argentine beef, The EC variable levy on meat operates directly on Argentina’s most
lucrative export stream; after 1974, exports were reduced to token amounts., Spain,
Brazil, and Chile are also important market outlets, Fresh meat from Argentina is
not imported by the United States becausz of aftosa, but canned and frozen-cooked
beef are being shipped to the United States in growing velume. Internal conditions
in Argentina also produce dislocations in the steadinegse of the meat supply.
Pasturing 1s typically dense and exposed to drought, The economy is growing only at
a slow rate (in real terms), partly bPecause of continued high domestic inflatiom,
These internal conditions have necessitated frequent foreilgn exchange devaluations
over the last two decades which, in turn, have contributed instability to price and
cost calculations in the export sector, which is importantly a heef exporting
activity. It is not realistic to foresee an end to domestic economic difficulty.
The combined effect of these domestic and foredign factors precludes exuberant growth
of beef exports while they continue to operate, A modification of EC import policy
or changed social circumstances within Argentina could medify this expectation.
Modest expansion is more likely.

In Oceania, a strong upsurge in meat preoduction, mainly beef, is projected under
alternative I. Systematic development of the water supply in Australia’s dry
hinteriand is underway. Cattle ranching is being intensified. With domestic per
capita meat consumption expected to remain stable at present world-tecord levels,
domestic production is projected to grow far beyond domestic needs, thereby
generating large additional exports,

In recent years, about 60 percent of Australian beef and veal exports have been
shipped to the United States, accounting for over 50 percent of total U,S. beef and
veal imports, The lucrative U,S. market is limited by quota, so under Australia's
implementation of the voluntary restraint scheme, shippers must export to other less
lucrative markets as a condition for qualifying for supplying the U.S. market. It
has been estimated that Australia could expand its beef experts threefold by 1985.
But it remainzs to be seen whether pastures can permanently sustain the beef herds
being built up to achieve these levels,

Alternative I indicates some interesting changes in traditional trading
patterns, Because of increased livestock production im Ireland, the EC-3 becomes a
strong net exporter of beef, while Imports of the other six countries combined
double. Other Western Europe would be a strong importer. The net effect of these
changes 1s that Western Europe as a whole is importing somewhat less beef in 1985
than in 1970 on a net basis. 1In Japan, beef imports rise from fairly small amounts
to levels as high as the amounts projected for Other Western Europe for 1985. In
other words, Japan's patterns of meat consumption become increasingly Western.
Argentina ups its beef exports by over a third, while Australia and New Zealand
nearly double theirs. The United States lowers its dependence on Imported beef by a
quarter. In terms of total meat, the United States remains the world'’s leading
producer, with output up a fifth over that of the European Community.

Dairy Products

The world dairy situation under alternative I shows ample supply of dairy
products to 1985, primarily because of substantial production increases in the
European Community and the continued decline in demand for milk-fat products
throughout Europe. TFull accession of the EC-3 aggravates both the supply and demand
situation in the Community, since price increases at all levels within the FEC-3
stimulate production and retard consumption. With the United Kingdom becoming a
higher priced butter market and receiving most of its supplies from other EC
members, world trade in butter is substantially reduced if intra-EC trade is
excluded.




In addition to the pressure within the European Community to be self-sufficilent
in dairy products, the dairy/beef linkage forces milk output up. Although the
linkage  weakens by 1985, the strong demand for beef and continued increases in wilk
¥lelds may lead to chronic milk surpluses. Substantial exports of butter in 1985
are projected for the EC-6.

Although the loss of the U.K. market reduces New Zealand's butter exports
substan:ially, New Zealand continues to be the world's wajor exporter of butter,
Partially offsetting the decline in butter exports 1s a substantlal increase in
cheese exports. Milk production in New Zealand slows considerably from historical
growth rates, Cow numbe.s decline as milk production per covw Increases.

The shrinking of the foreign market for butter accelerates the shift away from
dairy in Australia. Australia, which was a major exporter of butter, withdraws from
the export market for butter but continues to export some cheese, On balance, milk
production in the Australia-New Zealand group is expected to decline somewhat.

Graing

Alternative I projections of world production, consumption, and trade in grains
and oilseeds point up the following general comclusions: A 2.5 percent average
annuzl increase in world demand for grain through 1985 is well within the productive
capacity of the worid's grain ecomomy. Growth in output in both the developed and
developing experters is projected to be within the growth rates of the last 15
Years:

Alternative I's grain demand and supply growth factors 1/

Supply growth

Demand
growth * Productivity Resource

Percent

Base:
World
Developed countries
Imporiers
Exporters

Developing countries
Importers
Exporters

#% wu #4 se mm wmw wd Y mm oa | own aw

Alternative I:
World
Developed countries
Importers
Exporters

Develcéing countries
Importers
Exporters

1/ Compound annual growth rates calculated using actual 19697/70-71/72 and projected
1985 data. Demand rates calculated using total grain consumption data; productivity
rates calculated using yield-data; resource rates calculated using harvested area
data; supply rates calculated using production data.
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Werld grain prices {in real terms) are projected to average above low 1967/68-
1971/72 levels, but below the high 1973/74-1975/76 ievels, largely because of higher
production costs. Compared with the base period, these costs in real terms would
average about one-quarter hipgher in the developed countries and somewhat less in the
developing countries.

Gross world grain trade is projected to increase some 25 percent above the base
period and to match 1972/73-1975/76 highs on a regular year-to-year basis. The bulk
cof the increase is projected to be in wheat and coarse grain rather than rice., The
United States continues to account for over half of the wheat, rice, and coarse
graln traded on the world market. Substantial growth also occurs im Thai and
Brazilian exports. The developing countries and Japan account for over two-thirds
of the increased imports. Any further increase in trade weuld likely be comstrained
by the continved use of domestic support programs and restrictive trade policies in
the richer grain-deficit countries as well as in the poorer countries committed to
maximizing self-sufficiency.

Bevelcped Countries.—-Grain preduction in the developed countries is projected
to increase 2.2 percent per year, with a large part of the increase generated by
high support prices in the European Community and Other Western Eurocpe. Growth in
the major grain exporting countries--the United States and Canada in particular~—
would average below the growth rates for 1960/61-1972/73 (during most of this
periocd, growth in the exporter's grain production was consciously slowed)}. Even
after providing for a doubling of exports, production programs could become
necessary under alternative I if gains in production in the major exporting
countries out-distanced growth in effective domestic and forelgn demand.

Grain consumption is also projected to rise 2.0 percent per year, with the bulk
of the increase expected in grains used for livestock feed (coarse grains and soft
and/or utility wheat). Greowth would be marked in the European Community, where
increases in livestock support prices would raise feed consumption over 40 percent
above base levels. As table 13 indicates, EC-6 livestock-feed price ratios under
alternaiivs I would be appreciably more favorable than in the base period,
particaiarly with regard to pork, poultry, and beef. Increases comparable to those
in the EC are expected in CGther Western Eurcope and, te a lesser extent, in Eastern
Eurcpe. Feed use of grain in Japan would more than double. But even with these
increases, feed use in these countries would still be roughly half the base per
caplta level in the United States and Canada, Livestock-feed ratics are alsc
projected to improve for exporting countries, particularly in the beef, pork, and
poultry sectors as opposed to the dairy sector (fig. 9 and table 14)., Continued use
of producer grain and livestock price supports is likely to keep prices high in a
number of the developed importing countries, consequently limiting demand growth.
The developed countries exports of grainm would exceed the record high levels of
1973/74-1975/76 largely because of growth in import demand in the develeping
regions. The gross wheat, rice, and coarse grain imports of the deficit developed
countries are expected to be appreciably higher than in the 1%69/70-1671/72 base
period but only slightly above the record levels of 1973/74-1975/76. Restrictive
trade policies used im conjunction with domestic support programs would tend to
limit Imports, except in periods of production shortfalls,

Developing countries.-—Alternative I projects a 3.0-percent average anpual
increase in grain production in the developing market economies--somewhat higher
than their projected population growth rate of 2,7 percent annually (tables 15-16).
The develeping countries' mix of grain production is not expected to change
drastically. A continued shift of resources out of ceoarse grains into wheat is
tikely, but rice will continue to dominate among the individual grains, followed by
corn and wheat, Production increases are projected to be strongest in the reglous
with large reserves of arable or potentially arable land--for instance, Brazil,
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Table 13--Price ratios of selected products, recent averages, and projected, 1985

Region P 1969/70-71/72

and :
price ratio H base

1973/74-75/76
average

I

1985 alternatives
: II

United States:

Beef cattle-corn:
Pork—corn :
Poultry~corn
Milk~corn

Beef cattle—mllk
Porl—milk

Beef cattle-pork:

Canada:

Beef cattle-corn:
Pork=-corn
Poultry-corn
Milk-corn E
Beef cattle—mllk
Pork-milk :
Beef cattle-pork:

Oceania:

Beef cattle-corn:
Pork-—-corn :
Poultry-cormn
Milk—-com

Beef cattle-mzlk
Pork-miik

Beef cattie—pork:

EC-6:

Beef cattle-corn-
Pork-comn
Poultry-cora
Milk-corn :
Beef cattle-milk:
Pork-milk

Beef cattla-pork:

EC-3:

Beaf cattle-corn:
Pork-coun
Poultry-corn
Milk-corn

15.74

11.73

4.60

1.23
Continued—-
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; Table 13--Price ratios of selected products, recant averages, and projected,
- T 1985--Continued

fs Reglon : 1969/70-71/72 ¢ 19?3}?4—75}76 : 1985 slternatives

. and : " ba H H :

4 price ratio : bse : R average : I : Ir
EC-3--Continued: ;
Beef cattle-milk : 8.87 10.80 12,77 12,81
Pork-milk : B8.80 11.61 9.31 9.55
Beef cattle-perk : 1.01 .93 1.37 1.34

- _ Japan: :
Beef cattle-corn : 16.99 18,51 17.24 16.21
Pork-corn H 10.62 8.65 10.14 10.10
Poultry—-corn : 7.64 5.94 8.49 11.80
Milk-corn- : 1.92 1.74 1.79 1.94
Beef cattle-milk : 8.84 10.66 9.61 8.35
Pork-milk H 5,53 4,98 5.65 5.20
Beef cattle-pork : 1.60 2.14 1.70 ©o1.61

parts of Southeast Asia, and the low-income countries in East Asia (tables 17-18).

Projected yield increases for these regions are somewhat less than those projected

for the land-tight regions such as South Asia, North Africa/Middle East, and Middle _
America. Of the remaining regions, production would lag well behind population in N
high~income East Asia, Central Africa, EFast Africa, Venezuela, and Other South o
America.

™

Consumption is projected to increase 3.2 percent per year, slightly below the
growth rate of the 1960"'s, but fast enough to push net imports in 1985 up to 49
million tons——approximately double the base period level and over 50 percent above
the record high 1973-75 levels. The developing market economies would be roughly 90
percent self-sufficient in 1985 under this first alternative, as compared with 94
percent in the base period and 92 percent in 1973/74-1975/76.

On a per capita basis, only Central Africa would be expected to show a declining
per capita grain consumption level (tables 19-20). None of the currently grain-
deficit developing countries, however, are projected to have lower grain import
requirements in 1985 than in 1969/70-1971/72 (table 21). The most marked imcreases
in import requirements, however, are projected for the higher income countries—-
especially those of East Asia and North Africa/Middle East—-and to a lesser extent
thoce countries other than Central Africa facing declining per capita production . i
levels. 5

Oilmeal

Projected increases in demand fer meat and other livestock products imply a
rapid increase in usage of oilmeals, especially in the developed countries where i
most of the increased meat production will arise.  Under alternative I, world i
oiimeal consumption is projected to expand by 29,7 million toms, from an average of £
42.2 million tons in 1969-71 to 71.9 million tons in 1985. The developed countries
account for 84 percent of the increase. The largest regional changes are projected
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World: GrainfMeat and Qilmeal/Meat Feed Conversion
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Table l4--World grain and meat trade prices relative to coarse grain prices, 197G, and projected, 1985

*
H

Cilmeal @ Beef I : FEeef ITI : . Wheat : Oilmeal : Beef I @ Beef II @ Pork

1870 base

1385:
I
1-4

i1
Irr
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Tatle I5—Production and consumption of total grains, developing countrles, vecent averages, and projected, 1335

T 1969/70-71[72 1965 .
: base . LeIMTaBsIE T : 1T : T : 4] : &
Pre- ¢ Lon- H Pre- : Con- H Fro- : Con- b Pro=- : Con- H Pro-= : LCon- H Pro- : Con- : Fro- ! Con-
t dugtfa: igwoprion f duction :swuprion : duccion :swmprion @ ducrion :sumption : ductico :sumption : deckion :sumprion:ducrion :isumprion
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108.0 98.
28.4 23.
26.

37.
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10.

116.6 107.6  124.7 i07.
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28. 13.0 2B.0 13.
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1z, 15.9 13.3 15.

1018 irl.
4.3 7B,
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Table 1l6--Compound annual growth rates for production and consumption of grain, developing countries, projected, 1985

3 19B5
H 11 H I1I H Vv T IV-p
Region Fro- : Com— Pro- : Con- i Proe- : Com- i Fro- : Con- : Pro- : Con-
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Table 17--Per capita production and consumption of total grain, developing countries, recent averages, and projected, 1985

1969/70-T17/72 = : 1945

hase . 1973/74-75/76 1 _z 1T : 11T : IV : V-4
Pro- : Com— : Pro- : Com- ‘T Pra- : GCon- i Pee— @ Con- ¢ Pre- 3 Com— @ Pro- @ Com- @ Pro- Coa-
duction rsumprion :ductionsswmprion :duction :sumprion :duction :semption:ducCion isumption :diction:sumption : dyrtion : _swumption

Regian

2¥5.5 31.6 259.2
Middle America 2143 226.7 230.3
Arpentina 447.9 476.3 437.3
Brazil : 238.9 235.1 288.5
Venezuelia 1731.0 . i73.3 . 202.8
Other South Americz : I4E.L 152.4 . 162.0

Lacin America

PRV TR

WO m W
D R R b

Africa and West Asia : 153.7 155.5 . 163.4
High-ipcoce Morth Africa/Middle Easc : 226.4 228.8 . 276.5
Low-income Kareh Africa/Middlae Eastc 303.2 296.2 101.4
Central africa : 4l.: £6.9 . 01.5
East Africa : 12%2.6 128.0 . 131.1

w o
(PR TR

Other Develcoping Asia : 166.6 163.8 . 178.1
Indiz : 161.1 145.2 172.6
Ocher Souch Asia . 150.4 182.1 150.6
‘Thailand H 2045 215.1 2145.7
Ocher Scutheast Asia : 209.8 201.7 2148.7
Indonesia H 129.7 147.5 164.13
High-income East Asia : 291.1 267 .0 315.5
Low-income Sasc Asia H 17z.1 i. 167 .0 Tret
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Developing cauntries total 17%.8 1714 185.6




Tahle 1B--Compound annual growth rates for per capita production and consumption of grain, developing countries, projected, 1985
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Table 19--Net grain trade, developing countries, recent averages, and projected,

e

. e g e TR TS
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1985 1/

Region

: 1960/61-1962/63

1969/ 70-1971/72

i 1973/74-1975/76

Latin America
Middle America
Adrgentina
Brazil
Venezuela
Other South America

Africa and West Asia

Hiph-income North
Africa and Middle
East

Low-income North
Africa and Middle
East

Central Africa

East Africa

{Other Developing A4sia
India
Other South 4sia
Thailand
Other Southeast Asia
Indonesia
High-income East Asia
Low=-income East Asia

Developing countries totai:

-17.9

Million metric tons

-4.1
+5.0
-1.2
-1.2
=2.7

.9
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Table 20--Effects of accelerated growth in fertilizer use on grain production in the develeping countries

; Added f Physical
Region . fertilizer : response
: applied ! coefficient

! Ferrilizer
‘ effects on : . net imports

Price effect on H

Change in

products i Production : Consumption

: 1,000 mecric Grains/
: Lons fertilizer
Latin America: :
Middle America : 705
Brazil : 914
Venezuela : 59
Other Scuth America : 280
Africa and South Asia:
High~income Horth
Africa and Middle
East : 470
Low=income North
Africa and Middie
East : 700
East Africa : 126

Other Developing Asia:
India : 2,265
Other South Asia : 329
Thailand : 10&
Other Southeast Asia : o7
Indenesia H 304
High-income East Asia: 411
Low-income East Asia : 245

Total above 1f : 7,211

Million metric toms

=540 +1i67
-2,486 +120
=13 +18
=135 +107

1/ Excludes Argentina and Central Africa.
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Table 2]1--Eifects of lomgrun climatic change on 1985 trade in grains 1/

Alternatcive I E Alternative II X Alternative IV

‘Original 2/ ' Low yield 'Original 2/ ' TLow yield ' Original 2/ Low yield

Develioped countries H 68.5
Importers : -48.0
Exporters 3/ :  116.4

United States : 76.4

Centcrally planmmed countries : -19.4

Developing countries : ~48.9
Importers : -68.8

Exporters &/ : 19.9

Million metric tons

98.5 127.6
-64.0 -65.5
193.0

152.9

-41.0

-86.5
-108.8

22.3

1/ As measured by a reductiom in yields.

2/ Original projections for alternatives I, II,
3/ united States, Canada, Oceania, South Atrica,
4/ Argentina, Tnailand.

and IV are discussed in eariier sectioms of this report.
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for the EC-6, where consumption is up 7.0 million tons; the United States, up 6,9
million tons, and Japan, uvp 4.0 million tons. Among the developing countries, only
Brazil and India are projected to have over l-million-ton increases in tatal usage.
Growth in Brazil is especially rapid, projected at nearly 9 percent annuaily over
the period. High—income North Africa/Middle East, and high-income East Asia, are
projected to have consumption growth rates comparable to those of the developed
countries, generally between 3.5 and 4.0 percent annually.

Large preduction increases for oilmeals are projected for the United States and
Brazil, both based on soybean meal. Annual growth ratei: for the two countries are
3.8 and 15.3 percent, respectively. Production in Other South America, based
largely on fishmeal, is projected te grow only slowly, since the 1971-75 periad
indicates that prospects for a larger fishcatch are not promising. Production in
Peru, the largest producer, has not returned to the levels that prevailed during
1969~71. Production of meal in India, largely hased on peanut meal, is projected to
have a rather modest 2.6 percent annual growth rate.

World trade in oilmeals is projected to more than double over the prejection
period. A substantial increase in imports is projected in the centrally planned
economies as they attempt to expand production of animal products. Growth in
oilmeal trade 1s projected to be more rapid than growth in world production because
demand growth in some of the major producing countries is projected to be slower
than in the major importing countries. Thus, the projections indicate an increased
dependence on world markets to meet import demand and to provide export markets.

Large growth rates in imports are projected for Western Europe and Japan—
growing at annual rates of 4.3 and 5.9 percent, respectively. Oilmeal exports of
the United States and Brazil are projected to be up 11.7 millior tons each aver
1969-71, TIndia, another major exporter, is projected to decrease rather than to
increase exports because domestic use is projected to rise faster than production.

Alternative II

This alternative assumes high import demand. The following assumptions, which
are in contrast to the assumptions of alternmative I, were incorperated:

-~The income growth rates used in altermative I are

multiplied by a factor of 1.2 for developed countries and
1.4 for developing countries:

Alternative II's population and income compound annual growth rates 1/

Population : Income
: Percent

World . 1.9 3.3
Developed countries .8 3.8
Importers : .7 4.4
Exporters : 1.1 3.3
Developing countries : 2.7 4.9
Importers : 2.7 5.0
Exporters : 2.6 4.0

1/ Growth rates for 1985 are computed from base 1970.
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~~The Soviet Unlon and Eastern Europe attempt t0 increase
livestock production and consumptiom at a faster rate of
growth, ‘even 1f this means expanded imports from Western
countries.

——China becomes more trade oriented and imports more grain.

—-The enlarged EC adopts less restrictive trade policies,
lower internal price targets, and narrower margins thus
permitting a higher level of grain imports.

—Japan adopts policies permitting Increased consumption of
meat and livestock products.

~~The livestock economies, particularly poultry, of the
developing world pgrow faster, especilally in countries with
enhanced petroleum revenues and higher rates of economic
growth,

These assumptions imply that demand for livestock products would be higher than
in alternative I and that this would thus generate a substantial increase in demand
for coarse grains and ollcake. Higher feed prices would encourage more feeding of
wheat in developed countries, particularly in Western Europe, where wheat competes
with barley for feed use.

In the developed countries, projected grain feeding of 388 million toms would be
30 million tons higher than in alternative I and 135 million tons above the 1970
base. In contrast, in the develeping countries, grain feeding is projected at 58
mitlion tons, 7 million above alternative I but double the 1970 base. The big
incrzase projected in the developing market economies is grain for food—458 million
tons, compared with 430 million under alternative I. '

Net imports by the developing market economies could increase ts 71 million tons
by 1985, which would compare with 49 million tons under alternative 1, an average of
18 million in the base period, and an average of 33 million in 1973/74-1975/76.
However, this high level of imports would probably have to include a substantial
increase in concessional shipments from the developed countries, déspite the overall
higher income growth rates assumed for developing countries and the increased
foreign exchange earnings in the oil-exporting countries. Under alternative II
assumptions, import policies would not prevent this trade, and appropriate growth in
nonagricultural sectors would facilitate it.

Meat

Consumption adjustments made in response to altermative IIL's higher levels of
meat production and trade differ for importers and exporters. The reduction of
variable levies in the European Community and the restructuring of consumption
controls in Europe and Japan would result in narrowed margins between international
and consumer prices. Consumer prices for beef and pork under alternmative TI would
be lower than under alternmative I. The moderation of barriers to trade would be
expected to have price and business expansion effects. TFor some countries, the
postulated income effects under alternative IT increase demand for meat sufficiently
to offset the price lowering effects of the reduced levies, Increased output of meat
would alsc be expected along with increased product prices relative to input pricas.
Tn this alternative, again, price and income impacts of EC membership have adverse
effects on the meat sector in the EC-6.
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On balance, an increase in meat imports is projected for both Western Furope and
Japan, as well as for the centrally planned countries. Expanded world trade, higher
international trade prices, and the resuliing higher producer prices stimulate meat
production in Argentina, Australia, New Zealand, and other main exporters while
restraining somewhat their consumption levels, Boosted prices are alsc expected in
the United States, restraining meat consumption, stimularing its production, and
contributing to somewhat reduced meat imports. The United States could continue to
import manufacturing quality but export some high~quality grain-fed beef.

Under alternative I, with Europe and Japan restricting imports of meat, the
United States is the more lucrative import market. Under alternative II, the
substantial increase in fmport demand in Western Europe and Japan makes those two
markets more attractive, even though U.S. prices under alternative II are higher than
under alternative I. The country to benefit the most from the policy changes
defining alternative II is Argentina. Under prevailing world health regulations,
afrosa precludes Argentina from exporting beef ro the United States, the major world
importer under alternative I, and aftosa-free. Under alternative II, the expanded
markets of Europe and Japan, where aftosa is also a problem, confer major benefit to
Argenting.

Dairy Froducts

In the developed world, the higher incomes postulated under altermative II have a
smaller impact on consumption of milk products than on consumption of meat products
because of the differential income effect among these products.

While the projected increase in milk consumption tends to raise milk prices, the
impact of increased incomes on milk prices is less than on meat prices. TIm the
United States and Canada, the beef-wilk and pork-milk price ratios are higher under
alternative IT than under alternative I. Combined with lower milk-~grain price
ratios, lower levels of milk production are projected under altermative II. However,
in the EC-3, these price ratios remain about the same to a little higher under both
alternatives I and II than in the base pericd. But beef production is down somewhat
adding to lower levels of milk production under altermative II because of the milk-
beef production linkage.

On the other hand, increased overall competition for resources used in the
livestock sector and higher projected input prices in general also have a price
raising effect on milk and milk preduct prices. The net effect of these higher
prices is lower per capita consumption of fluid wmilk and butter under alternative II
than alternative I. But the income effect for cheese is stroug enough to permit
higher levels of cheese consumption under alternative II.

The projected increase in world trade of butter and cheese results in
substantially higher export prices and exports for Oceania under alternative Ii,
compared with alternative I, The substantial higher prices encourage higher levels of
milk production even though milk prices become less favorable with respect to beef
prices,

zrains

The assumptions of alternative II suggest the following general conclusions
regarding grains: A 20 percent increase in growth in real per capita income in the
developed countries and a 40 percent increase in the developing market economies,
relative to the rates used in alternative I, would generate an additional .4 percent
annual increase in world grain demand. A large part of this additional demand would
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£ probdbly be met from increased prodiction in the major exporting countries for
¥ consumption in the grain-deficit developed, centrally plamned, and developing
i countries:
7y
: Alternative II's grain demand and supply growth factors 1/
= : Demand : Supply growth
: Growth H s :
) . Productivity . Resource . Supply
( :
: Perceunt
Worid : 2.8 1.8 1.2 3.0
f Developed countries E 2.2 1.5 1.3 2.9
i Inpoxters : 2.2 1.9 0.2 1.7
Experters : 2.3 1.5 2.0 3.5
? Developing countries : 3.7 2.0 1.1 3.2
i Importers : 3.8 2.1 1.0 3.1
b Exporters 2.4 1.2 2.1 3.3

1/ Compound annual growth rates calculated using actual 1969/70-71/72 and projected
1985 data. Demand rates calculated using total grain consumption data; productivity
rates calculated using yield data; resource rates calculated using harvested area
data; supply rates calculatied using production data.

ST e

World grain trade reaches its highest projected level under alternative IL. Tais
occurs beczuse of the effects of accelerated income groewth on food and feed demand in
deficit areas and because of the effects of trade liberalizaticn on the import demand
of marginally self-sufficient as well as deficit countries. The projections indicate
world grain exports could increase to over 193 million tons by 1985, compared with
. 143 million tons under alternative I and an averapge of 90 million tems in the
i 1969/70-1971/72 base period.

i, - Real grain prices would range up to 15 percent above the alternative I level or

i up to 25 percent above the base level. This increase in real prices would result

' from higher input costs, but more importantly from demand pressure. But even under
alternative II, real prices would be below the highs recorded in 1973/74 through
1975/76., However, a succession of widespread droughts of the type experienced in

1 these years and resulting low stock levels would generate high prices gimilar to

those of recent years.

Developed Countries.—The assumptions of alternative IL provide for stronger
demand for livestock products than under alternative I and consequently for
substantially stronger demand for grains for feeding. In the developed countries,
while virtually no added food demand for grain would be generated by increased per :
_ caplita income, there would be marked increases in demand for grain—fed livestock .
1 { - products. Livestock-feed price ratios would be appreciably more favorable than in the '
: ; ‘base period or than under alternative I. Price ratio improvements weuld be stromgest 2
| in the feed-intensive pork, poultry, and to a lesser extent, beef sectors. Some
: deterioration in the milk—rcorn ratio, however, would probably be likely as milk
: prices fell off relative to both feed input and finished livestock product prices.
. B Ratic improvements would be strongest iIn the grain and meat exporting countries as
compared with the importing countries, Importers would face the dilemma of importing
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more higher cost finished livestock products or importing a larger volume of higher
cost feed dinputs.

Grain fed to livestock in the developed countries could consequently increase to
388 million tons——or some 135 million toms higher than in the base period and some 30
million tons higher than under alternative I, Higher coarse grain prices relative to
wheat prices under alternative I1 would encourage more feeding of wheat in many of
the developed countries, particularly if production of higher yielding soft and/or
utility grades of wheat continues to expand. Soft and/or utility wheat would be
expected to compete very favorably with feed barley in most of Easterm and Western
Europe.

Developing Countries.--In the developlng countries, demand for graim would
Increase at 3.6 percent per year because of growth in feed demand in a number of the
higher income countries with indigenous feeding operations and because of growth in
food demand in all of the lower income countries {table 15). Alternative IT
projections indicate that grain fed to livestock could reach as high as 58 million
tons, or 7 million tons above the alternative I level and some 30 million tons above
the base period level. This increase in feeding, however, would be concentrated im a
few regions such as Brazil, Venezuela, parts of East Asia, and high-income North
Africa/Middle East, as well as countries along the “sian rim.,

The rest of the increase uver alternative I grain demand--some 28 million tons—-
would be earmarked for direct consumption as food in the lowest income developing
rountries with hiigh income elasticities of demand and low caleric intake levels.
Chief among these would be the countries of Other South Asia, Indonesia, India, and
the poorer parts of Central and East Africa and North Africa/Middle E-st.

Production in the developing countries is projected to increase at 3.2 percent
per year under alternative LI, or roughly .4 percent faster than population growth
and some .3 percent more than under alternative I as a result of the effects of
higher supply prices {see tables 18-20). As is to be expected, much of this growth
would be concentrated in Argentina, Thailand, and Brazil, and in parts of low-income
East Asia and East Africa, as unused or underutilized capacity is brought into
productien to meet higher domestic and expanded world demand. Only marginal increases
in production would be ferthcoming im resource-constrained Indonesia, Indiz, Other
Scuth Asia, Middle America, and high-income East Asia.

if foreign exchange were available, the grain imports of the developing market
economies could increase to 71 million tons in 1985, compared with 18 million tons in
the base pericd, 49 milllon tons under alternative I, and an average of 33 million
tous for the period 1973/74-1975/76. This level of imports, however, would depend to
a large extent on Increases in concessional shipments, despite alternative II's
higher Incomes since grain prices would be appreciably higher than in either the base
period or under alternative TI.

Alternative II's combination of .generally stronger demand but 1imited increases
in preduction put the grain-deficit developing countries in their weakest trade
position of all the alternatives. WNet Indian imports would be expected to reach the
17-million~ton level, while Indonesia and Other South Asia are projected to import
over 8 and 9 million toms, respectively. The fastest growth in imports, however, is
projected for high-income East Asia and North Africa/Middle East; these two regions
alone are projected to account for Iimports of over 28 million tons. Gross grain
imperts of the developing countries as a group reach the 99-million-ton level, while
the exports of the few surplus countries would hit a record 28 million tons (see
table 19},
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$ Olilmeals

Alternative TI conditions-=high income growth rates coupled with some freeing of §
trade for grains and livestock products--have definite and somewhat unexpected
implications for oilmeals. As one would expect, the biggest changes are in Western
Europe-~especially in the EC-6, where liberalized trade policies are implemented to :
X the greatest degree. Although feed use of grain in the EC-6 is projected to be 72
2 million tons, or 3 percent, above the alternative I level, cilmeal use is projected
to.decrease. In the FEC-3 and Other Western Europe, grain use for feed is up 6.7 and
% Y« percent, respectively, while for oilmeals the same changes are -2.6 and -2.9
peicent. In the United States, ollmeal and grain feeding under alternative II are
roughly 12 percent above the alternative I levels.
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At the world level, the net effect of the increased income and policy changes is
to raise oilmeal usage 3.7 million tons, or 5 percent, above the alternative I level,
Imports are projected to Increase only slightly faster, moving from 44.5 to 47.1
willion tons. The largest changes for imports are projected in Japan and the Soviet

Unicn, wit': each projected to import aver a million tons above the alternative I
level. -
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Larger import deriand leads to higher exports, mainly by the major exporters.
Exports by the United States are projected to be nearly 1.5 million tons above
alternative I, while Brazilian exports are projected to be up approximately 0.4
million tona. The higher prices for soybean meal relative to feed grains implies
that in the United States, soybeans will bz better able to compete with corn for
acreage; on the other hand, such competition is less intense in Brazil.
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Alternative I-A

As in alternative I, a coatinuation of basic policies around the world is
assumed, but trade is more constrained. TIncome growth is the same as under L
alternative I for the developed countries, but for the developing countries, it is
one-third lower. Growth of world import demand is more fully coanstrained. EC
variable levies are set higher. Japan's imports are smaller. The Soviet Union resumes
its traditional net export position in wheat, and its net imports of other
commodities are lower than in altermative I. Eastern Europe substantially reiluces
its prain imports. Trade with Chima remains stagnant, as in the base. As a result of
constraints en world trade, world per capita consumption is marginally off, compared
with alternative I, while tending to higher levels in principal exporting regions.
World prices tend to somewhat lower levels.
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Meat

%E it The projections show that price effects asscciated with trade restriction

L policies, such as Increases In the EC's varilable levies, would have a significant :
impact on patterns of world production and use of meat. Compared with alternative I, y
world meat produciion is substantially lower. With the exception of some countries,

consumption also tends to be generally lower. Beef consumption in the EC-6 1s up

from base period levels as a consequence of higher imports, despite the higher levies

on beef imports., But these beef imports are from the EC-3, now inside the Community.

Consumption aiso holds up im Australia and Other Western Europe. Beef imports by

Eurcpe a2nd the United States are higher. Pork consumption in Western Europe is

curtailed to generate exports or reduce feed costs, and pork exports to the United

States are higher. Mutton consumption tends to be higher because of Increased

Australian and Argentine production and exports.
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Results of a comparison of alternatives I and I-A were instructive in indicating
the sensitivity of the projections model to adjustments in the EC's varilable levies
and the interdependency of the factors in the model, The policies analyzed under
alternative I=A deal harshly with the world pork economy but have important impacts
on beef and mutton, in fact on all meats, If the variable levy increase for pork had
been less than that for beef, consumption of beef would have been lower than under
alternative I. Thus, the combination cf increases in levies that would restrain
consumption of both beef and pork might provide the more acceptible policy
alternative as compared with that specified in alternative I.

Grains

The lower income growth rate assumed for the developing countries, combined with
successful use of restrictive trade policies in the grain-importing countries, would
generate growth in world grain production of less than 2.3 percent per year. The
economic impact would be greatest for the surplus grain producers faced with sharply
reduced export outlets. Growth im grain production in these countries would ‘be
considerably below the 1960-75 trend., Deficit producers enforcing trade restriction
policies would produce more grain than under alternatives [ and II, but appreciably
smaller imports would keep total availability for domestic use lower than under the
other alternatives.

World growth in grain consumptionm lags at 2.3 percent per year, or at its lowest
projected rate. The lower incomes in the developing countries generate less food
demand, and restrictions on imports, combined with generally higher internal prices
in the deficit developed countries, reduce growth Iin feed demand. As a result, world
import demand is below alternative I levels. The volume of grain moving in
international trade is appreciably above the 1369~71 base levels, but at or below the
high levels of 1972-75, The bulk of the grain would be food grains shipped to the
developing countries, and combined food and feed grains shipped to Japan.

The restrictive trade policies of alternative I-A generate record increases in
grain production in the EC-9 and ir Other Western Europe. Offsetting these Increases
are reduced prowth rates in the United States, Canada, Australia, Argentina, and
South Africa. TFor the developed countries as a whole, increases in production slow
to 1.9 percent per year.

Grain consumption in the developed countries also grows at the appreciably slower
rate of 1.7 percent per year.

The internal price levels needed to generate self-sufficiency in most of the
importing developed countries would prove too high to allow tie expansion in feeding
projectad under the cther alternatives. Growth in consumption in the exporting
countries continues at about the same rate as under alternative I, with marginal
increases in some countries as a result of lower domestic prices and readily
available supplies.

Under alcermative I-A, the developed countries would be net exporters of 50
million tons of grain, roughly four—-fifths of which would be wheat.

In the developing countries, grain preduction grows at 2.9 percent per year, or
roughly .2 percent faster than population. Growth in Brazil, Thailand, and
Argentina, in particular, lags at roughly two-thirds the historic trend rate.
Consumption of grain in developing countries grows 31,0 percent per year, compared
with 3.2 percent under alternative I, because of the dampening affects of lower
income growth. As a result, imports approach the lows of alternative IV, but at the
cast of slowing consumption increases to approximately three-fourths the 1960-75

rate.
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Oilmeals

World oilseed production under the more restrictive conditlons of alternative I-A
is less than half a percentage point above that of alternative I. World usage 1is
about 2 percent higher because of heavier rates of meal feeding in Western Europe and
Japan. In other areas of the world, including the United States, meal feeding is
generally down from alternative I levels, For the developed countries as a whole,
total usage is 3.0 percent above the alternative I level, with increases of more than
10 percent occurring in the three regions comprising Western Europe.

Nearly all of the increased utilization of oilseeds in these regions would come
from imports. Thus, the overall trade restriction assumptions of alternative I-A
would generate higher levels of trade in oilseeds. Meal trade is approximately 3
percent above the alternative I level.

Oilseed exports from the developing exporting countries are 1.4 million tons

‘higher than under alternative I, Prices are slightly lower than alternative L

levels, to the benefit of the develeped importers. Production, total uvsage, and
imports of oilmeals would be only marginally above alternative I levels.
Surprisingly, exports from the region would increase only slightly--by approximately
100,000 tons.

Alternative III

This alternative represents a situation of low import demand in a context of
trade restrictions, The assumptions are those of alternative I-A, except that rates
of income growth for developed as well as developing countries are assumed to be one-
third lower than in alternative T:

Alternative III's population and income compound annual growth rates 1/

Population : Income
: Percent

Warld : 1.9 1.8
Developed countries : .8 2.1
Importers : .7 2.5
Exporters : 1.1 1.9
Developing countries : 2.7 2.2
Importers : 2.7 2.3
Exporters : 2.6 1.8

1/ Growth rates for 1985 are computed from base 1970.

A striking point of alternative IIT 1s its demonstration of the importance of
world presperity to world trade. World demand for grains drops to levels sharply
below those of alternmatives T and I-A, Prices (in real terms) also are lower. The
sharpest drop in grain consumption occurs in feed use, Per capita demand for grains
in the developing countries grows only slowly, and import demand is 7 million tons
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! below the alternative I level. Major exporters have the production capacity to
expand concessional sales because of loss of grain markets In the developed
countries. v
The world livestoeck economy would also suffer, with per capita feed use of graim
off 5 and 10 percent from alternatives I and II, respectively, and with little more
than constant per capita expansion in the developing countries. World trade is at .
low levels, and meat consumption is high in the major meat exporting countries, :
Meat prices are below the 1970 base levels, |
With per capita income growth rates one-third below the alternative I levels,
only a 2.2 percent annual increase in world grain consumption is projected. This
conservative estimate of growth in grain demand reflects projected slowdowns in
growth in feed use in developed countries and, to a lesser extent, food use in i
developing countries:
Alternative III's grain demand and supply growth factors
H : s 1
) Demand . ; upply growth "
. . growth ? Productivity Resonurce  ° Supply
: Percent
World M 2,2 1.6 .5 2.2
. Developed countries 3 1.3 1.8 -.3 1.5
" Importers : 1.5 2.0 1.0 2.5
Exporters : 1.1 1.5 -.7 1.0
. Developing countries 3.0 1.9 .9 2.8
Importers : 3.0 1.9 .8 2.9
Exporters : 2.2 1.2 1.3 2.5

1/ Compound annual growth rates calculated using actual 1969/70-71/72 and projected
1985 data. Demand rates calculated using total grain consumption data; preductivity
; rates calculated using yield data; resource rates calculated using harvested area
: data; supply rates calculated using production data.

1

i World grain production under this low-income alternative increases 2.2 percent

' per year, or at the lowest rate projected under all the alternatives. In the major
) exporting countries, most of the differemnce between alterrative I and III production
j le—els is due to an unfavorable export outlock and dampened domestic demand. _
i So. ewhat slower growth is also projected for the deficit countries, largely because . .
' of lower producer prices, except in these countries where domestic support programs
: are implemented.

i World real grain prices are at their lowest projected levels under alternative

: 1TI, reflecting lagging growth in demand and resultant excess productive capacity in
: the major exporting countries and In a number of marginally self-sufficient
countries. Prices are still slightly above base 1970 levels. The rate of growth in
i world trade in grains is also the lowest under alternative ITI. World exports _
; increase above the 1972/73-1975/76 levels but lag at 80 percent of the alternative I K
level and at 60 percent of the alternative IT level, ;
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Under alternative III, use of oilmeals is projected to be over 7 percent below :
the alternative T level. World imports are projected to change by approximately the i
;- same percentage. The lack of demand has a significant impact om projected real :
. prices, dropping them to levels that prevailed in the base period.

Developed Countries

3 Lower incomes would genmerate no substantial change in food consumption of grains
: in developed countries. Slower growth in feed demand accounts for the lower growth
rate of 2.2 percent per year in combined food and feed demand. Grain fed te
livestock accounts for less tham 70 percent of total consumption, as compared with
73 percent under alternative I and a high of 75 percent under alternative IL.

Grain production in the developed countries increases 1.5 percent per year., As

f under alternative II, however, the bulk of the adjustment would be in the surplus : 3
E producing countries——the United States, Canada, Australia, and South Africa—-because

vy of weak demand at home and abroad. Production in Western Europe actually reaches

i its highest level as support programs generate higher production levels and

restrictive trade policies result in lower grain imports than projected under
alternatives T and II.

§ Trade in the developed countries reaches its lowest proiected levels under

¢ alternative III. The imports of the deficit countries increase only slightly from

: 1973/74-1975/76 levels; increases in Japanese purchages account for well over half

; of the growth in the developed country total. Exports from the surplas developed
countries also grow slowly. For the developed countries as a group, exports are
projected at 52 million tons, compared with 98 million toms under alternative II and
68 million tons under alternmative I.

i Under the conditions of alternative TII, total use of oilmeal in the developed

! region falls 5 millicn tons, or about 8 percent, below the alternative I level. The A
i lower prices for oilseeds relative to grain in the EC moderate the income effect in

that region. Thus, use of oilmeal in the EC-6 is projected to be only 3.2 percent . ;
below alternative I levels. In contrast, total use in Japan drops 1 million tons, %
or about 12 percent. For Canada, the percentage decline is even larger.

i Developing Countries

Growth in grain production lags at 2.7 percent per year, primarily because of

P the effect of weaker demand and consequently lower supply prices than under 2
: alternatives I and IT. The projections indicate that while much of this slower
growth would occur in Argentina, Thailand, and Brazil, even the grain-deficit P

i developing countries would face reduced growth in production.

ﬂ Growth in grain consumption in the developing countries lags at 3.0 percent per
: year, partly reflecting a slowdown in grain feeding in the countries with budding
livestock operations. Slow growth in direct food consumption in the poorer

; i developing countries with large populations, however, would make up the bulk of the
: lower grain consumption level.

. 3 Even given the situation of low import demand, alternative III projects that

' i 1985 net grain imports in the developing countries would be well above the 1973/74-

H 1975/76 levels. A large part of the developing countries' imports could possibly be

! purchased on concessional terms as the major exporters attempt to expand trade in :
! the face of dampened world feed grain demand. ’
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Under alternative III, total oilmeal utilization in the developing region is
only about 2 percent below that of alternative I. Total imports change even less.
The change in exports is projected to be less than 1 percent, indicating that the
developed regions bear the brunt of the decrease in import demand. In India, the
major consumer of oilmeals among the developing countries, the lower prices that
alternative III generates more than offset the decline In income and result in a
tiny increase in cilmeal consumption relative to that of alternative I.

Alternative IV

Alternative IV was designed to test the effect of expanding use of high-
productivity inputs onr graim production in the developing countries. The
assumptions are the same as those of alternative II, with the exception that use of
high-productivity inputs in the developing countries was assumed to increase 1.5 to
2.0 percent per year above the trend growth rates Incorperated into alternatives I-
IIT:

Alternative IV's grain demand and supply growth factors 1/

Supply growth

Demand

s R a

f growth Productivity f Resource °  Supply
: Percent
World : 2.9 2.1 .9 2.9
Developed countries : 2.3 1.7 .9 2.6
_ Laporters ; 2.3 1.8 -.3 1.6
. Exporters : 2.4 1.5 1.4 3.0
Developing countries 3.7 2.9 .9 3.8
Importers : 3.8 2.9 .9 3.8
Exporters : 2.5 1.3 1.7 3.0

1/ Compound annual growth rates calculated using actual 1969/70-71/72 and projected
1985 data. Demand rates calculated using total grain consumption data; productivity
rates calculated using yield data; resource rates calculated using harvested area
data; supply rates calculated using producticn data.

_ The model uses fertilizer as a proxy for a number of other inputs equally

- : crucial in raising agricultural productivity. Although the composition of any

: particular bundle of high-productivity inputs would vary widely from region to
reglon, fertilizers would play a crucial role in each. Fertilizer production,
consumption, and trade data were also readily available for most of the regions of
the world and physical response coefficients relating additional units of fertilizer

) : used te additional units of output produced fit well into the supply framework of

i : the projections model,

The fertilizer response coefflcients used in alternative IV were derived from

: farm management studies and experiment station data or estimated in light of a
region's resource endowment and level of technological development. The bulk of the
information available pointed to theoretical physical output coefficients ranging up
to 15 or 20:1—~that is, an additional ton of fertilizer generating 15 to 20
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additional tons of output. Wider field observations, however, suggest appreciably . N
lower physical response coefficients ranging from as high as 10 or 11:1 to as low as
4 or 5:1. It also proved difficult to project changes in these physical response
coefficients over time because of improvements in techmnology. The most relevant
data for gauging future improvements are drawn from the short history of the Green
Revolution. The longer term effects of these 5 to 7 years of technological
advances, however, were disguised by poor weather in a number of the 1972/73-1973/76
crop seasons. Recently identified institutional and marketing constraints have also
acted to blunt the beneficial effects of Green Revolution technology. The late
1960's and the early years of the 1970's were also years of generally low grain
prices in beth the developed and developing countries. Prices were also downturned
on the world market, hence keeping developing country import prices low and export
incentives for the few surplus producers quite weak.

As table 20 indicates, the physical respomse coefficients used In alternative IV
assumed a long-term product input ratio of roughly 7.5:1. The strongest responses—
10 to 12:1—were assumed for the fertile, underdeveloped regions of Thailand, Other
Southeast Asia, and Indonesia, where fertilizer use in 1969-71 averaged less than 4
kilograms per hectare of arable land and where grain ylelds averaged less than 1.3
tons per hectare. In short, the more primitive the state of agricultural techmology
and the better the resource endowment, the greater the potential increase in
production. But in these high potential areas, the bundle of inputs associated with
increased effective use of fertilizer would be extremely expensive. The bundle
would include development of land and water resources, and investment in basic
agricultural amd rural infrastructure, as well as large expenditures on the
conventional high-productivity inputs such as chemical pesticides and hybrid seeds.
The resettling of large numbers of people would be needed. Long-term, ongoling
expenditures would alsc be needed in many of these regions as the physical and
chemical properties of troplcal and subtropical soils pose serlous soil fertilitey
majntenance problems.

The weakest response——4.5 to 6,5:l-—was used for those countries where-—due a
generally to limited rescurces and population pressure on domestic food production '
capacities—the level of agricultural technology and fertilizer use is already high.

" Chief among these reglons is high-income East Asia, where fertilizer use in 1969-71

averaged more than 25 kilograms per hectare of arable land and where grain yields 4
averaged close to 3 tons per hectare. Also included ameng the weak response
regions would be Middle America and Other South America. Substantial investment
has been made in infrastructure in these two regions, and much of the initial
gain to be made by {ncreasing use of fertilizer and other high productivity
inputs has already been realized for wheat and rice. Large gains are yet to be
made, however, in subsistence farming areas where corn is the principal crop.
intermediate responses ranging from 7 to 8:1 were used for the majority of the
other regions.

f

The results of alternative IV iudicate that increasing fertilizer use 1.5 to 2.0
percent above the levels assumed under altermative I would reduce the 1985 grain
import requirements of the developing market economies to 34 million tons, as
compared with 71 million tomns upder alternative IT and 49 million tons under
alternative L.

Alternative IV projections suggest the following additilonal general conclusions:
--1f productivity in the developing market economies grew some .9 percent a year
faster than in alternative I, as jmplied by the higher levels of input usage, growth _
in world grain production could reach 2.8 percent per year, Or some .3 percent : .
higher than under any of the other alternatives. The developing countries would
account for three-fourths of this additional annual increase. The remainder would
be generated in the major developed exporting countries, swiiere use of the same high-
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income growth rates assumed for altermative II would strengthen domestic and foreign
demard for feed grain. ~-The high-iucome and liberalized trade assumption introduced
in altermative II combined with the high-productivity assumption pushes alternative
IV's consumption growth rate to over 3.0 percent per year, or well above any of the
other alternatives. Once again, more than half of the altermative IV increase would
be due to chauges in the developing market econcmies as the effect of increased
domestic supplies and lower prices encouraged faster growth in food and, to a lesser
extent, feed use. —World grain trade would remain above 1969/70-1971/72 lavels, but
would fall below 1972/73-1974/75 levels. Increased domestic production in the
developing market economies would be large encugh to meet the demand generated by
higher incomes and thus allow for some decrease in imports. The imports of the
developed countries would be only marginally above the alternative II level because
of alternative IV's gomewhat lower trade prices.

The following more specific conclusions deal with the implications of increased
fertilizer use in the developing market economies, The 2.8 to 3.1 percent annual
increase in grain production in the developing countries projected under
alternatives I and II assumes an 8.0 percent, or roughly 1.3 million ton average
annual, increase in fertilizer use through 1985. TIn the 5-8 years immediately
following the introduction of Green Revolution technology, growth in fertilizer use
averaged appreciably higher. It is unlikely, however, that fertilizer consumption
in develeping countries could continue to grow at even the lower, longer term 1962-
72 rate of 11-13 percent per year from a 1970 base of 9 million tons—-particularly
if the developing countries have to depend more and more on imported nutrients,

If the lower 8.0 percent annual growth rate assumed under alternative I can be
maintained through 1985, fertilizer consumption is projected to reach 28 million
tons in the developing countries. Fertilizer use would reach 36 million tons if, as
assumed in alternative IV, the rate of increase were 1.5 to 2,0 percent, or .5
miilion tons per year, higher. Weighted physical response coefficients suggest that
this additional 7 million tons of fertilizer--if used in conjunction with the proper
package of inputs and improved management practices--would generate an additional 13
percent or 56 million tons of grain production.

This dincrease in indigenous supply, however, would dampen farm prices and
discourage 12 million tons of production generated under the higher prices of
alternative IL. The net 43-million-ton increase in production would be divided
between a l0-million-ton increase In consumption due to lower demand prices and
a 33-million-ton decrease in imports due to added domestic availabilities. The
reglions benefiting most from the higher productivity generated under alternative
IV would be the regions with intermediate response levels—-regions such as India
and Other South Asia--where much of the potential of wodern technology has yet
to be tapped and where the costs of the inputs associated with increasing effective
use of fertilizer would not be prohibitively high. It should also be noted that
alternative IV's assumption of increased fertilizer use does not provide for the
increases in supply prices necessary to generate accelerated adoption of the
high-productivity input package. Government intervention, either through
subsidlizing inputs or maintaining of a two-tier system of high producer prices
and lower consumer prices, would be necessary if the higher growth rate in input
usage were to be reached.

IMPACT OF CLIMATE AND WEATHER ON GRAIN PRGJECTICNS

The 1975 drought in the Soviet Union, the 1976 drought in Western Furope, and the
recent weather problems in the United States have reactivated concern about the
possibility of a changing world climate and its implications for future world food
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production, particularly grain production. These developments also raise questions
about the impact of shortrun fluctuations in weather on longrum levels of grain
production and related grain reserve and production policies.

Although there is a lack of agreement among experts on climatic change, they do
agree generally that longrun climatic changes would vesult in lower grain yields.
The impact of longrun changes in climate on ylelds would reflect a number of weather
attributes-—temperature, including levels and both seasonal and diurnal distribution
effects, insolation, and moisture of both air and soil, including level and
distribution,

By modifying assumptions concerning future growth in grain yields, the GOL model
was used to estimate the impact of possible longrun changes in climate. The impact
of shortrun fluctuations in weather on the frequemcy and magnitude of production
shortfalls is examined in the GOL model in terms of the following question: will
maintaining sufficient reserves to meef shortrun shortfalls require significantly
higher levels of longrun production? The implieit assumption is that in many parts
of the world—particularly in the developing countries--stocks accumulated Iin bumper
years are considerably smaller than would be required to maintain trend consumption
in years of major production shortfalls. Policy as well as economic issues would be
involved in decisions about needed future production levels. Such decisions would
need to recognize that longrun grain production levels and grain reserve levels are
interrelated.

Fffect of Longrun Climatic Change

In the recent controversy over climatic change, a number of theories have been
advanced as to why the world's climate could be expected to change (1103) (1104}
(1105) (1106) (1108) (1109} (11i2) (1117) (1118) (1119) (1120) (1122) {1123}. One
theory is that a cooling trend in climate is occurring and that the trend will
continue. Another is that a warming trend is likely in the future because of the
increase in carbon dioxide (CO,) in the air resulting from the burning of fossil
fuels. A third theory suggests that there is a relationship between sunspot cycles
and precipitation.

With respect to the cooling hypothesis, annual temperature data for the Northern
Hemisphere shows a distinet rising trend from the 1880's to the 1940's, with a
subsequent decrease to the 1970's. There is disagreement, however, as to whether
this cooling trend is continuing. A continued cooling trend could have a gerious
negative impact on the northernmost agricultural areas of the United States and. on
agricultural ar=as in Canada and the USSR. The effect on production in the United
States would be marginal, however, because there would be U.S5. areas that might gain
from a cooling trend.

#

With respect to the warming hypothesis, it is argued that the so-called
“"greenhouse effect’ caused by emission of carbon dioxide is offsetting the cooling
trend of recent decades. There has been gspeculation that the net effect of this
warming would be a sharp decline in the productivity of much of the world's food-
producing. regions. But so¢ far, no consensus has been reached.

With respect to sunspots, theorists suggest that a reoccurrence of a 1930's-type
drought is ™due” in the High Plains of the western United States in the mid-1970"s.
On a world basis, most drought conditions appear to occur at random, but the time and
location on the U.S, High Plains appear to be an exception. Here, drought conditions
have shown a marked regularity every 20 to 25 years, corresponding with sunspot
cycles.
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Virtually the same points have been raised where longrun projections of world
grain production ave concerned (1111} (1113) (1115} (1116} (1121). One position that
hag been taken is that no provision should be made for longrun changes in climate
because of the uncertainty as to the directlon of change, because of confusion as to
measuring the impact of weather on grains, or because of basic belief in the random
nature of weather variaticns,

The weather-related shortfalls in grain production of the past few years have
also raised questions about longrun increases in grain yields. For the past 3 or 4
years, grain yields, particularly in the United States, have not kept pace with the
trend of the previous two decades. One view contends that much of the increase in
grain yields over the last several decades resulted from exceptionally favorable
weather, and that growth in yields is slowing. An opposing view is that improved
technology, through new seed varieties, increased fertilizer use, and better
management practices, has greatly reduced the adverse effects of weather,
particularly in the United States and Western Europe.

Several conferences have been held on the relationship between climatic change
and food preduction (1107) (1109) (1110} (1118) (1120). At a December 1974
conference at Sterling Forest (1120), there was general agreement that the 1955-71
period represented a sequence of favorable growing seasons, particularly for the
United States. The June 1976 conference in Bellagio, Italy, noted that while the
sharpest increases in corn yields in the United States accurred after 1960, when
nitrogen fertilizer became cheap and plentiful, the U.$. Corn Belt had unusually
favorable weather from 1956 through 1973 (1118). The November 1975 conference in
Toronto on “"Living With Climatic Change" and subsequent seminars noted that "the
remarkably consistent high productivity of North American agriculture from the mid-
1950's to the early 1970's has been due to z combination of improved technology and
exceptionally favorable weather..." (1107) (1109), It was argued that this unusual
run of good years has given a false Iimpression of stability and security, and that
the climate of the preceding century was much more variable and was characterized by
periods of either sustained drought or excess moisture.

Assumptions

In addition, several alternatives were rum to test the effects of adverse longrun
climatic change on world preductiom, consumption, trade, and price levels of grain,
Yield reductions of 5-15 percent from the 1985 levels were postulated for the major
areas of the world subject to wide weather fluctuations historically. These lower
yield growth assumptions were run for the lower demand alternative I; the higher
demand alternative II; and alternative IV, which assumes the developing countries
make a concerted effort to offset longrun climatic change by reorganizing their
agriculture and upgrading their agricultural technologiles.,

Implications

The effect of lowerinmg yields 5 to 15 percent from the levels projected for 1985
differ markedly for alternatives I and II (table 21}, The impact under alternative I
is moderate, primarily because the major producers are able to »ffset the decrease in
yields by expanding area, thus compensating for slower growth in their own yields and
glower growth in regions where area expansion is more difficult, Area expansion is
limited in the developed importing countries; consequently, their grain import
requirements are more than 20 million tons above the original alternative I level.
8lower growth in grain production in the developing countries would 1ikely slow down
overall economic growth. This could make it difficult for some of the developing
nations to accumulate sufficient foreign exchange earnings to meet this increased
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gap. World wheat prices are as much as 20 percent higher than the original
alternative I levele} coarse grain and rice price increases are somewhat smaller.

The 5 to 15 percent lower yields in 1985 combined with the higher demand
assumptions of alternative II could pose serious problems, Under this alternative,
the major daveloped exporters use an appreciably larger share of their productive
capacity than under alternative I. Expansion of area can only come at higher costs
per unit of output and at the expense of other crops.

Grajn area expansion beyond alternative II levels under the poor weather
assumptions is consequently limited, even though world prices of wheat increase to
$100 per ton, up from $78 per ton im real 1970 dollars in the original alternative IT
projection, and coarse grain prices move from $71 to $91 per ton. Livestock prices
also increase significantly. The lower pork-grain and beef-grain price ratios tend
to discourage livestock preduction below altermative II levels. The higher feed
costs could also be expected to result in pelicy changes in the EC, Other Western
Europe, and Japan that would affect the grain-livestock mix, For example, a move to
less trade liberalization and return to higher levies for both meats and grains would
be expected. Higher internal prices for livestock products would tend to discourage
consumption and expand production to compensate for lower vields and poor grasses.
Another expected policy change would be a move by the EC to export more wheat, and to
substitute cora for wheat for feeding. This would tend to raise the world level of
coarse grain prices, but would mitigate the rise in wheat prices if minor adjustments
were made in the feed use of wheat.

These changes generate U.S. coarse grain exports of 77 million tons--up from 62
millicn tons under the eriginal alternative IT. The increase in U.S. wheat exports
is conslderably iess—=from 50 million tons under the original alternative IT to 54
million tous.

Hith a deterioration in climate, there would likely be reduced U.§. yields in the
prescent major wheat belt and some shift in wheat production eastward to areas with
more moisture. This move would be limited because of competition from coarse grains
and soybeans. TFor these crops, preduction would also move eastward, where moisture
tends to be higher., The net effect of the shift would be to mitigate the average
loss in yield for the United States as a whole and permit expansion of grain area,
but at the expense of other crops.

Total grain and soybean area for the United States under the poor climate
scenaric is projected at 118 million hectares in 1985. This corresponds to 93

‘hectares harvested in 1975/76. Harvested area in Canada, Australia, and Argentina by

1985 would also be above recent highs, but growth in both harvested area and exports
would be proporticnally smaller than for the United States because of these
countries' limited ability teo increase their productive capacities within the next
decade.

World trade in beef and pork is also affected under the poor climate scenario.
The increase in varizble levies in the EC and trade restrictioms in Jzpan would again
make the market for low-grade beef in the United States more attractive than that in
Europe. Livestock production in the major exporting countries is also affected, and
Argentina and Australia camnot take full advantage of the high world prices for meat.
Beef production in the United States would be expected to shift to a greater extent
east of the Mississippi—-accelerating a trend that has been occcurring in the last two
decades. The United States could continue to be a major exporter of pork, even
though the world price of pork rose substantially more than the price of beef.
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For some countries in the developing world, area expanaion could be expected to
accelerate because of substantially higher foreign and domestic prices. In Brazil,
soybean production would be expected to expand. But area expansion could also be
expected to exacerbate weather risks and yield variability. In land-constrained
regions such as South Asia, the Impact of lower yields could be quite serilous unless
appropriate action were taken to reorganize agriculture and improve the quantities
and qualicy of inputs. For example, if we assume that production policies in these
regions continue as assumed in alternatives I or II, then the import gap could not be
met without massive food ald. Imports of grain are 85 million tons, compared with
the original altermative II level of 70 million toms. 8lowed production growth and
high import demand, however, would be incompatible with high income growth and
agricultural productivity.

However, it would be unrealistic to assume that under such circumstances a
concerted effort to boost production, such as assumed in alternative IV, would not be
undertaken. TFor example, if we test the impact of lower yields using the same
assumptions to accelerate production as in alternative IV, the import gap in the
developing world would shrink substantially and income growth and agricultural
productivity would be in better balance.

Effect of Production Shortfalls

Assumptions

In any given year, the impact of a "production shortfall" on grain prices is
determined by the proportion of the shortfall to be made up through imports and by
the supplies of grain available to meet resultant changes in world trade. The
longrun impact of shortfalls are reflected in the somewhat higher production levels
required over time to maintain planned reserves., The size of this added production
would depend on the frequency and magnitude of shortfalls and the policies planned to
cope with them. Greater frequency in shortfalls than anticipated could well require
additional catchup over several years.

A "shortfall" can be defined as the amount by which grain yields fall below
hisrorical tremnd. Using this definition and converting yield deviatlons into
production equivalents, 5 major world shortfails can be observed over the 1961-75
period--amounting to 34 million tons in 1961, 34 millicn tons in 1963, 32 million
tons in 1965, 25 million tons in 1974, and 72 million tons in 1975 (table 22).

What is the likelihood of a2 major shortfall between now and 1985, or in 19857
What is the likelihood of three major shcrtfalls between now and 1985, or im 19857
Three major shortfalls occurred during 1950-70, sugpesting a probability of about 15
percent in any given year, But if we had considered the period 1960 to date, we
could expect 2 to 3 shortfalls per decade, or a probability of up to 33 percent that
we have a shortfall in any particular year over the projected period. One could also
speculate that the frequency and magnitude of shortfalls have increased from minor,
generally localized disturbances in the 1950"'s to larger, regionalized shortfalls irn
the 1960's, and finally to world shortfalls in the decade of the 1970's.

While the 5 major shortfalls during 1961-75 had many attributes in common, the
impact on trade and prices was strikingly different, The following are possible
explanations.

The physical production shortfall is not always the relevant shortfall with
respect to world trade. Many countries—particularly low=income countriles or
1solationst trading countries—make up only part of their shortfalls through imports
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Table 22--Incidence of major yleld deviaciens From trend, 1950-75, and their effect on graln production
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Table 22--Incidence of wajor yield devistions From trend, 1950-75, and thelir effect on graie praduccion--Continued
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and compensate for the remainder by reducing consumption through direct or indirect
price rationing. In 1963 and again ian 1965, the USSR, through policies including a
deliberate reduction in livestock numbers, made up about a third of their grzin
production shortfalis at lhicme. But din 1972, the USSR imoorted z net of 25 million
tons of grain in order to maintain growth in livestock production in the face of
indigenous shortfall. The USSR might have imported less but for exceptionally low
world market prices. In contrast, even though the USSR grain shortfall was much
larger in 1974, world export availabilities were more limited, world market prices
were appreciably higher, and Soviet Imports were kept limited.

Table 23 compar=zs U.S., grain exports, world grain trade, and world grain
production shortfalis for major areas for selected years., In 1963 and again in 19635,
the amcount that U.S. grain exports were above trend was considerably below the grain
preduction shortfall in the world excluding the United States. Specifically, the
United States met one—third or less of the world shortfall even though it carried
substantial stocks. But in 1972/73, the United States exported 22 million tons above
trend, while the shortfall in the world was less than 20 million tons (or almest 10
million tons higher if USSR goals are included). In that year, T.S. exports met one-
third or iess of the shortfall in the developing world-—about the historical share—-—
while exports to the USSR exceeded the historical share. U.S,. export levels again in
1973/74 were above previous trends even though world production was over 50 million
tons above trend and world trade conly 17 million above.

fmplications

This section reports results of using the GOL model to test the dmpact of
shortrun weather fluctuations on longrun grain production levels (table 24). As
indicated abeve, the impact would reflect the frequency and size of production
shortfalls, as well as the production and stock policies (national and international)
adopted to meet shortfallis. These two sets of factors are highly iInterrelated.

In addition, the response of industry, particularly in the shortrun, could have
an important bearing on price and market stability. The interaction of production
policies, stock policies, and price fluctuations, and how producers, traders, and
goveruments react to them, could determine whether there is a continuation of the
historical, cyclical pattarn of several years of shortages followed by several years
of oversupply, or whethew cyclical variations in supply can be minimized.

The reaction of traders, in terms of their management of private stocks, to
production and stock policies would also have a bearing on the impact of shortrun
preduction shortfalls, Two positions appedar te be taken concerning trade response to
production and reserve poclicies. COne position 1s that if commercial traders were
given complete assurance that there would be no government interference, the market
mechanism would work in such a way that private business would accumulate sufficient
stecks to meet the necessary contingencies., The reascas usually given are that at
the worid level, regional shortfalls tend largely te oiiset each other and the size
of any shortfall to be met from stocks would be minimized if free trade were allowed
to function.

The second position is that national and probably International stock policies
are needed to meet such contingencies., In these discussicns, some critical
attributes that could affect response of the trade seem teo be ignored. The profit
motive suggests that business would consider (1) the size and frequency of
shortfalls, (2) the cost of storage, and {3) the alternative income lost from
investment of funds from delayed sale of stoeks. The cost of storage is currc+tly
estimated at about $4.50 (1970 dollars) per ton of wheat, If an annual interes: tcate
of 8 to 10 percent is applied to an alternative II purchase price, the value of the




Table 23—-Grain trade and producticon shorcfalls, selected years, 1961/62 - 1975/76

¥.5. grain exports World grain exports : Production shortfalls

. . . . Summation . Summation
. Actual | Trend | Deviations . Actwal | Trend Deviations of negative minus
. i ) i : deviations 1/ U.5.

H World
: deviations Zf

I

Million metric tons

1961/62 . 3s. . 87.4 81.9 +5.5 -35.9 ~32.8
19683/ 64 ; 41. . 1 1G2. g2.7 +10.3 -39.0 ~33.0
1965/66 ¢ 50 . 115. 102.5 +13.2 -57. ~30.6
1972/73 78. 147, 138.7 +3,2 -16. +15.2
1973/76  : 75, 161. 143.9 E 11, +50.7
1974175+ 6. +1.2 145. 149.0 ~4.0 -79.6 586 -24.1

1975776 : 83, 67.0 +16.1 168, 154.2 +14.4 -74.0 ~-74.0 -69.0

Hote: The full trade effect of a production shortfall often runs ever into the following year because of purchase—delivery
lags and stock adjustments.

Mote: 1972773 shortfall would be in excess of 20 million toms iE deviation in the Sovier bnion was measured Crom plan rathe:
than trend.

i/ tunmation of the regional negative deviatioms appearing in table 22.

2f World deviations based on summation of both nepative and positive daviations calculated for table 22.
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Table Zi--ZfFects of short-tero weather variations on trade levels, projected, 1983
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2/ : 2/

Million mekric Cong

Alrernative T variations

Developed countzies 105.4 112.3
Inporeers 3/ ~62.5
Exporters 4 174.8

bniced Stabes 115.7

Centrally planmed coumtries ¢ -27.4

—G8.8

Developlng councries
-21.6

Inporcers
22.8

Exporters 5

Origipnal alternative I and IT taken from earlier secrions.
Assumes ammual stock accumclations of B8, 16, and o0 million toms.
EC-B, EC-1, Other Western Europe, Japan.

United Seatex, Canada, South Africa, Qceania.

Thailand, Argentina.




delayed sale would be $7.50 per ton (i970 dollars), and prices in shortfall years
would have to increase by this amount times the number of years between shortfalls to
cover costs.

Changes In the frequency of production shortfalls could reduce the number of
yvears necessary to hold the stock and reduce costs. Costs could also be reduced if
the trade bought in verieds of gluts and managed supplies so as to sell in pericds of
shortages, The historical reaction of the trade can be inferred from the stock
levels of the four major exporters over the past two decades--stock levels that have
ranged up to 160 million tons. If stock levels are arcund 130 willion tias, the
trade would argue that gupplies and demand are in balance. On the other hand, when
stock levels drop to substantially below 100 million tons, as they have in the recent
period, the trade expresses considerable concern, and prices tend to rise more than
normal response would suggest because of added speculative elements in the market.
The speculative element tends to be reduced if the same stock levels continue for
several years because the trade finds that adjustments can be made—as evidenced, for
example, by the substantial drep in feed use in the United States from 1974 through
the present. At the other extreme, when stock levels reach about 160 million tens,
even though they may be held by the government with no cost to the trade, a price
depressing effect may cccur, The reason is that aistorical experilence suggests that
in any vear of a major shortfall, the additional international trade in graims,
particularly wheat, seldom exceeds 30 million toms. The above cost calculatlons thus
would suggest that a shortfall of this magnitude would have to occur every 4 or 5
vears for the trade to break even, excluding any return for increased risks. A
factor often ignored is that the costs of povernment storage durimg the late 1950's
and 1960's were financed at low interest rates,

In the GOL medel, the impact of production shortfalls 1s estimated for the low
derand alternative I and the high demand altermative II, and the analysis takes imto
account the considerations discussed above., Alsc, it 1s assumed that production and
stock policles are managed to assure stock levels sufficient to meet the
contingencies assumed in alternatives I and II.

The possibility that two major shortfalls do not occur successively is considered
firet. Under these circumstances, additicnal grain production of 80 million tons
over a 10-year period, or 8 million tons of grain productiom per year, would be
required. Raising annual production levels by this smount in either alternative I or
alternative II has only a minimal effect on lengrun average world grain prices or
quantities traded. World trade prices for wheat, as expressed by U.5. export prices,
are $80 per ton, up only slightly from $78 per ton in the original alternative II
projection., However, 1f the frequency of the production shortfalls should deuble to
reach four per decade, U.S. grain exports and werld trade prices are likely to be
even further above the original alternative II level. Thus, 1t can be concluded that
if comnsistent production and stock policles were implemented, the impact of
production shortfalls on longrun production levels would be minimal unless the size
of shortfalls or their frequency increased substantially.

However, the above runs assumed altermative I and II yieids and that a production
shortfall would not occur 2 years in succeission, The weather impact alternatives
discussed below use the projections reflecting a slower growth of yield because of
longrun climatic change, as analyzed in the previous section. In these weather
impact analyses, the base is alternative IX, Even though the weather impact by
itself may be minimal, the impact may be gignificant if pressures against rescurces
exist,

In the firat parametric run using two production shortfalls per decade, world
prices of wheat are as high as 5102 per ton and coarse grain prices, while rising
proportionately less, are $92 per ton, Grain exports by the United States, Canada,
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Australia, and Argentina total 183 million toms, with U.S. exports at 140 million
tons. If the shortfall frequency is set at four per decade, world prices of wheat
and cocarse grain rise to $105 and $93 per ton. In this situation, the major

exporters export 191 millien toms of grain, with U.S. exports at 145 million tons.

One parametric run could be described as a "disaster" case. It assumes that in
1984 all stocks have been depleted. An immediate attempt 1s made in 1985 to raise
stocks levels by 40 million tons rather than build stocks at the average annual rates
assumed in the earlier alternatives., In this instance, world prices would increase
up to 20 percent. These prices reflect average longrun elasticities, Accelerated
stock accumulation could generate higher levels, however, particularly if
announcement of such a policy led to overoptimism as to true market demand or
generated increased speculative demand.

However, normal crops in 1985 would probably result in price adjustments either
late in the 1985 season or certalnly in the following year, even under the low yileld
assumption, A real resource squeeze in a given year, as postulated in the above
parametric alternative, would bring about higher prices and adjustments in grain use
such as experienced in 1974, 1t is also quite likely that, given a series of years
in which the world market price of grain continued at high levels, the developing
countries would make a special effort to raise preduction levels through improvements
in inputs and the social and institutional organization of agriculture to offset
olimatic and weather impacts. In this case, the "disaster" alternative probably
would not create any more tightness than did the period 1972/73-1975/76.

IMPLICATIONS FOR THE UNITED STATES

The projections all indicate that the United States is likely to play an
increasingly important role in the world's grain-ocilseed-livestock economy in the
yeurs ahead.

The extent to which the U.S. agricultural economy prows in importance varies
widely, however, under the different alternatives. But even under the slow growth
alternatives I and III, the United States is projected to continue to be the world's
largest producer and trader of agricultural products.
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The United States is projected te continue to produce at least one-fifth of the
world's grain, over one-third of the world's commercial output of meat, and
approximately half of the world's commercial output of oilmeal (table 25}.

T T

U.S. experts of grains and oilseeds, and imports of livestock products, are
projected to account for even larger shares of their respective world trade totals in
1985 than they did in 1969/70-1%71/72. U.S. grain and oilmeal exports range from 50
to 60 percent of the world export total by 1985, depending on the zlternative being
considered. U,S. meat imports account for about 15 percent of the world import total
under alternative I (tables 26-27}.

All the projections point up the importance of strong growth in effective
comnercial import demand for grain and cilseeds if American agriculture is to produce
anywhere near capacity or at levels commensurate with domestic farm and food policy
goals. Specific U.S. preduction and trade implications of alternatives I and II are
outlined below.
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Table 25--Production and growth rates for grains, ocilcake, and meat,
United States, recent averages, and projected 14985

Commodity

1969/70-
71172
base

1973/ 74—
75/76

1985

i I-A ) 1T

-

Production:
Wheat

Coarse grains

Total grains 1/ :

Qilcake

Beef

Pork

Growth rates:
Wheat

Coarse grains

Total grains 1/ :

Oilcake

Beef

Pork

10,222

5,666

#Million metric tons

49,9
205.8
260.5

47.9

1,000 metric tons

13,070 12,913 13,529

5,875 6,718 7,309
Compound annual growth rates, percent gj

1/ Includes rice.

2/ Growth rates computed from base 1969/70-71/72.
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Table 26--Grain, oileake, meat, and cheese exports, United States,
recent averages, and projected, 1985

Commodity

1969/70~  : 1973/74-

1985

7L/72 f o 75/76
base :

I-A : IL

Wheat
{oarse grain
Rice

Total grain

Dilcake

Beef
Pork

Cheese

17.%
20.3
1.7

3%.0

Million metric tons

24.06

3.2
49.9

28.0
1,000 metric tous

=752

-583

-118




Table 23#--U.S. share of world market for grains and oilecake, recent averages, and projected, 1385 1/

1969/70~ : : 1985
?1;72 : 1973/ 74~ H : =y 3 T : : v
?5}’?6 : : I : : III . I

Commod ity
base

Percent of world exports

Wheat : 39.2 56.3 . 42.1 . . 52.9

Coarse grains : . 8.8 . 43.2 . . 60.2

Total grains 2/: . 65,1 42.0 60.2 31.7 54.7

Dilcake : . 60.0 51.1 60.0 51.3 57.2 5%.5

if Due to the GOL model's use of regicnal net trade rather than gross world trade, world exports are understated
and the U.S. percentage is overstated.
2! Includes rice,




Alternative T

Alternative I's base income growth rates, somewhat higher real fnput and product
prices than in the base period, and restrictive trade pelicies in a number of
importing countries generate only modest growth in world trade in grains, ollseeds,
and livestock products. World grain trade is projected to Increase through 1985 at
somewhat less than 3.2 percent per year from the 1969/70-1971/72 base level. World
import demand for grains is projected to be 143 million tons in 1985, which would
compare with an average of 81 million tons In the base period but about 115 million
tous in the recent 1973/74-1975/76 period and as high as 130 million tons in 1975/76,

U.S. grain exports are projected to account for 77 million tons of the 1985 world
import total under alternative I, compared with an average of 40 million tons in the
base period and 73 million tons in 1973/74-1975/76. In terms of market share, U.5.
exports would account for 54 percent of the alternative I export total in 1985,
compared with 45 and 63 percent, respectively, im 1969/70-1971/72 and 1973/74-
1975/76. Increased export availabilities in the other major exporting countries are
likely to reduce the U.S, share of the world grain market from the peak reached
during recent years of strong world import demand and generalized short supplies,
Somewhat stronger world import demand in 1985 than in 1969/70-1971/72, however, is
likely to keep the U,S8, share of the market from slipping back to the lower levels of
the late 1960's.

Under altermative I, wheat and coarse grain continue to account for over 90
percent of the grain traded internationally and for roughly 95 percent of U.S. grain
exports, U.S. wheat exports are projected teo be 34 wmillion toms in 1385, or
substantially above the 18-milliou-ton average of 1969/70-1971/72 but only marginally
above the 32-million~ton average of 1973/74-1975/76. In the case of coarse grains,
U.5. exports are projected to be roughly double the 20-million-ton average of the
base period but below the highs of 1973/74-1975/76. U.S. rice exports increase at a
substantially faster pace than wheat and coarse grain exports, but from a relatively
small base of only 1.7 million tons.

Alternative I's trade projections—-as well as those of the other alternmatives--do
not provide for any wide year-to-year fluctuations in import demand along the lines
of the 1972/73 or 1975/76 Soviet purchases. Consequently, any one year's export
level might well fluctuate 20 million tons or more above the projected level.

Meeting future fluctuations in world impert demand generated by unexpected production
shortfails or any marked short-term increase in conveational demand will depend on
the major exporters' ability te draw down stocks or adjust domestic feed use, as was
done in the United States in 1973/74-1975/76. The productive capacity of the major
exporters is such, however, that no problem is foreseen in meeting any of the long-
term import demand levels projected under all the alternsatives.

U.S. grain production in 1985 under this moderate growth alternmative is projected
at 291 million tons, substantially above the 209-million-ton average in the base, and
moderately above both the 1973/74-1975/76 average of 229 million tons and the record
253 million tons reported in 1975/76. Growth would be strongest in wheat production,
with annual increases averaging 2.5 percent, But wheat production in 1975--at 58
million tons—had already reached the level projected under alternative I. Because
of the increases in yields expected over the next decade, less area would be required
to produce alternative I's level of output than was harvested for the 1974, 1975, or
1976 crops. 5Some type of Government program might be needed to reduce wheat area 1if
downward pressure on prices and accumulation of stocks were to be avolded. Under
aliernative I, coarse grain production in the United States increases 37 percent
between the basz and 1985, or more than 2 percent per year. Compared with 1975
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levels, however, U.S. production in 1985 would be up less than 15 percent. Most of
the cipansion in output would likely result from higher yields. Some reductions in
coarse grain area would alse likely be necessary 1f downward price adjustments and
stock accumulation were to be avoided. Adjustments in coarse grain area, however,
would be appreciably smaller than likely wheat production adjustments.

Under alternative I, total grain production in other major exporting countries is
expected to grow faster than in the United States. While total U.S. grain productien
under alternative I is projected to be 17 percent above the 1975 level, production in
the other major exporting countries 1s proiected at 34 percent above the 1975 level.
Faster growth in production in the other exporting countries, however, depends on
their ability to recover export markets lost in the tight supply situation of
1973/74-1975/76.

Alternative I1

Alternative II's median population and high income growth rates, combined with
liberdlized trade policies in the developed Importing countries, generate

substantially stronger world demand and consequently appreciably higher U.S.
production and trade levels,

Under this high import demand alternative, world grain import demand is
projected to reach 132 million tons by 1985, with U.S. exports accounting for 114
million tons or some 60 percent of the total.

While much of this world increase would be generated by higher incomes, in both
the developed and developing countries, liberalization of trade would also generate
a significant share of alternative II's higher trade levels, TIncreases in world
wheat and rice trade would be marked as higher incomes enabled the food-deficit
developing countries to import more. In developed regions, trade liberalization
measures under alternative II result in low prices for feeds, Thus, alternative
II's stronger growth as compared with alternative I would be in trade in grains
ultimately used for feed. Growth in world feed grain import demand under
alternative II is almost twice the rate of alternative I, with U.$. corn exports to
livestock feeders In Western Europe accounting for most of the increase. The U.S.
share of this large market would increase at the expense of the other major
exporters because of greater U.S. productive capacity. The other traditional
exporters would likely have less additional productive capacity above and beyond the

capacity used under altermative T to commit to the production of added coarse grain
for export,

Alternative IL's higher import demand levels generate an increase in U.3. grain
production to some 349 million tons, or substantially above the 1975 record. U.S.
wheat production is-projected at 74 millionm tons, or 85 percent above the base
period level and approximately 65 percent above current levels. Increases in
production at the rate of the last § years, however, would be more than sufficlent
to raise production to these projected levels. U.S. coarse grain production In 1985
is projected te be 270 million tons, cor 18 percent above the level projected under
alternative I, 60 percent above base production, and scme 55 percent above the
197317&~1975/76 level., Yield increases combined with marginal expansion in coarse

grain area would be more than sufficient, however, to reach this 270-million~ton
production level.
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REVIEW OF SOME RECENT PROJECTIONS STUDIES

e

|
i

The Food and Agriculture Organization (FAOQ) of the United Nations and the
Economics, Statistics, and Cooperatives Service of USDA both analyze agricultural
developments and project their implications over the long term on a regular basis,
: With less regularity, other organizations and individuals also study world food
3 prospects. This section compares the GOL projections with those of five other
recent world food studies., The discussion focuses on grain 3/ rather than meat or
other components of the diet because of the key role grains play im the world food
balance--particularly in countries where the food preblem is most critical, The

projected year of compariscn is 1985 because it was common to all the studies
reviewed.

e

The present GOL model was developed in the spring and summer of 1974. Aggregate
regional results from the GOL model for 1985 were published in an ERS report {(124)
released In December 1974, with an earlier draft available for the World Food
Conference in Rome in 1974. &/

LNt

Major Projections Studies

The five other studies treated in this section appeared in the following order:

ST

The Iowa State University study (1012) was publiished in 1973 amid considerable
concern about the tight world food supply situation. The bulk of the study's
analytical work was done In the late ]1960's, a period of general concern over
surplus disposal rather than tight supplies or food shortages. The first part of
the study contains world (based on 96 countries) supply-demand projections.
Projections to 1985 and to 2000 were made not gnly for grains but also for sugar,
root creps, pulses, fruits and vegetables, cilcrops, meat, milk, and eggs. On the
supply side, altermatives were run with high and low limits on the area of new land
that could be developed., On the demand side, alternatives were based on three rates
of population growth and two rates of Income growth, The study does not estimate
the prices required to balance supply and demand either regionally or at the world
level, The second part of the study uses the supply and demand projections for
grains, with some revisions, as the input for a trade flow model. Additional input
to this trade model included fertilizer use, plant capacity for fertilizer
production, and transportation costs for grain and fertilizer. These inputs were
then used in a linear programming framework to generate trade projections for
grains. Neongrain foods were not discussed in the second part of the study.

T e St ket B

; The University of California study (1074} was issued in the summer of 1974, a
1 period of considerable public concern about the adequacy of future world food

supplies. It was based to a large extent on preliminary ¥AO work and focused on . ;
world nutritional problems and their relation to research. The study emphasized the _ 4
factors likely to influence future production and consumpticon levels. There is E
detailed discussicn of crop and livestock crop production determinants, including : 3
climate, natural resources, energy, environmental quality, nutritional requirements, )

e
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3/ In the GOL study, grain includes rice. In some studies, the word "cereals" is .
used when rice 1s included. Y

4/ The GOL model was also used to project to the year 2000. 'These results were é
presented at a seminar held in Rome (165) and they also appear in (164). : .

[
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and food technoclogy. However, the quantitative impact, either natlonally or
internationally, of these and other factors was not treated in depth. The
quantitative projections shown in the California Study are largely extrapolations of
the FAQ projections study published in 1$71. Supply and demand balances are
computed for the world, for seven continental regions, and for 17 food groups. In
addition to the traditional tonnage supply-utilization estimates, the study's
projections are converted inte caloric and protein equivalents. The role of prices
was not defined. One interesting conclusion of the study is that where shortages
exist, they are likely to be due to caloric rather than protein shortfalls.

The Food and Agriculture Organization (FAQ) study (1072) was prepared in 1973
and 1974 and was designed to provide a framework for discussion of world food
problems at the World Food Conference of November 1974. FAO's study was also
prepared at a time of serious concern over the overall adequacy of food supplies.
Demand projectlons based on population and income were made for all foods, and for
19 specific food groups; the FAO study also translated 1985 projections into caloric
and protein equivalents. Particular emphasis was given to the developing market
economies. The projections appearing in the Rome Conference'’s assessmeni papers
drew heavily on this 1973-74 FAC study as well as on FA9's earlier projections to
1980 published in 1971 (603).

The International Food Policy Research Institute {IFPRI) published a report in
February 1976 (1043} which estimated the probable cereals import gap im 1985 in the
developing countries, with emphasis on the policy issues involved, The methodology
of the study was to project production using historical (1960-74) trend growth
rates. Demand was projected for three alternatives—high income growth, low income
growth, and as a function of population growth only, assuming a constant 1965-71 per
capita consumption., The study does not define either the world conditions
assoclated with alternative grain balances or the effects of various prices and
price ratios omn the overall level of imports. The IFPRI study contains a brief
discussion of the importance of root crops in food supplies and how they might
subgtitute for grain and/or increase the requirements for cereals,

The Organization for Economic Cooperation and Development {OECD) published a
study in late 1976 (803). The study analvzes factors affecting production and
consumption, and compiles existing projections materlal. The study, like that of
the University of California, 1s mainly a qualitative rather than a quantitative
study; the projections published in the study were drawn largely from the work of
other organizations, beoth govermmental and nongovernmental., Projections were made
for grains, feeds, meats, and dairy products for selected country groups and
regions.,

These studies all differ somewhat as to methodology and in the assumptions made,
The major differences between t'ese studies and the GOL study are as follows:

(1) The GOL study is the only study that presents projected values directly
from a mathematical wedel. This requires specification of mathematical
agsumptions as well as the usual pelicy assumptilons.

{2) The GOL model projects both quantitices and prices simultaneocusly. Most
other projections studies assume constant prices, the continuation of price
trends, or ignore prices entirely.

{3) The GOL model projects grain production, consumption, and stocks in balance
at the world lewvel; it is assumed that production policies would be
changed, stock management pollcies adopted, or consumption dampened by high
prices dn order to keep world grain supply and demand in relative balance.
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While the GOL model does not ignore continuation of trends, it depends more
on underlying factors affecting demand and supply than do the other studies
being compared, Specifically, consumption is projected on the basis of
population, income growth, and other demand factors, while projected
production levels are affected by the cost and productivity of the Input
bundle used. Both production and consumption are hrought into balance at
the world level through prices affecting both production and consumption
and in turn being affected by production and consumption.

While the studies vary in methods and assumptions,. all use data with
reconcilable differences; differences in adjusted projected values cau i sequently
be evaluated in terms of differences in methodology and assumptiomn ¥ r.nclusilons
regarding likely develepments in the world food situation.

Comparison of Results

Two conclusions appear to be common to all of the studies referred to above,
particularly where the grain secter is concerned:

{1} There exists sufficient capacity at the global level to meet the food needs
of an expanding, more affluent world population well beyond 1985, and

(2} Regional food production and consumption distribution problems are iikely
to persist and in some cases possibly to worsen by 1985.

The Food and Agriculture Organization study, the University of California
study, the Towa State study, and the GOL study all point to world physical capacity
sufficient to produce grain in amounts several times greater than likely demand in
1985 or beyond to 2000. While differing somewhat on detail, all four studies
point to reserves of idle but potemtially arable area that are 100 to 150 percent
of the area currently cultivated. All four studies point to large, unused poten-
tial in the use and availability of water and other physical inputs, and to the
production implications of existing but yet unadopted technology. There is alsoc
common agreement, however, that political or organizational and/or institutional
constraints are likely to keep food production well below the potential implied in
physical capacity.

Most of these projection studies indicate that it is also economically feasible
to achieve marked improvements in both the quantity and quality of the vorld's diet,
The production growth rates underlying table 28 for the high growth alternatives
indicate that a doubling of world food consumption is quite possible by 1985 and
that, if growth rates are extended, a doubling of per capita consumption is possible
by 2000.

With repgard tc the geographic distribution of likely food producticn increases,
all of the studies point to prowing deficits in the developing and several of the
developed countries, and increased surpluses in the traditional exporting countries.

The projections of increased food deficits of the developed importers recelve
substantially less attention than do those of the low income countries. West
Eurcpean and Japanese grain import demand is projected to increase substantially by
1985-—possibly to more than a third of their annual consumption. The 50 million to
70 million tons of grain forecast to move to these countries would account for as
much as 35 to 45 percent of world trade. The prolections studies cited above,
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however, also conclude that income and exchange reserves in these developed
importing countries would undoubzedly be high enough in 1985 to finance these larger
imports. Both the OECD study and the GOL model alse conclude that, given continued
strong demand for livestock products, the bulk of this lmported grain would be used
for feed. Strong import demand in these countries could actually tighten the world
market, raise the price paid, and possibly lower the quantities imported by the
lower income countries.

As alse indicated in table 28, the developing countries' 1985 net grain import
requirements are projected to be as high as 113 million tons in the lowa State
University Study and as low as 34 million tons under the GOL model’'s alternative
vhat asgumes accelerated growth in productivity and 37 under the most optimistic
scenario of the Califernia Study. More important than the differences in the size
of the impoit requirement, however, are the differences in assumptions underlying
the projections. The Il3-million-ton gap projected in the Iowa State study was made
by calculating imports as the difference between trend production on the supply
side, and high population and income growth rates on the demand side. When
constrained by price and foreign exchange factors, however, the gap drops to 66
million tons. The FAQ and IFPRI studies show gaps from below 20 million tons to
about 85 million tons using much the same trend methodelogy. Both studies assame
constant prices, however, and thus do mot take intc account the raticning effect of
likely price increases, both on dampening demand and encouraging procduction. The
California study projects a somewhat lower gap—37-54 million tons--while the OECD
study quotes a potential import range of 0 to 100 million tons, depending on inccme
and population variants. For purposes of comparisens, the various GOL alternatives
quoted in table 28 show a range of 34 to 99 million tons, depending on the mix of
income, resource, and productivity growth rates assumed.

While a breakdown of developing country imports by region is mnot available in
all of the studies, there is general agreement as to the likely ccneentration of
import demand in the more affluent as compared to the poorer of the developing
countries. The net grain imports of the higher income countries of the developing
world--i.e., the North African/Middle Fastern countries, the more affluent East
Asian countries, and several of the Latin American countries, including Venezuela
and Brazil—are projected to grow from less than 19 million toms in the 1970 base
period to 40-45 willion toms in 1985. The imports of the lowest income countries—-—
the South Asian and Central African countries—are projected to grow from 8 millior
tons in the 1970 base and an average of 11 millien tons in 1973-75 to 11-15 milldion
tons in 1985, :

Daspite their general agreement as to the range of likely import requirements in
developing countries and its approximate geographic concentration, the studies
differ in tone. The FAQ and the IFPRI studies see the widening import gap, and the
increased developing country dependence on a few major food exporters as a measure
of declining welfare, The GOL study, as well as the OECD study to a lesser extent,
sees the likely import gap of 50 to 100 million tons as at least partially a measure
of improvement in the developing countries' capacity to supplement indigenois
production with foreign production. In this second context, the slower growth in
import demand of the lowest income countries of South Asia and Central Africa=—-given
their low projected production growth rates--is more appropriately a measure of
declining welfare. In any case, even at the maximum Import levels projected under
the Iowa and OECD studies, the developinz countries as a unit would be only
marginally less self—sufficient in 1985 than in 19270. The highest income develcping
countries of Hast Asia, North Africa, and the Middle East and areas of Latin
American would register declining self-sufficiency, while the lowest income
countries of South Asia and Central Africa would experience improved self-
sufficiency.
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BASIS FOR EQUATIONS IN GOL MODEL

i Lo

fine "Analytical Pramework! gection of this report refers to the formal
mathensiical model used to project key ecomomic variables in the graim, oilseed, and
livestock sectors of the world's agricultural economy for some future period., The
modél's mathematical relationships are specified so as to capture the interplay of
production, consumption, trade, and prices of grains, oilseeds, and livestock
products. The equations appear in a separate volume reporting on the results of this
research effort, The economic relationships underlying these equations are presented
here.

The "Assumptions" section (see pp. 5 of the present report) discusses the usual
assumptions concerning external variables, such ae income and populatiom, used to
generate the economic variables being projected by a formal mathematical model.
Specifying the formal nature of a mathematical model is very similar to specifying
the income assumptions., TFor example, using linear relationships-—as has been done--
to represent the interplay of endogenous variables contained in the model dces not
give the same results as using nonlinear relationships.

The coefficients in the equations quantify the forces assumed to exlst between
the different variables in the grain—oilseed-livestock sector. However, the
theoretical specification for a given variable is obscured by the units of
measurement into which the full model is scaled. Therefore, to aid in interpreting
the significance of the terms contained in the equations, tables in this section show
the demand and supply elasticities, growth rates, input-output rates, and the
proporticnality factors {expressed in rates and percentages independent of the units
of measurement) used in the model.

These tables take the following sequence: (1) Demand elasticities for meat, (2}
demand elasticities for dairy products, (3) supply elasticitles for meat, (&) supply
elasticicies for dairy products, (5) factors affecting use of grain as livestock
feed, (6) factors affecting use of cllseed meal as livestock feed, (7) demand for
grain in nonfeed use, and (8) area and yield elasticities for grain ard ollseeds,

The model could not be a product of a direct statristical fit because of its size.
The coefficients represeunted by the elasticities shown in the tables either were
synthesized from statistical analyses or were rhe judgment of experts. Some of the
pore important work leading to these judgments will be discussed, as will the
rationale for developing coefficients for those areas in which direct analyses were
not available.

. Consumption Levels, Income Response, and Economic Development

Substantial differences exist in consumption patterns among nations. During the
1969-71 base period, meat consumption varled from over 100 kilos in the United States
and Australia to less than 10 kilos in some developing countries. Among the
developed countries, per capita grain use was 825 kllos in the United States, 422
kiles in the EC-6, 408 in Other Western Europe, and 267 in Japan. In the developing
world, per capita usage averaged only 178 kilos.

Knowledge of why these differences exist and future expectations of the
differences are important in feed-livestock projections. This study hypothesizes
that these differences will gradually diminish, witl the low per capita use countries
approaching levels of the high per capita use countries, but not necessarily reaching
the same high levels or exhibiting identical consumption patterns.




In the present study, the strength of the income response coefficients, while
depending on statistical results where feasible, is conditioned by the stage of
economic development of a given country or region and by the likelihcod of change in
food consumption patterns. '

Only a few studles have attempted to comprehensively study income response in a
coordinated way. FAO has taken leadership in conducting cross section studies, using
food surveys from different parts of the world (607) (610). ¥FAO has used these
results to build a set of estimated income elasticities for most countries of the
world as a basis for its commodity projections work (603) (603). A few other studies
invelving mathematical models for trade in agricultural commodities also have been
based on synthesized, integrated sets of dincome elasticities (1000) (1010) (1011)
(1012 (1015) (1032) (1065) (1068). The income elasticities in the GOL model are
also a synthesis of available information.

‘In general, at low levels of income, food consumption is expected to Increase
substantially with increases in income, but as Income continues to rise the food
consumption response weakens. At high levels of income, the added income expended
for scme food groups may taper off and even become negative. At low levels of
income, diets zre generally based on a few staple crops. Added income generally
translates almost directly to consuming more of the same staples than to diversifying
consumption with other products. But as income continues to rise, the income
elasticity of grain for frod hegins to decline as diets become diversified from a
cereals base to a wider grain-carbohydrate base and ultimately to a cereals-
carbohydrate-livestock product base, A shift may also occur within the grains group,
genarally In the direction of wheat and rice at the expense of coarse grains. At
appreciably higher levels of income, income elasticities for food grains fall off and
eventually become negative as staples are replaced by a wide range of higher-price
consumer preference products. This shifting pattern of consumption over time can
also be viewed as part of a sequence of economic development from a single pastoral
economy to a highly integrated, trade-oriented, commercial agricultural economy. 4&n
ERS study by Repier (158) demonstrated that income 1s a good indicator of the overall
pattern of food consumption at different stages of economic development.

With respect to demand for grain for foed, each stage of development can be
observed throughout the world. Most of the developing countries——particularly South
Asla, Central Africa, and the poorer parts of East Asia--fall into the category of
relatively high, positive income elasticities. Results of studies on India (418},
Paklistan (401), the Philippines (425), Bangladesh (401), and cther countries (131)
(407) {(431), while varying scmewhat as to statistical bases, indicate that the
developing countries have positive income elasticities of demand ranging from .3 to
.9 for wheat and rice, and from .2 to .5 for less preferred coarse grains. The
incoms elasticities used in the GOL model for these developing countries fall within
these ranges. Many countries in Latin America and the Middle East fall into a
second category, characterized by moderately high income elasticities of demand of
around .1 to around .3 for wheat, wicth coarse grains near the botton :f this range
(402) (406) (410) (411) (413) (420) (426) (429). Many of the lower income developed
countries and the developing exporting countries fall into a third category,
categorized by very low, positive or possibly negative income elasticities in the
range of +.1 to —.1 (127) (130} (137) (148) (412) (419} (421} (424). On the other
hand, in & few of the developed countries, Iincluding the United States and some
countries in Western Europe, the iIncome elasticities for grains for food tend to be
negative (149} (400} (404) (405) (414) (413} (422) (423) (427).

A number of factors, independent of income, can accelerate or decelerate changes
in a country's elasticities. A country's present or traditional position as a
surplus producer exporting grain or as a deficit producer depending on Imported
grain is the most cobvious of the factors speeding up or slowing down income




elasticiéy changes, Income elasticities of demand have moved further and faster
along the hypeotherical function described above in the case of the major exporters,
particularly the United States, Canada, and Argentina, in earlier years and Thailand
in recent years. The introduction of new grains or the introduction of new grain
products can also keep elasticities higher than income levels alone would suggest.
Such has been the case with wheat and wheat products in much of East Asla and to a
lesser extent with coarse grain and coarse grain food products in parts of the
United States and Western Europe.

In the GOL model, the income response to demand for grain for feed is considered
differently for countries with fully developed livestock economies than it is for
countries which are beginning to develop a livestock sector. TIn the former, income
response coefficients appear explicitly in the meat and dairy product demand
functions. Thus, in this case, consumption of feed grains and oilcake is a function
of livestock output and the income effects are imputed through the feed input—
livestock output ratios discussed below.

Two approaches are used for countries in which a livestock sector is not
specified. If the livestock sector is not important, only a demand function for
total coarse grains is specified. However, for areas where significant livestock
growth is expected, a separate function for coarse grains used for feed is specified
with higher income elasticities than those in the grain-for-food equation.

The same studies that provided income elasticities for grains were alsc useful
for estimating income elasticities for meat and dairy products, In additiom,
econometric studies treating income, price, and other effects jointly were used and
are identified below in relation to price elasticities. Income elasticities used in
this study vary widely among regions, and within a region they vary among the
different meat and dairy products, For the United States, there may still he room
for further expansion of meat consumption, but the income effect is expected to
taper off with continued income pgrowth. Meat consumption is alse at comparably high
levels in Australia, a major exporter of beef and mutton, even though income levels
are much lower than in the United States. Argentina, a major exporter of beef and
mutton, alse has high beef consumption levels, even though income levels are much
lower than in the United States. For Argentina, the income coefficient is assumed.
to be .3. The income elasticities used for the EC-3, the EC-6, and Other Western
Europe are higher than these used for the United States because of the lower
consumption and income levels. Recause meat consumption in Japan is still quite low
in relation te the income level, the income elasticity exceeds unity. The study
agsumes that Japan will eventually attain the consumption levels of the United
States and that national policy may be an important determinant as to their
consumption levels.

Demand-Price Elasticities for Meat

The price-demand elasticities used in the GOL model rely heavily on the
econometric studies cited below for the United States, Canada, the United Kingdom,
France, Gerwany, Australia, and Argentina. The analyses in these studies, in
general, are based on time series (historical) data, theugh cross section analysis
is used for some countries (notably France, Japan, and the United Kingdom).
Summaries of the elasticities obtained frow these studies are summarized in Regier
(157) and Mielke (147).

The Brandow study {1015) and a demand study by George and King (1032) present
tables of direct and cross price elasticities for the mid-1950's and the mid-1960's,
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respectively. These interrelated price and income elasticirjes are subject to
certain imposed consistency conditicns of homogeneity and symmetry {see Frisch for
this study). The direct and cross price elasticities showm in table 29 for the
United States reflect these elasticities.

The demand-price elasticities synthesized for the EC-6 are based heavily on
demand analysis in studies for Germany by Langen (1051}, Stamer and Wolffram (1066},
and Plate {1059): for France by CREDOC (404} and INSEE (1028); for both these
countries by Kost {142}; and for total meat demand for the EC-6 as a whole by Regler
{155).

Por several years, the United Kingdom has conducted anmual household food
surveys (1089) and has published demand elasticity measures as a result of this
work, Time series analysis has also been done based on the surveys. Ferrils,
Josling, and others at Michigan State {301) also calculated demand elasticities for
the United Kingdom, with somewhat different values for roughly the same time
periods. Jones {422) developed a 39x39 ‘matrix of demand elasticities for the United
Kingdom. The elasticities used in tle GOL model are closer to those reported in the
U.K. study.

For Japan, three studies are important. Japan's Ministry of Agriculture has
conducted demand analyses based on household budget surveys and has published demard
results from both cross sectional and time series analyses (1043). The other two
studies are by Filippello. The first study (1026} is an econometric analysis of the
feed-livestock sector, while the second (127) uses the statistical results of the
first study to determine a consistent matrix of elasticities.

Several country studies, cited elsewhere in this volume, have been useful in
determining the demand elasticities for the other countries that have a modeled
iivestock sector. The more detailed work for the countries discussed above helps to
£i1l the gaps in empirical work, particularly the c¢ross substitution effects among
the different meats. Thus, the analysis of demand elasticities for other Western
FEurope has been modeled after those determined for the EC-6. <Canada has been
patterued to some extent after the United States.

Australia-New Zealand, Argentina, Brazil, and Mexico—Central America are the
other regions in the GOL medel containing explicit livestock sectors. Demand—price
(direct and cross) elasticities tend to be higher in the countries with the most
developed livestock and marketing systems because of the availability of supply and
choices open te the consumer.

Demand~Price Elasticities for Dairy Products

The dairy sector has been modeled only for the United States, Canada, the EC-3,
the EC-6, Other Western Europe, Japan, and Auvstralia-New Zealand {(table 30). Many
of the econometric studies cited above alsc contained price elasticity informatioen
for the dairy sector, as they dealt with the whole livestock sector. The Brandow
(1015} and George and King {1332) studies estimated a demand matrix for a group of
commodities. In additior te the studies cited for Germany, a study by Hesse (1038)
was directly concerned with demand elasticities for wilk and milk products. '

Measuring consumers' price response to fluild milk and milk procducts has a very
long history, mostly because the milk industry was one of the first to be regulated.
Recent work by Halberg and Fallert (1034), Prat (1060}, Wilson and Thompson (1087},
and Boehm and Bobk (1013) confirms earlier studies that the demand for milk is
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Table 29--Demand elasticities for meat

Elasticity wich respect to price of

Income

Beef i elasticity

Pork E Poultry . HMutton

 Finished

United States:
Beef, finished
Beef, other
Pork
Poultry
Mutton

Canada:
Beef
Pork
Poultry
Mutton

EC~6:
Beef
Pork
Poultry
Mutton

EC-3:
Beef
Pork
Poultry
Mutton

Other Western Burope!
Beef
Pork
Poultry
HMutton

Japan:
Beef
Pork
Poultry
Mutteon

QOceania:
Beef
Pork
Poultry
Nutton

Mexico & fentral Amerilce
Baef
Porlk
Poultry
Mutton

Argentina:
Beef
Potk
Poultry
Mutton

Brazil:
Beef
Pork
Poultry
Mutton




Table 30--Demand elasticities for dairy products

Elasticity with respect to price of Income

elasticity

Milk Butter . Cheese

United States:
Milk, fluid
Butter
Cheesge

e as ww [es e 24 wa

Canada:
Milk, fluid
Butter
Cheese

L I TR R

EC-6:
Milk, fluid
Butter
Cheese

EC=-3:
Millk, fluid
Butter
Cheese

Other Western Europe:
Milk, fluid
Butter
Cheese

Japan:
Milk, fluid
Butter
Cheese

L R T I T T T T e I T I T T T

Oceania:
Milk, fluid
Butter
Cheesge

LT TR PR R

inelastic, There appears to be a general agreement that the demand-price
elasticity is in the neighborhood of -.2 for fluid milk. The values used in the GOL
mor .1 for ull areas except Japan approximate the historical values (table 30). A

¢.. derably higher elasticity is used for Japan because of the atill low per capita
couSumption. The demand-price elasticity for cheese ranges between -.5 and ~.6 and
much higher in Japan for the same reasons cited above. The price elasticity for
butter varies from -.4 to -.7. Higher elasticites for butter were used for regions
where margarine is substitutable because of availabhility, as in the United States.




Supply-Price Elasticities for Livestock, Meat, and Dairy Products

A complete study of the supply side of the livestock sector would include the
study of factors affecting livestock numbers, slaughter numbers, slaughter weight or
yield, and production, It would include a study of cycles, mostly for beef cattle
and to a leaser extent for hogs., However, the present study projects only
equilibrium values at some future time period and abstracts from cycles and expliecit
projections of the herd. As presently modeled, supply relations in the GOL
livestock sector are based on direct and cross price elasticities for livestock
commodities or products, and on a set of supply shift variables which reflect long-
term growth factors.

Considerable work on supply response has been done on products competing for
some fixed bundle of resources. Most of these studies have been confined to
activity analysis. Supply response coefficients derived from such programming
models, while very informative, seldom can be used directly in a projections model
guch as GOL, which essentially is a behavioral wodel. Results from regression type
analyses are more compatible fer developing direct and cross supply response
coefficients,

While many regression gtudies appear to report statistically significant results
for direct supply-price elasticitles, mest studles have difficulty in determining
the cross price effects. For this reason, the sets of direct and cross supply-price
elasticities used for many of the model's regions are based on judgment., Some of
these coefficients are tentative and will be improved over time.

Results obtained from regression amalyses by Johnson (139) and Regier (155) for
the meat sector, and by Halberg and Fallert (1034) for the dairy sector were helpful
for assessing the supply response for the United States and the Furopean Community.
ERS also cenducted feed-livestock studies for Canada (148), Argentina (1037),
Australia (130), and New Zealand (105) in the early 1970's that concentrated on the
supply side (tables 31-32).

Recent results indicate that the supply response of milk production §o milk
price still remains relatively low-—the supply-price elasticity is in the
neighborhood of .2 (see Halberg and Falbert (1034}. The GOL wodel used an
elasticity of .15. As expected, the studies of the meat sector also showed that the
price~supply response for beef was the lowest, for pork more responsive, and for
poultry the most responsive. Major adjustments in beef cattle operations take
several years from the time of initial decision compared with major adjustments that
can take place within a single year for a poultry operation. The price-supply
response appears to be between .3 and .4 for beef, around .6 to .7 for pork, and
somewhat higher for poultry.

Feed Demand Egquations

The crop and livestock sectors of the GOL model are linked via two sets of feed
demand equations—one for grain and one for oilseed meal. Each equation has three
eompenents: il} iIpnput-output coefficients defined in physical terms which relate
quantities of grain or meal used as feed to quantities of livestock products
produced, (2) direct and cross price elasticities which affect feeding rates with
changing prices, and (3) long-term growth factors reflecting changes in basic
feeding patterns.
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Tab1e317f%upply elasticities for meat

Elasticity with respect to price of

; : ' Poultry | Mutton . Milk . Corn . otlcake

United States:
Beef
Pork
Poultry
Mutton

Canada!
‘Beef
Pork
Poultry
Mutton

EC-6:
Beef
Pork
Poulbry
Mutton

EC-3:
Beef
Pork
Poultry
Mutton

Other Western Europe:
Beef
Pork
Poultry
Mutton

Japan:
Beef
Pork
Poultry
Mutton

. Oceanja:
Baef
Pork
Poultry :
Mutton H

Hexico & Central America
Beaf : .
Fork : -.1
Poultry :
Mutton

Argentina:
Beef
Pork
Poultry
Mutton

Brazil:
Reef
Pork
Poultry
Mutton




Table 32--S5upply-elagticiries for dairy preducts

Elasticity with respect to price Elasticity of
' joint cutput

Milk Butter Cheese Corn with beef

United States:
Milk, total
Cheese

Canada:
Milk, total
Cheese

EC~6:
Milk, total
Cheese

EC-3:
Milk, total
Cheese

Other Western Europe:
Milk, total
Cheese

" Japan:
Milk, total
Cheesge

QOceania:
Millk, total
Cheese
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The input-output coefficients computed for the 1969-71 base period reflect full
utilization and distribution of grains and oilseed meals among livestock products.
Studies by Allen {200), the National Academy of Sciences (500-504), OECD (803-804),
and Weightman (505-509) on feed use provided bases for the budgeting process. The
input-output coefficients are shown in table 33 for grain and in table 34 for
ollseed meal.

Results from regression analyses for the United States by Ahalt and Eghert
{103), and Womack (1088) and for the EC-6 by Regier {157) form the basis for
estimating price coefficlents used in the GOL model, BResults of the U.S. and EC~6
studies are similar. For example, in both cases, the demand elasticity for feed
grain with respect to grain prices is around -0.4 to -0.5 and about 0.1 with respect
to meal prices. Because cilcake forms z much smaller proportion of tetal feed than
grains, the price elasticities for meal with respect to prices of grain and oilcake
are much higher, '

Expected growth in input-cutput rates not explicitly accounted for by the first
two components discussed above are introduced as an explicit growth facter, For
those regions in which feed demand equations are not directly related to livestock
production, an income variable is used to reflect growth in demand for livestock
products, The income elasticities resemble those associated with direct demand for
meat.




Table 33-~Factors affecting use of grain as livestock feed

Explanatory facters

United
States

QOther
Canada

H

Europe

Western |

Input-outpul Tates:
Beef, finished
Reef, cther
Pork
Poultry
Lamb and mutkon
Milk
Eggs

Price elasticitles:
Beaf, finished
Beef, other
Pork
Corn
0ilseed cake

Income elasticity:
Income per capita

Input-output rates:
Beef, finished
Beef, other
Pork
Poultry
Lambk and mutton
HMilk

Eggs

Price elasticities:
Beef, finiszhed
Baef, other
PFork
Corn
Dilseed cake

Income elasticity:
Income per caplta

5.74
2.02
6.43
2.76
{1.86)
.33
2.91

Kg. grain use per kg, product

4.60
6.50
2.90

.33
3.10

1.30
3.60
2.70
.25
.125
3.10

.20
2.40

Percentage change in prain use per undt per cent price change

.22
.03
W25
-.40
.10

.25
.25
~.40
.10

.50
-.50
.10

.50
-.50
.10

40 .50
-.50 -.60
.10 .10

Percentage change in grain use per unit percent inconme change

. Australia, '

Hew
Zealand

South
Africa

: Eastern
: Europe

Soviet &

Unieon

Mexico
Central
America

.30
3.40
3.00

.12
3.00

Kg. grain use per kg. product

.30

(2.10)

3.00
5.00
3.50

.30
3.50

Percentage change in grain use per unit percent price change

.30
-.30

-.30

.25
-.25

Percentage change in grain use per unit percent income change

.25

.10

Continued--




Ry

[T

i
3
H
1
'
i

Table 33~-Factors affecting use of grain as livestock feed --Continued

Explanatory factors

X ; : " Other N. Africa-N. Africa-
: Argentina ; Brazil : Venezuela . South ,Middle East,Middle East
. America , high . low

Taput—outpukt rates:

Beef, finished
Beef, other
Pork

Poultry

Lamb and mutton
Milk

Eges.

Price alasticities:
Beef, finished
Beef, other
Pork
Corn
Ollseed cake.

Income alasticity:
Income per capita

Input—-output rates:
Beef, finished
Beef, other
Pork
Foultry
Lamb and mutton
Milk.

Eggs.

Price elasticities:
Beef, finished
Beef, other
Pork
Corn.

MHilseed cake.

Income elasticity:
Income per caplta

¥arket shares:
Commodity supply feed grain

PO TR T

Kg. grain use per kg. product

+50 1.50
3.60 3.60

Percentage chanpe in grain use per unit percent price change

.30 .30
-.30 -.40 -.30 -.40 -.30 -.15
W10

Percentage change in grain use per unit percent income change

.20 .28 .20 .20 .30 .10
Eést' 't Central : : Other : ;  Other
Africa ' Africa : Indla . South . Thailand ; Southeast

. s . Asia : ' Asisa

Kg. grain use per kg. product

(.05)

Perceniige change in grain use per unit percent price change

-.30 ~. 40 ~.20 -.1 -.3

Percentage change in grain use per unit percent income change

.20 .15 40 .20 .1 .2

@rain use ag a proportion of commodity supply

.15

Continued—-
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Table 33--Factors affecting use of grain as livestock feed -~Centinued =
Fast : East Rest
Explanatory fact :
xplana ¥ ors Indonesia Asin : Asia of
high : low world
H Keg. agrain use per kp. product

Lty i

e emtass

PR

Input—output rates:

Beer, finished
Beef, other
Pork

Poultry

Lemb and mutceon
M1k

Eges

Price elasticities:

Baaf, finished
Bzef, cther
Pork

Corn

0ilseed cake

Income elasticity:

Income per capita

Market shares:
Commodity supply feed

grain

Percentape chanpe in grain use per unit percent price cllange

-. 30 -.50 -.30

Percentage change in grain use per unit percent iucome change

.30 - 40 .20

95

e m e

H
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Table 34--Factors affecting use of cilseed meal as livestock feed .

?xplanator:r factors 'é"t‘i’ézi | Canada EC-6 Ec-3 g;:::r . Japan
s . . Europe
H Keg. vilmeal use per kp. product
Input-output rates:
Beef, finished : .25
Beef, other ! A 10 .16 .12 .15 .50
Pork 45 .35 .67 .55 .65 1.40
Foultry .87 .60 1.18 1.03 1.1é 1.20
Lamb and mutton 1.72
Milk .032 .03 .033 .025 .028 .08
Eggs L47 L35 .71 .60 i)

Price elasticities:
Beef, finighed
Beef, other
Pork
Corn
0llseed cake

Income elasticity:
Income per caplta

Input-output rates:
Beaf, finished
Beef, other
Fork
Poulkry
Lamb and mutton
Milk
Eggs

Price elasticities:
Beef, finishad
Beef, other
Pork
Corn.

Oilseed cake

Income elasticity:
Income per capita.

Market shares:

Commodity demand feed grain.

Percentage change in oilmeal use per unit percent price change

-.10

.23

.27 .90
1.00 2.50
-.53 -.98

1.20
<90
-.25

1.80 1.00
1.00 1.20
-.37 -. 20

1.20
1.50
-.30

Percentage change in oilmeal use per unit percent Income change

. .

;Australia; South Eastern Soviet Mexico
. Wew . Africa Europe : Unionm China Central
: Zedland . America
Kg. oilmeal wuse per kp. product

40 W40 .40

.50 .50 .50

01 .01

.13 .40

Percentage change in oilmgal use per unit perceant price change

-.30

.20
~.20

Percentage, change 4in oilmeal use per unit percent income change

—_— e e e

Dilmeal use

ag a proportion of commodity demand

.19

96

.32

Continued--
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Table 34--Factors affecting usé of oilseed meal as livestock feed--Continued

Other ;N. sfrica- ; H. Africa-

Fxplanatory facktors E Argentinaf Brazil E Venezuela : South ‘Middle East. Middie East
America . High Low
: Kr. oilmeal. use per kg. product

Input-puiput rates:
Beef, finished
Beef, other
Fork
Poulery
Lamb and mutton
Milk.

Eggs

Price elasticites:
Beef, firnished
Beef, cother
Pori.

Corn
Oilsead cake

Income elasticity:
Income per c.pita

Market shares:
Commodity demand - feed grain

Input-output rates:
Beef, finished
Baef, ather
Fork
PoultTy
Lamb and mutton
Milk
Ezgs

Price elasticities:
Beef, finished
Beef, other
Pork.

Corn
¢ilseed cake

Income elasticity:
Incope per capita

Percentage change in oilmeal use per unit percent price change

-.50 -, 40 : -.30
Percentage change in pilmeal use per unit percent income change

oilzeal use as a proportion of commodity supply

047 064 W21 .30
East ! Central : :  QOther : +  Other
Africa : Afriea India : South : Thailand . goutheast
: Asia : 1 Asia

Kg. ollmeal use per kg. product

(.10}

:  Percentage chanpe .in oilmeal use per unit peccent price change

: -.20 )
H Percentage change in. oilweal use per unit percent income change

.10

Continued——
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s . fable 34 —Factors affecting use of oilseed meal as livestock feed--Continued

T H H W
. . East . East : Rest -
; Explanatcry factors : Indonesia : Aéia .; ﬁ:;a : ::
. . . High o Low : World

Ke. oilmedl use per kg. product

Input—-output Tates:
Beef, finished
Beef, other

) Pork

: Poultry

? Lamb and mutton : !
Milk H
Eggs : : ;

Percentage change in oilmealuse per ualt percent price change

i Price elasticities:
T Beef, finished
Beef, other

Pork

Corn

Ollseed cake ~.20 -. 30

Percentage change in oilmeal use per unit percent income chaoge
ge Pt

PEFTEEYET

Tncome elasticity: :
Income per capita H .30 .30

EaTaIc
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Demand-Price Elasticities for Grain for Food

Two general tendencies can be identified concerning the demand-price
elasticities for grain conmsumed directly for food. The first is that demand price
elasticities tend to be higher in low income countries having primarily cereal diets
than in high income countries with more divirsified diets. The second tendency is
that the demand price elasticity for grain consumed as food is lower than the demand
elasticity for grain as feed, both within single ccuntries and across country
groupings. These inferences can be drawn from summaries of demand elasticities
presented in Roijko, Urban, and Naive (167}, Hutchinson (136}, Keefer (140}, and in a
cross saction world study by Regier (154} (table 35).

The demand response to price changes in the develeping countries is appreciably
stronger than in the developed countries. This results at least in part because the
budget effect of comparable price changes is greater when incomes are low and a
large proportion of the budget is spent on food. Furthermore, in some developing
countries, grain accounts for as much as 60-70 percent of total food expenditures.
Consequently, the highest price elasticities, or the strongest responses to price
changes, would be found in the lower income, less developed, Iimporting countries
consuming the bulk of their grain directly as food rather than indirectly as
livestock products. South Asia and parts of East Asia fall into this category. In
contrast, the more food demand-price inelastic regions-—that is, the least food

" demand-price responsive of the regions treated in the GOL model—inciude the highest
4income, grain-feeding, developed exporting countries such as the United States,
Canada, and Oceania.

Supply Elasticities for Grains and Cilseeds

The GOL model's grain production functions are basically generated through three
sets of equations. The first set is an equation for each region that generates the
total area used in grains and cilseeds. The second set of equations generates area
used specifically in the production of wheat, coarse grains, rice, and oilseeds.

The third set of equations introduces a yield variable to generate production for
wheat, coarse grains, rice, and oilseeds. The area equations for the individual
crops are constrained by the total area projected from the first set of equations.
Area assigned to the individual crops depends on relative prices of these crops and
basic long-term shifts that are projected to occur among the crops. The production
equation basically reflects both area and yield effects in the projection period. 5/
This is accomplished by incorporating the projected area as a variable in the
production equation for combination with yield variables. The production eguations
also contain variabies to reflect changes in production due to yield. These yield
factors include relative prices, some trend values reflecting yield growth changes
due to changes in technology, and a2 shift variable to reflect different levels of
input activity. For the developed world, input activity is represented by a cost
index variable. For the developing world, a physical input use bundle is used as a
variable to indicate input intensity. Specifically, differemt levels of productien
may be generated by varying this input bundle of resources (table 36},

5/ Ideally, area and yield equations should be generated separately and the
estimates from them multiplied to obtain total production. Because our model does
not allow for nonlinear relatiomships, it was essential to achieve equivalent
results through use of additive functions,




Table 35--Factors affecting nonfeed e of graina and oilseeds 1/
s Flasticity with respect to price of ¥ : Annual demand trend 2/
: Item : - e : > Income P :
1 : : oarse : : : ercent o
H heat H Rice t  grains H l?'l135!:1'."1‘:3"': fluantity ¢ 1969-7) base
3 : 1,500
. ; H metric tons Percent
3 United Stares: P
Wheat : -.2
ice B -2 W2
_ Coarse grains . -2
e fillseeds H
Canada: .
Wheat . ~05 .m -.25
rice : -.3 W15
= Coarse grains . .05 -1 - ~.3
o (1lseads :
FC-6:
Yheat : -.2 -.1
Tice . -.3 -2
coarse prains . =2 -1
M lseeads '
EC-3+ ;
ttheat . -.1 ~.n3
nice . -.3 .2
Coarse grains : ~.15 -05
Oilsceds :
Orher YWestern Europe: .
theat . .25 -1 -.05
Rice . .2 -.3 .2
Coarse gralns H -15 -.35 .10
0ilseeds :
Japan:
Wheat : .45 o2 .2 50 .09
tdece . .10 -.15 -.2n
Coarse gralns : -.25 2
Oilgeeds 3/ . -1 &
Australia & Mew ?ealand:;
Theat f --15 ~-25
aice : -.1 .1
Coarse grains . -.15 —2 2
Oilsaeds : |
. A
Fouth Africa: : i
Theat S .16 .3
Rice : .15 (-.3) 1 -
Coarse grains : -03 -.08 =05
Qilseeds :
y Mexicc & Central America:
B Wheat H -.35 L0 .15 .35
. Rice : .2 -.4 .As .35
Coarse grains : 05 -.2 .1
0ilseads :
Argentina: :
Theat H -.1 05 -.1
Rice : 05 -2 .15
Toarse grains. : .05 -1 -.25
Oilseeds. : )
See footnotes at end of table. Continued—-
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; § Tahle 35 ——Facrors affecting nonfeed use of grains and oileeeds 1/ --Continued
Flasticity with respect to price of . : Annual demand trend gf
Item : " ? Incoma -
: | : ' Coarse ‘elasticity ° ! TPercent of
:  Wheat : Rice * gratns  ° : Duantity * 1469-71 base
T,00n
metric tons Percent
L Brazil: H
: Wheat H -.25 '12 %‘2 -ig
. 2 bt ) « P -
Rice ; 05 -.15 1
Coarse grains : -5 - : d
011lseads :
Venezuela: H
\iheat -.3 -1 -1 ]
.2 -.1 15
7 Rice
i foarse grains .15 -.25 .15
% Oilsaeeds
; Other Soufh America: :
! Wheat : -.25 1 .15 .3
: Rice : .2 -2 L35
i Coarse grains : .2 ~.35 .15
i Nilseeds
1 North Africa/Middle
: Cast—-lighs :
Wheat ' -.25 03 L2 .25
j Rice H 18 -3 N .3
; Coarse grains : .2 .1 -.2 .15
Oliseeds :
i Horth Africa/Middle : i
] Tast—-Low: H .
q Wheat : -.35 .15 .10 .05
l_ Rice : .15 -.25 .10 .2
i Coarse grains : .15 .1 ~:25 .1
0ilaeeds H
. Easat Africa: :
i {theat H -.3 .05 W15 .33 20 3.54
i Rice : .1 -.25 .15 L
Coarse grains : .32 Rl ~.05 .
Oilseeds H
' Central Africa:
B Wheat :
b Rice : -.2 .1
i Coarse grains :
B Oilseeds .
j!. j India: :
: H Wheat : -4 .15 .1 .7
! ; Rice : .1 -4 .01 .7
: Coarse grains : A .10 -3 .2 -210 ~.86
4 Oilaeeds
i
H Other South Asia: : )
Wheat : -4 .25 .01 4 |
Rice H .2 -.30 .03 A .
b Ceoarse grains : .15 .2 -.20 .2 |
i Oilseeds : N
b -
: ‘ Thailand: :
¢ 8 Wheat ¥ =415 .2 .2
: 4 Rice : -.05 .01 1 |
h Coarse grains o .2 -1 2 .?_';
: Oilgeeds :
: onti _—
4 \See footnotes at end of table. Continued
: . 101
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35-—Factors affecting nonfeed use of grains and oilseeds 1l/--Continued

Flasticity with respect to price of : :  Annual demand trend 2/
S Team s : Income :
' : ©  Coarse . °lasticity’ a " Tercent of
- grains : : nantity : 1969-71 base
i : : : : : : .
T : 1,000
u : metric tons Percent

Wheat : Bice

Other Seoutheast Asia:
Wheat
ea "
Coars: gralns
Mlsceds

Indonesia:
Wheat
Tiice
Coarse grains
Qilseeds

East Asia—--High:
Wheat
Rice
Coarse grains
01lseads

Fast Asia--Low: )
Iheat : (-.35) (.15) .2
Rice ; (.05) (-.22) .05
Coarse grains f (-N5) (.15 -.25
C0ilseeds .

1/ Including food use of soybeans In the case of Japan. The use of parentheses in the table indicates
trade prices; the absence of parentheses indicates demand prices.
gf Trend in demand independent of amy price effect.

3/ The coefficient shown in the coarse grain column is an elasticity with respect to the price of
spybeans.




Tahle 36--Factors affecting the supply of prains and oilseeds 1/

Area - H Yield
Item H elasticity vith respect to price of i _elastfeity with resnect to nrice of

Wheat © Rice  C02L8¢ Iptlgeeds ® Wheat ‘'  TRice + Coarse ! pflgeeds
: : grains : : : grains «

United States:

Wheat : (-1.84) (-.69)
Rice -

Coarse grains : (2.3) (-1,00)
0ilseeds : (~3.60) {3.25)

Canada: :
Wheat H —.40 ~.15
Rice
Coerse grains : .55
Dilseeds

EC-6:
Wheaat
Rice
Eparse grains
Dilseeds

FC-3:
Wheat
Rice
Conarse grains
lseeds

Other Western Europe:
Wheat
Rice
Coarse graing
Oilgeeds

Japan:
Wheat
Fdce
Coarse grains
0ilseeds

Australia & Hew Zealand: :
Wheat
Rice
Coarse grains
Odlseeds

South Africa:
Wheat
Rice :
Coarse prains : {.30) (-.3)
Oilseeds :

Mexico & Central America :
Wheat
Rice
Coarse grains
0ilaeeds

Argentina:
Wheat
Bice
Coargse grains
Oilseedq : .10

See footnote at end of Continued--
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; Table 36--Factors affecting the supply of grains and ollseeds 1/ —-Continued i
i : Area : Yield
i Item : elasticity with respect to price of :_ elasticity with rempect to price of
; o T Wheat Rice : Coarse :q4)1geeds ¢ Wheat Rice ! COATSe i0y]geeds
H : grains 1 : grains :
Brazil: :
Wheat : .7 -0 .05 -
Rice : .2 -.10 .10 a
Coarse grains H -.12 .a =20 .08
0ilseeds : -1.10 1.6 .05
: g
Venezruela: :
Wheat .
Rice : 50 -.756 .15 |
Coarse grains H -.10 .15 .15 E
01ilaeeds :
Octher South America: H
Wheat H -2 —-.03 .10
Rice B 15 .07 15
Coarse grains A 14 .05 -.03 .05
Oilseeds : -.08 W20 10
North Africa/Middle
East~- Aigh:
Wheat .1 .03 -.03 05
Rice -.20 .50 .15
Coarse grains : -.25 .09 .05 |
{Alsecede :
North AfricafMiddle :
Eagt--Low! H
Wheat H «15 -.06 L0
Rice H - 02 {.30) (.20)
Coarse grains —. 20 .07 .05
Cilseeds
Eapt Africa: H
Wheat t 10 05
Rice H W20 .15 i
Coarse grainsa A5 : .10
N11seeds :
Central Africa :
Wheat H
Rice H 20
Coarse gralns i
01lgeeds
India:
Wheat .30 -.20 -11 .08
liice -5 W23 -.10 07
Coarge gralns ' 115 -.1n 17 =.n62 04
Oilgeeds H -.N55 -.09 =12 .20 .15
Other South Asia: H
Whaat H .1 N5 -.02 .05
Rice H -.015 iS5 .03
Coarse grains : -.25 .07 .02
Oilaeeds :
Thailand:
Wheat
Rice : .05 10
Coarse grains H .1 10
0ilaeeds ! .
. See foctnote at end of table. Continued— A
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Tahle 36--Factors affectin

g the sunply of grains and oilseeds 1/ --Continued

Atea Yield
Item elastieity with respect tg peiee of : elasticity with respect to price of
*  VWheat Rice : Coarse ifMlseeds ' Vheat ¢ Rice ! Coarse ! (ilsezds
: grains . : prains © . -
tither Southeast Asia:
Wheat :
Rice H 10 10
Coarse grains : (.2
(ilseeds :
Indonesia: H
Wheat H
Rice : .2 -.n3 AN
Coarse gprains : 4 =10 .05
0ilseeds : -.15 .30 .02 I
Fast Asia--lligh
theat : .25 -.2n .20
Rice ;s =.02 .19 =10 ~.01 .15
Coarse grains : -.25 .3 -.10 .20
0dlseads -.26 -.19 .25 .02
East Asla--Low H
theat.. H
Tice .06 - .06 .08
Coarse grains -.10 .1 05 !
0tlseeds. {.03)

1/ The use of parentheses in the

supply rrices.

1405

tahle indicates txade prices;

the absence of parenthases indicates




The elasticities used in the equations are shown in table 36 and were derived
from published and unpublished USDA studies or from studies outside the USDA. Only
three studies are cited here because each contains summaries of supply response
studies. These studies are by Rejko, Urban, and Naive (167), FAC (607}, and Behrman
{1008}, :

While the assumption that production in the developed countries is price
responsive is generally unchallenged, some question might be r«isel as to the
applicability of price analysis in the study of developing counfries. The GOL model
assumes that farmers in the develeping countries respeond much the same as de farmers
in the developed countries—positively to price increases and negatilvely to price
decreases., However, studies indicate a weaker response in the developing countries
when the total agricultural sector is analysed rather than the smaller,
comuercialized market subsector. This dampened responsiveness is largely due to
physical and institutional constraimts on production as well as to constraints on
the distribution of surplus production in isclated, near-subsistence regions.

The supply elasticities used in the GOL model for both the developed and
developing countries reflect the full effect of a price change on production
adjustment over a number of successive years. In short they might be considered
long~term elasticities.

Area Elasticities

land use patterns are affected by changes in multiple-cropping cultivation or
previously uncultivated area, or through displacement of other crops. A number of
other physical factors affect a region's area-price responsiveness. Climate and
soil constrzints as well as limited supplies of arable land or multiple~cropping
potential tend to dampen area responsiveness. Nonphysical factors such as rural
institutions, agricultural infrastructure, and the degree to which an agricultural
sector has been commercialized also affect a producer's responsiveness. While the
above factors probably apply more te the developing countries, the overriding factor
in the developed countries may be agricultural programs, particularly in pericds of

heavy supply.

Extreme caution should be used in interpreting area elasticities presented in
table 36. These elasticities represent both the usual or traditicnal individual
producer response to economic stimuli and the aggregate response to government
programs. In addition, the area elasticitles shown include the cumulative effects
of both the total area and individual crop equations.

Under alternative I, very high area-price elasticities are used for the major
grain exporters to reflect government programs that result in lower acreages when
supply appears to be growing faster than demand. On the other hand, undav
alternative II, the area—price elasticities for these exporters are considerably
reduced as pressure 15 applied against the base of readily available land and
expansion of area requires considerably higher costs, These area coefficients
reflect government programs when land is not fully utilized but approach traditional
producer’s price response as prices go above support levels.

The somewhat higher than expected area elasticities for the EC-6 and EC-3 of .6
to .7 reflect the ease of substitation of one grain crop for ancther as relative
prices change. However, the total area response of .l is quite low, indicating that
there is little room for expansion of total area in the EC~6 or EC-3.

Lower elasticities were used for the other resource-tight developed importing
countries (for instance, Japan) and for the developing countries with large
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subsistence sectors or large reserves of arable land but fixed, traditional land
usage patterns {such as Central and East Africa).

The lowest direct area elasticiries—+.05 to +.10-——were used for land-short,
largely subsistence farming regions, such as India and Other South Asia. Indirect
or cross elasticities were found to be more closely related to the degree of
commercialization and the number of competing crops. The more subsistence-oriented
farmers were found to be less able or willing to move out of a particular staple
grain crop, to break with traditiomal patterns of cultivation, or to change crop
rotation.

Yield-Price Elasticities

Expanding production in the decades ahead is likely to depend on growth in
yields rather than growth in area. Yield responses to price changes within a single
decade are likely to be largely related to increased use of fertilizer. Increases
in yield within a eingle decade from increases in other yield~augmenting inputs gsuch
as an increase in irrigation facilities will be limited. Changes in yield in
response to price changes over the longer term of several decades depends on the
degree that yileld-augmenting inputs can be changed. Costly, long-term investments
in agricultural Infrastructure necessary if high productivity inputs are to be used
effectively are not easily speeded up or slowed down in response to price changes.
Also, improvements in technology——perhaps the single most important source of growth
in yields—-often take place irrespective of price changes: the effect of these
technological improvements on reducing costs may actually raise net farm returns
even as product prices are falling.

The yield-price elasticities used in the GOL model reflect increased use of
fertilizer, with limited changes in the total bundle of other inputs. Thus, yleid
elasticities appear to be positively correlated with existing levels of yields and
past yleld growth rates. The highest elasticities were found in those regions with
grain yields in excess of 2.5 tons per hectare and with trend growth in yield in
excess of 2.0 percent per year. Elasticities appear to be directly related to a
region's agricultural infrastructure and its level of agricultural technology as
reflected in machinery use (e.g., mechanized plowing, planting, harvesting, and
processing), use of chemical inputs (e.g., chemical fertilization and application of
pesticides), and use of improved seeds (e.g., hybrid, high-yielding, dwarf, or short
stock varieties). Also crucilal in reglons with higher elasticities were improved
managerial practices and availability of inputs. Few if any of the more price
responsive reglons had sizable subsistence sectors.

Consequently, the highest elasticities—+.1 to +.25--were used in the
technologically advanced, heavily commercialized regioms using large amounts of high
productivity inputs and making heavy capital investments in agricultural
infrastructure. Among these regions were most of the developed countries, including
both the exporters and the importers. The developed importers (i.e., the EC-9,
Other Western Europe, Japan) weve found to have higher yield elasticities than the
exporters {(e.g., the United States, Canada, Oceania) because of tighter constraints
on the importers supply of arable or potentially arable land.

The lowest elasticities—+.01 to +.10--were found in the largely subsistence,
low technology regions of the developing countries. Elasticities were low in the
developing countries well endowed with arable land; elasticitles were also low,
however, in the subsistence, iow technology areas of South Asia faced with severe
arable ares constraints. In a limited aumber of land-short, partially developed
countries, including the high income East Asilan countries, elasticities were found
to be appreciably higher than in the rest of the developing countries and, in a few
cases, comparable to levels reported in land—extensive developed exporting
countries.
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CONTRIBUTIONS TO ANALYSIS OF WORLD FOOD PROBLEMS

This chapter summarlzes the principal sources—both published and unpublished--—
that went into development of the GOL model and its use for delineating world feed
and agriculture in 1985, Background is also presented for the reader interested in
technical development of the model., Researchers interested in aspects of the world
food economy will also find this a guide to svme basic sources.

Organizations

A number of organizations--public and private, domestic and foreign, mnational
and international——are interested in world food problems and agricultural commodity
projections. Two with ongoing research and analysis of long-term aspects of food
and agriculture are the Ecomomica, Statistics and Cooperatives Service (ESCS) of the
U.5. Department of Agriculture (USDA), and the Food and Agriculture Organization of
the United Nations (FAO). These two institutions have also been the primary
publishers of formal projections studles; these published studies are discussed in
the next section.,

Over the years, ERS 6/ has conducted agricultural commodity analysis and
projections, on both a U.S5. and international basils, and has contributed te an
expanding literature on aspects of the world feed problem.

The Foreign Agricultural Service (FAS) and the Science and Education Administration
(SEA), two other USPA agenciles, share with ESCS a responsibility for analysis of the
world food problem. FAS implements U.S. agricultural policy abroad and collects
agricultural data from foreign countvies. SEA 1Is concerned with technological
aspects of U,8, and world food preoduction. Inevitably, these agencies become
invelved with the social and economic implications of their work.

FAO is concerned with comprehensive data development, analysis, and policy
formulation for world agriculture, and with ongoing appraisal of the world food
problem. Much of the best analytical work of FAQ, useful to development of the GOL
medel, is that of the Committee on Commodity Problems, an advisory body composed of
naticnal member governments charged with reviewing FAli's commodity analysis.

In addition to the USDA and FAQ, numerous organizations share serious concern
for world food and agriculture., Other U.S5. cabinet departments are heavily involwved
in aspects of werld food and agricultural conditions. Monetary and financial
congiderations involve the U.S. Department of the Treagury, Trade and commerce
involve the U.S. Department of Commerce and the International Trade Commission.
Negotiation with foreign governments brings in the U.S5. Department of State. The
U.S. Agency for International Development provides financilal resources and
technology assistance to countries with problems of production and marketing of food
and agricultural commodities., Its role 1s peolicy implementation rather than
research and analysis per se, The White House itself calls for policy evaluation
from time to time In this general area.

6/ As of January 1, 1978;the Economic Research Service (ERS), Statistical
Reporting Service (SR8}, and Farmer Cooperative Service (F(S) were merged into the
Economics, Statistics, and Cooperatives Service (ESC5). Hence, for the purpose of
this report the terms ERS and ESCS are Interchangeable.
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A number of institutions in the Washington, D.C., area have a continuing concern
for orientation of U.S. Covernment policy regarding food and agriculture. In recent
years, this interest has converged on the world food problem. The National Science
Foundation is concerned with scientific and technological research priorities and
their policy implications. The National Institute of Health is concerned with
implications of food scarcity or abundance for health problems related to famine or
disease. The Brookings Institution and Resources for the Future have a concern for
orientation of U.S. Govermmental policy giver .the materialization of one or another
set of circumstances in the future.

In addition to FAO, the United Nations organization includes a number of '
international agencies and regional orgzanizations concerned with problems related to
world food. Many of them bring their analyses to bear through the FAO. Perhaps
equally as important are regional commissions--for instance, the Economic Commission
for Europe, Economic Commission fcr Latin America, Economic and Social Commission
for Asia and the Pacific, Economic Commission for Africa, and Economic Commission
for Western Asia. The U.N. Conference on Trade and Development (UNCTAD)} provides a
forum for the developing countries to focus their concerns about their problems
related to trade, commeodities, and economic development.

As a U.N. specialized agency, the recently created World Food Council, was given
authority, upon recommendation by the World Food Conference held at Rome in November _
1974, to coordinate intergovernmental policy regarding food, and to review problems : i
and policy issues to achieve an integrated appreach to a solutiom,

Efforts of the World Bank, the FAO, and the U.N. Development Program to help
solve the world food problem are being coordinated by two consultative groups——the
Consultative Group on Internatiomal Agricultural Research, and the Censultative
Group on Food Production and Investment. Other such groups are under consideration.

In the background of these consultative groups and the World Food Council are the
major private sector research entities, such as the Ford Foundation, Rockefeller
Foundation, and others, together with research institutes sponsored and financed by |
them. Included here are Hudson Institute, Aspen Institute, World Watch Imnstitute, ;
and the International Food Policy Research Institute (IFPRI), IFPRI was established :
to analyze the policles of governments as they bear on problems of food supplies, ' L
resources, and prices affecting the food situation and future prospects in the .
developing world., A similar organization is the International Institute of Applied
Systems Analysis (ILIASA-Austria}.

Situated in Europe, the Organization for Ecomomic Cooperation and Development
(OECD) is essentially an agency of the developed countries which endszavors teo 1
coordinate ecomomic activity in the interest of smooth functioning of the monetary, i
financial, and commercial mechanism of the world, It also has a role in coordinating
developed country policy with regard to agriculture and food, and has produced
important analytical work, The OECD is an important source of international data.

The EC Commission and the Statistical Office of the European Communities have
also contributed to analysis of the world food problem. Much of the effective energy
of the EC, however, has been focused recently on the dynamics of European aspects of
the food problem and on the intricate problems of economic harmonization of the nine
member countriles.

Projection Studies

This section focuses on projection studies of world food and agricultural
commodities.
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In recent years, ERS has presented such studies as the followlng: World Food
Budget 1570, prepared under the direction of Quentin M. West (121} and published in
1964, and based on Food Balances for the world by region (202-206), which appeared in
1964 and 1965; World Food Situation by Abel and Rojke (100) in 1967; World Demand
Progpects for Grain in 1980 by Rojko, Urban, and Naive (167) in 1971; The World Food
Situation and Prospects to 1985 in 1974 (124); and Organizing Agriculture in the Year
2000 by Rojko and 0'Brien (164-165) in 1976 and 1977. Numerous studies of individual
countries and regions have also been published, in a number of commodity and other
reports, namely situvation and outlook reports and projection studies of the United
States 7/.

The GOL Model discussed in this report is a further development of work
previously published by ERS in 1971 under the title World Demand Prespects for Grain
in 1980 (167). That report contains a description of the mathematicil model used to
project world demand, supply, and trade in grain, with emphasis on trade impacts on
developing countries. The 1971 model underlies another study entitled World Demand
Prospects for Wheat in 1980 and also published in 1970 (136). Also in the same
series, but using a different model, 1is World Supply and Demand Prospects for
Qilseeds and Oilseed Products in 1980, published in 1971 (150). The 1971
mathematical grain model alsc drew partly on another ERS study, Growth in World
Demand for Feed Grains published in 1970 (158). Based on the above works, thé model
wae expanded and reworked to produce the world GOL model. The feed grain study
explored some aspects of the interface between the grain and livestock sectors.
These studies are Important in that they develop projections for the worid in such a
way that commodity prices can vary so as to produce a caleulated equilibrium for
each commodity with world exports equal to world imports. The purpose has been to
develop a set of cross-linked commodity models which are sensitive to price changes,
and which in a serse are estimators of prices, to project a limited number of highly
important and interrelated commodity complexes. The World Food Situation and
Prospects to 1985 (124) and Organizing Agriculture in the Year 2000 (164-165) are
applications of the GOL model. TIn 1973, FAS coordinated a policy analysis within the
USDA entitled Agricultural Trade and the Proposed Round of Multilateral Negotiations
(172), which was prepared at the request of Peter Flanigan, then Assistant to the
President for International Economic Affairs.

Prominent among policy evaluations called for by the White House is The World
Food Problem (1080-1081), a 1967 Report of the President's Science Advisory
Committee. Also published in the same year is Food and Fiber for the Future (10793,
a Report of the National Advisory Commission on Food and Fiber. Also falling into
this category are the 1977 National Academy of Sciences' World Food and Nutrition
Study (1078), looking into future research priorities on food problems, and the 1975
Agricultural Research Policy Advisory Committee report, Research to Meet U.S. and
World Food Needs {102).

With each separate commodity a major national concern for some member country,
part of the FAC commodity projecticn program is to project a detailed bLalance of
each country's supply and domestic utilization of each agricultural or food
comrodity and to sum these balances to the world level. Over the years, FAO has
made several important contributions to the literature of long-term analysis and
projection: Agriculturai Commodities: Projections for 1975 gnd 1985 (603), 2 two—
volume study in 1967; Agricultural Commodity Projections 1970-1980 (605}, also in
two volumes in 1971. The mass of data contained in these volumes makes them

z] Citations are limited in this section to comprehensive studies that analyzed
the major countries and regions of the medel in a world context., The ERS projections
program, both historical and current, is discussed by Porter (152) and Quance {(153)
respectively, Projections te 1985 for the United States are given by Smith (168}.
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indispensable for serious quantified analysis of world food problems. The OECD
study Agricultural Prejections for 1975 and 1985 (801-802) summarizes detailed
projections for the developed countries, which were prepared for FAO and contributed
to FAO's own projections in the 1971 study. FAQ prepared for the November 1974 U.HN.
World Food Conference in Rome an Assessment of the World Food Situation, Present and
Future (1072-1073). Another major FAQ projections study is Provisional Indicative
World Plan for Agricultural Development (604), published in 1969,

The 1976 OECD Study of Trends in World Supply and Demand of Major Agricultural
Commodities (B07) shows continuing interest of member governments in the field of
projections.

The literature on the world food problem being generated by the major
universities of the United States is too large to treat adequately here. It can
only be suggested by citing the work done at Towa State University by Earl Heady and
agsociates in World Food Production, Demand and Trade (1012); at University of
California in A Hungry World: The Challenge to Apriculture {1074} in 1974&; and by D.
Gale Johnson of the University of Chicago, in World Food Problems and FProspects,
dated 1975 (1048); and by mentioning work being done at such schools as Illinois,
Minnesota, Wisconsin, Kansas State, Michigan State, North Carolina State, Stanford,
and the Massachusetts Institute of Technology.

A European assoclation of agricultural projection economists, .ASEPELT, is
producing a growing literature, exemplified by Europe's Future Focd and Agricul ture
(1002). Numerous foreign universities around the world have become active in the
analysis of food and agricultural problems,

While not directly Involved in making projections, several studies concerned
with longrun policy implications do make use of other 1976 projectionms or make their
own., In this category fall the 1976 TFPRI study on Macting Food Needs in the
Developing World (1043); Fred Sanderson’s study on world agriculture with emphasis
on reassessment of trends and policies and Crosson and Frederick's The World Food
Situation: Resources and Envirommental Issues (1020).

Informal groups such as the Club of Rome have also entered the field of
quantifying and projecting putative implications of population, food, ecological,
and environmental considerations. This group has published such works as: ‘The
Limits to Growth (1055); Towards Global Equilibrium (1054}; Dynamics of Growth in a
Finite World (1053); and Mankind at the Turning Point (1056).

Finally, there are highly motivated individuvals, such as Lester Brown. Eis
contributions to the growing literature on world food problems include: Seeds of
Change (1016); and By Bread Alone (1017).

Methodology

The world GOL model builds upon an expanding literature on the mathematical
aspects of estimating structural economic relationships, addresaing the problems of
international agricultural economics, and using computer procedures and automatic
data processing in large models to gain insight into the solution of these problems.
The methodological emphasis in the GOL model was on parameter estimation and
handling sclutions of equation systems. Previous sections discussed parameter
estimation. This section concentrates on solutions of large systems.

Leon Walras in i9th century Switzerland (1085) made significant contributicns to
the analysis of large equation systems in the context of pure economic theory.
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However, it was the development of the computér during World War IT that made
practical the development of golutions of such systems, the inversion of large
coefficient matrices, and tha development of matrices of demand elasticities where
formerly single coefficients were made to serve.

Leonid Hurwicz, Kemmeth Arrow, George Dantzig, Paul A. Samuelson, and others
have pioneered the mathematics of solution methods for large equation systems to be
handled by computers. Working principally at the U.S. Departments of Defense and
Commerce, at the Rand Corporation, and at various universities, they and their
students have developed linear pregramming, quadratic programming, activity
analysis, nonlinear programming, separable programming, or just simply mathematical
programming.

Some of the earliest applications of these methods to agricultural economics
occurred in the field of spatial economics. At Yowa State, Earl Heady -and -
assoclates conducted a mumber of studies in this area, notably Regional Changes in
Grain Production: An Application of Spatial Linear Programming (1022},

At rhe University of Illinois, George C. Judge and Takashi Takayama constitute
another team of methodolegy developers. A classical series of journal articles by
Takayama and Judge which broke new methodological ground include “Equilibriwm Among
Spatially Separated Markets: A Reformulation"™ (1070); "Internatiopszl Trade and
Mathematical Programming™ (1067); and "An Intertemporal Prize Equilibrium Model™
(1069). Recently, Takayama extended his efforts to agricultural trade models,-
publishing in 1976 Prolection and Evaluation of Trends and Policies in Agricultural
Commodity Supply, Demand, International Trade and Food Reserves(1368), '

At the University of Wisconsin, Lee P. Bawden has also made his contribution:
“An Evaluation of Alternative Spatial Models"™ (1006); and YA Spatial Price
Equilibrium Model of International Trade™ (1007}.

At the University of Minnesota, James P. Houck 1s central to a group of large-
model analysts of the world commodity economy. Sovbeans and Their Products:
Markets, Models, and Policy by Houck, Mary E. Ryan, and Abraham Subotnik (1041} is
representative of thelr work,

The Secretarlats of FAQ and UNCTAD have also been working on theoretical aspects
of large-model compiter methods for analysis of problems of world food, agriculture,
and trade. Some of this work has been presented under the names of developers of
the models: Hans Alm, Jack Duloy, and 0dd Gullbrandsen, Agricultural Prices &and the
World Food Economy (100Q), for Instance, FAO is continuing work in the direction of
price-quantity interacting projection models of agricultural commodities,

Connected with large systems of equations i3 the problem of evaluition of
consistency of equation parameters, particularly since many effects cannot be
directly fitted statistically. A methed of calculating demand interrelationships for
many commodities as functions of all prices and income was published by Ragnar
Frisch in 1959 (1030). Waugh also was concerned with these consistencies and
assumptions, particularly from the price flexibility viewpoint (1773,

This method served as the basis for estimates of demand for agricultural
commodities which were published in 1961. Working with U.S, data and applying
Frisch's assumptions, George E, Brandow (1015) derived matrices of demand
elasticities (both price and income) for 24 categories of food, plus all food and
nonfooed.

Brandow's estimates have been reinforced by the work of George and King (1032)
at the Glannini Foundation and the Califormia Agricultural Experiment Station.
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