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INTRODUCTION

The report contained herein is submitted under contraét A
No. AID/csd 2163 bétwenn thé Agency for Infernational Develop-
ment éndlldwa State ﬁnivereity. Conéributions to this report |
were made by Earl O, Heady, Leo V. Mayer, Roger W. Hexem,
Walter W, Haessel, and Keith D. Rogers.

The report is broken down into three parts. The first
éection of this report reQiews projections of world.demandz
for agricultural commodities under alternative assumptions
of per capita income and population growth rates, and
projections of commodity supplies under alternative assumptiqné'.
of cropland restraints for 96 countries of the world. o
: Comparisons of projected commodity demand’'and supplies are
made to determine the negative or positiVe food balances
which a continuation of past trends in variables will create
for 1970, 1980 and 2000. The locat.ones of deficits and
surpluses are established for 1975 in a sécond phase of
section one, and an analysis of optimal trade patterns under
alternative shipping rates is made. Under a pattern wherein
cerealtgurpiﬁses exist, the analysis evaluates the optimal
'1od$€i6hs,of cropland not required for production.

The second section of this report réQiews the projeéts’
to be undertaken in India under the fofeign phase of this
contract. Three projects are outlined: one will project

Indian food supplies and demand and evaluate the required



1 ;¢56ufces whichAére decessafy for food,selfésufficiency to
1f5é achieved during the 1970's. The role of food lnshlpments
jfln generatlng necessary foreign exchange for importation of
.;lnputs will also be studied. A s=2cond project will study,the'
';need for buffer stocks in Indla. This project will estimate
; the statistical probabllltles of fluctuations in cereal
‘Jsupplles in India and provide estimates of the necessary food .
.sﬁdcks to cover different proportions of these expected
”fluctuations, the procurement and storage costs involved in
‘different magnitudes of stocks, the optimal location of these
iﬂétQCKs by regions, and the optimal source for procuring stocks
including shipments under P.L. 480. The third project Will |
‘focus on repayment provisions of food loans under the Food
 Aid Act of 1966 with an evaluation of the eventual effects
on agricultural and economic development. The intent is to
 1ook at‘the mohetary and fiscal effects of repayment provisions:
~and of monetary balances.generéted under P.L. 480 and to
keya}uate their long-run effect on the Indian economy.
| The third section of this report outlines the projects
 to be undertaken at Iowa State University for the domestic |
‘phase of the contract. One project will establish a theoretidal_
framework within which the welfare éffects of food shipments |
‘can be compared with other forms of developmental aid. It
‘will evaluate the role of food aid in encouraging Qr discouragiﬁgﬂ
economic development through its_effects on the agricultural

productiorn sector, the consumption sector, the public sector,



énd the inddsfrialAproduction sector. A éécond'project wiil
concentrate on the factors which stimulate or retard‘agricu1~
tural development in less-developed areas. A framework of
institutional structures, resource restraints, objectives,

. and incentives will be established. Such a master framewofk
- can provide the initial foundation for agricultural planning
in underdeveloped couhtries. Modifications‘feflecting
conditions peculiar to individual countries will be made
where necessary. The_third project will undertate to
establish models of development. with emphasis on the area of
development planning. The objective of this project is to
provide an analytical framework which can be used in particglét;7
countriés for evaluating the intricate set of interrelation;
ships which influence national planning. Establishment of
models to measure the magnitude of interrélatiéhships and
the impact of changes in variables can improve the decisibh;

making process in these countries.



SECTION I: FUTURE WORLD FOOD BALANCES

To provide a basis for investigating the direction and
?prospects for future food aid, future food production
potentials and demand requirements ip the major countries of
“tﬁe world are analyzed. The studyl/ is directed at eatimating
and projecting recent trends in area, yield, and production

of major food crops while using income and population trends
’to project major food commodity demands. Based on these
projections, prospects for balancing future food>productionx

and demand are evaluated.

Objectives

iThe objectives of this analysis‘are}'f
1. To estimate recent time trendé in\crop areatandff*
yield, or production, for all major crops grown fbr
" which data is available.in those caﬁntries which
- are significant producers of agricultural commodities(k
f2. To project estimated area and yield trends through .
the year 2000 subject to estimated upper bounds on.j
cropland expansion, but assuming that other facto:s
éffecting recent trends in food production will
continue.
3. To estimate.potential demand fdr major food‘commodities?i

through the year 2000 for certain food commodity

1/ For a complete review of this study, see Leroy L. Blakeslee.
An Analysis of Projected World Food Production and Demand in
1970, 1985 and 2000. Unpublished Ph.D, thesis. Iowa State
University Library. Ames, Iowa. 1967.



éggregates in each codntry uﬁdef‘three alternative
sets of population projections, and three alternativ
sets of fut&re‘total income estimates.
"4, To compute_estimétes of surpluses or deficits from-
- projected levels of production and demand for each
commodity class for each country andbfor certain
- aggregates of countries.
f3,37T§ anaiyze these future food production-demand
- '- comparisons in relation to their determinates to :

identify those factors which are critical in

détermining the outcome.

A broad geographic coverage of world agrlculture 18

f,lncluded in the study. The degree of coverage is determlned‘
flprlmarlly by data consmderatlons. No country is 1ncludéd

 un1ess past trends in either area and yield, or produétidh{!_
i_f@r a significant share of its crops could be documentéd ﬂf&}

~with data of minimally acceptable quality. oOn this bésié;fi;

.96 countries are included.

While the year 2000 is the maximum tlme horlzon to.ve
‘con51dered, a full set of balances are estlmated for thé.ﬂﬁﬁ 
intermediate years, 1970 and 1985. Time is an lmportant": “
variable in the future food situation of the world, Given_ 
that production-demand comparisohs may inﬁicate seridus'fgod‘
imbalances, it is also the aim of this study t0>estimate_whed
such difficulties may arise. |
There are two significant differences betweeh this and~

other related studies. First, no attempt is made to evaluate



fpro:ected productlon and demand flgures are reallzed-*v
5est1mates of future demands are determined by progected
feconomlc and demographlc factors only and do not necessarily}

freflect 1mproved nutritlonal standards, de51rable as these'”

:may be. Second, it is not an a1m of thlsxstudy to:determ

mfuture levels of productlon, domesticﬁdem a

.would reduce excess demand to zero for every=commod

~country, and tlme.

égriéuitufal produCts)?or?croﬁs;/ Demand for 11vev oc
ro:ected, and from these data, demand for”feedr,s
'crops is estlmated - No Judgement is made as to whet er

livestock products would be produced domestlcally

(or whether the demand would even. be fulfllled); the derlved
feed demand is a component of domestic demand in any case.xz
Food and industrial demand is estimated dlrectly and an
allowance foi seed and waste is estimated, based on the sum
of domestic food, feed and industrial demand. Total domestic

demand is the sum of food, feed, industrial use, seed, and



waste demand, each defined as indicated above., Production
is total projected domestic production. bInventory_changes

ave assumed to be .zero.

- Methodology

Empirical time trends_for several variables affecting.k
'agricultural production and demand are estimated by applying
Standard statistical toolsuto historical time éeries data.

Oon the production side, the projections reflect an extension
of recent trends in the determining variables, acreages and
Yields. For various reasons it was not deemed desirable to
 ihsist tenaciously on a "continued recent trend" concept in
-the demand projections, though the total income trends do not
stray far from this standard. Least-squares estimation
‘techniques are used throughout, but primarily as a vehicie

to extréct whatever information can be found in a series §f "
‘discrete historical data, and to incorporate it into a singlé}
manageable, parametric function of time.

Perhaps the single most important factor determining the
selection of methodology for this analysis was the qualipy
of available data. A growing need for complete dsta has
brought with it expanding geographic coverage in crop pro-
duction statistics in many underdeveloped countries. This
is a favorable tendency, but when historical statistics oﬂ
crop production reflect the changing coverage, the result
can be a completely spurious time trend series. Other data

collection methods also tend to make published time series

data for various countries suspect,



‘The countries included in the analysis are listed-in
Table 1. It will be noted that certain entries underﬁthe‘
“Country" heading are groups of countries. Where this isg
the case, all phases of the analyéis have been carried out.-
~for the aggregate as specified.

Demand projections are based on population estimates
‘ puBlished by the United Nations, and projected trends ihlb
‘total real incbme. Population and total income projectiohs'
~are combined to estimate future per capita income. Using |
- per capita income and population projections, projected deménd: 
for nine groups of food commodities is estimated via a |
consumption function and a base period income elasticity
estimate specific to the commodity class. Prices are assumed
constant throughout. Future demands for non-forage livestock'
feeds are derived from estimated future demand for livestodk;
products. Only agricultural commodities which are used for; f

food or livestock feed are included in the analysis.

Population projections
Population estimates prepared by the United Nation's
- Department of Economics and Social Affairs form the basis for

' population estimates in thisAstudy;z/ Three projected levels

2/ The U.N. analysis contains two distinct phases. First, all

- available recent projections of population for individual
countries were assembled and analyzed. A standard set of -
assumptions, or a demographic model, was developed, and
individual country projections through 1980 were adjusted,
where necessary, to conform to the norm. In the second
phase, the U.N. model was used to estimate low, medium, and
high variant projections for 24 regional totals encompassing
the world.



Table 1. Aggregates of countries by region and income class

Region

Country

Income class

United States
Canada

Mexico

Central Amef'ica and

Caribbean

Brazil

Argentina

Other South America

Northern Europe

United States
Canada
Mexico

British Honduras
Costa Rica

Cuba :
Dominican Republic
El Salvador ‘
Guatemala

Haiti

Honduras

Jamaica

Nicaragua

Panama e
Trinidad and Tobago

- Brazil

Argentina
Uruguay

Bolivia
Chile
Colombia
Ecuador
Paraguay
Peru
Venezuela

Austria

Belgium and Luxembourg

Denmark
Finland
France
Ireland
Netherlands
Norway

Sweden
Switzerland
United Kingdom
West Germany

high
‘high
vmedigm 

~medium
- med ium
-medium
- low
low
low
low
‘low
med ium
low
medium
-medium

low

medium
“medium

low
med ium
low
low
low
low
med ium

high
high
high
high
high
medium
high
high
high
high
high |
high =



Table 1 (continued)

Region Country Income class
Southern Europe Greece medium
: Italy medium
‘Portugal - medium
Spain ‘medium
"Eastern Europe Bulgaria medium
o ' Czechoslovakia medium
East Germany high
Hungary medium
Poland medium
Rumania medium
Yugoslavia medium
U.8.8.R. U.S.S.R. high
:North Africa Algeria low.
S T Ethiopia low
Libya low
“Morocco low
Sudan . low
Tunisia , ) low
United Arab Republic low
Westscentral AFric ‘Angola Low
ST Cameroun . low
Congo (Kinshasa), Ewanda
~ and Burundi ' low:
 Ghana low
Guinea low
Ivory Coast low
Liberia " low
Nigeria “low
Senegal low
Sierra Leone 1oy
Togo low
EBast: Africa Kenya low
Malagasy Republic low
Malawi, Rhodesia and
Zambia low
Tanganyikaé/ low
Uganda low

a/ Now part of Tanzania.



Table 1 (continued)

Region

Country

Income class

Republic of South Africa

West Asia

India

other éouth.Asia

Japan

Other East Asia

‘Oceania

Republic of South
Africa

Cyprus
Iran
Iraq
Israel
Jordan
Lebanon
Syria
Turkey

‘India

Ceylon
Pakistan

Japan

Burma .

Cambodia

China (Taiwan)
Federation of Malaya
Indonesia
Philippines

South Korea

South Viet Nam
Thailand

Austrélia
New Zealand

medium

. medium
low
low
high
low
low
low
low

low

low
low

medium .

low
low
low
low
low
low
low
low
low

high
high

of population are used froa the U.N. studyg Low, medium, and

high population estimates differ primarily with respect to

.fertilityvassumptions, and in particular, the date when



:fértility is assumed to beginifalling.é/ The three variants
~reflect differences in fertility corresponding to reccently
7observed fluctuations. Migration is seldom significant in
 the projections, and in all cases, a trend to zero by 2000
»is aséumed. Deviations from procedures déécribed above
were made for individual countries and regions, but‘the'

geheral'pattern described is representative.

" Income proiections

.Total income projectiohs are extrapolations of'past'

" trends. For all but 12 of the 96 countries studiésﬂ{ it is
possible to assemble time series data on income, and to bése
estimates of future trends on such data. Income series are
all measured in locél currencies. These are not transformed

into standard units since the method used to introduce income -

3/ In the high fertility countries, the most common assumption
is that fertility will decline to one-half present levels
over a span of 30 years. Under the low assumption, the
decline begins earliest; the high variant assumption is
g@ssociated with latest onset of decline (or none at all,
in the case of wome African high variant projections),
However, estimated data of the .onset for any variant
‘varies from region to region, as does number of years

separating date of the onset among the three variants.

4/ The 12 countries for which completely a priori trends are

. specified sre the following: British Honduras, Angola,
Cameroun, Ethiopia, Guinea, Ivory Coast, Liberia, Libya,
Malagasy Republic, Sierra Leone, Togo, and Jordan. Trends
specified for these countries reflect income growth in
nearby countries judged to be similar, and in a few cases,
some -inferences from scattered historical data. Data
required for doing most other analyses on these countries
is available, and it was judged justifiable to proceed
with only a crude income indicator in order to include
them in the study. '
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into ‘the demand projections required only that relative
chénges in income be specified. *waever).it is necessary to,J
deflate the data sérieé with cost of‘living indices.’ |
Least—squares regressxon technlques are used to estlmate
‘tlme trends in total 1ncome.-/ Whenever p0931b1e, two varlants
have been specified; (1) a low variant consjsting of a
‘function ;hidh‘ib linear throughout the projection period,
and (2) a high variant qonsisting of a function which is
exponéntial throughout the projection period. Excepti;ns are
made in a few cases.é/"The final selection of two alternative
future income growth paths‘is based on the appearance of the
plotted observatiéns, the statistical-properties of estimated
functions, kno@n historical occurences which may have affected

the datay and values projected by each function.

5/ Each ccuntry's data are first plotted against time. Of
course, a varlety of patterns are observed, but growth
paths which are increasing at increasing rates are not
uncommol;. Projecslons based on estimated functions,

f (t) for which 4 f/dt >0, lie on an explos1ve time path;
where estimates are based on short time series, projected
values are very sensitive to observations away fram the
trend line. 1In view of the uncertainty about the appro-
priateness of individual forms, (and of course, about the
future path of income ltsolf) two alternative income growth
paths are specified for ‘each country.

6/ In a few cases, hlstorlcal income observations increase at

: decreas1ng rates. For these. countries, a function for
which d2f,’dt2<0 is used fox one of the two alternative _
growth paths. 1In still other cases, the estimated functions
are judged to be unduly influenced by wars, political e
disturbances, extraordinary economic experience, etc.
during the years when the observations were generated.
Here, one or both of the two income trends are spec1f1ed
on a priori grounds.



Food demand projections

In all, nine different estimates of totél food dehand
are derived for each of the 96 countries at each of three
future time éeriodsé—l970, 1985 and 2000. Three estimates
assume constént per capita income with population at low,
‘medium, and high rates. In this case, future growth in
demand is proportionate to population growth alone. Three
demand estimates combine a low income growth rate with the
three population rates just mentioned. Finally, a .igh
;income growth rate is combined with the three population
.rates-to compléte the set of nine estimates.

The approach used to project population and income
ignores the interdependence which may exist by virtue of
population growth expanding the supply of productive inputs
k(labor), and hence, influencing output and income. But in
~underdeveloped countries where labor frequently is under-’
eﬁployed with low productivity, the linkage between population
growth and total income growth would seem, at best, tenuous.
Thus, in this study, total income and population are pProjected
independently, and per capita income is computed as the ratio
between the two.

 Demand projections for future years are based only on
'population and income projections. Prices are assumed |
constant, and consumer preference changes are ignored. ‘The
’proéedure for projecting the direct demand for each commddity 

is carried out in two steps. Per capita demand is projected»
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- on the basis of estimated future per capita real income; ﬁheSg 
estihaﬁes are multiplied by population,estimates to arrive at
| a total directldeﬁand estimate.l/

Demand projections are prepared for the following nine
product classes: cereals, sugar (raw vaiue), starchy roots,
pulses, vegetables and fruits, oil crops, meat, milk, and
eggs. |

Estimates of area, yield, and production

Production estimates are based on an extrapolation.of
reﬁent trends. Area and yield trends are used where data
- are available. Trends of crop acreages are extrapolated
subject to a constraint on fotal cropland in each country.

In a few cases only production data are available for

7/ The relation between per capita  income and food demand has
bheen studied in considerable detail by FAO pursuant to
their projections of world food supply and demand. Two
results of the FAO study are adapted for use here: (1) a
set of estimates of income elasticity of demand for
various food groups in most countries of the world, and
(2) a specification of consumption function forms judged
appropriate for long-term demand projections in the same
countries for ‘the same food groups. The elasticity
estimates were not all made for the same base year, but
the dates range over the period from 1959-1962. Income
changes to be accounted for are often large, and the
methodology for projecting per capita demand must take
into account the falling marginal propensity of consumption
for individual foods. Thus, all but one of the consumption
functions exhibited declining income elasticities at higher
income levels.

The projection procedure assumes the following: (1) at
some base period, observed per capita consumpticen and income
values constitute a point on a consumption function, and (2)
the consumption function is of a mathematical form specified
on the basis of FAO's investigation. Given estimates of per
capita income and consumption, and estimated income
consumption functions, it is possible to estimate the
"ionsgmption which the function would predict for any income

evel.
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 pr6jeétion of total ohtput. Nearly all fruit crops are
projected on this bésié. Such.projections do not take into
account possible bounds on cropland. All data used are
.drawn from sources published by USDA or FAO.§/

Least-~squares techniques are used to estimate all
‘equations. Several criteria are applied in selectihg functioﬁg
to represent individual time trends, but among the most
important are the trends of the plotted observations and
statistical properties of the fitted functions. Recént
(often provisional) data, not used in fitting the regreSsions;a
are used to consider relations with the data used in the
estimated functions. Extraordinary historical events, for
selected countries, which are known to have affected the
observed data are taken into account. “Examples of such
historical events are major agricultural policy changes,
extreme weather, war, political disturbances, severe markepg
disruptions, etc. | |

Estimates of potential cropland expansion

All projections are conditional upon their assumptions,

and the most pervading assumption is a continuation of recent

8/ FAO coverage is broader, both geographically and in terms
of the number of crops. Data from individual countries
are not used because the same data, with very few omissions
of significant crops, can be found in FAO publications.
This avoids the encumbrance of working in numerous units
of measurement and languages. However, for certain
countries of the world, USDA estimates are thought to be
more reliable, and a priority was established whereby
USDA data are used as a first choice whenever availahle.
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 trends. Obviously, the assumbtion that ‘cropland expénsion -
can continue indefinitely can be ruled out. a priori.
.Projections of crop areas in most COuntrieé of Central and
South America, the Near East, and Non-Communist Asia are

maqF subject to upper bounds on cropland expansion which

' haQe been derived from estimates of William G. Harper.g/

From these basic data, upper boundaries on cropland expansion
are established for each country at two levels. The basis
for establishing low and high variant upper bound differs in
Latin America, the Near East, and the Far East. For Latin
American countries, the low variant is computed as the suh of
all cropland located within fifty miles of rail, water, or
road transportation. Little of the cropland is presently
planted more than once annually in Latin America, and the low
variant here assumes no multiple cropping. The high variant
bound includes all cropland, regardless of location, and in -
addition, multiplé cropping is assumed possible on irrigated

}lénd where éufficient water is deemed available or on island

9/ Estimates derived by Mr. William G. Harper under an
agreement with the Center for Agricultural and Economic
Development, Iowa State University of Science and Technology,
Ames, Iowa. -
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éfeas having favorable soil characteristics éhd acceptablé

temperature and moisture for eight months or lbngér annually.lg/
Crops for which area trends are estimated do not include

all crops grown in the country, and hence, the sum of the

area trends cannot be interpreted as the trend in total

cropland. Estimétes of total potential cropland are reduced

to allow for minor crops not included in the analysis of‘

area trends,

10/ For the countries of the Near East, multiple cropping is-
assumed possible only on presently or potentially -
irrigatable land., No potential crop land is identified
at distances greater than fifty miles. The low variant
upper bound reflects on cropland identified in upland
areas, and irrigated land presently in use. Multiple
cropping is increased to refl:~t potential increases in
supplies of irrigation water and better management of
existing and future flows.

Beginning with the eastern part of India and moving

‘eastward, annual precipitation is judged adequate to
permit multiple cropping on upland soils in some cases.
Thus in these countries, the conceptual basis for differ-
entiating between low and high variant land boundaries is
.the same as in the Near East, except for the distance
criterion in the case of Indonesia. Under the high
variant, multiple cropping is assumed possible on non-
irrigated cropland having favorable soil characteristics
and acceptable temperature and precipitation for eight
months or longer annually, while under the low variant a
minimum ten months favorable growing season is assumed
needed. Certain portiorns of Indonesia's cropland are
designated as more than fifty miles from transportation,
and these areas are omitted from the low variant land
constraint. In no other case is the location criterion
operative in Asia.

A hectare of land designated as suitable for multiple
croppings is treated as two hectare of cropland, whereas a
hectare of cropland marked for dry fallow management is
added at one-half hectare. Where land is designated as
suitable for long-term crops such as coffee, sugar cane,
etc., no multiple cropping is assumed in any case.
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For countries for which data are not available from the
Harper study, constraints on land expansion are routinely set
at levels only slightly above those of 1960. Most estimated -

total area trends show ohly modest changes.il/

Analytic Results

The 96 nation aggregate world production-demand compafiébn
for cereals under assumptions of three time periods, ﬁwo land
restrictions, three population levels, and three income levels
is summarized in Table 2. For summafy purposes, only the case
of cereals is presented because (l)vcereals, consumed directlyf
and indirectly, form the major portion of man's diet,y(z)"' -

across countries, cereal crop data is more complete and of

11/ Aside from Finland and Norway, no European country's data
show rates of total cropland expansion in excess of 0.4 .
percent per year in 1960. Trends for Japan and for four- .
teen countries in Europe are estimated to be negative in
1960, though as some individual crop areas go to zero in
later years, projected total area trends often recover.
Norway, with an estimated growth in total cropland of 1.6
percent in 1960, is constrained to 115 percent of 1960
crop area; Denmark, with an 0.8 percent growth in 1960,
is limited to 110 percent of 1960 area. Two other
European countries, Finland and USSR are permitted a ten
percent increase in cropland under the land constraint on
the basis of their 0.4 and 0.3 percent growth in 1960
cropland. France is allocated a ten percent increase on
the basis of U.N. projections. \

, Australia and New Zealand present special problems
because both exhibit rapid growth in total cropland,
evidence suggests that substantially more expansion is
possible, but neither have been singled out for detailed
studies. In the case of New Zealand, estimates are
available suggesting that ample undeveloped land is .
available to permit the expansion implied in the projections,
so land constraints are set at a level which left the
trend unbounded. For Australia, where the 1960 growth
rate in cropland is estimated at 3.4 percent per year, a
land constraint forty-five percent above the 1960 level
'is estimated from the data.

In all other cases, land constraints are specified
~at only one level, ‘



Table 2. Projected world cereallbalances‘f6r196'nations‘inf1970;”1985} énd"20O0“(1;000‘M.T;)‘

Land Population Low Medium High Low Medium High Low Medium High |
Restraint Year Income Low Low = Low Constant Constant Constant High High High
1970 - 76,783Av68;623[ ff:_ - 92,454 82,460 '71,321 54,293 45,519 35,282
Low 1985 164,731 118,814 77,726 197,847 140,854 90,460 94,269 41,821  -4,507
2000 258,838 144, 485 - 302,191 - 158,248 43,193 117,069 -22,989 -132,801
1970 36,497
High 1985

-9z

2000 . -111,994
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bétter'qﬁality than is that for other crops, and (3) cereals
bare the major group of food stuffs which move in international
tréde, commercial sales or concessional sales.

Of the fifty-four combinations presented in Table 2, only
Six result in a produdtioﬂ minus demand deficit., All of tﬁe
'VShortaQes occur under two inddme—populétion combinations. In
vi985 a éhortage occurs under the combination of high populatioh
with high income. This combinationvprovides the mosf possible
individuals to feed and each individual demands the most
possible per capita consumption. In projections for 2000;
there are two cases where cereal shortages occur. A shortage
occurs with a medium population and high income assumption and
hecomes progressively greater under the high population and
high income assumption. Again, the shortages only occur under
the highest and next to the highest of all demand assumptions.

The assumption on land expansion has a sizable affect, |
fdecreasing the 1985 deficit from 4,507,000 metric tons to
:92,000 metric tons when moving from the low to high land
‘restriction. The effect of land is less noticed in 2000.
Boﬁh income and population have a significant effect, but,
~even then, a high level of either occurring alone does not
have serious consequence, evidenced by surplus projections
for high population and low income or high income and low
population. Only the interaction of these two factors at .
medium to high levels create a strain on the world balances

for cereals.
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“To disaggregate the world summary for cereals, nations
‘are grouped according to low, medium, and high income
.classification. Low income nations are identified as those
with a per capita income below $300 per year. In the low
income nations, Table 3,‘a cereal grain deficit is experiencea
at the lowest demand level, and any increéée in either income
.or population aggravates the shortage. Medium income nations
are defined as having per capita income between $300 and $800;
The medium income nations also experience a cereal shortage
5uﬁder the most favorable demand conditions fTable,4),_ahdvanf

3incxéasing shortage as the,demand:assumptionsﬁbéCpme-léééﬂ



V4Tab1e 3. ‘Projected cereal baiances for low income nations in

1970, 1985, and 2000° (1,000 M.T.,)"a—/

Land - Pop. Low Medium High

Low Medium High Low Medium High

Rest. Year Inc. Low Low Low Constant Constant - Constant High High High
1970 -16,198 -18,304 -18,978 -12,270 -15,810 -16,958 -32,417 -34,865 -35,661
Low 1985 -44,055 -58,792 -69,207 -35,784 -59,556 -78,443 ~95,300 -115,450 -130,306
2000 -96,147 -130,891 -155,698 -87,798 -148,189 -199,434 -200,185 -255,761 -300,621
1970 - -14,984 -17,089 -17,764 -11,056 -14,595 -15,744  -31,202 -33,650 -34.,447
. High 1985 -39,651 -54,387 -64,803 -31,380 -55,552 -74,039 -90,896 -111,086 ‘f1251902

-67,129 -127,521 -178,765 -179,516 =235,092

2000 -75,478 —110,222 -135,029

=279,952

- a/ Low income defined as less than $300 per

N
c



fable 4. Projected cereal balances for medium income nations in 1970, 1985 and 2000 (1,000 M.T.)¥

Land b/ Pop. Low Medium High Low Medium High ‘ Low - Medium High
Rest .= Year Inc. Low Low Low Constant Constant Constant High High High -
| 1970 - -6,103 =-7,409 -8,659 525 -942 -7,592 -10,576 -11,945 -13,244
High 1985 -5,716 -12,626 -19,546 7,478 -120  -2,320 -16,058 -23,762 =-31,318.
2000 -542 -16,721 <33,976 17,021 . -913  -19,851 -17,762 -36,976 -56,993

'a/ Medium income defined as frdm1$§

b/ Only one land restraint was used:in medium. income-nations’

“Iz .. .
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favoréble, with one excéption. The case of low popqlatibnf
‘andlconstant income results in a surplus for all three time
periods.lz/ |

There is only one land availability class for the medium

incame nation group of countries. The condition of one

12/ This raises a question of the relative level which constant
per capita income represents when compared with low and
high per capita income. Summarization of several country's
income projections indicate that the nature of the constant
income is somewhat more elusive than that of the low and
high income. As a generalization, constant income represents
the lowest of the three income assumptions when'considering
high income nations. Per capita income in these nations
is expected to grow faster under the low income variant
than if the income were to be projected at the current
level. The necessary projections for this assumption are
that total real income is growing faster than the population
even when income is projected on the basis of the low
growth rate variant. For the medium income nations, the
population and real income are growing at approximately
the same rate under the low income assumption so that a
constant per capita income assumption falls at about the
same position as the low income assumption. The data
summary indicates that the constant income assumption is
slightly below the low income assumption for the group in
the aggregate. In essence this suggests a weighting of the
class toward the upper side of the $300 to $800 income range.
For the low income nations, the constant assumption
occurs either as the highest, the middle, and or the low-
est of the three assumptions depending on the particular
nation under consideration. This variance among the
countries which are aggregated together makes it difficult
to generalize about the relative position which the constant
income assumption represents. The summarized data indicates:
that constant income is {he lowest of the three income
- assumptions for this group in the aggregate, but there is
considerable disparity among individual nations. To
compound the analysis of the relative position which constant
income represents, that position switches within countries as
you project population from 1970 to 1985 and on to 2000. o
In conclusion, the exact nature of the constant income
assumption is difficult to establish among income groups.
Only the high and low assumption can be compared directly.
The constant income assumption is a meaningful assumption,
and one which is often used, but it should only he compared
with the other two within a given income class. One :
consistent ordering of the nine income-population combinations
from high to low for all income groups is not possible. '
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cioplénd boun§ is a function.of the individual countries that
hapéens to fall in this group rather thanfa function of the
income group itself. .
| Comparlng the summaries for low and medlum income natlons,_

'the same pattern of shortages occurs with the maln dlfference
‘the magnitude of shorpages. For example, the def1c1t in the

low income nations for 1985-medium population-low income-high
‘,Laﬁd is appfoximately four and a’palf times the deficit for

the medium income nations under the same assumptions (54,387;600'
ﬂ@s. 12,626,000 m.t.). Comparing the two groups for the same
“time, population, and land assumptions, but high income g:bwth B
~rate, the shortage for the loﬁ'income nations is again‘aboﬁt |
'four and a half times that in the medium income nations.
.Other similar comparisons result in different ratios of
’shoftage, but holding three of the variants constant and
varying the fouéth will produce shortages reflecting fairly:
'éenstant ratios of deficit between the two income groups. -
| Examination of food balances for the high income natiéns
‘défined as over $800 per capita, indicates that a su;pluén
1wi11 prevail under all of the assumption combinations (Tgble
fé). 'Surpluseé‘decline as income and population growth rates
increase, but the minihum surplus of 84, 187 000 metric toﬁ
Jccurs under the least favorable assumptions of high income
and hlah ponulatipn. - 'The unique characterlstlc of the high

income group is that time works in favor of world cereal

balances with. surpluses being at a minimum in 1970 and
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fTable’S., Projected ceréél balances for high income nations for 1970, 1985 and 2000 (1,000 M.T.)g/

' Land POpulation Low Medium High  Low Medium High  Low ‘ Medium High

_Restraint Year Income Low Low Low Constant Constant Constant High High High
1970 99,085 94,335 86,001 104,198 99,211 90,598 97,286 52,529 84,187

‘Low 1985 214,510 190,237 166,484 226,160 200,938 176,499 205,631 181,076 157,116

2000 © 335,540 ~ 292,128 248,171 372,982 307,363 262,490 335,027 269,758 224,820
1970 99,085 94,335 86,001 104,198 99,211 90,598 97,286 92,529 84,1Aa7

 High 1985 214,521 190,247 106,494 226,171 200,948 176,509 205,642 181,087 157,127

| 2000 335,675 292,263 248,305 307,498 262,625 335,162 269,892

:3§/fﬁigh»in¢ome'defined;aé over - $800 per Yeér. 

ve

224,955 =
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“increasing constantly tbrough 2000, Fortunately this is a
reversal of the trends in the low and medium income nations
where the balances are at their best in 1970 and declined with
‘time. Noted exceptions are the cases of low income-1low popula-
tion, constant income-low population, and constant income-medium'
population for the medium income nations. For both of the

@ases w1th low population, food shortages deminish with time as
,in the high income nations. For the medium population-constant
income, the defic1t declined from 1970 to 1985 and then reversed
from 1985 to 2000 All other income and‘population combinations-
for the low and med fum income nations exhibit é.cohtinuous.

decline with time.'

Selected individual country summaries

Summaries of cereal balances for the United States andIIndia
were prepared to allow Comparison of these two countries which
_provide extreme examples of surplus and deficit nations. The
United Sfates summery, Table 6, exhibits the characteristics of
the high income class of nations to which it belongs. Surpluses‘
are orogected even under the least. favorable demand conditions
1nvl970, and the surpluses grow as producticn and demand are
projected to 1985 and 2000. The United States is classified as
having a high cropland bound; therefore, comparisons are only
available for one cropland bound,

India is classified in the low income group, and demonstrates

some, but not all, of the characteristics of that group, With

low income and low population assumptions, surpluses are positivee



Table 6. Projected food balances for United States in 1970, 1985 and 2000 (1,000 M.f;)'

Land Population Low Medium High Low Medium High Low ' Mediumg High

Restraint2/YearIncome Low Low Low Constant Constant Constant High High High
1970 84,192 81,499 77,989 85,379 82,545 78,853 83,581 80,890 77,383
High 1985 168,892 156,209 147,463 171,817 158,464 149,256 165,432 152,665 143,882
2000 276,079 242,192 229,499 280,871 245,231 231,854 267,233 232,497 219,572

.8/ Only one land use class in United States.



27

for 1985 but small or negative for 2000C. .Increasing the
population growth rate to the medium variant exhéusts the
surpluses in all gxcept'the case of constant income for the
year 2000. All other surpluses occur‘under low population -
grow;h and low orvconstant'ihcome growth. 1In the case of
India, Table 7, it is useful to examiné the nature of the
deficit pattern growing out of the interaction effect of
indoﬁe, population, and land. Under the low land, low
population, and low income variant, deficiés occur in 1970,
disappear in 1985, but feturn-in-zooo. Increasing eithet
income or population is sufficient to create a deficit in
'1970 which gets continuously greater in 1985 and 2000. Under
- the high land variant, the production-demand balances improve
as time elapses for three of the nine income-population
combinations, low income-low population, constant income-low
population, and constant income-medium population. In the
other six cases ﬁnder the‘high land variant, the deficit
incréases with time as it did under the low land variant. 1In
any case the deficit doeé not exceed 25,000,000 metric tons
ﬁnﬁil medium or high population occurs with.the'high income
variant.

It is interesting to noteAthat the In@ian cereal deficits
take on increésing values, without oQérlap, when the population
variant is ordered from low to high within the ldw and high
income classes. When the income-population ¢ombinations are

ordered from low income-low population, low income-medium
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Table 7. Projected food balances for Indies in 1970, 1985, and 2000 (1,000 M.T.)

 Land " Population Low Medium High Low - Medium High Low Medium High -

Restraint Year Income Low Low Low Constant Constant Constant High High High
1970 ~-156 —1,076 ' -1,298 =26 -1,670 -2,073 '-3,987 -5,030 -5,282

Low 1985 1,730 -2,826 -6,628 5,917 -1,625 -8,409 -8,933 -14,736 -19,718

2000 -6,503 -15,590 -24,269 5,187 -8,235 -22,335 -24,386 -36,515 -48,647
1970 -156 -1,076 - -1,298 -26 -1,670 -2,073 -3,987 -5,030 ~5,282

High 1985 1,730 -2,826 -6,628 . 5,917 -1,625. -8,409 -8,933 -14,736 -19,718
‘2000 1,995 -7,090 -15,769 13,687 263 -13,835 -15,887 -~28,015 -48,647
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population, and so forth up to high income-high population,
the cereal deficits are 6, 15, 24, 24, 36, and 48 million
metfic.tons respectively in 2600. This ordering indicates
that the income ciasgification breaﬁs the deficits into two
distinct groups .and then population orders the deficits within
the tﬁo groups, making income level the dominant variant and
population the secondary variant, The prgdominancé of this
ordering is consistent throughout thg analysis with 6ne
occaéional'exception. In a few cases the high income-low
population assumption overlaps the low income-high populatidﬁf

assumption.

Corclusions

The basic aim of this.étudy was to estimate timeftféﬁﬁg
‘in production of and demand for food in the world as data.
~would permit, and to conduct comparisons by country,
geographic area, and income group for two levels of cropland
variant, three time periods, three levels of population, and‘
three levels of income. Selected cases have been summarized
for cereals because of their representative nature and to
demonstrate effects of the variables and their interaction.

‘As would be expected, progressing from the low to high
;land variant helps the food balance either by reducing thg
deficit or by incteasing the surplus, depending upon the
original position of the nation of group of nations under
bonsideration. Time plays two roles in the comparisons. On

the one hand time serves to identify three future reference
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points for comparison. :On the other,.time enters the comparisons
indirectly as it is used to project the estimated time trends
for total population and income. Since both functions are
.increasing'for most nations, population and income increase
over time, but the relative rate at which the two advance
affect_the balances at various points in time. For most of
the nations, the baiénces under the low income variant fall
below the balances dnder the high income variant regardless
of the population level. Other variants held constant, the
baiances decrease as expected when population varies from low
to high. |

| The exact nature of the effects of the various variants
:dépénd upon the inéome class in which the éountry or grdup of
'éountries fall, 1In the aggregate, surplus cereal balances
‘exist under all assumptions when any three of the variants
ére'held at lower levels and the other variant is allowed to
éo to its upper limit. In fact, surpluses pérsist under all
.combinations of variants except when high income growth rate
occurs with high population growth rate until 1985, or high: 
M{ncome growth rate occurs with medium or high population |

g;owth/ratezthroﬁgh the year 2000.
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OPTIMIZING DISTRIBUTION OF
FUTURE FOOD SUPPLIES AMONG DEMANDS

The study completed on future food balances suggests thatd
‘the major world problem of the future will be similar to that
of the past: _how to place excess food production in the hands
of those who have inedequate food supplies. Only if the
-nations of the worid maintain a medium or high population
growth rate after 1985 will the problem of world wide food7‘
deficits appear. Even then, this rate of population grdwth;
must be coupled with high income growth rate for total food
supplies to be inadequate. However, this outcome does not
imply that particular countries will not continue ‘to have :Q
deficits in food supplies in the future. Those less developed’
countries with per capita incomes of less than $300 shom'
continuous deficits over the period 1970 to 2000 : ?or5thesé

nations to provide adequate food supplles for thelr populatlon

will require that imports of food be contlnued But Wthh}Ofm;

the surplus countries will provlde the food? And ﬂt wha
cost? From the.U.S. point of view, what effect does restrlctlons
on shipments of government program exports in forelgn flag
vessels have on the competitive position of cereal exporcers

from the U.S;? These are but some of the questions which have
had little attention in the past but are relevant to discuSsions_

on food aid, agricultural and economic development.
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Study Obijectives

To ‘develop improved levels of knowledge on the optimum

manner of digtributing future food supplies among competing

" demands, a study of world trade in cereals was undertaken.——/

The

13

objectives of this study are:
_i, To develop a model sultable for use in the analysis
of worldt® trade in cereal gxains—~/ given the
ekisting and/or potential capacity for production
énd:predetermined import-export potential for the
vcdmhddities involved. |
L?;&'Té analyze for 1975 levels and patterns of inter-
regional trade in cereal grains and utili?ation-ofs
productive capacity.
;; ' To analyze the significance of_certain tfade restrictions
. 1lik2 (1) U.S. policy requirements that at least oheY§§1f~

of its total export sales under government sponsored

.‘f __/

15/

For a complete report of the basic study, see Charles F,
Framingham, An International Analysis of Projected Cereal
Grain Production, Requirements and Trade and Its Implications

- for Importing Nations, Major Exports and the Fertilizer

Industry in 1975, 1985 and 2000. Unpublished Ph.D. thesis
Towa State University Library. Ames, Iowa. 1968. The
FPramingham study did not include trade balances for
Communist Asia. These later extensions were completed

by Keith D. Rogers. '

Certain small countrles with low populatlon and productlon
levels were excluded because of inadequate data.

Cereals were divided into three categories: wheat and .
rye, rice, and other grain. ‘
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programs .move in U.S. vessels, and (2) self imposed
Variations in world export price among different

countries,

Methddology

Because of the importance which cereals play in totai
world food production and consumption, only cereals are
considered.in this study. Cereals are disagéregated; however,
to allow for examination of balances for specific individual
cereal crops or combinations, namely wheat and rye, rice, and
fother grains.

The basic study was extended to include the import
:requirements for Communist Asia, Mainland China, North Korea,
ahd Nofth Viet Nam. After examination of trends in other low
}inéome nation food balances, it was hypothesized that the
‘production—demand balance for this group of countries wbuld
get‘progressively worse with time. From this point, an attempt 
‘was made to estimate the increase in food deficits which wouldjf
résult from an increased population and income level. |
 In¢reasedvproduction capacity was assumed to be used to meet
increases in food needs thus holding cereal deficits to.raées
experienced in recent years. Although estimates of future
food shortages in Communist Asia, are ingxact, the crudeness
of these estimates could be justified in order to include
this large block of world population and potential.food

deficit in the analysis.
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 ->in ofder for this study to be most useful, it should
identify potential pressure points and do so in time for
corrective méasures to be initiafed. It was felt tﬁat 1970
projections tended to only describe the current conditions
rather than provide information which could be used in policy
.planning. On this basis it was considered reasonable to d:oﬁ
the 1970 projections or update them to 1975,

To achieve the objectives specified, a 39 region linear
programming model was developed.lé/ The objective of the model
was to minimizé the cost of obtaining the commodities required
to satisfy projected regional requirements for wheat and rye,.

rice, and other grain.ll/

16/ To specify the model used, it was necessary to: :

(1) divide the 97 nations studied into 39 producing-
consuming regions, :

(2) choose one or more ocean ports in each region for
purposes of interregional analysis.

(3) specify future levels of productive capacity and

- domestic requirements for each of the three cereal
classes, wheat and rye, rice, and other grains, in
each country or region.

(4) establish interregional ocean transportation costs
and intra-regional rail transportation rates for
each commodity.

(5) assume that conditions of free trade exist in the
international markets for cereals.,

17/ The constraints in the model are:
(1) projected regional import requirements or export
capacity for each of the cereal classes.
(2) minimum excess requirements for rice.
(3) projected cereal grain production capacities be
fully utilized or the associated land withdrawn from
production, o
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The following activities are defined for each region 13 
the model: |

1. An activity providing for export of each cereal
gfain cléss for each region in which an excess is
projedted; | |

:2.1 A wheat for rice substitution activity allowing for
‘the production and expoff of wheat from regioné with
“excess capacity to regions with rice deficits remain-
”ing after satisfying minimum rice requirements and.
‘utilizing all projected world rice capacity.

3. A land retirement activity to retire land from

' production for regions with excess cereal capacity.

Countries and corresponding regions inc;uded in the study

| Ninety-seven countries or regions are included in the
stﬁdy. For most purposeé they are aggregated into country
g;oubs. Three different levels of aggregation are used. '
Coﬁntries are aggregated into geographic regions according.to;
their association with a common ocean port selected to
minimize differences in marine distance between that region'
and other regions. Trade area aggregateé are specified in
accordance with those normally used. A two-way development
classification is also made. Couhtries with per capita income
levels of $800 or less are classified as "developing" countries;v
Those with higher per capita income levels are classed as
"developed". Because of the geographic groupings, it was.

necessary in a very few cases to modify this aggregation to
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prevent cross classification. With only a few exéeptions,

this classification puts all of the low and medium incomei

nations in the "developing"lciass and the high income nations

‘'in the "developed" class.. Where the few exceptionsido occur.};3

‘ the‘claasification on the basis of development.is~deterﬂined .

byvtﬂe hature of the majority of the naﬁions»in the'group;

| The breakdown of the income classiﬁications.is given in Table,B.ﬁ
‘For each 6f the 39‘£e§ions'specified in Table 8, a éort

‘or ports for receipt and dispatchvof cargo is specified. Due

; £° their geographic nature, multiple ports are specified for

'Canada; the United States, Ind?a, and Australia. The proportions

of regional excess capacity and/or demand allocated to:each

within a region is a.function of historic export of production

patterns and the distribution of.regional populétion respectivel&i

Cereal grain requirements

For fhe purposes of this study, a "most probable set" of -
populétibntand income asSumptioné are chosen from the niﬂe
possible combinations analyzed in the earlier study. Thé set

selected included a medium population growth rate and low
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.'Table>8. 'Countries.included in the study'and théir_grbhp

delineations.

. .  Geographic region and Trade Development;
Country : ‘identification number@ area " class '
United States 1 United States U.S.. DD
Canada 2 Canada . ‘Canada DD
Mexico 3 Mexico ] |
Cuba S
Dominican Republic 4 Caribbean
Haiti ' : S
‘Jamaica

.British Honduras
.Costa Rica

El Salvador e
Guatemala 5/Central America
Honduras ST
Nicaragua

Panama

Trinidad and Co

 Tobago' : ‘6 ‘Northern South 1

Columbia ' - America 1

Venezuela e ' F

Brazil 7 -Brazil i

Bolivia-. 8 Western South . i

Equador " America o ¥
- Peru )

Argentina L , 1.

Uruguay 9 southern South T

Chile - America o :

Paraguay = 1

Belgium and '

Luxemburg L ce s - L

West Germany 10 European Economic. Euxopisan

France . ~ © Community Economic .
' Netherlands | o Community -DD

'Italy

‘a/ The gégion,nhmberg indicated were used for region identificatibh?
~in the analysis model. ° ' . ' S
_ g/~DDeDeVelopéd, Dé—Develbping.
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fgbieya} (Continued)

. Geographic region and  Trade Developgent

 Country identification number® area class®

Ireland . 11 Ireland-Unite ’

United Kingdom = Kingdom B

Denmark o , _ » |

Norway 12 scandinavia ~Other

Sweden - p~Western
- Finland o | Burope DD
Spain 134Spain6Pdrtug51

Portugal A P

Aﬁsttia, | 14 Austria-Switzerland

Switzerland . : -

East Germany o I

Poland : 15 Northern East Europe

Czechoslovakia AU - R
- Yugoslavia 16qugoslavia"‘ L ~-East Europe DD
"Hungary o . ,

Romania ~ 17 Oother East Europe

‘Bulgaria : : R

U.3.S.R. 18 U.S.S.R. - | DD

Greece - 19 Greece-Turkey 7

Turkey . : ,

United Arab 20 United Arab Republic

Republic '

Iran 21 Iran-Iraq _Middle East DG _

Iraq * ‘ T PR
 Israel

Jordan ‘ -

Lebanon 22 .Other Middle East

Syria T . v |

~ Cyprus
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Table 8. (Continued)

‘ : Geographic region and Trade Developgent
Country identification number® area class

Marocco o ' : —
Algeria 23 Northern Africa
Tunisia
- Libya -

Ghana

Guinea

Ivory Coast - ) , »
Liberia . 24 Western Africa - - Africa DG
Nigeria : ' : o
Senegal

: Slerre Leone
Togo

Angola

Cameroun

- Congo (Kinshasa, 25 West Central
Rwanda, and . Africa
Burundi) ' ‘

Ethiopia o , _
Sudan ‘ 26 Ethiopia=-Sudan

Kenya ‘

Tanganyika , S o ;
Uganda - 27 East Central Africa
Malagasy Republlc N ' ' ‘
Malawi, Rhodesia

and Zambia

‘Republlc of South, 283Republic of South
_Afrlca - Africa

Jl

Avstralia 29 Australia ‘ |_South Afrxca-
: : : ‘ ™ Oceania DD

New Zealand 30 New Zealandz

IL”'

India 31 India L 1ndia- |
Ceylon . . , Paklstan : DG

pakistan - ‘32 pakistan
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Viet Nam

Table 8. -(Continued)
: : . : Geographic‘region and Trade .Developgent
Country -identification number area class
Burma 33 Burma ]
Cambodia o
Thailand , 34 other Far East
South Viet Nam » '
: : . Other
South Korea 35 South Korea — East Asia = DG
Federation of . ' .
Malaya ' 36 Malaya-Indonesia
Indonesia :
' Philippines' 37 Philippines-China
China (Taiwan) (T) L —
Japan 38 Japan Japan = DD
China, North .
Korea and North 39 China

China DG
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income growth”rate.lg/fOQe modification’'is made in this set.
Where é low income projection yieldéd a falling per capita
“income for a country, the constant per capita trend is
substituted. The effect of that mddification is to guarantee
at least maintenance of»base period per capita.income and
consumption~levels for all commodities in all countries except
those with hegative income elasticities and rising incomes.

Substitution of wheat for rice

In the analysis, wheat can be substituted for rice in
the absence of adequate rice supplies. Actual substitutions
are constrained by the following assumptions;:

1. Substitution of wheat for rice is possible only

after all available rice supplies are exhausted.

2. No substitution is possible in a developed country.

18/ Selection of the most probable set of population and lncome ;
estimates was guided by the following considerations:

1. The FAO study from which the population data are drawn
indicated that the medium population projections
developed in it are the most probable ones.

2. High income nations tend to have low income elasticities
of demand for staple foods such as cereals. Consequently,
the effect of income on their future cereal demand is
small.

3. Low income nations have typically not had high income
growth rates.

4. The assumption that agricultural production and income

' are closely correlated in develcping countries has '
previously been used in the development of production
projections for the developing countries with reasonable
success. Thus deviations of income from the selected
trand are partially offset by corresponding deviations
in production. This tends to make the selection among
income assumptions less critical.
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3.' Whére substitutibn is required, rice import8<avai;§ble
tb deveioping importers are distributed in accordance
with regional minimum rice requirements.

4, Minimum rice requirements in each‘developing region
iwith rice deficites are the larger of the level of
domestic production or the average maximum per capita
availability for all developing region importers whose.
domestic production is less than 1960 per capita
consumption. |

Transportation costs between and within regions

~Transportation cost estimates are developed for ocean
transportation and inland transportation of cereals. Techniques
based on availabie transportation research are used to estimate
ocean and inland freight rates, The ocean tréﬁSportation rate.
estimates are based brimarily on research reported in Maritime

Transportation of Utilized Cargo - A Comparative Analysis of

Break-Bulk and Unit Load Systems.lg/ Total costs per ton are

19/ To facilitate development of the rates, the following

assumptions are made: ' E

1. Cereals all have a cargo storage requirement of 50
cubic feet per ton.

2. The commodities moving in trade are all transported in
vessels having a bale cubic capacity equivalent to
15,000 tons.

3. When full, 90 percent of the ship's bale capacity is
utilized. 1In other words, a full load is 13,500 tons.

4. Vessel speed equals 14 knots per hour. o

5. Labor costs on foreign flag vessels are 53 percent of
those on U.S. flag vessels.

6. Vessels caa obtain only 60 percent of a full load in ports
where they discharge their grain cargo. '

7. The cost of discharging a vessel plus profit for the
voyage is 10 percent of vessel ownership, at sea, and
port expenses.

‘8. Days in port for loading and discharging is 5 for cereals.

9. Only one port call is made per voyage. :

10. Vessel construction costs equals $2,475,000.
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estimated at $4.37 plus $0.25167 (at sea days) for cereal
crops. Where one or more canal passages’aré required on a
voyage, 23 cents per ton per passage is added which is the
equivalent of one extra day. Where commodities are exported
from Great Lakes ports of North America, $1.60 per ton is
added to the cost for the equivalent of a seven day delay
passing through the St. Lawrence Seaway.

The regional inland transportation costs are based on

20/

information contained in the Directory of World Railways.

From this information country rates by commodity and regional

rates weighted by country imports within regions are developea.

Analvtic Results

Food balances for the three cereal classes under the
medium popdlétion—low income variant aré summarized in Table
9 for the 97 nation aggregate including Communist Asia. By
.1975 a surplus is projected for all three classes which will
hold through 1985. By the year 2000, a surplus exists of wheat
and rye as well as other grains, but a deficit for rice develops.
Allowing for wheat-rice éubstitution, the total requirements B
are met even in 2000.

For the developing nations a surplus of rice and other

‘grain existed in 1960. By 1975 only a surplus of rice exists;

20/ This directory contains country data on total number of freight
cars, total number of passenger cars, total expenses, and
total volume of freight carried for major railways. By
assuming that: .
(1) expenses associated with freight movement are the same
proportion of total expenses as freight cars are of total
: rail cars used, and
(2) that the commodities being hauled are average freight
commodities, it was possible to develop per ton freight
rates.


http:Railways.20

‘Table 9. Production minus demand requirements for cereals (1,000 M.T.)

Assumption: Land lcw-population medium-income low
. Time Crops 97 Nation Total Developing Nations Developed Nations
1960 Wheat & Rye -2,654 -14,630, 11,976
, Rice 2,039 1,812 227
Other Grain 2,431 2,550 -119
1975 Wheat & Rye 29,880 -25,664 55,544
. Rice 3,993 116 3,877
Other Grain 47,047 -7,186 - 54,233
1985 Wheat & Rye 33,049 -38,618 71,667
Rice 306 ~-5,589 5,895
Other Grain 74,824 -21,691 96,515
2000 Wheat & Rye 30,361 -66,687 97,048
’ Rice -20,386 -29,786 9,400
Other Grain -110,239 -57,679 167,918

122
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by 1985 a deficit occurs in all three classes and increases by
2000. For the developed nations, however, a surplus occurs in

all classes in all time periods except for other grains in 1960.;

World Trade Patterns

Patterns of.world trade in cereals are provided under
,tWo.aiternative combinations,. Under one'eet of altexnatiGES;
a. common world p:ice for cereal grains is assumed and
_tfansportation rates are varied to evaluete ﬁhe effect ci.
restrictions on the proportion of‘cerealvcargos which}mﬁéé
move in U.S. flag ships and the effect if all ce#eal]carQQQy
could move at foreign flag rates. Since°the Ufsfeflagﬁehfg
(ratesvare approximately two'times;thefforeignﬂfiag,;eteSifand
apptoximately 50 percent of'U“S“*pfogramaexporﬁewhd&éfhndér%thfSi
to 1.5 times the foreign flag-rate. Under a second set of
alternatives, 1nd1V1dual country prlces for cereals based on
~historical patterns are used These prlces are coupled w1th
- transportation rates w1th restrlctlons on quantltles of cereals
'shipped in U.S. bottoms and with these restrictions removed.
fshifts in‘quantities exported by countries with surpluses are
‘evaluated under each set of alternatives., The quantities
shipped under each alternative are presented in Table 10.

Two types of comparisons can be made from these data.

One comparison is between quantities each country ships under»

the different pricing of commodities. With a common world price .



Table 10. Quantities of cereal grains shipped from major exporting countries
ing mechanisms and alternative transportation costs in 1975 for 39

under alternative pric-
trade regions (1,000

M.T.)
Export Countries
_ Southern East ‘

Ocean Rates U.S. Canada Mexico So. Am. Yugoslavia Europe USSR Australia Total.
Set A - Common World Price

US = FF (ALL) 32,898 5,290 554 631 2,653 1,400 1,852 450 6,511 52,239
US = 1.5FF(DG) 19,068 16,200 554 - . 631 653 1,400 1,852 . 450 9,431 52,239
Change -13,830 10,910 .- "~ 0 0 0 2,920 0
Set B ‘- Individual Country Prices

US = FF (ALL) 38,520 0 5540 2,653 0 0 450 9,431 52,239
US = 1.S5FF (DG) 37,234 1,286 554 2,653 0 0 450 9,431 52,239
Change ~ -1,286 1,286 0 0 [ 0 0 0 0
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énd no differential in shipping rates, the U.S.‘exports
32,898,000 metric tons of cereals while with individual
counfry pricing which. allows the U.S. to lower its supply
‘price, the U.S. exports 38,520,000 tons. The second cémpafison
is between different shipping rates. This comparison measures
world trade in cereals based on foreign flag shipment.rates

for all U.S. shipments, simulating the absence of any U.S.
shipping restriction.

With a pricing poiicy of individual country prices'fdf
1975, a differentiated shipping rate causes a shift in the
trade pattern for two exporting countries compared to the’ ‘
undifferentiated transportation rates. U.S. exports of wheat g 
‘and rye decrease by 1.286 million metric tons while the
- Canadian exports incréase by the same amount when 50 percent
‘of U.S. program exports must move in U.S. vessels., With the
same variance of shipping requirements, but with a common
world export price for the cereal grains, the U.S. ships 13.8
million fewer metric tons of cereals while Canada increases
" its exports by 10.9 million tons and Australia supplies the
~other additional 2.9 million tons.

On the importing end, under the assumption of individual
country prices, the shifts in trade for the U.S. amount to a
554 thousand metric ton increase in Latin America, but a
reduction of 606, 148, 913, and 173 million tons in‘thg Middle
East, Africa, China and "other nations" respectively (Table 1l1).

The projected increase in Canadian exports result from an



Table 11. Quantities of cereals imported under alternative policies and pPricing mechanisms for

selected areas under least cost distribution for 39 trade regions (l,OOOTM.T.).

Export Countries

-1,286

Import Areas United States Canada Australia
Set A - Common World Price
US=FF  US=1l.5FF Change US=FF US=1.5FF Change US=FF US=1.5FF Change

Latin America 9,966 4,969 -4,997 0] 4,997 4,997 -0 0 0
Middle East 4,394 0] -4,394 0 4,394 4,394 392 392 0
Africa 2,896 0~ -2,896 0 3,010 3,010 487 373 -114

- India-Pakistan 0 0 0 0 944 944 3,740 2,796 -944
Japan 0 4,004 4,004 4,004 0 -4,004 0 0] 0
China 5,747 0 -5,747 790 790 0 0 5,747 5,747
Other 9,895 10,095 200 496 2,065 1,569 1,892 123 -1,769
Total 32,898 19,068 -13,830 5,290 16,200 10,910 6,511 9,431 2,920
Set B - Individual Country Prices ; 7

‘Latin America| 9,966 10,520 554 0 0 0 0 0 0
Middle East ~ 5,232 4,626 . =606 0. -0 .0 o) 0 0
Africa 2,896 2,748 -148 0 0 0 0 0 0
India-Pakistan o 0 ) 0 0 .0 0 0 o
Japan 4,004 4,004 0 0 0 0o 0 0 0
-China 4,053 - 3,140 -913 0 790 790 0 0 0-
Other 12,369 12,196 -173 0 496 496 0 0 0
Total 38,520 37,234 .0 1,286 1,286 0 0 0

8%
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increase of 790 and 496 million tons respectively to China
and "other countries". Under the assumption of common‘world
prices, Latin American purchases shift frpm the U.S. to
Canada, Middle East shipments shift from the U.S. to Canada;
‘African shipments shift from the U.S. and Australia to Canada,
Japanese shipments shift from Canada to the U.S.; Chinese
_shipments shift from the U.S. to Australia; Canada picks up
most of the losses in other countries from Australia.

Because of the high relative U.S. rice price, ho rice is
exported frombthe U.S. in 1975 and consequently the concessional
‘sales policy has no effect on rice shipments.

With ;other grain" sales, the increased ocean rate readuces
U.S. exports by 3.7 million tons with small gains going to
'México, but the major gains being realized by Australia, i.e.
2.3 million tons under individual country prices. When‘a
‘common world price is assumed, U.S. exports decrease by 3.1
‘million tons with major increases supplied by Southern South
America. Unlike the case with wheat and rye shipments, the
price assumption does not have a very large effect on other.
-grain sales.

The vélue of ‘the changes in trade patterns are summarized
in Table 12 for the U.s. Under the individual country price
assumption, the higher freight rate causes a reduction in
1975 cereal sales of $281.5 million dollars figuring wheat

and rye, rice and other grain at $63.20, $134.70, and $57.94



;‘ Table 12. Effects of ocean transportation rates and prices on United. States export shlpments of
. grain in 1975 under least cost distribution for 39 trade regions.

Common World Prices Individual Country Prices o
Ocean Rates Wheat & Rye Rice Other Grain Wheat & Rye Rice Other G:ain ' .
(1,000 u.T.) . ($1,000,060) (1,000 M.T.) | ($1,000,000)
US = FF 32,898 688 20,804 $3,377.22/ 32,520 0 26,518 $3,913.00/
Us =.1.5FF i9,068 1,180 17,662 $2,387.4‘ 27,234 | 0] 22,862 $3,631.5
Change -13,830 492 -3,142 -$989.8 -1,286 0 - 3,656 $281.5 -

a/ U.S. pricss are $63.20, $134.70, and $57.94 respectively for wheat and rye, rice, and other grains..
Source: "World Trade in Selected Agricultural Commodities 1951-1965". U.S.D.A. 1968. :

b/ U.S. prices are $64.10, $154.10, and $54.45 respectively for wheat and rye, rice and other grains.


http:3,913.0h
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per ton, respectively, as in the model. gnder the assumptibn
of common world prices for each‘commodity,-the‘decreasesvinj
exports is $989.8 for 1975, a'29.3 percent decrease. 

Location of Excess Suppl§
Capacity with Optimized Cereal Trade

Given the set of population'and income growth rates
adopted and analyzed, surpluses of cereals are available on .
a world basis for 1975.' After optimizing the distribution of
surpluses amcng deficit,countries, certain countries remain
with surpluses of cereals or they remain with surplus capacity

L .
to produce surpluses of cereals. Under the present arrangement -

of trade, this surplus capacity is located in the "dévéioped"'
countries and -particularly in the WUnited States. Much  ' |
discussion has centered on whether this arrangement’is
nécessarily efficient or useful, or whether an alternativél
arrangement could locate this excess capacity in more opﬁimdif
regioés, |

One phase of this study provided a means to evaluate
'where excess capacity would be located under optimal tréae
patterns. Excess capacity in cereal production was interpretedf'
as cropland which couid be idled from étoduction. Assuming
an optimal pattern of trade in cereéls, Table 13 liscs areas
and quantities of cropland which wouid be idled. Under tﬁ;s
pattern of trade, major acreaées retired are located in the

U.S., Canada and Australia. Under individual country commodity

prices,‘abOut 23. 22, and 4.5 million acres of cropland is



‘fable 13. BFfects of price and transportation on world land retirement by trade area in 1975
" (thousand acres) “ , :

- Common World Prices Individual Country Frices

Trade Area | Land Type US=FF US=1.5FF Change ~ US=FF US=1.5FF Change
United States Wheat & Rye 16, 241 25,767 15,526 4,817 5,372 " 556
e Rice 531 585 - 54 1,351 1,351 0

' : Other Grain 23,062 25,098 1,768 20, 207 23,193 1,986

Canada Wheat & Rye 17,665 613 17,053 24,702 23,932 771
: Rice 0 0 o 0 0 0
Other Grain 0] -0 0 ‘ 0 0 0]

Latin America Wheat & Rye 0 0 c 0 -0
. e . Rice = 0 -168 1,092 1,092 0
S Other Grain_ # 27 0 : 0 0 0

Other WéSt"Europe Wheat & R§é  0 0 0 0 0
| . ; Rice ) 0 0 25 25 0
Other Grain 0 - 0 3,663 3,663 0

East’ Europe - * Wheat & Rye 0. _ 0 3,572 3,572 ,O{
- - Rice .. = 0 0 0 0 o
s Other Grain 0 -0 734 734 0
U.S.S.R. - Wheat & Rye ‘o 0 - 0 -0 o
. R T Rice i 0 0 0 0 =0
Other Grain 0. 0 0



‘Table 13;_ (Continued) ,

Trade Area

- Common World Prices

Individual Country Prices

Grain

Land Type US=FF US=1.5FF Change US=FF US=1.5FF Change

~Middle East Wheat & Rye 0

R Rye , -0

Other Grain 0

Africa Wheat & Rye 0

Rye : -0

Other Grain - -0

' So. Africa- Wheat & Rye 0

Oceania Rice _ 0

- Other Grain 1

Other East - Wheat & Rye . 0
Africa. Rice R 0.

C Other Grain . - 7 0

Japan Wheat & Ryé ”: 0

Rice S 0

Other -0

g
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retired for the U. S., Canada and Australia, respectlvely.
Under a common world market price for cereals, shifts occur so
that approximately 30, 15, and 5.5 million acres are located
respectively in these countries in 1975. Canada shows a
reduction in fetirement of significant size; Australia shows

a moderate decrease; the U.S. shows a 50 percent increase. With
variance in the shipping rates at individual country prices
for commodities, the U.S. retires approximately another 2.0
million acres. Under the common world prices, a variance in
the shipping rates increases the U.S. land retirements by 16
million acres to about 46 million acres total. For the common
world price situation the shipping rate requirement causes
another 50 percent increase.

In summary, under the 1975 projections, the U.S. is
significantly affected by changes in the world price situataioun
or the shipping agreements under which commodities are sold.
The magnitude of the effects vary with the commodity, but the
higher shipping rate is most détrimental to the U.S. under the
common world commodity price assumption for wheat and rye.

The 40 percent decreasé in cereal grain sales would be of-no
small importance to the future of U.S. agriculturel Increases
of 50 percent in U.S. land retirements under shifts in eithér
of the two assumptions also have considerable relevance for

formulation of U.S. agricultural policy.
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* SECTION II: RESEARCH
PROJECTS ON THE INDIAN ECONOMY

ffhé detailed review of ihdividual country food production
éﬁd‘demand trends provides a basis for future analysis of food
a;d. ~The trends clearly point up the weak position 6f the low
incdme counfries and specifically the insecdrc position of
‘India. However, these tfends are based on data prior to 1964
and'therefore do not take into account the introduction of
recent technologies and increased use of fertilizer and other
inputs. The future food supply in Irndia depends to a very
large extent, on the dedication with which the Indian government
pursues its intentions to increase the supply of fertilizer,
the supply of irrigation materials, and the supﬁlies of superiof
sééd stock along wi.h other minor production inputs, and at
 the same time maintains the appropriate set of price relatibn-
.ships between these inputs and the output of.agricultural
}édmmodities to give producers adequate incentive. On this
‘'set of economic relationships and on the set of physical
production response relationships within which quantities of
- inputs fit, will depend whether India will accomplish its
much announced intention pf gaining food self-sufficiency by
1971-72. At this point in time, only judgements can be
rendered whether this goal will ge achieved. At present
theéenjudgements do not agree on (1) quantities of food
prodﬁced in the last agricultural year, (2) the response

.relationships of new and additional quantities of inputs,
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" (3) the quantities of carrybver stocks necessary if fddd
self-sufficiency is to be attained throughout a complete
weather cycle, (4) the effect on the Indian economlc plan if
food aid is terminated or substantlally reduced by the Indian
government, and (5) the ultimate effect of repayment of past
and present loans resulting from provision of food aid.

It is obvious that wg”&lll have to substantially expand
the basis for our Indian econémic intelligence before answers
to the above questions can be more completely determined. The .
United States needs additional economic information so that
it can formulate a policy on food aid of longer-term duration.
From the standpoint of the United States such an improvement
in information on our long~term outlook is essential if our
program of food production and administration of carryover o

stocks is to operate with any semblance of economic optimalify;.

Proposed Projects in India

The foreign phase of the Iowa State University AID/
Washington research project will be initiated in India with
this background. Thrée specific projects are'proposed which
aim at improving the economic intelligence of the United States
about Indian food supplies, providing a means for updating the
food outlook in India through future use of the models or
methodology developed /in the étudies and providing to the
Indian government additional economic information on the
quantities of inputs necessary if food sufficiency is to be

developed, and ways and means by which stocks of food grains

can be accumulated in a minimum cost manner.
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Projections of supply-demand and input requirements for future
food production

The initial project will focus on the broad reclationships
between food production and demand in India, required levels
.of inputs for each level of production and the prospects for
food imports and exports. This project will be carried out
under an agreement with the Natlonal Counc1l of Applied Economlc
Research in New Delhi whereby that organlzatlon w111 use the
* basic supply-demand work Whl"h 1t has completed 1n the past to

 build a further analysis ot the rapldly changlng condltlons ln

present-day Indian agrlculture W‘The progect w111 analyze these
-changing conditions for’ the perlod 1970—1985, draw1ng together
the implications of new technologles for 1ncreasmng supplles
‘of food and alternatlve levels of populatlon and ‘income growth
for increasing the demand for food Sharp dlfferentlals in

income elasticities for food ex1st 1n Indla. Whlch 1ncome

classes receive future addltlons of lncome w111 substantlhlly

_affect the total demand for food ; ncome dlstrlbutlon pollcj
. of the Central government will be of 1mportance ln-prOJeot;hg
kdemand for food. It is also of great importance fromfthefﬁ”’
standpoint of governmental stability but that is outside our
scope of interest at the moment. More direotly involved 1is
.thc cffect that a shift in ihcome distribution will have on
future food demand reduirements. These factors must enter

calculations if projections are to meet with reality.
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On the supply side, the analysis will evaluate the new
technological innovations which crop breeders and others are
concluding work on, and make estimotes of the p?oduction
effects these new inputs will provide. Further, however, the
study will draw upon new surveys on fertilizer response to |
work up estimates of the quantities of fertilizer which will
be required to optimally use the new varieties of crops now
being developed. Following up fertilizer estimation, irrigationi;
requirements for investment in equipment, investment in 1and  |
development, and in overhead development of public waterwayof
‘for the new varieties will also be estimated. Givén tho§é,f#
major input requirements for new varieties of food‘gfciné){;f

the analysis will concentrate on evaluating forelgn currency

considerations implied in these Jmport requlrements'""”
these derived estimates of foreign currency needs,

will proceed to lnterpret all of the above researcha n terms:

of the "food aid" needs or potentials w1th suggestl;ns fof‘
new alternatives in food aid to meet changlng agrlcultumﬁﬁ
condltlons and prospects in Indian agrlculture.g-

Repayment Exov151ons, counterpart funds and offccts on-.fiscal
and monetary policy in India

This project will analyze the Food Aid Act 0f719§§f
Under that act Congress initiated legislation wherebyAséiéén;
- of food stuffs under P.L.480 for local currency will be'lb ‘
terminated by 1971. Instead, food stuffs will be provided,_vn 

under contracts with long term credit to countries receiving



food aid, but this credit must be eventually repaid in dollars
Jrather than local currency. The 1mp11cat10ns of this change
‘%re'not evident at this pointfin'time, to administraters who
;re oharged with day to day operation:of extending food aid.
;The change in repayment provisions»Was;nOt-prepared and
;completed because of any theoretlcal conslderatlon but 1nstead

grew out of the severe straln on world food balances durlng

the 1966-67 drought 1n Indla and the lackfof obv10us 1mprovement

flod productlon 1n that country. Srnce the changes grew:
jout of practlcal con51deratlons of food supply rather than

ttempted movement toward a pollcy to stlmulate economlc

*development, a thorough analysxs ofﬁthe ultlmate effects of{

196 was prov1ded to that'iountry s government 1n the for

‘ mount of monetary reso”rce

ﬁexceSSAOf $2 3 bllllon) whlch‘w1ll be repald to hhe U S=;-

fgo_ernment over: the next several yea, Whlle'thls is local
;currency and will ‘not requlre any draln onuforelgn exchange;
%yet the magnitude of these funds and the .large purcha51ng

{power which they represent forlaommodltles produced in India
‘oannot help but bring concern to those charged with monetary

stability. These considerations require that long-term guide-

1ines be developed for handling funds generated from repayment
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of past loans as well as evaluating the potential effect on
development of changing repayment provisions to dollars.
These guidelines will be based on a thorough anaiysis of all
factors involved in the monetary and fiscal operations of
P.L. 480 and their interrelationships with goals of agricul-
tural and general economics development.

This study will analyze repayment provisions and the
mdnetary effects of eventual repayment of past food aid loaﬁs.;
It will also study and analyze the effects of the "self Help"
provisions which are attached to each new food loan since
1966.. All told, this study is aimed at a thorough theoretical 
and practical analysis of the provisions of thg new Food Aid |
Act of 1966 with comparisons of provisions under thé previous
act, the different impacts resulting from each type of provision
and the potential for further changeé to mesh food aid extehsion
with the goals qf self suffiéiency in food, economic betterment
for the masses of people and a stable government in India. |

The consultant services of Professor A. M. Khusro of the
Delhi University Economic Growth Center will be secured for
the purposes of directing the analysis with the actual effort
being completed by Dr. Uma K. Srivaciava who has reéently
‘completed his Ph.D. thesis on "Impact of P.L. 480 on Indian
Economy". Dr. Srivastava will be located at the:Economicsr
Growth Center at Delhi University. His analysis will be

initiated in June 1969, and completed in 12 months.
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Analy51s of buffer stock requlrements and minimum cost sources
of | procurement

This project.will analyze the preblem of establishing
buffer stocks of foodgrains in India to protect against
_fluctuations in food production resulting from vaéeries in‘
weather. The analysis will focus on alternative sources of
'supply for food stocks after establishing projected demand-
suppiy relationships and statistically estimated levels of -
Steck, to protect against expeeted changes in food supply
'fesulting from weather vatiabilityt:vaSts'will be calculated -
}for procuring and annually storing qsentities necessary to-
;eever'differing proportions of tﬁe eStimeted fluctuations.ih{
ifood supply. : »> _H” | t‘ ; | ‘ |
| The study will broadly attempt to provmde answers to_
fthe follow1ng questlons (l) what level of stocks are necessatyfg
:to prov1de security of food supply 1n Indla glven weather
'probdbllltles by states or reglons (2) what are the alternative
:sources of supply from Wthh stocks could be accumulated and
1what is the price per unlt for doxng so (3) where should stocks
:of foodgrains be located in India given the location of the
vpepulation and the regicnal fluctuations in weather and food
supply (4) under a policy of purchasing quantities of food-
graihs from Indian production, where will these excess supplies
be located and at what price can these supplies be purchased
(5) under an alternative set of policies for purchasing stocks

from the minimum cost source, what role will food shipments
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undér P.L. 480 fill in supplying quantities required (6)
given the present sets of conditions uhdgr which food aid ié_
given what is the present value (cost) of food for which
payment is required at some future date in dollars?

These questions.will be analyzed in the following manner:

(a) regional estimates of production (supply) equations
© will be developed. E

(b) regional estimates of weather probabilities will be
developed.

(c) regional estimates of demand for foodgrains will be
developed with differentiation of requirements for
food, seed, feed, waste and other purposes.

(d) regional estimates of quantities of stocks of food-
grains necessary to cover expected variation in food
supplies will be developed taking into account the
known deficit areas based on past production records.

(e) the effect of time on food demand, food production
and levels of stocks necessary will be brought into
the analysis. ‘ :

When the above parameters have been established for a
specific year or set of years these data will be formulated
into a model which will analyze the alternative ways by whiqh‘V“
stocks of foodgrains can be established, the cost of procufin§
and storing over time, and the effects of alternative policiésf
with regard to procurement pricing, food imports and other -
appropriate policy variables.

This project proposes to use the consultant services of
Professor A. M. Khusro located at the Economic Growth Center
at Delhi University for leadership and direction, and the
actual work and effort in the study will use the services of

Mr. S. K. Ray who will take a leave of absence from USAID/India

for the period specified.
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.féEc'r'I‘oN' III: FOOD AID RESEARCH
hPROJECTS AT IOWA STATE UNIVERSITY

;félven'the longer run outlook for food production and
fdemand, the roled food aid takes on added significance in
;resolving the food problem of low income and food deficit
’oountries. These countries will require considerable long
term aid of various forms if development is to.adequately
accelerate so that aid can turn fo trade in foodstuffs, or
for self sufficiency in food to be achieved. Eiﬁher objectiyeg
will require aid to be used in a manner consistent with
principles of agricultural development, general economlc
_development and consumer and producer theory.‘
| The projects at Iowa State Unlver51t;‘ore desxéned to
ieétabllsh a con31stent,framework for all aspectspof fqod.aJ‘
ih.relatioh to goals for'economic betterment in]the less".
‘developed natlons of the world The range ofvprojects ls 3
‘designed to provide both the theoretlcal pr1nc1p1es of agrl—ﬁl%
_cultural development and the role of which food aid can lel
~in:this process. Further, models will be developed which
:relate the vast number of interrelationship within an economy
toifood aid or more broadly to outside aid, for countries ar
‘lower stages of deVélopment. These projects'are designed as
"a oonsistent set of studies to provide the eventual guidelines

for improving on the operations of foreign aid extension by

the United States and other developed countries.
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'WeLfare and investment aspects of food a1d on agrlcultural
and economic development

This study deals with theoretical and‘apégied‘aspeéts
of food aid as a foreign investment instrument. The primary
objective will be to evaluate thé role which food-aid plays
in stimulating agricultural and economic development., One
facet of the evaluation involves a formulation of a conceptual
framework which will provide the organizational strvcture for
further analysis. The second and more importént facet involves
analysis of P.L. 480 provisions within the conceptual frame-
work to determine forces which can‘be activated through inter-
sectoral linkages to stimulate economic development. '
Although considerable effort and time has been devoted
to the use and impact of food-aid, a review of the literature
reveals that only a limited amount of achievement ﬁas been
made in associating use of food aid with a complete set of
Economic principles and theories which are involved, ‘Primariiy
the literature involves analytical work which appraises
effECFS of food aid on a specific ecdnomy as opposed to
discussions of general cases. Although no set of principles
has been developed with respect to use of food-aid, such a
step is necessary so that basic economic principles may be
' developed for the specific use of food—aid. With an
integrated framework, policy instruments can be specified
- which will effectively incorporate food-aid into a recipient

economy as- an economic catalyst to achieve specified objectives.
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One objective staﬁ?s out as basic’ o all food-aid
contractd, That objective is the improvement of consumer
‘yelfare whether strictly for humanitarian reasons or through
economic development. For this reasonlthis analysis will -
concentrate on the‘impact of food-aid on a sectorial‘basis"
“beginning with the consuming sector. Other seétors which wiii
be studied in the analysis are agricultural producing, non- -
~agricultural producing, and public.

Operationally, introduction of food;aid‘into a recipient
economy bégins with individual consumers. If food is provided
as a grant, *the consumer's income is increased and consequentl
results in an increase in‘total consumption. Assuming thaf
the consumer has a marginal propensity to consume. food which .
is positive but less than unity, his preference will reflect
an increase in total food demanded, but a reduction in demand 
for domestic food as a result of substipution of non—food "

- products for food products. Although the food grant result#;
in improved welfare, it is not a necessary condition.. In |
fact, if the food is provided to the consumer at any price
less than the eétablishéd market price,‘consumer weifare will
be improved és a result of the income and substitution effects
| The additional income which is spent outside the agricul;
tural sector registers an increase in demahd in the_non—
‘agricultdral production sector and establishes a iink between
the_conéuming apd non-ag producing sectors.  Of'cdurSe the

‘ éconqmic'linkage does not stop here. Increased demand for
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'non-agfcommodities facilitates ihcreaséd;emplqyment in the.
non-ag pro&ucing éector which in turn repte§§nts increased
demand which will be registered in both the‘agricultﬁral and
nonfagfiéultural sectors. Although the initial impact
kreflected a decline in deﬁénd fof domestic food, linkége from
the consuming sector through the non-agricultural producing |
sector back through the consuming sector to the agriculturél_
producing sectof generates a permanent increase in demand for :
ufood" Alternatively this increased demand must be met with |
- increases in domestic production, commercial imports, or
food—éid. Ffom the domestic standpoint the increased pricesv
in the agricultural producing sector provide an incentive‘fo:
increased supply. Again the increased demand facilitates
increased employment, increased income, and increased demand
for commodigies‘from the non—agficulturél pfoducing sector,

| - Tracing the impact of food-éid on the supply side requireé;
~a look again at the transfer of fodd to the consumer. If |
transfer is insulated from the market place, the transfer
will reflect a change in total supply, bgt no firsﬁ round
change in domestic supply. Under transfer arrahgements
insulated from the market place, the impact'on supply comes
indirgétly through price incentives induced by increasing deman&?}
If on the other hand food-aid tréhsfef is not insulated, Supély
effects on consumer prices are introauced. if an éxternai :
,éupplymof food is introduced into an open mé;ket system, the

‘direct effect would be a lowering of prices. Based on a

H
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positive prlco elast1c1ty of supply, domeqtlv 8Bupply would’ he
reduced resultlng in an lnltlal increcase in consumer welfare
‘but a decrease in domestic production. Alternatively as in
fthe case of the demand increase, the deficit can only be net
- through decreased second round demand, commercial imports,‘or
additional food-aid. The market place pricing of food hés
already tied the consuming and agricultural producing sectors
together. Decreases in agricultural supply would result in |
a reversing Qf the chain reaction back to the non-agricultural
pProducing sector as outlined above. |
| At'this point it is appropriate to digress for a moment
'fand-pick up the public sector. 1In addition:to the linkages
151n the private sectors, it is essential to examine the relatlon-
. fsh1p of food—ald to public investmént as well as monetar§ ahd .
'iflscal policy. One way which food-aid can compliment fiscal
f poiicy is as a substitute for taxing mechanisms. If the
 :récipient government sells the food to the consumer,'the
chayments function as a tax by transferring revenue from private
; £6 public sector. Whether the government receives the food-aid
ﬁés a grant or as a long term loan, the revenue collected
ggpresents a domestic investment fund available for developmental
programming. The investment funés, like counterpart funds
when reéeived and recontracted, are available for allocation
among various éectors as well as among prdjects orzprograms
within sectors. They may be used a$ social overhead to buiid

.irrigation wells, fertilizer plants, marketing facilities, eﬁc;
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in the agricultural producing sector; or‘they may be used to
éprdvide faw materi;is or other-resourceé for the non-agricultural
‘producing sector. This study wiil relate only indirectly to

the specific alincation decisions withih sectors and instead,
will concentrate on an evaluation of the impacﬁ of'investment
alternatives in various sectors.\

Like fiscal poiicy, monetary policy can'be significantly
affected by the use of food-aid. Of particular importance
here is the handling of counterpart funds. When held on
deposit with national banks, the funds represent an asset
against which loans can be made which effectively expand the
money supply. In other cases certificates are deposited to |
the U.S. government account and the funds are invested for
 domestic programming. It is at this stage that the questioni
" of inflation and iﬁs relation to food-aid arises. Food-aid
appears not to be inflationary as long as the counterpart
funds are not used to expand the money supply or achieve
similar doubling effects.

Tieing the public sector back to the private sector,
food-aid represents increased income to the consumer sector
whether sold to the consumer and the funds used for domestic
investment indirectly or used as wages in kind directly. Thek
increase investment leads to incréased employment, increased
income, and increased demand as befofe. At this stage supply
has also been stimulated directly through increased investment

whether providing resources to the agricultural or non-agricultural



69

producing sectors. At the same time the lnvestment funds or
counterpart funds are available for supplementing food-aid
- on an open market system and allowing consumer pPrice to decllne.
Inltlally consumer welfare would be improved by the prlce
decline, but in second round effects both produc1ng sectors
would enjoy increased demand, employment, income, etc.
| One of the most important stages of the study will invoivé 
the incorporation of case studies in the conceptual framework
to insure compatibility with the operational'problems of
food-aid contracting and use. This stage will be most useful
in translating the conceptual framework and analysis into
pollcy statements which can be used to direct future food-
éid programming, | '
& The study will exploit the following secondary objectiveé;
1. To establish inter-sectoral linkages in order to |
o - Mmeasure income and investment multiplier effects °
which will be generated from food sales and countcre-f
:part fund investments. |
;é;yxyo determine what provisions make food-aid dispositionj
'éupply and/or demand increasing. |
33;. To measure effect on consumers of providing food-aid
o under alternative marketing mechanisms,
4. To evaluate degree of complimentarity or competitiveness
between food-aid and fiscal‘or monetary policy.
5. To anélyze inflationéry impact of food-aid or counter-

part fund use.
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.,6.v To examlne 1mpact of transfer methods on dlstrlbutlon
patterns and consumer welfare.

Thls core of analysis will cover the basic relatlonshlps
in the use of food-ald and indicate the close linkage of the
1ndrv1dual sectors, 1In the realm of consumer welfare, food
aid increases income and welfare of consumers. Increased
income expresses itself as increased demand in both the
- agricultural and non-agrlcultural Producing sectors whlch in
turn generates increased employment and income fur further
demand increases. At the same time food—aid may be invested
through Title 1T work projects which expand supply capacity
concurrently with demand expansion. Food-aid can also serve
as a means to raise revenue for public investment, These
areas are important and require further analysis to prov1deb
guidelines for future developmental planning,

Factors affecting agricultural development and growth in lesgs-~.
developed areas

This project will conceptualize and synthesize a general
theory of the growth and development of the agricultural sector
in less- developed areas. Given the heterogenelty of the less-
developed areas in terms of resource endowments, rates of
economic and populatlon growth and their absolute levels,
and institutional structures, this general theory would need
to be modlfled for appllcatlon to particular areas. However,
the model based on the general theory may be viewed as a master
model with modifications of variables included and structural

relatlons to effect more meanlngful results for spec1f1c

Provinces or colintries,
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The expansion of agricultural productivity is often
,ﬁypotheéized as being the mainspring or a‘neCessary concurrent:
‘realization for sustained growth of the over-all ecbnomy.
 YeF, the growth rates of agricultural sectors have lagged in
recent years. (rhe differences in composition,; aggregation |
procedures, and levels of agricultural -production which
 complicate compay isons of countryvgrowth rates are also
 rec0gnized;) For some countries, this growth rate is below‘t
the rates realized in the 1950's; for some, it hardly keep$ 
pace with the population growth rate. i

A specification of the factors, bothveconomic and édciél?
which influence agricultural growth and development aids
national planners in developing government investment programs,
:agricultural policy, and other sector policies. Figure 1
reflects some of these factors together with some of the
~interrelationships of agriculture with other sectors of the
économy. For éxample, the quantity, composition, and distributibh
of foreign assistance, including food aid, likely affect
 r¢source productivity, retail and producer prices, and individual
‘éttitudes toward the development process. The impact of these
hypofhesized effects on agricultural production and private
investment in the agricqltural sector affects the capability
df this 'sector to meet the food and raw material requirementﬁ‘
of an expanding economy. Further, increased agricultural

productivity may be the stimulus to general economic expansion. -
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A survey of the literature suggests that previous
attempts‘at identifying and evaluating the crucial factors
affecting agricultural growth and development have two basic.
_shortcomings. | |

1. The factor under discussion has often been segregated
from its interrelationships with other factors
1through the implicit use of ceteris paribus assumptioné.
Chahge, associated with economic development, makes
invalid the use of many of the ceteris paribus
kassumptions.

2. A number of concepts employed in Western economic .
theory have questionable application to analyzing
problems'in less-developed areas. Further, the
impact of institutional factors.and.sociél variableéfﬂ
is recognized, but since these areas are often

- considered outside the purview of economists, they
are usually not given sufficient attention. |

Initially, this project will be directed toward the
| agficultural sector, per se, i.e., its structure, activities,f 
and performance. Thefeafter, the project will evaluate, at |
least qualitatively, the impact of the other sectors of the
economy on the pricing mechanism and resources supplied.to-

‘the agricultural sector. Relatively more time and effort';
will be devoted to the initiallwork.

Four major areas will be investigated initially:
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i.“ Structure of the agricultural sector at two stages
| . of development, e.g., subsistence - and market- |
- oriented stages. Subtopics included would be:
‘ia; Impact of resource endowment;
?;B; Economic and social organization ofvthe,agriculturai
- sector; and.
c Government programs and public investment in the -
: agricultural sector{"
f;objectives of agriculturaiietSJaSﬁbroducéréﬁéhd

“”f'econsumers-

>3, Choice indicators 1nfluenc1ng .decision=making
processes; and

‘4. Agricultural production, supply,‘and.consequericés: to.:

" the agricultural sector.

Later, the impact of economlc’dwvewop"entland%se*th”

fllnkages on the structure of agrlculturef‘ndyconsequences.for

 agr1cultura1 productivity w111 be examlned Throughout the ,

!study the most important and- most tractable factors affectlng

agricultural development and growth w111 be dlscussed dnd f
related to economic theory and logic. The decision Wlll be -
 modified, where possible, to reflect conditions exlstlng 1n*ii
‘the less-developed areas. The next‘step will be to construct}
hypotheses relative to the role and impact of changes in
quantities and prices of these factors. Ta the extent possible,
the literature dealing with these problem areas will be

‘Surveyed and ‘evaluated in order to find support or nonsupport
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for the speéified hypotﬁeses. When secondary‘data are
available, these will be analyzed.

For example, two hypotheses relevant to the effect 6f
capital formation and crediﬁ institutions on économic deVelop-
ment might be: | |

l. The taxation or extraction 6f capital formed in the

agricultural sector for expanding nonagricultural
sectors has not had a detrimental effect on
agricultural production and private investment in
the agricultural sector. |
2; Private credit institutions have not been efficient
| in facilitating agricﬁltural growth and development}
governiment agencies have been more effective. |
~The final stage will focus on a synthesis of individual g
comﬁbnents investigated into a construct reflecting the inté?é
éctions within the agricultural sector and the qualitati&éf |
impact of growth in the nonagricultural sector on economiéi
activities in the agricultural sector. | B

Development planning models

The purpose of this project is to specify an over-all
framework for empirical analysis of problems arisingVOUt of
ﬁse of food aid in economic development. Two focal points of
the analysis will be to provide guidelines for programming
future food aid shipments and to outline criteria for the
allocation of local currency generated by the food shipments.

These two objectives will be examined in a more gencral framework..
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‘Food aid may,be viewed as a particular type of foreign
:aid | Suppose two countries requlre $1,000 of foreign a1d

the first is granted food aid valued at $1, 000 while the
isecond country received $1,000 of foreign credit (money)-.

ihis second country has the option of spending the $1,000

'in any way it desires; Money cah be spent on capital imperte&;
en raw materials, or on food imports if the government i
.considers this to be the optimal allocation of the funds.

'The first country, however, does not have the optlon of

selecting its "bill of goods" to import. It has $l 000 worth,

of food.
Before determining the optimum level of fodd‘eidféﬁ
country should receive, a more general question arises:

what is the cptimum level of foreign aid? This particuiegﬂ

fStudy will address itself to the general problem of pri‘
use and levels of foreign aid for development of reee#féés
in a manner consistent with monetary, efficiency;;;ﬁé?quswggﬁ
veonsiderations of underdeveloped countries. i

| As in the case of food aid, the problem of the allocatlon
_of local currency gernzrated by the sale of the food can be :
‘con31dered as a part of the more general question of the optiﬁuﬁ
allocation of all government expenditures. The optimal
allocation of public funds, in turn, can be considered as a
part of an even more general question; what is the optimum
allocation pattern of all investment funds,.both public and

private? Answers to these more general questions would appear
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to Hdld the key to answers for the more spécific'problems.

It can even be argued that it is not possible to discuss the
specific allocation problems until the more general questions
.have been answered since the optimum allocation food aid money
'will ultimately depend on all the investment opportunities
available and the coordination of the food aid funds with
other private and public investments.

In view of these considerations, this project will be’
addressed. toward models suited for analysié of the more y
gene:al questions of optimum levels of foreigh aid ‘and
allocation criteria for investment funds.

The study will consist of two parts. The first part.
will be an ekamination of models which Have been developed
and are relevant to pressing problems in developiﬁg'cbuntriesi
especially models which are operational and have been applied%
to various situations. A model is desired which could be .
used, at least in priﬁéiple, to examine the relationships
between food aid, agricultural development, and economic gfowth;
The model shculd reflect the linkages between the agriculturai -
and nonagricultural sectors, the economic and technical nature
of the agricultufal sector, and the domestic structure withinv
- which the food aid must operate. The desired model should
permit the exam{nation of the consequences of the.mgénitudes
of the food shipments and the financiél'terms under which

food aid is provided.
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The secdnd part of the study would be an attempt to
»iéiﬁend these models to focus on some important problemqareas
: that have not been treated in the literature in any cperational
;:Wéy. Some of these problem areas are discussed below.

One of the most important areas that has been largely
_Joveflooked is the interdependence among investment decisions.

- This can be subdivided into two parts: constant costs and
pécuﬁiary externalities and decreasing costs or technological -
extgrnalities.- Considering the former, the principle conclusidnf
! bf static economic theory in the area of constant costs isﬁ,.

- that pecuniary externalities are not i@portant and edch
investment decision Cén be made on its own merits.indépendentf
kof consideration of other investment pfojects. uACcording £0’ 
.‘static theory, under such circumstances, free market forces
-will eventualiy lead to the optimum situation in the very
long run., However, in the short run when dynamic consideratioqé?
' are taken into account, Cheﬁery has demonstrated with a
numerical example that the rate of growth of an economy will
.actually be lower if such investment decisions are made
.independently‘and there will be advantages to the simultaneousi 
iconsideration of investments in interdependent projects. |
The second part of the interdependence problem, that‘of

' technological externalities, Has long been a thorn in the side -
of economists, In these circumstances free market forces wili
‘no longer hegessarily lead to the correct decisions even in

the very long run. Tréditionally, economists have handled
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this problem by assuming it doesn't exist through céﬁvexity:
assumptions or assuming the problem isiunimportant.
Ecénomists don't have any good tools for making investment
decisiOns in situations involving decreasing costs. This
'Iproblem is more difficult and probably more important than-
the problem of pecuniary éxternalities. It is more difficult
because considerations involving market size in relation to
scale of plant bécome relevant, which adds'a new diménsion
to the problem.

A second important problem area is the adoption of new
technology. In most underdeveloped economies, more efficient

- techniques of production are available than those currently

. .being used. There are many important and relevant questions

A‘concerning the adoption of new techniques, For”example:
Which of several more efficient available techniques do you.
adopt? How quickly should these techniques be adopted?
Should more efficient techniques be adopted at all is a
relevant question in many areas. For example, the productiVit§ 
of labor in Indian agriculture could be raised tremendously |
. by mechanization. However: this would probably lead to severe
unemployment problems for displaced farm laborers.

| There are many important regional questions in economic
'development. It is well known that some areas develop more”
répidlyrfhén others. Why do some regions develop more quickly -
than others? Should leading regiqns be encouraged to deVelop
and depressed regidns ignored? What is the eff;qt of trying

to encourage all regioﬂs to grow at the same rate?
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The method of r1nanc1ng economic aevelopment can raise

‘fsome very 1mportant and difficult questlons. If economle

., development is being financed by fornign aid which must be’

-repald after a period of years, certain restr*ctlons are

placed on the dlrec+lon of the country s development program.

fRepaym=nt of the loans requires foreign exchange which can

be generated only thfough investments in export expansion,
or import substitution if an export sector already exists.

Successful investment ln a program to generate foreign exchange§

. depends upoil developmercs in international markets. There is .

'grOW1ng concern among underdeveloped countries whose exports

. are priwmarily agricultural products. Long run 1nd1catlons

are thac the international markets for agricultural products

" will be soft and consequently a poor source of foreign exchangeg

Thus, an important question relates to the direction of

.ecoromic development to assure a viable balance of payments

fpesition in the future, especiélly when loans have to be

= repaid.

" Anh area of economic development that has been virtually?

-ignored by economics is the distribution of gains from economic

'growth, It frequently happens that mény people are made

(relatively) "worse off" .by economic growth while a relatlvely

r'\

few gain. Wnhy do some people benefit from growth and not

others? what types of policies can be'implemented to overcome

”some of the inequitablie distributional aspects? What is the

effect 'on the rate of growth of spreading the benefits of

growth evenly over "all" segments of the population?
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Not all’offthesa prdblem areas are dzrectly ;elevant ‘to |

ﬁtﬁe specxfic‘objectlves mentinned af thn outset All are

’fbelxevad ta“be meortant and it is at these types of problems

mode‘ extensions w111 be directed



