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Chapter 1

INTRODUCTION

This chapter presents the problem statement, the historical
setting of the problem and a description of the thesis organiza-

tion.

1.1 Statement of the Problem

There has been an increased concern about the future grain

supply relative to demand ever since the events of the 1972/73
crop year initiated a rise in grain prices that was unprecedented
in recent history. Although grain prices retreated in 1974 after
supply conditions improved, there is little certainty about
whether surplus, scarcity or neither will dominate the future.
Discussions about surplus capacity and price supports that flour-
ished in the post-World War II period have been replaced by de-
bates over reserve stock programs and food security; and the
Green Revolution optimism of the 1960's has given way to vary-
ing degrees of concern about world grain sufficiency and distri-
bution in the decades just ahead.

i As a basis for food policy decisions, it is important not
only to anticipate the future level and composition of world

b grain demand relative to supply but to identify and understand

the underlying forces that influence demand and supply. This

| study concentrates on the demand component, but the results

should also provide some insight into the broader question of




the long run potential for surplus or scarcity in grain markets.

The major factors which shift grain demand across time are
population and income. It is expected that in high income coun-
tries the effect of income growth on demand for animal products
is the primary shifter of grain demand; and in low income coun-
tries, both income and population may be important sources of
demand growth.

Since the tightening of world food markets occurred, there
has been considerable discussion about the relative importance of
population and income effects on demand. At the extremes of this
debate are certain members of affluent nations who place the en-
tire burden for the food "crisis" on high rates of population
growth in poor countries and certain members of poor nations who
lay the entire blame on the high rates of meat consumption in af-

! fluent countries.

Clearly both population growth and increased meat consumption
influence demand for grain. The effects of population growth on
grain demand are rather straightforward and have seemed to get
more attention in the discussion about future food availability.

! Less is known quantitatively about the more complex relationship
i between income growth, the changes in composition of diets and
grain demand.

This study will focus on the effect of income growth on
grain demand in the developed countries of the world. This is

not an attempt to take sides in the population-vs-—-income debate,
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but rather to investigate the lesser known of the two effects.
The income effect is expected to be most important in the high
income economies, and these areas of the world have accounted for
a major portion of both the demand and the growth in demand for
wheat and coarse grains over the last decade.

The major question being asked in the study is to what ex-
tent future growth in grain consumption in developed countries
will put pressure on prices and grain availability to the rest of
the world. The income and population effects for the developed
countries will be incorporated with third world income and popu-
lation assumptions in a world projection model. This model will
be used to project the probable consequences of income and popu-
lation growth for grain demand and price trends over the next two
decades, and the relative impacts of income and population effects
in developed and third world areas will be compared.

1.2 Historical Setting of the Problem

The stated objective to focus on the income effects in dev-
eloped countries is motivated not only by the dearth of attention
given to this aspect of grain demand growth but also by its im-
portance relative to other factors in explaining total growth in
grain demand. Developed country demand is an especially impor-
tant component of coarse grain demand, but its effect on wheat
demand has also been substantial.

During the decade preceding the 1972/73 crop year, the dev-

eloped countries as a whole accounted for 71 percent of the
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growth in coarse grain consumption and 60 percent of the growth
in wheat consumption (Table 1.1). Feed consumption accounted for
74 percent of the growth in coarse grain consumption and 45 per-
cent of the growth in wheat consumption. The developed market
economies were the main source of growth in coarse grain feed de-
mand and the developed central planned economies were the main
source of wheat feed demand growth. The absolute change in total
consumption of coarse grains and wheat was almost evenly distri-
buted among the developed market economies, the developed central
planned economies and the third world. However, it was far from
equal on a per capita basis, since 66 percent of the total growth
went to 30 percent of the world's population in the developed
countries. Rice, on the other hand, is of little consequence in
developed country consumption since more than 90 percent of the
total is consumed in the third world (Appendix Table 1.3).

Similar patterns are likely to persist in the future if af-
fluent consumers continue to increase the quantity and quality of
animal products in their diets. This would be of little conse-
quence to third world consumers if supplies were plentiful and
grain prices were low. But if the limits to supply growth are
such that prices remain high or increase, the potential for
third world consumers to improve their diets would be directly
threatened by increased developed country consumption.

It is well known that per capita grain consumption in the

third world is far below that of the developed countries (Table 1.2),
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Table 1.2. Comparison of Per Capita Consumption of

Coarse Grains, Wheat, Rice and Total Grain
(1969/70-1971/72 average)?

Per Capita Consumption 1969/70-1971/72

Coarse Total
Grains Wheat Rice Grain
kilograms
Developed Market 386 124 21 531
i Developed CPE 335 344 4 683
'-5 Third World 57 47 76 180
[ 4

g Total 149 92 58 299

aComputed from Appendix Tables 1.1 to 1.3.
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and the importance of improving the inadequate nutritional levels
is widely accepted.1 There are basically two ways to increase
grain consumption: increased internal production and increased
imports. Although rates of production growth in the third world
have equaled those in the developed countries over the last two
decades, this was barely sufficient to keep pace with population
growth. Thus, food imports have increased, and most future pro-
jections foresee a continuing growth in import requirements.

Third world countries are faced in most cases with budget
and foreign exchange constraints, so the price of grains is a
crucial factor in their attempts to fight undernourishment and
malnutrition. Although in theory, food aid and subsidized sales
can offset higher price levels, one need only look at the rapid
decline in the quantity of U.S. food aid in 1973 and 1974 to re-
alize that scarcity and higher prices may well reduce food aid
when it is needed most.3

Naturally, population and income effects on demand in all

countries combine to influence world prices. However, if real

1An FAO study of energy and protein supply in 1969-71 found the

third world energy availability to be 5 percent below minimum
requirements. FAO, Population, Food Supply and Agricultural
Development, United Nations, Rome, 1975.
2U.S. Department of Agriculture, Economic Research Service, The
World Food Situation and Prospects to 1980, FAER #98, December
1974.
3U.S. Department of Agriculture, Economic Research Service, For-
eign Agricultural Trade of the United States, January 1977,

Table 5. -
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grain prices of the future remain high or increase and developed
country demand growth continues to be a major factor, the alloca-
tion of scarce grain supplies could well become a highly sensi-
tive issue between developed and third world nations. On the
other hand, if real prices continue the long-run downward trend
that characterized much of the post World War II period prior to
1972, there probably would be little protest against increased
grain feeding in developed countries. Thus, it is important to
look at the question of developed country demand growth and long-
run price trends simultaneously.

1.3 Organization of the Thesis

The division of the research by commodity and geographical
region and an overview of the analytical approach to be used in
the study will be presented in Chapter 2. The estimation models
and estimation results for developed country demand equations and
price linkages are presented in Chapter 3. In Chapter 4 the
coarse grain projection model and the projection assumptions are
described, the historical performance of the model is tested and
the coarse grain demand and price projections are reported. A
simple wheat model is developed in Chapter 5 and the partial eq-
uilibrium projections of that model are reported. In Chapter 6,
the wheat and coarse grain models are integrated and the simul-

taneous demand and price projections are reported. Chapter 7

summarizes and evaluates the results of the study.
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Chapter 2

METHODOLOGY

This chapter discusses the division of research by commodity
and geographical region and presents a general description of the

analytical approach used in the study.

2.1 Division of Research by Commodity

The objective here is to narrow the scope of the research so
as to focus on the central questions posed in Chapter 1. Based
on the historical patterns portrayed in Chapter 1, the future
growth in income in developed countries is likely to have its
greatest impact on feed demand in the coarse grains sector. Con-
sequently, coarse grains demand is the major focus of this study.

Large quantities of wheat are consumed in the developed coun-
tries but the potential for future growth lies primarily in the
third world. Although growth in wheat feeding in East and West
Europe and the U.S.S.R. has a substantial impact on wheat demand
growth during the 1961 to 1970 period, wheat never exceeded 18
percent of feed grain world wide and declined to about 14 percent
in 1973 and 1974. 1In the European Community it was a subsidy in
the form of the denaturing premium which motivated increased
wheat feeding in the late 1960's and early 1970's. Even in the
United States where relatively little wheat is fed, the propor-

tion of wheat fed is affected by the wheat-corn price ratio. So

the potential for increased wheat feed use in the future will
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depend in part upon relative price trends in wheat and coarse
grains. A wheat sector is included in this study to analyze
this potential substitution, but the analytical approach is
greatly simplified compared to that of the more important coarse
grain sector.

As noted in Chapter 1, rice is not a significant factor in
overall developed country grain consumption. Only in Japan is
it a significant factor in food use, and the potential substi-
tution of rice for feed grains is very 1imited.1 Thus, the exclu-
sion of rice from this study helps to limit the scope but should
not greatly influence the results.

To simplify the analysis, coarse grains—-including barley,
corn, oats, rye and sorghum are analyzed as an aggregate but sep~
arated by end use into two categories: feed and non-feed. Wheat
is also separated into feed and non-feed categories for the pro-
jections.

2.2 Demand Projection Techniques

There are two basic approaches to making demand projections;
the constant-price approach and the equilibrium approach. The
first can be derived from a model where per capita consumption

(q) is a function of per capita income (I).

(2.1) q. = £(I)

t

1 S . . .

The only recent example of significant substitution is in Japan
in the early 1970's when excess rice stocks were 'dumped" on
the feed grain market.
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Total consumption (Q) is population (N) times per capita consump-

tion.

(2.2) Qt = Ntf(It)

The rate of growth in consumption (Q) can then be expressed in

terms of the growth rates of population (N) and per capita income

~

(I) and the income elasticity (n), and the projection takes the

form:

(2.3 q = Q1 +0)"

her = + I
where Q= N Nete
Q0 = base year consumption
Qt = projected consumption in year t.

This is the methodology used for the FAO projections2 and it is
widely used elsewhere because of its simplicity. For the same
reason a modification of this method is employed in the coarse
grain food and feed demand projections for the third world re-
gions, East Europe and a few small developed market economies
(see Appendix 2). This method is als; utilized for the wheat
food demand projections for all regions. A coarse grain con-
sumption function is estimated for the U.S.S.R. to reflect the

government's response to variation in internal production and

is discussed in detail in Chapter 3.

2FAO, Agricultural Commodity Projections, 1970-80, CCP 71/20,

Rome, 1971.
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The equilibrium approach to projections takes into account
the effect of prices and the interaction of prices and quantities.
Projections of this type can be derived from a model where per
capita consumption (q) is a function of prices (P) and per capita

income (I).

t

For a simple case of one grain, n countries, and a single world
price with free trade and no transport costs, the projection model

takes the form:

(2.5) 9, = fi(Pt’ Iit) i=1,2,...,n ith per capita demand
.th
(2.6) Qit = Nit 4 4 i™" total demand
(2.7) I Qit = QSt equilibrium condition
i
(2.8) QSt = QSo(l + QS)t supply projection
(2.9) Nit = Nio(l + Ni)t population projection
(2.10) Iit = Iio(l + Ii)t income projection
. . ._ .th
where Ii = per capita income in i~ country

Ni = population in ith country

P = world price of grain

q; = per capita grain demand in ith country
Qi = total grain demand in ith country
QS = total supply of grain for all countries

~ A

Given assumed rates of growth in supply (QS), population (N) and
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per capita income (I), this model simultaneously determines

world price and the distribution of consumption among the n coun-
tries for each year t. One such equilibrium solution is illus-
trated in Figure 2.1. Constant-price projections can still be
made with this type of model by suspending the equilibrium condi-
tion (2.7) and holding the price at some predetermined level over
the projection period.

2.3 Overview of the Analytical Approach

The equilibrium approach is preferable to the constant price
approach for the purposes of this study, since the projection of
long-run trends in grain prices is one of the objectives. An
equilibrium model is formulated for coarse grains by using empir-
ical estimates of price response in the developed market economies
and making reasonable assumptions about price elasticities for the
rest of the world. The coarse grain model is divided into three
demand blocks based on the assumptions about price formation.

Coarse grain food demand and feed demand equations are esti-
mated for Canada, Japan, the United States and 16 countries of
West Europe. Price linkages are also developed which take account
of trade barriers and transport costs among these developed market
economies.

Coarse grain prices in Canada and Japan are linked to the
U.S. export price of corn with price linkage equations. These

two countries and the United States form demand block 1. Coarse

grain prices in West Europe are assumed to be policy determined




14

uﬁo

TopoR uoridafoag o7durs ® 10 3 Ieax UT wniaqyrinbmy <1z 2anS1x

SO

IR PR — e VT R T T T e S g A gt L AT g SR ¥ A e e




g R A T S 0 P T et

e

15

unless the U.S. export price of corn exceeds a critical level.
The West European countries form demand block 2, and a price
linkage is developed in Chapter 4 which causes block 2 prices to
be influenced by the U.S. export price of corn only when the lat-
ter exceeds a critical level.

The rest of the world is included in demand block 3 (see
Appendix 2), where the constant price projections are modified
by introducing price elasticity parameters. Since price elastic-
ities are not estimated for these countries and regions, an elas-
ticity representing the aggregate price response for block 3 is
added to the system. This elasticity assumption integrates the
block 3 projections into the equilibrium model and is discussed
in Chapter 4.

The components of the coarse grain model are illustrated in
Figure 2.2. Block 1 demand (Dl) is the horizontal summation of
the individual country demands incorporating the price linkages.
In block 2 internal prices are related to the threshold price of
corn in the European Community, and demand (DZ) is perfectly in-
elastic with respect to the U.S. price unless the latter goes
above a critical level. An aggregate elasticity with respect to
the U.S. price is assumed for block 3 in order to make realistic
adjustments to the constant price projection (D3) when the price
goes above or below the 1974 level. Without this elasticity

assumption, block 3 demand would be perfectly inelastic as shown

in the broken line in Figure 2.2(c).
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The U.S. price of corn is determined in each year of the
projection period by the equilibrium condition shown in Figure
2.2(d). Other prices and quantities linked to the U.S. corn
price are determined simultaneously. Prices will move upward
(downward) if the demand factors cause world demand to increase
more (less) rapidly than world supply at current prices.

The supply projections for coarse grains and wheat assume a
continuation of historical production trends from 1960 to 1975.
Projections of population and income, the major demand shifters,
are based on the United Nations medium variant growth rates for
population and "trend" growth rates for income. Sensitivity tests
of the projections are made by altering the assumed growth rates
of income, population and production and the assumed price elas-
ticities for block 3.

In Chapters 5 and 6 a simple wheat sub-model is developed
and integrated into the equilibrium model. The objective of this
expansion is to measure the maximum extent to which wheat substi-
tution for coarse grains in feed ratiops could influence the pro-
jection results. Wheat food demand is projected utilizing the
simple constant-price method, and a price response is incorporated
through an assumed elasticity as in block 3 of the coarse grain
model. If the wheat-corn price ratio remains constant, wheat
feed demand is projected to grow in direct proportion to the

growth in coarse grain feed demand. The response of wheat feed

demand to changes in the wheat-corn price ratio is assumed to be
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inelastic if the price ratio is above the relative feeding value
and elastic if the price ratio is equal to the relative feeding
value. The wheat-corn price ratio is not permitted to fall below
the relative feeding value.

Equilibrium solutions for the coarse grain model, the wheat
sub-model and the interactive model of wheat and coarse grains
are determined with a dampened Gauss-Seidel interactive program3
on the University of Minnesota Cyber 74 computer.

The data requirements vary by country and region as will be
evident in Chapters 3 and 4, but all the data sources are listed

in Appendix 2.

3The algorithm, called General-Amalytical-Simulation-Solution-
Program (GASSP), was written by Rodney C. Kite, Economic Research
Serviee, U.S.D.A.
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Chapter 3

COARSE GRAIN DEMAND EQUATIONS AND PRICE LINKAGES

The coarse grain demand equations for the developed market
economies are the core of the projection model. Therefore, the
specification and estimation of these relations need to be dis-
cussed in some detail. This chapter presents the theoretical
basis for the estimation model, the specifications and empirical
results of the demand estimations for blocks 1 and 2 and the USSR

and for the estimations of the block 1 price linkages.

3.1 Theoretical Basis for Estimation Model

An important part of this study is to quantify the income
effects on demand for feéd grains. Feed demand is a derived
demand arising from the activities of the animal products indus-
try. In generél, growth in real income increases the demand for
animal products, which tends to raise animal product prices and
stimulate the demand for grains and other production inputs.

There are essentially two types,of econometric models that
could be employed to estimate the income effect. The first ap-
proach is to estimate the structural coefficients of final supply,
final demand and derived input demand equations for the animal
product industry. In the context of the simple aggregate model
in Table 3.1, this would involve estimation of equations (1), (2)

and (4) for each country. Solving these equations simultaneously

with the appropriate equilibrium condition (3) would give the
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Table 3.1. Components of the Estimation Model for Coarse Grain
Feed Demand
STRUCTURAL EQUATIONS
(1) QLSt = fl(PLt’ PGt’ th’ €1t) supply
(2) QLDt = f2(PLt, It’ POt, €2t) domestic demand
(3) QLSt = QLDt + QLXt quantity equilibrium
4) QGDt = f3(PGt, PLt’ th’ EBt) derived demand

REDUCED FORM (input prices constant)

(5) QGDt = g(PGt, It’ th’ POt, QLXt, ut) country demand
WORLD EQUILIBRIUM (i =1, 2, . . . , n countries)
(6) QGDit =a, + biPGit + CiIit + dizit + u;, country demand
(7) PGit = WPGt + Mit price linkage
(8) %Nit.QGDit = WQPt - WCSTt quantity equilibrium
where I = income per capita
M = market margin
N = population
PG = price of coarse grain
PL = price of animal products
PO = price of other goods
PX = price of other inputs
QGD = demand for coarse grain feed per capita
QLS = supply of animal products per capita
QLD = domestic demand for animal products per capita
QLX = net exports of animal products per capita (negative
for imports)
WCST = world change in coarse grain stocks
WPG = world price of coarse grain
WQP = world production of coarse grain
Z = vector of exogenous variables

€,u

stochastic disturbance
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reduced~form equation (5) and the corresponding reduced-form
coefficients.1 These are referred to as the '"derived" coeffi-
cients. The second approach is to estimate the reduced-form
equation (5) directly to obtain the reduced-form coefficients on
income and other exogenous variables. This method is referred to
as unrestricted least-squares (ULS).

The first approach would usually be preferable for a country
study focusing on the structural parameters. But the focus of
this study is on projections, for which only the reduced-form
coefficients are necessary. In terms of econometric properties,
both the '"derived" and the unrestricted least-squares estimators
are consistent. The "derived" estimator is asymptotically more
efficient, provided that consistent estimators (two-stage least-
squares or three-stage least-squares, for example) are used for
the structural equations.2 In a study of the small sample prop-
erties of the ULS and "derived" estimators, Summers3 found that
the differences in efficiency were not very great and concluded
that "economy in computation can safely supplant statistical
efficiency as a basis for choosing" among these methods. Consid-

ering the broad scope of this study, the computational savings

1 . . . . .
Net exports (imports) of animal products is exogenous in this
simple system.

2J. Johnston, Econometric Methods, 2nd ed. (New York: McGraw-

Hill, 1972), pp. 408-420.

3R.M. Summers, "A Capital Intensive Approach to the Small Sample

Properties of Various Simultaneous Equation Estimators," Econo-
metrica 33 (January 1965), pp. 1-41.
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associated with using the unrestricted least squares method are
very substantial so that is the method used.

Implicit in this discussion has been the assumption of open
economies, where the equilibrium constraint depends upon the
world supply rather than the domestic supply of grain. A simpli-
fied world system for n countries, where all coarse grain is fed,
is shown in equations (6), (7) and (8) of Table 3.1. 1In this
context the possibility of simultaneous equations bias arises
due to the simultaneous determination of all quantities QGD.t,
all prices PGit and world price WPGt. However, in many of the
developed market economies, grain prices have been determined by
government policy and are therefore exogenous. Other countries
are quite small relative to the rest of the world and can be
considered price takers on the world market.4 The United States
is the most notable exception to both of these cases because it
is relatively large and has had relatively less price control.
Hence, two-stage least squares and ordinary least squares re-
gressions are estimated for the United States..

Before proceeding to the estimation results, it is of inter-
est to look briefly at the relationship between the reduced-form

elasticities and those of the final product demand. Brandow5

4L.R. Klein, "Single Equation vs. Equation System Methods of

Estimation in Econometrics," Econometrica 28 (October 1960), pp.
866-871.

5

G.E. Brandow, "Demand for Factor and Supply of Output in a Per-

fectly Competitive Industry," Journal of Farm Economics 44
(August 1962), pp. 895-899.
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analyzed the reduced-form price elasticity assuming a linearly
homogeneous Cobb-Douglas production function, a log-log final
product demand and a perfectly competitive industry. He con-
cluded that "demand for an input is elastic, unit elastic, or
inelastic accordingly as demand for output is elastic, unit
elastic or inmelastic . . ." The cross price elasticity was
found to be negative for an elastic output demand and positive
for an inelastic output demand.

In Appendix Table 3.1, a slightly more general case is anal-~
yzed for three inputs. It is more general in that decreasing re-
turns to scale are permitted, and income is added to the demand
relation so that its reduced-form impact can be traced. For the
price elasticities the magnitudes of the elasticities are affect-
ed, but the general conclusions are the same as those drawn by
Brandow in the constant returns to scale case. The reduced-form
income elasticity is equal to the final demand elasticity of in-
come under constant returns to scale. Under decreasing returns
to scale the reduced-form income elasticity is larger for an in-
elastic final demand and smaller for an elastic final demand.
Finally, the results in Appendix Table 3.1 show that the reduced-
form equation is homogeneous of degree zero in prices and income,
provided that the same condition holds for the final product de-
mand.

Since the final product is defined as aggregate animal

products, it is reasonable to assume that final demand is inelastic
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in the developed market economies.6 Therefore, it is expected
that the reduced-form demand for fed coarse grains will be in-
elastic, the cross—price elasticities will be positive and the
income elasticities will be no smaller than the final product

. . e 7
income elasticities.

3.2 Specification and Empirical Results for Blocks 1 and 2

The discussion of empirical results is divided into two sec-~
tions. The first covers the United States, Canada and Japan
(block 1), where separate country regressions are estimated. The
second covers Western Europe (block 2), where a pooled cross-
section time-series model is used. However, certain aspects of
the specification which are common to both blocks are discussed
first.

Demand and income variables are in per capita units, so
population is assumed to have a simple multiplicative effect on
demand. Prices and income for each country are deflated by the
national consumer price index for all goods (1970=100), thereby
imposing the homogeneity condition on, demand and eliminating the

"price of other goods" as a separate explanatory variable. Then,

6Brandow (1961) and George and King (1971) calculated the retail
price elasticities of "all meats" in the United States to be
-.60 and -.35, respectively.

7The work of Allen (1968) shows that for the case of a general
linearly homogeneous production function these conclusions on
the price elasticities will not necessarily hold when the elas-
ticity of substitution between factors is not equal to one.
However, it can be shown that the result regarding income elas-
ticity is not affected by the elasticity of substitution.
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all prices and income are converted to 1970 U.S. dollars with
the 1970 exchange rate in order to facilitate cross-country com-
parisons and, in the case of block 2, to facilitate the cross-
section time-series analysis. The price linkages are made more
tractable by using only prices of the two major coarse grains,
barley and corn. For each country the price of dominant feed
grain is selected as the price variable. Except for two coun-
tries, equations are estimated for the period 1960/61 to 1973/74,
and 1974/75 is later used as the prediction interva1.8 Japan
equations were estimated over the period 1960/61 to 1974/75.

Block one estimates. Separate country equations were esti-

mated by ordinary least squares (OLS) for the U.S., Canada and
Japan. A two-stage least squares (TSLS) estimator was also used
for the U.S. due to the possible simultaneous equations bias as
noted in section 3.1 above. The specification of the block 1

equations and the variable definitions are as follows:

UNITED STATES

(1) QFEDCt = f(UPCt, It’ UPMt, UPFLt, ult)
(2) QFODCt = f(UPCt, It’ uZt)

CANADA
(3 QFEDCt = f(CPBt, It, CPWt, CED, u3t)
(&) QFODCt = f(CPBt, It’ CcoD, u4t)

8Price data for West European countries is not available beyond
crop year 1974/75.
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(5)
(6)

QFEDC,

QFODC,_

26

i

t 3
f£(JpC_, I, JQFE_, T*JD, u, )

f(JPCt, It’ u6t)

Endogenous Variables

QFEDC
QFODC

upC

coarse grain demand for feed per capita, kg.
coarse grain demand for food per capita, kg.

average price received by U.S. farmers for corn, $/cwt.

Exogenous Variables

CED
CoD

CPB

CPW

JPC

JQFE

UPM

UPFL

dummy variable, 1 (1967 to 1969), 0 (elsewhere)

dummy variable, 1 (1971), 0 (elsewhere)

average Canadian Wheat Board selling price for No. 3
Canadian Western 6-row barley, $/100 kg.

average Canadian Wheat Board selling price for No. 2
Northern wheat (No. 1 Canadian Western Red Spring 14%),
$/100 kg.

private consumption expenditure per capita, $

dummy variable, 1 (1960 to 1966), 0 (elsewhere)
wholesale price index of imported corn, 1970=100 for
calendar year index

wheat and rice fed per capita, kg.

trend, 1960 = 1, . .

average U.S. wholesale price of soybean meal at Decatur,

$/cwt.

index of prices paid for livestock inputs, 1910-14=100
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The regression estimates are reported in Tables 3.2 and
3.3. The U.S. and Canadian feed and food demand income elastic-
ities were below 1.0 at the historical means, and in a linear
form of equation (Appendix Tables 3.2 and 3.3) these elasticities
would tend to increase toward 1.0 in a long-run projection. Econ-
omic theory suggests that the income elasticities for feed or
food grain products are not likely to increase for high income
consumers, so a double-log, semi-log or log-inverse form of
equation is more appropriate. The semi-log form is used for the
U.S. and Canada because it permits income elasticities to decline
as per capita consumption rises, but preserves the simplicity of
the linear form for purposes of the world model solution routine.9
The feed demand income elasticity for Japan was greater tham 1.0
at the historical means so it will tend to decrease in a long-run
projection using a linear form of equation.

The feed demand coefficients in Table 3.2 are all significant
at the 5 percent level or better except for the U.S. meal price
coefficient. The latter was retained. in the equation since a t-
statistic greater than 1.0 still improves the adjusted EQ. The
explanatory power of the estimated equations is good to excellent
as evidenced by theE2 values, and the Durbin-Watson statistics

indicate the absence of serial correlation in the disturbance.

9In the semi-log specification the income variable is replaced by

the natural log of income and the elasticity equals the estimat-
ed income coefficient divided by the dependent variable.
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As expected, the signs of the direct price coefficients are
negative, income coefficients are positive and other input price
coefficients are positive. The variable for other grain feed in
Japan (JQFE) shows the effect of government policies to divert
excess rice stocks to feed uses, primarily in the period 1971 to
1973. A ton of rice displaced slightly over one ton of coarse
grains.

The price and income coefficients are best compared in
terms of elasticities. The U.S. corn price elasticity can be
compared to the own price elasticity of -.42 reported for corn
feed demand in a recent study by Womack.lo Aggregate coarse
grain demand would tend to be more inelastic than corn demand
and the reduced-form demand would tend to be more inelastic than
the derived demand specification used in the Womack study, so
the estimated elasticity of -.25 to -.30 is reasonable. Similar-
ly, the barley price elasticity estimated for Canada compares
favorably to the own price elasticity of -.78 reported for feed
barley demand by Jolly.11 The corn price elasticity for Japan

falls within the range set by the U.S. and Canadian estimates.

10A. Womack, "The U.S. Demand for Corn, Sorghum, Oats and Barley:

An Econometric Analysis," Economic Report 76-5, University of
Minnesota, August 1976.
11R.W. Jolly, "An Econometric Analysis of the Grain-Livestock
Economy in Canada with a Special Emphasis on Commercial Agri-
cultural Policy," Department of Agricultural and Applied Econ~
omics, University of Minnesota (unpublished Ph.D. disserta-
tion), 1976.
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It was shown in the previous section that the reduced-form
income elasticity should be no smaller than the corresponding
income elasticity with respect to final product demand. There
is quite a range in the estimates of income elasticities for
meat consumption in the developed market economies as seen in
Table 3.4. However, there is a discermible pattern indicating
that the elasticity is lowest for the ©.S. The OECD estimates
show Japan setting an upper bound with Canada and West Europe
between the extremes. The other estimates show little difference
in elasticities outside the U.S. The feed grain income elastic-—
ity estimates in Table 3.2 are consistent with the pattern of
the OECD estimates.

In general, éne would expect food demand for coarse grains
to be more price inelastic and less income elastic than feed de-
mand. This is the case for the food demand estimates (Table 3.3)
except for the U.S. income elasticity. Since 1960 there has been
a resurgence in the food demand for coarse grains in the U.S.
primarily for industrial use. There may be some omitted variable
bias if this resurgence is in part due to changes in taste, tech-
nology or other excluded variables that are positively correlated
with income. This is not a serious problem if the relationship
between income and these excluded variables continues over the
projection period. Since food demand has only been about 1l per-

cent of U.S. coarse grain consumption, further investigation of

this relation is not considered necessary.
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The price coefficient for food demand is significant only
for Canada. In fact, neither price nor income coefficients are
significant for Japan and the explanatory power of the equation
is very low. For the projections, therefore, it will be assumed
that per capita food demand for Japan remains constant.

Finally, the OLS and TSLS estimates for the U.S. do not dif-
fer substantially either in the feed or food demand equations.
This would seem to indicate that simultaneity is not a serious
problem in the context of the world model.

Block two estimates. West Europe is divided into two sub-

regions. The first consists of the nine countries in the enlarg-
ed European Community12 and the second includes the remaining
eight continental countries in West Europe.13 Since country
data were available for each of the variables, three methods of
estimation were considered. They were:

1. estimate separate country equations,

2. pool the data into two regional cross-section time-
series models and estimate cbuntry equations in this
framework, and

3. aggregate the data across each of the two sub-regions
and estimate two regional equations.

The first and second approaches both utilize the "within country"

12Since Belgium and Luxembourg are treated as one unit, there
are actually eight separable country data units.

13Iceland and Malta are accounted for in block 3.
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variation in the variables, and the second also permits the
cross—country variation to affect the estimates. The third
method simplifies the analysis by reducing the number of equa-
tions to be estimated, but there is an inevitable loss in in-
formation that occurs when some of the variation is submerged in
the regional averages. The aggregate approach was used to esti-
mate the coarse grain food demand equations; but due to its
greater importance in the coarse grain sector, a regional cross-
section time-series model was used for feed demand. There are
several advantages to this method.

1. All available information is used in the estimation pro-
cedure.

2. In a pooled model it is possible to perform statistical
tests for the equality of price and income coefficients
across countries within a region and to impose equality
constraints when justified by these tests. Such con-
straints reduce the number of coefficients to be esti-
mated and thereby increase the degrees of freedom.

3. The traditional problem of multicollinearity between
prices and income in time-series demand studies is mini-
mized by pooling cross-section and time-series observa-
tions. The cross-sectional observations increase the
variance of the independent variables and constraints on
the coefficients have the same effect as increasing the

sample size. Both of these effects tend to increase the
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precision of the estimates.
There are some problems that are introduced by pooling ;he data.
First, the stochastic component of the pooled model may not have
all the good properties required in order that the ordinary
least squares estimator be efficient. This will be addressed
after the general model is presented. Second, the data must be
in the same units of measurement across countries. Quantity
units are usually standardized, but exchange rates must be used
to standardize the monetary units. When all price and income
data are deflated, they are in 1970 real currency units of respec-
tive countries. Therefore the 1970 exchange rate with respect to
the U.S. dollar is used to transform all monetary data into 1970
U.S. dollars. Since this involves multiplication by a constant
14

it only changes the estimated coefficients by a constant.

A fully constrained15 pooled model for n countries over T

time periods is written

Consider an estimated equation in national currency units:

If the 1970 exchange rate is L and prices are transformed to

1970 dollars the estimated equation will be
" /\*
Q. =a+ B (

‘ ) +u

T30 Tt t
l\* ~
where B = B/r70.

Assumes that each coefficient is constant across all countries
in the region.
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(3.1) Qit = b0 + blPit + bZIit + bBZit + ey i=1,2,...,n
t=1,2,...,T
or in matrix notation as
(3.1) Q=XB + e
where
Q) LRy Iy 294 |y 1
Q9 LBy Ty Zyp) by 12
i i ) i
Qr Pir Lir Zi7] |P3 ey
Q . P, I. z e
0= 12 - 21 Io1 Zp) I bl
Qr Por Iop Zop €yp
QnT 1 PnT InT zna enT

A fully unconstrained model includes n-1 country dummy variables
for the intercept and each of the three independent variables. A

pooled regression with these 4(n-1) added variables is equivalent

to separate regressions for each country. The fully unconmstrain-~

ed m.odel16 is written

(3.3) Qit = bio +b

ilPit + biZIit + biSZit + et i=1,2,...,n
t=1,2,...,T

The test for the equality of all coefficients is an F-test of the

Assumes that each coefficient is different in each country of
the region.
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null hypothesis, HO: bio = bjO all i,j
bil = bjl all i,j
bi2 = bj2 all 4i,j

b13 = bj3 all i,j
where the alternative hypothesis is, Ha: no constraints. Fish-

er17 has shown that the statistic

F= (u'u = v'v)/(4n - 4)
v'v/(Tn -~ 4n)

has an F distribution with 4n-4 and Tn-4n degrees of freedom,

where

u'u = the sum of squared residuals under the null hypothesis
(the constrained regression)

v = the sum of squared residuals under the alternative
hypothesis (the unconstrained regression)

4n = the number of estimated coefficients in the uncon-

strained regression

4 = the number of estimated coefficients in the constrain-

ed regression

!

Tn = total number of observations in the pooled regression.
Of course, it is not very likely that all coefficients are equal,
but the primary interest here is to test the equality of coarse

grain price and income coefficients.

As noted, the stochastic component of the pooled model may

17F. Fisher, "Tests of Equality between Sets of Coefficients,"

Econometrica 38 (March 1970), pp. 361-366.
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problematic. Assuming that the explanatory variables are inde-
pendent of the random disturbance term and there are no serious
errors in specification or measurement, the OLS estimator is un-~
biased and comsistent. The OLS estimator is also efficient if

the disturbance e satisfies the following conditions (Kmenta):

(3.4) E(eit ejt) =0 i # § cross-sectional independence
(3.5) E(eit eis) =0 t # s non-autoregression

2 2 .
(3.6) E(eit ) =0 homoscedasticity

Contemporaneous correlation in the disturbances is not likely to
be a serious problem when the cross-sectional units are countries
rather than regional units within a country, and there is no
clear evidence of contemporaneous correlation in the results.
Likewise the Durbin-Watson statistics from the unconstrained re-
gressions were in the range of uncertainty, indicating no serious
problems with autoregression (Appendix Tables 3.4 and 3.6). How-
ever, a comparison of error variances revealed the presence of
heteroscedasticity, especially in the EC model (Appendix Table
3.5).

In the generalized least squares (GLS) regression for the
European Community, cross-sectional independence and non-auto-
regression were assumed. To correct for heteroscedasticity,
high variance and low variance countries were grouped, and the

variance of disturbances for each group was estimated (Appendix

Table 3.5). The GLS estimates are obtained by dividing all
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variables in the high variance group by the group standard error
and all variables in the low variance group by the low variance
group standard error. These weights are normalized so that the
low variance group weight is 1.0 and the high variance group
weight is 0.32575 (Appendix Table 3.5).

The specification of the block 2 feed demand equations and

the variable definitions are as follows:

EUROPEAN COMMUNITY

(BELX) ~QFEDC, = £(PCG, I , WFEDC , ANX , u, )
' (FRAN) ~ QFEDC, = £(PCG_, I_, WFEDC_, FD, u,)
(ITAL) ~QFEDC_ = £(BCG, I,, ANX_, ID, u,,)
(NETH) ~ QFEDC, = £(PCG, I,, WFEDC,, LT,, ND, u, )
r (WGER) ~ QFEDC, = £(PCG,, I, WFEDC_, ANX, GD, ug,)
(DENM) ~ QFEDC_ = £(PCG_, I,, PM,, ug,)
(IREL) ~QFEDC, = £(PCG, I,, WFEDC,, u, )
é (UKIN) ~QFEDC, = £(PCG, I_, WFEDC_, ug )
E OTHER WEST EUROPE
é (ASTI) ~QFEDC_ = £(PCG_, I, PM, ﬁFEDCt, AD, ug,)
? (FINL) ~QFEDC, = £(PCG, I, u,.)
E (GREE) ~ QFEDC, = £(PCG_, I_, PM_, uy,,)
(NORW) ~ QFEDC, = £(PCG_, I, PM_, uy, )
(PORT) ~ QFEDC, = £(PCG, I, PD, u,.)
(SPAI) ~ QFEDC, = £(PCX_, I_, WFEDC,, u, )
| (SWED) ~ QFEDC, = £(PCG,, I,, uc,)
i (SWIT) ~QFEDC, = £(PCG,, I, u;¢.)
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Endogenous Variables

QFEDC =

Exogneous

coarse grain demand for feed per capita, kg.

Variables

ANX =

I =

PCG =

PCX =

WFEDC =

% D =
LT =
ND =

PD =

value of net exports of animal products per capita, $
private consumption expenditure per capita, $

average price paid by farmers for barley (corn for
ITAL, NETH, PORT, SWIT), $/100 kg.

average U.S. corn price net of export subsidy adjusted
for currency changes, $/100 kg.

average U.S. wholesale price of soybean meal at Decatur
adjusted for currency changes, $/short ton

quantity of wheat fed per capita, kg.

dummy variable, 1 (1968), 0 (elsewhere)

dummy variable, 1 (1967), 0 (elsewhere)

dummy variable, 0 (1960 to 1966), 1 (elsewhere)

dummy variable, 1 (1960 to 1962), 0 (elsewhere)

log trend, 1957=1n(2), 1958=1n(3), etc.

dummy variable, 0 (1960 to.1967), 1 (elsewhere)

dummy variable, 1 (1969 to 1971), 0 (elsewhere)

The GLS estimates for the European Community (EC) are report-
ed in Table 3.6. The linear, double-log, semi-log and log-inverse
forms of equation were tried, and all gave similar results in the
unconstrained regressions. However, the constrained regression

(holding price and income coefficients constant) is acceptable

only for the double-log form. Therefore the double~log form of
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equation was selected for the EC. Price and income coefficients
were constrained across all countries and other variables were
unconstrained.18 Variables with t-statistics below 1.0 were
deleted.

The estimated price and income elasticities are in the range
between the U.S. and Canada estimates. The only significant high
protein price effect is for Denmark, and it is similar in magni-
tude to that of the U.S. The effect of wheat fed was significant
in all countries but Italy and Denmark where wheat is less than 4
percent of total fed grain. As with rice feeding in Japan, wheat
fed in the EC was strongly influenced by government policies
which were better reflected in quantities than in wheat prices.
The magnitudes of the coefficients on fed wheat are not as mean-—
ingful in the double-log equation as in the linear form, but as a
comparison the Ireland coefficient of -.0038 is approximately
equivalent to -1.0 in the linear form.

The effect of animal exports (or imports) was significant
only in BELX, Italy and West Germany.: The signs are correct--
more exports or fewer imports increase domestic feed demand--but
the magnitudes are again not easily interpreted. A comparison to
the linear estimates for West Germany showed that the coefficient

0.008 was approximately equivalent to a coefficient of 1.0 in the

18The Fisher test shown on the lower part of Appendix Table 3.5

was applied to test the null hypothesis that the constraint
caused no increase in the sum of squared errors. The null hy-

pothesis could not be rejected at the 5 percent level of sig-
nificance.
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linear form. That is, a one-dollar increase in animal product
exports increased demand for coarse grains by 1 kilogram. Actual-
ly the differences in the net export position of the EC countries
is reflected mainly in the intercepts which were largest for the
major exporters (Netherlands, Denmark and Ireland) and smallest
for the major importers (Italy, West Germany and the U.K.).

Many of the dummy shift variables appear to be associated
with the EC unified price policy that was adopted as of July 1,
1967. France apparently had a short-run glut in 1967/68 that was
not reflected in the price level. In 1966, the West Germany re-
quirement that mixed feed have a 50 percent animal protein con-
tent was removed, thereby shifting coarse grain demand upward.
The sophisticated feed mixing industry of the Netherlands shifted

w19 50 1968/

rapidly to increased use of "other energy ingredients
69 thereby shifting coarse grain demand downward. The trend term
in the Netherlands is associated with a long-run shift from other
coarse grains to corn from the mid-fifties to the early seventies.
Since corn has a greater feed value per quantity unit, substitution
of corn for other grains, like a technological change, makes it
possible to produce the same quantity of animal products with a
smaller grain input.

The Italy dummy variable coincides with the adoption of the

EC common agricultural policy (CAP) in 1962. Under the CAP, Italy

19FAS, "Dutch Feed Mixtures Influenced by EC Grain Import Levies,"

Foreign Agriculture Circular, Grains, FG 3-76, March 1976.
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changed from a state trading system to a private trading system.
The upward shift in feed grain consumption after 1962 appears to
be associated with this institutional change. One plausible ex-
Planation for the shift is that there were illegal private imports
before the CAP which were not reflected in the national consump-
tion statistics.

The unconstrained estimates for Other West Europe (OWE)
shown in Appendix Table 3.6 have generally higher income and
price elasticities than those of the EC and considerably more
variability across countries. Perhaps the latter should not be
surprising in view of the fact that the OWE is a more hetero-
geneous group of countries than the EC. In any case, attempts
to impose cross-country constraints were unsuccessful and efforts
were directed instead to separate country regressions. Since the
estimated income elasticities are nearly twice those of the EC it
seemed important to use a semi-log or log-inverse from of equa-
tion for the long-run projections. The semi-log form is selected
whenever possible because it permits. both the price and income
elasticities to decline as consumption rises. In the cases of
Norway and Switzerland the semi-log form does not perform well
so the log-inverse form is used.20

The results given in Table 3.6 show estimated income

20The double-log specification is changed to log-inverse form by

replacing the log of income with the inverse of income, and the
elasticity equals the estimated income coefficient times -1.0
over the income level.
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elasticities at historical means that are higher than those esti-
mated for the EC and lower than the estimate for Japan., The in-
come elasticities range from 1.30 for Finland to 0.73 for Norway
and the price elasticities range from -.27 for Spain to -1.09 for
Switzerland. In general, higher price elasticities are associated
with higher income elasticities, which is consistent with the
implications of the Slutsky equation.21 Based on the log-inverse
and semi-log coefficients it is not possible to associate the
different income elasticities strictly with differences in income
or per capita consumption.22 There are many factors which influ-
ence these elasticities including the composition of final prod-

i uct consumption and the structure of the animal products industry,

|

i 21The Slutsky equation is formulated in the context of final
demand, but as shown in section 3.1 the reduced-form elastici-
ties are closely related to final demand elasticities. The

Slutsky equation expressed in elasticities is

€p = EC-O.T]

U S

where Ep = price elasticity of demand

Ec = compensated demand price elasticity (holding con-
sumer utility constant)

o = proportion of expenditure spent on the product

n = income elasticity

Ceteris paribus, a higher income elasticity is associated with
a higher ordinary price elasticity (see Henderson and Quandt,
pp. 31, 32).

2 . . o .

For example, if the differences in income elasticity were re-
lated only to differences in income level, one would expect
the log-inverse income coefficients to be similar in magnitude.
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which differ across countries.23 The 1973 elasticities for
"Other West Europe" are approaching the levels of those in the EC.
The meal price coefficients are significant in Austria,
Greece and Norway and the cross price elasticities are small. 1In
Austria and Norway the cross price elasticities are negative, in-
dicating either a weak substitution effect or a complementary re-
lationship between coarse grains and high protein inputs.24
Wheat fed is significant for Austria and Spain, and both coeffi-
cients are near -1.0, which is reasonable. The dummy variables
for Austria and Portugal are to account for quirks in the data
which were not found in comparable OECD data and could not be
otherwise explained.

The specification of the block 2 coarse grain food demand

equations and variable definitions are as follows:

EUROPEAN COMMUNITY

QFODt = f(PFGt, Y , ECD, ult)

t,
OTHER WEST EUROPE

QFOD, = £(PFG_, Y , u,.)

Endogenous Variables

QFOD = coarse grain demand for food, 1000 metric tons

3A.n industry with more fixed inputs will require a greater pro-
protionate increase in variable inputs to achieve a given per-
cent growth in output. As demonstrated with the simple model
in Appendix Table 3.1, this would result in larger reduced-form
elasticities for price and income.

24R.G.D. Allen, Mathematical Analysis for Economists (New York:
St. Martin's Press, 1938), pp. 373-374, 505-509.
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Exogenous Variables

PFG = regional weighted average of coarse grain food prices,
$/100 kg.
Y = regional private consumption expenditure, million dollars

ECD = dummy variable, 1 (1960 to 1970), O (elsewhere)

The results of these regressions are presented in Table 3.7.
As expected, the food demand tends to be more price inelastic and
less income elastic than feed demand. The price variable for the
EC is not significant and is dropped from the equation. The dum-
my variable represents an unexplained upward shift in the food
consumption series beginning in 1971. The price and income vari-
ables in the OWE equation are marginally significant and the ex-~
planatory power of the equation is low. This may be due to ex-
cluded variables that cause serial correlation in the residuals
and reduce the efficiency of the estimates. Efforts to correct
this using a two-stage Cochrane-Orcutt procedure were not success-
ful, perhaps because of the limited degrees of freedom. WNeverthe-
less, these estimates are unbiased énd the elasticities have rea-
sonable magnitudes, so they were considered adequate for the food
demand projections.

3.3 Specification and Empirical Results for the USSR

The equation for the USSR is not a demand equation in the
usual sense, but simply relates the quantity of coarse grain con-
sumption to income and domestic production. The specification of

the function is based on the hypothesis that livestock production
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plans and food use are influenced by income growth and con-
strained by the level of domestic production. The retail price
of meat was raised only in 1962 and a dummy variable is included
to reflect the possible effects of that policy change. The
quantity of wheat fed is also included in the specification for
feed demand to account for the substitution effects. The spec-
ification of the USSR consumption relations and variable defini-

tions are as follows:

FEED
QFED,_ = £(INC_, QPDN_, WFED , UD, u, )
FOOD
QFOD, = £(INC_, QPDN,, u, )

Endogenous Variables

QFED coarse grain feed consumption, 1000 mt.

QFOD

coarse grain food consumption, 1000 mt.

Exogenous Variables

INC = wage and salary income, mil. rubles
QPDN = domestic coarse grain prodﬁction, 1000 mt.
WFED = quantity of wheat fed, 1000 mt.
UD = dummy variable, 1 (1960 to 1962), 0 (elsewhere)

The results of the semi~log estimates are presented in Table
3.8. The income and production variables are significant at the
5 percent level or better in both equations, and the wheat fed

and policy variables are marginally significant. The explanatory
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power of the feed equation is excellent, while the food equation
explains approximately 50 percent of the variation in food con-
sumption. The Durbin-Watson statistics are in the inconclusive
region so there is no strong evidence of serial correlation.
More importantly, the coefficients have the correct signs and
appear to have reasonable magnitudes. The income elasticity for
feed demand is similar to those estimated for OWE, and the food
demand income elasticity is negative, implying it is an inferior
good. The wheat fed coefficient is negative, though not as
large as might be expected. The dummy variable shows a higher
feed consumption during the period of lower meat prices. This
indicates that the retail price affects meat demand but not meat
supply, which is plausible in a planned economy.

The coefficients on domestic production measure the extent
to which shortfalls (or surpluses) in production are offset by
increases (or decreases) in net imports. The coefficient 0.53
implies that roughly half of the shortfall in a poor year is made
up in imports and the remainder is absorbed by a decline in con-
sumption. The coefficient of 0.26 in the food equation indicates
that food consumption is less sensitive to variation in production.
If these results are combined in an import demand relation they
are similar to results obtained in a recent study on import de-

mands in Eastern Europe.25

{ 25M.E. Ryan and J.P. Houck, "Eastern Europe, a Growing Market for

{ U.S. Feed Grains," Economic Report 76-7, Department of Agricul-
| tural and Applied Economics, University of Minnesota, Nov. 1976.
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The import demand (QMt) derived from the two estimated

equations is

(3.7) QMt (QFEDt + QFODt) - QPDNt .

Substituting the coefficients on the production variable and

representing all other variables with Zit we obtain:

(3.8) QMt = ( ? oy Zit + .789 QPDNt ) - QPDNt
(3.9) QMt = ; o, Zit -~ .211 QPDNt .

I

|

[

|

|

| 1
| ;

l

By comparison, the import demand equations estimated by Ryan and
Houck for Poland, Czechoslovakia and Hungary had significant co-
efficients on the respective production variables with magnitudes
of -.18, ~.26, and -.25. The implied coefficient of -.21 for the

E USSR is of the same order of magnitude.

3.4 Specification and Empirical Results for Block 1 Price

Linkages

In order for the coarse grain sector model to have an equi-
librium solution, price linkages must be established between the
countries in block 1. The European countries in block 2 are
assumed to have policy determined prices over the projection
period, and those assumptions are discussed in Chapter 4. Canada
has a complex system of pricing and marketing of grains operated
! by the Canadian Wheat Board, but their price quotations tend to
be influenced by prices across the border in U.S. markets. In

particular, barley price quotations are increasingly tied to U.S.
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corn prices. The price variable for Japan is the price index of
imported corn, and the U.S. share of these imports has exceeded
50 percent since 1963. The only major import restriction affect-
ing coarse grains was a quota on sorghum imports which was lifted
in 1964. It is reasonable therefore to link the Canadian barley
price and the Japanese corn price index to the U.S. corn price
for projection purposes.

The price series on the U.S. Gulf-port price of corn does
not extend back beyond 1962, so an export price proxy (EXPC) was
generated from the U.S. average farm price (UPC) and the average
export subsidy (XSUB) as follows:

(3.10) EXPC = 2.2046(UPC -~ XSUB) .

This variable is in units of dollars per 100 kilograms and has a
simple correlation coefficient of 0.994 with the Gulf-port price
of corn for the period 1962 to 1974, An estimated linear rela-
tion between these variables is presented in Table 3.9.

Since all prices in the model are deflated, the desired
linkages are between real price levels. However, spatial equi-
librium is generally defined in terms of nominal prices, using
annual exchange rates to convert to common currency units. This

leads to a price linkage of the form

NP,
(3.11) —=t

. = Mit + NXPCt
it

where Mi = price margin including fixed tariffs and transport

costs in U.S. dollars
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NPi = nominal price of grain in ith country in local currency
NXPC = nominal U.S. export price of grain in U.S. dollars
r; = exchaﬁge rate in local currency per U.S. dollar

An analogous relation can be formulated for real prices.
Prices in this model are first deflated by the consumer price
index (CPI) with base year 1970, then transformed to 1970 U.S.

dollars with the 1970 exchange rate (r This 1970 real dollar

70)'
price (RDP) is

(3.12) RDPit = NPit/(CPIit . ri70)

By performing some algebraic operations to equation 3.11, the
relationship linking real price (RDP) to the real U.S. price
(EXPC) and a real margin (RM) is equivalent to deflating both

sides of (3.11) by the U.S. CPI and can be written:

RDP

it _
(3.13) Kit = RMit + EXPCt
where
« ) rit . USCPIt )
it r s CPI

70 it

Allowing for constant and marginal effects, a simple equation

can be specified to estimate this relationship:

RDPit A A
= a+ B EXPCt +u

(3.14)
it t

For projection purposes then, assumptions need only be made

|-
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about the level of Kit since the projection relation would be
(3.15) RDPit = Kit(& + E EXPCt)

The parameter Kit is related to the "purchasing-power parity
hypothesis" of the international trade literature. The "relative
version" of this hypothesis expressed in terms of the components
of Kit is that the current equilibrium exchange rate is approxi-
mately equal to the base exchange rate times the relative current
price levels:

CPI,
(3.16) r, =t st

it i70 USCPIt

That is, exchange rates adjust to compensate for differing rates
of inflation. It is clear from (3.16) that if the "purchasing-
power parity hypothesis" holds in practice, Kit would remain
close to 1.0 over time. Caves and Jones26 specify that the base
period should be a "reasonably normal" year, which is hardly the
case for the year just prior to the major currency readjustments
of 1971 and 1972. '
There are other reasons why the hypothesis may not hold up

in practice, but Yeager found that it "performed reasonably

well"27 in predicting equilibrium exchange rates in the period

26R.E. Caves and R.W. Jones, World Trade and Payments (Boston:

Little, Brown and Co., 1973), pp. 335-339.

27L.B. Yeager, "A Rehabilitation of Purchasing-Power Parity,"

Journal of Political Economy 66 (December 1958), pPp. 516-
530.




58

1937 to 1957. To test the hypothesis with recent data, Kit was
calculated for Canada, Japan and 16 West European countries using
data from 1960 to 1973. The hypothesis that Ei = 1 was tested
and could not be rejected at the 5 percent level in 14 of the 18
countries. Out of the 252 cases, all but 36 (15 percent) were
within 15 percent of 1.0; and half of these outliers occurred
during the currency readjustment from 1971 to 1973. Due to the
increased flexibility of exchange rates since 1971, the hypothe~
sis should perform better in the period after 1973 than in the
previous decade.

The purpose here is not to debate the merits or failures of
the purchasing-power parity hypothesis, but rather to indicate
that Kit is a relatively stable parameter over the long run and
becomes more so as the flexibility of exchange rates increases.
Certainly, long-run assumptions about any of its separate com-
ponents would of necessity be more arbitrary than assumptions
about Kit' The latter assumptions will be discussed in the next
chapter and are based on recent values of Kit that reflect the
currency readjustments of 1971 and 1972.

The most satisfactory specification for the Canada barley
price relation includes a constant term only up to 1971, imply-
ing that the price relationship changed under the higher price
regime of the last three years. Thus a dummy variable (CD71) is
used, so the intercept is & from 1960 to 1971 and zero from 1972

onward. The specification is
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(3.17) CPBt/KCt = o CD71 + B EXPCt + u,

where CD71

dummy variable, 1 (1960 to 1971), 0 (elsewhere)

CPB = average Canadian Wheat Board selling price for No. 3
Canadian Western 6-row barley (deflated by CPI)
EXPC = export price proxy as defined in (3.10) above (de-
flated by U.S. CPI)
KC = "purchasing~-power parity parameter'" for Canada as

defined in (3.13) above.

The results in Table 3.9 show that the Canadian barley price has
a 40 percent differential over the U.S. corn price in recent
years and a smaller differential before 1972. Part of this dif-
ferential is due to the fact that the U.S. price proxy is based
on the farm price of corn rather than the export price.

The Canadian feed equation includes the price of wheat as
an independent variable, so some assumption must be made about
the formation of the Canadian wheat price over the projection
period. Since the Canadian Wheat Board administers both prices,
the historical relationship between wheat and barley prices is a
reasonable behavioral assumption for the projection period. The

relationship estimated is

(3.18) CPWt =0+ B CPBt + vy CD73 + u,

]

where CD73 = dummy variable, 1 (1973), 0 (elsewhere)

CPB

average Canadian Wheat Board selling price for No. 3

I
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Canadian Western 6-row barley (deflated by CPI)
CPW = average Canadian Wheat Board selling price for No. 2

Northern Wheat (deflated by CPI).

The 1973 observation was omitted because the Wheat Board's price
policy that year was significantly different from that in 1974
and resulted in a substantially higher average price than would
otherwise have obtained.28

The results in Table 3.9 show that the 1973 wheat price was
$2.96 above the prediction line. The constant is not significant
and the wheat price is about 17 percent above the barley price
over the historical period.

The Japan-U.S. price linkage is different from the Canadian
linkage in two ways. One is that the Japanese ‘''price'" is an in-
dex. The other is that the Japanese crop year is April-March
compared with July-June for the U.S., and prices like quantities
are crop-year values. The first is not really a problem. Since
a price index is formed by multiplying (or dividing) every price
in the series by a single constant, it merely changes the units
of the dependent variable and alters the estimated coefficients
by the same constant factor. The second difference implies that
the Japan April-March price may be more closely related to the
April-March or even the March-February average U.S. price than

to the July~June average. A simple approach which allows the

28The Canadian Wheat Board Annual Report (Winnipeg, Canada,

January 31, 1976), pp. 7, 20-24.
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data to determine this time period relationship is shown in the

specification below29:

(3.19) JPct/KJt =a+ b[§ - EXPC,_ + (1-8) EXPCt_l]

The corresponding estimation model is

(3.20) JPC /KT = o+ B(EXPC_ - EXPC__;) + Y EXPC__; + u_

1

where EXPC = export price proxy as defined in (3.10) above
(deflated by U.S. CPI)
JPC = wholesale price index of imported corn in Japan
(deflated by CPI)
KJ = "purchasing-power parity parameter" for Japan as

defined in (3.13) above

w™>
1

the OLS estimate of beé

the OLS estimate of b

~>
n

$ = the time period parameter (0 < § < 1),

It is clear that B/? is an estimate of the time period parameter

§. The results of this regression in Table 3.9 show that § =

[

0.661 which corresponds to about 8 months.30 This means that

29This method was previously used by M. Bredahl and D. Tischendorf
"Price Formation of Soybeans and Soybean Meal: The U.S. and

?

Germany," unpublished manuscript, University of Minnesota,
February 1977.
30 I

Since § is a nonlinear function of the unrestricted coeffi-

A

cients B and Yy, the variance of § must be approximated from a
truncated Taylor expansion. The calculated result is a stand-

~

ard error of 0.099 and a t-statistic for & of 6.67.
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the dependent variable is best explained by the March-February
average of U.S. export pricesBl, which is reasonable in view of
possible lags in the market process.

These price linkages all have ''good fit" as indicated by
the high adjustedlizg and the hypothesis of no autocorrelation
in the disturbance term cannot be rejected at the 5% level of

significance, so serial correlation is not a problem.

31Of course, this weighted average of the July-June prices is an

approximation of the March-February average and is not neces-

sarily equal to the value that would be obtained from the
monthly data.
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Chapter 4

COARSE GRAINS PROJECTION MODEL

This chapter describes the components of the coarse grains
projection model, its historical performance, the projection

assumptions, and the projection results.

4.1 Quantity Components and Quantity Equilibrium

The model for coarse grains has three demand blocks, as out-
lined in Chapter 2 above. The first is composed of demand in
Canada, Japan and the U.S., where prices are linked to the U.S.
price of corn. The second block includes the countries of West
Europe, where prices are assumed to be policy determined. The
third includes the USSR, Eastern Europe and all remaining coun-
tries and regions of the world, where the price response is based
on elasticity assumptions.

In the block 1 countries it is assumed that internal prices
are determined by the supply and demand equilibrium in the world
model. All prices are tied to the U:iS. export price of corn
through the price linkages which were discussed in Chapter 3.

The per capita demand relations presented in Chapter 3 are com-
bined to determine total coarse grain demand for each country as
seen in (1) of Table 4.1. The horizontal summation of the three
country demands to determine total block 1 demand is illustrated

in Figure 4.1,

In the block 2 countries of West Europe it is assumed that
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Table 4.1. Quantity Equilibrium in the Coarse Grains Model

BLOCK 1 (USA, CAN, JPN)

(1) Qo,

s¢ = Ny, (QFEDC, + QFODC, ) i=1,3

t

BLOCK 2 (West Europe except Iceland and Malta)

(2) th(QFEDCjt) j =1, 16 (jth country)
(3) QFoD, i=4,5 (ith region)
it 8
(4) QD,, = QFOD,. + jElet(QFEDCjt)
16
(5) QDg, = QFOD.. + jzg th(QFEDCjt)
BLOCK 3 (18 regions)
(6) QD,. = QFOD, + QFED, i=6, 23
| EQUILIBRIUM
| (N QMit = QDit + CSTit - QPit i =1, 23 import demand
i
! (8) EQMit =0 trade identity
; (9) IQD;, = 2Qs;, - ZCST,
: (10) ZIQD:.Lt = WQPt - WCSTt equilibrium condition

where CST = change in coarse grain stocks (end-beginning)

N = population
QD = total coarse grain demand

QFED = total coarse grain fed

QFOD = total coarse grain not fed

QFEDC = per capita coarse grain fed

QFODC = per capita coarse grain not fed
QM = coarse grain imports (negative for exports)
QP = coarse grain production

WCST = world change in coarse grain stocks

WQP = world coarse grain production

el e i
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internal prices are determined by government policy and are not
affected by world price unless the latter goes above a critical
level. This conditional linkage is described in the next section.
The per capita feed demand and regional food demand relations
presented in Chapter 3 are combined, as seen in (2) to (5) of
Table 4.1, to determine total coarse grain demand for the EC-9

(4) and the "other-8'" (5). Since internal prices are exogenous,
the summation (Figure 4.2) generates a kinked demand curve for
block 2 which is perfectly inelastic up to the lowest internal
price level.

Block 3 includes the central planned economies, the third
world regions and small developed countries not included in
blocks 1 and 2. Except for the USSR, demand projections in this
block are based on assumed levels of population growth, income
growth and income elasticities. From consumption in the base
year, the projection of demand in year t is calculated with the

relations:

~ ~ t
(4.1) QFODit QFODiO(l + N, o+ nilli)

A "~ t
(4.2) QFEDit QFEDiO(l + Ni + ”1211)

~

where I = annual rate of growth in per capita private consump-
tion expenditures
ﬁ = annual rate of population growth
Ny = income elasticity of coarse grain food demand

niZ = income elasticity of coarse grain feed demand
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QFED total coarse grain fed

QFOD

total coarse grain not fed
Since the base year may not be a "normal" year, the base year
consumption selected in all but a few cases is a trend line value
from a logarithmic trend.1

For the USSR, food and feed demand projections are based on
the estimated equations reported in Chapter 3. For each of the
18 countries and regions in block 3, total coarse grain demand is
the simple sum of food and feed demands as seen in (6) of Table
4.1. Since price elasticities were not estimated for block 3
regions, an aggregate price elasticity is assumed for block 3 in

order to allow a reasonable price response.

The quantity equilibrium condition is derived in (7) to (10)
of Table 4.1. The import demand (or negative export supply) for
each region or country (7) is domestic consumption plus change in
stocks minus domestic supply. The trade identity (8) imposes the
condition that total imports equal total exports and leads to the
equilibrium condition (10) that world demand must equal world
production minus change in stocks. The solution of the model,
therefore, does not require assumptions about production or
stocks in any single country or region but only for the world as

a whole.

1The exceptions are very minor consuming regions. For total
coarse grain these are ICEMAL and ROW. For fed coarse grain
these include SEASIA, EAF, and VEN (see Appendix 2 for region
definitions).
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The equilibrium solution is illustrated in Figure 4.3, where
S is production minus change in stocks. The broken lines illus-
trate the dynamics of the model when demands and supply shift.
Price is determined by the intersection of world demand with
world supply. In this case, the equilibrium price is too low to
affect demand in block 2, so the entire price adjustment occurs

in blocks 1 and 3.

4.2 Price Linkages and Price Equilibrium

The price linkages for block 1 were estimated and discussed
in Chapter 3. These tie the internal prices of Canada and Japan
to the U.S. average farm price of corn through the export price
as shown in (1) to (3) of Table 4.2. The U.S. export subsidy
which has not been used since 1962 is assumed to be zero over
the projection period. The purchasing-power parity parameters
calculated for Canada (KC) and Japan (KJ) declined during the
currency adjustments that began in 1971. In the case of Japan
it declined dramatically from 1.0 to about 0.7 in 1973 to 1975
(Table 4.3). The leveling off in the iatter three years sug-
gests that these may be stabilizing at a new equilibrium. It
would be desirable to have more observations, but these are not
yet available. Therefore, the averages of the last three years

are used as approximations of KC and KJ for the projection. An

adjustment coefficient is also included to test the sensitivity

of the model to alternative assumptions.
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Price Linkages in the Coarse Grain Model?

BLOCK 1 (USA, CAN, JPN)

(1) EXPCt
(2) JPCt
(3) CPBt

£(UPC_, XSUB)

KJ'f(EXPCt, EXPC )

t-1

KC'f(EXPCt)

BLOCK 2 (West Europe except Iceland and Malta)

(4) MPC,_ = KN(EXPCt + M)

(5) If [MPC_< NTPC__,(l1 +PR)] R =PR
(6) 1f [mpc_ > NTPC,__,(1 + PR)] R = (MPC_ - MPC__,)/MPC,_,
(7) PCGy, = PCG, (1 +R) j=1,16
BLOCK 3 (18 regions)
* _ £ _
(8) Qo;, = QD (EXPC _/EXPC.,) i=6, 23

| where CPB = internal price of barley, Canada
% EXPC = export price of corn, U.S.
i JPC = internal price of corn, Japan
| KC,KJ,KN = purchasing power parity parameters (see Chapter 3)
1 M = marketing margin
B MPC = minimum export price U.S. corn at Rotterdam
g NTPC = threshold price of corn, Rotterdam
i PCGj = internal price of coarse grain, jth country
1 PR = policy rate of growth in real price of coarse grain
QD = projected coarse grain demand (ith region)
QD* = price-adjusted coarse grain demand (ith region)
R = rate of growth in real price of coarse grain
UPC = average farm price of corm, U.S.
XSUB = average export subsidy on U.S. corn
€ = price elasticity of demand
811 prices and M are in 1970 U.S. dollars. The K parameters

and rates R and PR do not have units of measure, QD and QD* are
quantities.
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Chapter 1

INTRODUCTION

This chapter presents the problem statement, the historical
setting of the problem and a description of the thesis organiza-

tion.

1.1 Statement of the Problem

There has been an increased concern about the future grain

supply relative to demand ever since the events of the 1972/73
crop year initiated a rise in grain prices that was unprecedented
in recent history. Although grain prices retreated in 1974 after
supply conditions improved, there is little certainty about
whether surplus, scarcity or neither will dominate the future.
Discussions about surplus capacity and price supports that flour-
ished in the post-World War II period have been replaced by de-
bates over reserve stock programs and food security; and the
Green Revolution optimism of the 1960's has given way to vary-
ing degrees of concern about world grain sufficiency and distri-
bution in the decades just ahead.

i As a basis for food policy decisions, it is important not
only to anticipate the future level and composition of world

b grain demand relative to supply but to identify and understand

the underlying forces that influence demand and supply. This

| study concentrates on the demand component, but the results

should also provide some insight into the broader question of




the long run potential for surplus or scarcity in grain markets.

The major factors which shift grain demand across time are
population and income. It is expected that in high income coun-
tries the effect of income growth on demand for animal products
is the primary shifter of grain demand; and in low income coun-
tries, both income and population may be important sources of
demand growth.

Since the tightening of world food markets occurred, there
has been considerable discussion about the relative importance of
population and income effects on demand. At the extremes of this
debate are certain members of affluent nations who place the en-
tire burden for the food "crisis" on high rates of population
growth in poor countries and certain members of poor nations who
lay the entire blame on the high rates of meat consumption in af-

! fluent countries.

Clearly both population growth and increased meat consumption
influence demand for grain. The effects of population growth on
grain demand are rather straightforward and have seemed to get
more attention in the discussion about future food availability.

! Less is known quantitatively about the more complex relationship
i between income growth, the changes in composition of diets and
grain demand.

This study will focus on the effect of income growth on
grain demand in the developed countries of the world. This is

not an attempt to take sides in the population-vs-—-income debate,

ST L
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but rather to investigate the lesser known of the two effects.
The income effect is expected to be most important in the high
income economies, and these areas of the world have accounted for
a major portion of both the demand and the growth in demand for
wheat and coarse grains over the last decade.

The major question being asked in the study is to what ex-
tent future growth in grain consumption in developed countries
will put pressure on prices and grain availability to the rest of
the world. The income and population effects for the developed
countries will be incorporated with third world income and popu-
lation assumptions in a world projection model. This model will
be used to project the probable consequences of income and popu-
lation growth for grain demand and price trends over the next two
decades, and the relative impacts of income and population effects
in developed and third world areas will be compared.

1.2 Historical Setting of the Problem

The stated objective to focus on the income effects in dev-
eloped countries is motivated not only by the dearth of attention
given to this aspect of grain demand growth but also by its im-
portance relative to other factors in explaining total growth in
grain demand. Developed country demand is an especially impor-
tant component of coarse grain demand, but its effect on wheat
demand has also been substantial.

During the decade preceding the 1972/73 crop year, the dev-

eloped countries as a whole accounted for 71 percent of the
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growth in coarse grain consumption and 60 percent of the growth
in wheat consumption (Table 1.1). Feed consumption accounted for
74 percent of the growth in coarse grain consumption and 45 per-
cent of the growth in wheat consumption. The developed market
economies were the main source of growth in coarse grain feed de-
mand and the developed central planned economies were the main
source of wheat feed demand growth. The absolute change in total
consumption of coarse grains and wheat was almost evenly distri-
buted among the developed market economies, the developed central
planned economies and the third world. However, it was far from
equal on a per capita basis, since 66 percent of the total growth
went to 30 percent of the world's population in the developed
countries. Rice, on the other hand, is of little consequence in
developed country consumption since more than 90 percent of the
total is consumed in the third world (Appendix Table 1.3).

Similar patterns are likely to persist in the future if af-
fluent consumers continue to increase the quantity and quality of
animal products in their diets. This would be of little conse-
quence to third world consumers if supplies were plentiful and
grain prices were low. But if the limits to supply growth are
such that prices remain high or increase, the potential for
third world consumers to improve their diets would be directly
threatened by increased developed country consumption.

It is well known that per capita grain consumption in the

third world is far below that of the developed countries (Table 1.2),
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Table 1.2. Comparison of Per Capita Consumption of

Coarse Grains, Wheat, Rice and Total Grain
(1969/70-1971/72 average)?

Per Capita Consumption 1969/70-1971/72

Coarse Total
Grains Wheat Rice Grain
kilograms
Developed Market 386 124 21 531
i Developed CPE 335 344 4 683
'-5 Third World 57 47 76 180
[ 4

g Total 149 92 58 299

aComputed from Appendix Tables 1.1 to 1.3.
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and the importance of improving the inadequate nutritional levels
is widely accepted.1 There are basically two ways to increase
grain consumption: increased internal production and increased
imports. Although rates of production growth in the third world
have equaled those in the developed countries over the last two
decades, this was barely sufficient to keep pace with population
growth. Thus, food imports have increased, and most future pro-
jections foresee a continuing growth in import requirements.

Third world countries are faced in most cases with budget
and foreign exchange constraints, so the price of grains is a
crucial factor in their attempts to fight undernourishment and
malnutrition. Although in theory, food aid and subsidized sales
can offset higher price levels, one need only look at the rapid
decline in the quantity of U.S. food aid in 1973 and 1974 to re-
alize that scarcity and higher prices may well reduce food aid
when it is needed most.3

Naturally, population and income effects on demand in all

countries combine to influence world prices. However, if real

1An FAO study of energy and protein supply in 1969-71 found the

third world energy availability to be 5 percent below minimum
requirements. FAO, Population, Food Supply and Agricultural
Development, United Nations, Rome, 1975.
2U.S. Department of Agriculture, Economic Research Service, The
World Food Situation and Prospects to 1980, FAER #98, December
1974.
3U.S. Department of Agriculture, Economic Research Service, For-
eign Agricultural Trade of the United States, January 1977,

Table 5. -
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grain prices of the future remain high or increase and developed
country demand growth continues to be a major factor, the alloca-
tion of scarce grain supplies could well become a highly sensi-
tive issue between developed and third world nations. On the
other hand, if real prices continue the long-run downward trend
that characterized much of the post World War II period prior to
1972, there probably would be little protest against increased
grain feeding in developed countries. Thus, it is important to
look at the question of developed country demand growth and long-
run price trends simultaneously.

1.3 Organization of the Thesis

The division of the research by commodity and geographical
region and an overview of the analytical approach to be used in
the study will be presented in Chapter 2. The estimation models
and estimation results for developed country demand equations and
price linkages are presented in Chapter 3. In Chapter 4 the
coarse grain projection model and the projection assumptions are
described, the historical performance of the model is tested and
the coarse grain demand and price projections are reported. A
simple wheat model is developed in Chapter 5 and the partial eq-
uilibrium projections of that model are reported. In Chapter 6,
the wheat and coarse grain models are integrated and the simul-

taneous demand and price projections are reported. Chapter 7

summarizes and evaluates the results of the study.
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Chapter 2

METHODOLOGY

This chapter discusses the division of research by commodity
and geographical region and presents a general description of the

analytical approach used in the study.

2.1 Division of Research by Commodity

The objective here is to narrow the scope of the research so
as to focus on the central questions posed in Chapter 1. Based
on the historical patterns portrayed in Chapter 1, the future
growth in income in developed countries is likely to have its
greatest impact on feed demand in the coarse grains sector. Con-
sequently, coarse grains demand is the major focus of this study.

Large quantities of wheat are consumed in the developed coun-
tries but the potential for future growth lies primarily in the
third world. Although growth in wheat feeding in East and West
Europe and the U.S.S.R. has a substantial impact on wheat demand
growth during the 1961 to 1970 period, wheat never exceeded 18
percent of feed grain world wide and declined to about 14 percent
in 1973 and 1974. 1In the European Community it was a subsidy in
the form of the denaturing premium which motivated increased
wheat feeding in the late 1960's and early 1970's. Even in the
United States where relatively little wheat is fed, the propor-

tion of wheat fed is affected by the wheat-corn price ratio. So

the potential for increased wheat feed use in the future will
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depend in part upon relative price trends in wheat and coarse
grains. A wheat sector is included in this study to analyze
this potential substitution, but the analytical approach is
greatly simplified compared to that of the more important coarse
grain sector.

As noted in Chapter 1, rice is not a significant factor in
overall developed country grain consumption. Only in Japan is
it a significant factor in food use, and the potential substi-
tution of rice for feed grains is very 1imited.1 Thus, the exclu-
sion of rice from this study helps to limit the scope but should
not greatly influence the results.

To simplify the analysis, coarse grains—-including barley,
corn, oats, rye and sorghum are analyzed as an aggregate but sep~
arated by end use into two categories: feed and non-feed. Wheat
is also separated into feed and non-feed categories for the pro-
jections.

2.2 Demand Projection Techniques

There are two basic approaches to making demand projections;
the constant-price approach and the equilibrium approach. The
first can be derived from a model where per capita consumption

(q) is a function of per capita income (I).

(2.1) q. = £(I)

t

1 S . . .

The only recent example of significant substitution is in Japan
in the early 1970's when excess rice stocks were 'dumped" on
the feed grain market.




g ST,

P

gt

11

Total consumption (Q) is population (N) times per capita consump-

tion.

(2.2) Qt = Ntf(It)

The rate of growth in consumption (Q) can then be expressed in

terms of the growth rates of population (N) and per capita income

~

(I) and the income elasticity (n), and the projection takes the

form:

(2.3 q = Q1 +0)"

her = + I
where Q= N Nete
Q0 = base year consumption
Qt = projected consumption in year t.

This is the methodology used for the FAO projections2 and it is
widely used elsewhere because of its simplicity. For the same
reason a modification of this method is employed in the coarse
grain food and feed demand projections for the third world re-
gions, East Europe and a few small developed market economies
(see Appendix 2). This method is als; utilized for the wheat
food demand projections for all regions. A coarse grain con-
sumption function is estimated for the U.S.S.R. to reflect the

government's response to variation in internal production and

is discussed in detail in Chapter 3.

2FAO, Agricultural Commodity Projections, 1970-80, CCP 71/20,

Rome, 1971.
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The equilibrium approach to projections takes into account
the effect of prices and the interaction of prices and quantities.
Projections of this type can be derived from a model where per
capita consumption (q) is a function of prices (P) and per capita

income (I).

t

For a simple case of one grain, n countries, and a single world
price with free trade and no transport costs, the projection model

takes the form:

(2.5) 9, = fi(Pt’ Iit) i=1,2,...,n ith per capita demand
.th
(2.6) Qit = Nit 4 4 i™" total demand
(2.7) I Qit = QSt equilibrium condition
i
(2.8) QSt = QSo(l + QS)t supply projection
(2.9) Nit = Nio(l + Ni)t population projection
(2.10) Iit = Iio(l + Ii)t income projection
. . ._ .th
where Ii = per capita income in i~ country

Ni = population in ith country

P = world price of grain

q; = per capita grain demand in ith country
Qi = total grain demand in ith country
QS = total supply of grain for all countries

~ A

Given assumed rates of growth in supply (QS), population (N) and
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per capita income (I), this model simultaneously determines

world price and the distribution of consumption among the n coun-
tries for each year t. One such equilibrium solution is illus-
trated in Figure 2.1. Constant-price projections can still be
made with this type of model by suspending the equilibrium condi-
tion (2.7) and holding the price at some predetermined level over
the projection period.

2.3 Overview of the Analytical Approach

The equilibrium approach is preferable to the constant price
approach for the purposes of this study, since the projection of
long-run trends in grain prices is one of the objectives. An
equilibrium model is formulated for coarse grains by using empir-
ical estimates of price response in the developed market economies
and making reasonable assumptions about price elasticities for the
rest of the world. The coarse grain model is divided into three
demand blocks based on the assumptions about price formation.

Coarse grain food demand and feed demand equations are esti-
mated for Canada, Japan, the United States and 16 countries of
West Europe. Price linkages are also developed which take account
of trade barriers and transport costs among these developed market
economies.

Coarse grain prices in Canada and Japan are linked to the
U.S. export price of corn with price linkage equations. These

two countries and the United States form demand block 1. Coarse

grain prices in West Europe are assumed to be policy determined
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unless the U.S. export price of corn exceeds a critical level.
The West European countries form demand block 2, and a price
linkage is developed in Chapter 4 which causes block 2 prices to
be influenced by the U.S. export price of corn only when the lat-
ter exceeds a critical level.

The rest of the world is included in demand block 3 (see
Appendix 2), where the constant price projections are modified
by introducing price elasticity parameters. Since price elastic-
ities are not estimated for these countries and regions, an elas-
ticity representing the aggregate price response for block 3 is
added to the system. This elasticity assumption integrates the
block 3 projections into the equilibrium model and is discussed
in Chapter 4.

The components of the coarse grain model are illustrated in
Figure 2.2. Block 1 demand (Dl) is the horizontal summation of
the individual country demands incorporating the price linkages.
In block 2 internal prices are related to the threshold price of
corn in the European Community, and demand (DZ) is perfectly in-
elastic with respect to the U.S. price unless the latter goes
above a critical level. An aggregate elasticity with respect to
the U.S. price is assumed for block 3 in order to make realistic
adjustments to the constant price projection (D3) when the price
goes above or below the 1974 level. Without this elasticity

assumption, block 3 demand would be perfectly inelastic as shown

in the broken line in Figure 2.2(c).
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The U.S. price of corn is determined in each year of the
projection period by the equilibrium condition shown in Figure
2.2(d). Other prices and quantities linked to the U.S. corn
price are determined simultaneously. Prices will move upward
(downward) if the demand factors cause world demand to increase
more (less) rapidly than world supply at current prices.

The supply projections for coarse grains and wheat assume a
continuation of historical production trends from 1960 to 1975.
Projections of population and income, the major demand shifters,
are based on the United Nations medium variant growth rates for
population and "trend" growth rates for income. Sensitivity tests
of the projections are made by altering the assumed growth rates
of income, population and production and the assumed price elas-
ticities for block 3.

In Chapters 5 and 6 a simple wheat sub-model is developed
and integrated into the equilibrium model. The objective of this
expansion is to measure the maximum extent to which wheat substi-
tution for coarse grains in feed ratiops could influence the pro-
jection results. Wheat food demand is projected utilizing the
simple constant-price method, and a price response is incorporated
through an assumed elasticity as in block 3 of the coarse grain
model. If the wheat-corn price ratio remains constant, wheat
feed demand is projected to grow in direct proportion to the

growth in coarse grain feed demand. The response of wheat feed

demand to changes in the wheat-corn price ratio is assumed to be
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inelastic if the price ratio is above the relative feeding value
and elastic if the price ratio is equal to the relative feeding
value. The wheat-corn price ratio is not permitted to fall below
the relative feeding value.

Equilibrium solutions for the coarse grain model, the wheat
sub-model and the interactive model of wheat and coarse grains
are determined with a dampened Gauss-Seidel interactive program3
on the University of Minnesota Cyber 74 computer.

The data requirements vary by country and region as will be
evident in Chapters 3 and 4, but all the data sources are listed

in Appendix 2.

3The algorithm, called General-Amalytical-Simulation-Solution-
Program (GASSP), was written by Rodney C. Kite, Economic Research
Serviee, U.S.D.A.
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Chapter 3

COARSE GRAIN DEMAND EQUATIONS AND PRICE LINKAGES

The coarse grain demand equations for the developed market
economies are the core of the projection model. Therefore, the
specification and estimation of these relations need to be dis-
cussed in some detail. This chapter presents the theoretical
basis for the estimation model, the specifications and empirical
results of the demand estimations for blocks 1 and 2 and the USSR

and for the estimations of the block 1 price linkages.

3.1 Theoretical Basis for Estimation Model

An important part of this study is to quantify the income
effects on demand for feéd grains. Feed demand is a derived
demand arising from the activities of the animal products indus-
try. In generél, growth in real income increases the demand for
animal products, which tends to raise animal product prices and
stimulate the demand for grains and other production inputs.

There are essentially two types,of econometric models that
could be employed to estimate the income effect. The first ap-
proach is to estimate the structural coefficients of final supply,
final demand and derived input demand equations for the animal
product industry. In the context of the simple aggregate model
in Table 3.1, this would involve estimation of equations (1), (2)

and (4) for each country. Solving these equations simultaneously

with the appropriate equilibrium condition (3) would give the




e

A | e B T M T S A

20

Table 3.1. Components of the Estimation Model for Coarse Grain
Feed Demand
STRUCTURAL EQUATIONS
(1) QLSt = fl(PLt’ PGt’ th’ €1t) supply
(2) QLDt = f2(PLt, It’ POt, €2t) domestic demand
(3) QLSt = QLDt + QLXt quantity equilibrium
4) QGDt = f3(PGt, PLt’ th’ EBt) derived demand

REDUCED FORM (input prices constant)

(5) QGDt = g(PGt, It’ th’ POt, QLXt, ut) country demand
WORLD EQUILIBRIUM (i =1, 2, . . . , n countries)
(6) QGDit =a, + biPGit + CiIit + dizit + u;, country demand
(7) PGit = WPGt + Mit price linkage
(8) %Nit.QGDit = WQPt - WCSTt quantity equilibrium
where I = income per capita
M = market margin
N = population
PG = price of coarse grain
PL = price of animal products
PO = price of other goods
PX = price of other inputs
QGD = demand for coarse grain feed per capita
QLS = supply of animal products per capita
QLD = domestic demand for animal products per capita
QLX = net exports of animal products per capita (negative
for imports)
WCST = world change in coarse grain stocks
WPG = world price of coarse grain
WQP = world production of coarse grain
Z = vector of exogenous variables

€,u

stochastic disturbance
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reduced~form equation (5) and the corresponding reduced-form
coefficients.1 These are referred to as the '"derived" coeffi-
cients. The second approach is to estimate the reduced-form
equation (5) directly to obtain the reduced-form coefficients on
income and other exogenous variables. This method is referred to
as unrestricted least-squares (ULS).

The first approach would usually be preferable for a country
study focusing on the structural parameters. But the focus of
this study is on projections, for which only the reduced-form
coefficients are necessary. In terms of econometric properties,
both the '"derived" and the unrestricted least-squares estimators
are consistent. The "derived" estimator is asymptotically more
efficient, provided that consistent estimators (two-stage least-
squares or three-stage least-squares, for example) are used for
the structural equations.2 In a study of the small sample prop-
erties of the ULS and "derived" estimators, Summers3 found that
the differences in efficiency were not very great and concluded
that "economy in computation can safely supplant statistical
efficiency as a basis for choosing" among these methods. Consid-

ering the broad scope of this study, the computational savings

1 . . . . .
Net exports (imports) of animal products is exogenous in this
simple system.

2J. Johnston, Econometric Methods, 2nd ed. (New York: McGraw-

Hill, 1972), pp. 408-420.

3R.M. Summers, "A Capital Intensive Approach to the Small Sample

Properties of Various Simultaneous Equation Estimators," Econo-
metrica 33 (January 1965), pp. 1-41.
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associated with using the unrestricted least squares method are
very substantial so that is the method used.

Implicit in this discussion has been the assumption of open
economies, where the equilibrium constraint depends upon the
world supply rather than the domestic supply of grain. A simpli-
fied world system for n countries, where all coarse grain is fed,
is shown in equations (6), (7) and (8) of Table 3.1. 1In this
context the possibility of simultaneous equations bias arises
due to the simultaneous determination of all quantities QGD.t,
all prices PGit and world price WPGt. However, in many of the
developed market economies, grain prices have been determined by
government policy and are therefore exogenous. Other countries
are quite small relative to the rest of the world and can be
considered price takers on the world market.4 The United States
is the most notable exception to both of these cases because it
is relatively large and has had relatively less price control.
Hence, two-stage least squares and ordinary least squares re-
gressions are estimated for the United States..

Before proceeding to the estimation results, it is of inter-
est to look briefly at the relationship between the reduced-form

elasticities and those of the final product demand. Brandow5

4L.R. Klein, "Single Equation vs. Equation System Methods of

Estimation in Econometrics," Econometrica 28 (October 1960), pp.
866-871.

5

G.E. Brandow, "Demand for Factor and Supply of Output in a Per-

fectly Competitive Industry," Journal of Farm Economics 44
(August 1962), pp. 895-899.
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analyzed the reduced-form price elasticity assuming a linearly
homogeneous Cobb-Douglas production function, a log-log final
product demand and a perfectly competitive industry. He con-
cluded that "demand for an input is elastic, unit elastic, or
inelastic accordingly as demand for output is elastic, unit
elastic or inmelastic . . ." The cross price elasticity was
found to be negative for an elastic output demand and positive
for an inelastic output demand.

In Appendix Table 3.1, a slightly more general case is anal-~
yzed for three inputs. It is more general in that decreasing re-
turns to scale are permitted, and income is added to the demand
relation so that its reduced-form impact can be traced. For the
price elasticities the magnitudes of the elasticities are affect-
ed, but the general conclusions are the same as those drawn by
Brandow in the constant returns to scale case. The reduced-form
income elasticity is equal to the final demand elasticity of in-
come under constant returns to scale. Under decreasing returns
to scale the reduced-form income elasticity is larger for an in-
elastic final demand and smaller for an elastic final demand.
Finally, the results in Appendix Table 3.1 show that the reduced-
form equation is homogeneous of degree zero in prices and income,
provided that the same condition holds for the final product de-
mand.

Since the final product is defined as aggregate animal

products, it is reasonable to assume that final demand is inelastic
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in the developed market economies.6 Therefore, it is expected
that the reduced-form demand for fed coarse grains will be in-
elastic, the cross—price elasticities will be positive and the
income elasticities will be no smaller than the final product

. . e 7
income elasticities.

3.2 Specification and Empirical Results for Blocks 1 and 2

The discussion of empirical results is divided into two sec-~
tions. The first covers the United States, Canada and Japan
(block 1), where separate country regressions are estimated. The
second covers Western Europe (block 2), where a pooled cross-
section time-series model is used. However, certain aspects of
the specification which are common to both blocks are discussed
first.

Demand and income variables are in per capita units, so
population is assumed to have a simple multiplicative effect on
demand. Prices and income for each country are deflated by the
national consumer price index for all goods (1970=100), thereby
imposing the homogeneity condition on, demand and eliminating the

"price of other goods" as a separate explanatory variable. Then,

6Brandow (1961) and George and King (1971) calculated the retail
price elasticities of "all meats" in the United States to be
-.60 and -.35, respectively.

7The work of Allen (1968) shows that for the case of a general
linearly homogeneous production function these conclusions on
the price elasticities will not necessarily hold when the elas-
ticity of substitution between factors is not equal to one.
However, it can be shown that the result regarding income elas-
ticity is not affected by the elasticity of substitution.
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all prices and income are converted to 1970 U.S. dollars with
the 1970 exchange rate in order to facilitate cross-country com-
parisons and, in the case of block 2, to facilitate the cross-
section time-series analysis. The price linkages are made more
tractable by using only prices of the two major coarse grains,
barley and corn. For each country the price of dominant feed
grain is selected as the price variable. Except for two coun-
tries, equations are estimated for the period 1960/61 to 1973/74,
and 1974/75 is later used as the prediction interva1.8 Japan
equations were estimated over the period 1960/61 to 1974/75.

Block one estimates. Separate country equations were esti-

mated by ordinary least squares (OLS) for the U.S., Canada and
Japan. A two-stage least squares (TSLS) estimator was also used
for the U.S. due to the possible simultaneous equations bias as
noted in section 3.1 above. The specification of the block 1

equations and the variable definitions are as follows:

UNITED STATES

(1) QFEDCt = f(UPCt, It’ UPMt, UPFLt, ult)
(2) QFODCt = f(UPCt, It’ uZt)

CANADA
(3 QFEDCt = f(CPBt, It, CPWt, CED, u3t)
(&) QFODCt = f(CPBt, It’ CcoD, u4t)

8Price data for West European countries is not available beyond
crop year 1974/75.
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JAPAN

(5)
(6)

QFEDC,

QFODC,_
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i

t 3
f£(JpC_, I, JQFE_, T*JD, u, )

f(JPCt, It’ u6t)

Endogenous Variables

QFEDC
QFODC

upC

coarse grain demand for feed per capita, kg.
coarse grain demand for food per capita, kg.

average price received by U.S. farmers for corn, $/cwt.

Exogenous Variables

CED
CoD

CPB

CPW

JPC

JQFE

UPM

UPFL

dummy variable, 1 (1967 to 1969), 0 (elsewhere)

dummy variable, 1 (1971), 0 (elsewhere)

average Canadian Wheat Board selling price for No. 3
Canadian Western 6-row barley, $/100 kg.

average Canadian Wheat Board selling price for No. 2
Northern wheat (No. 1 Canadian Western Red Spring 14%),
$/100 kg.

private consumption expenditure per capita, $

dummy variable, 1 (1960 to 1966), 0 (elsewhere)
wholesale price index of imported corn, 1970=100 for
calendar year index

wheat and rice fed per capita, kg.

trend, 1960 = 1, . .

average U.S. wholesale price of soybean meal at Decatur,

$/cwt.

index of prices paid for livestock inputs, 1910-14=100
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The regression estimates are reported in Tables 3.2 and
3.3. The U.S. and Canadian feed and food demand income elastic-
ities were below 1.0 at the historical means, and in a linear
form of equation (Appendix Tables 3.2 and 3.3) these elasticities
would tend to increase toward 1.0 in a long-run projection. Econ-
omic theory suggests that the income elasticities for feed or
food grain products are not likely to increase for high income
consumers, so a double-log, semi-log or log-inverse form of
equation is more appropriate. The semi-log form is used for the
U.S. and Canada because it permits income elasticities to decline
as per capita consumption rises, but preserves the simplicity of
the linear form for purposes of the world model solution routine.9
The feed demand income elasticity for Japan was greater tham 1.0
at the historical means so it will tend to decrease in a long-run
projection using a linear form of equation.

The feed demand coefficients in Table 3.2 are all significant
at the 5 percent level or better except for the U.S. meal price
coefficient. The latter was retained. in the equation since a t-
statistic greater than 1.0 still improves the adjusted EQ. The
explanatory power of the estimated equations is good to excellent
as evidenced by theE2 values, and the Durbin-Watson statistics

indicate the absence of serial correlation in the disturbance.

9In the semi-log specification the income variable is replaced by

the natural log of income and the elasticity equals the estimat-
ed income coefficient divided by the dependent variable.
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As expected, the signs of the direct price coefficients are
negative, income coefficients are positive and other input price
coefficients are positive. The variable for other grain feed in
Japan (JQFE) shows the effect of government policies to divert
excess rice stocks to feed uses, primarily in the period 1971 to
1973. A ton of rice displaced slightly over one ton of coarse
grains.

The price and income coefficients are best compared in
terms of elasticities. The U.S. corn price elasticity can be
compared to the own price elasticity of -.42 reported for corn
feed demand in a recent study by Womack.lo Aggregate coarse
grain demand would tend to be more inelastic than corn demand
and the reduced-form demand would tend to be more inelastic than
the derived demand specification used in the Womack study, so
the estimated elasticity of -.25 to -.30 is reasonable. Similar-
ly, the barley price elasticity estimated for Canada compares
favorably to the own price elasticity of -.78 reported for feed
barley demand by Jolly.11 The corn price elasticity for Japan

falls within the range set by the U.S. and Canadian estimates.

10A. Womack, "The U.S. Demand for Corn, Sorghum, Oats and Barley:

An Econometric Analysis," Economic Report 76-5, University of
Minnesota, August 1976.
11R.W. Jolly, "An Econometric Analysis of the Grain-Livestock
Economy in Canada with a Special Emphasis on Commercial Agri-
cultural Policy," Department of Agricultural and Applied Econ~
omics, University of Minnesota (unpublished Ph.D. disserta-
tion), 1976.
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It was shown in the previous section that the reduced-form
income elasticity should be no smaller than the corresponding
income elasticity with respect to final product demand. There
is quite a range in the estimates of income elasticities for
meat consumption in the developed market economies as seen in
Table 3.4. However, there is a discermible pattern indicating
that the elasticity is lowest for the ©.S. The OECD estimates
show Japan setting an upper bound with Canada and West Europe
between the extremes. The other estimates show little difference
in elasticities outside the U.S. The feed grain income elastic-—
ity estimates in Table 3.2 are consistent with the pattern of
the OECD estimates.

In general, éne would expect food demand for coarse grains
to be more price inelastic and less income elastic than feed de-
mand. This is the case for the food demand estimates (Table 3.3)
except for the U.S. income elasticity. Since 1960 there has been
a resurgence in the food demand for coarse grains in the U.S.
primarily for industrial use. There may be some omitted variable
bias if this resurgence is in part due to changes in taste, tech-
nology or other excluded variables that are positively correlated
with income. This is not a serious problem if the relationship
between income and these excluded variables continues over the
projection period. Since food demand has only been about 1l per-

cent of U.S. coarse grain consumption, further investigation of

this relation is not considered necessary.
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The price coefficient for food demand is significant only
for Canada. In fact, neither price nor income coefficients are
significant for Japan and the explanatory power of the equation
is very low. For the projections, therefore, it will be assumed
that per capita food demand for Japan remains constant.

Finally, the OLS and TSLS estimates for the U.S. do not dif-
fer substantially either in the feed or food demand equations.
This would seem to indicate that simultaneity is not a serious
problem in the context of the world model.

Block two estimates. West Europe is divided into two sub-

regions. The first consists of the nine countries in the enlarg-
ed European Community12 and the second includes the remaining
eight continental countries in West Europe.13 Since country
data were available for each of the variables, three methods of
estimation were considered. They were:

1. estimate separate country equations,

2. pool the data into two regional cross-section time-
series models and estimate cbuntry equations in this
framework, and

3. aggregate the data across each of the two sub-regions
and estimate two regional equations.

The first and second approaches both utilize the "within country"

12Since Belgium and Luxembourg are treated as one unit, there
are actually eight separable country data units.

13Iceland and Malta are accounted for in block 3.
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variation in the variables, and the second also permits the
cross—country variation to affect the estimates. The third
method simplifies the analysis by reducing the number of equa-
tions to be estimated, but there is an inevitable loss in in-
formation that occurs when some of the variation is submerged in
the regional averages. The aggregate approach was used to esti-
mate the coarse grain food demand equations; but due to its
greater importance in the coarse grain sector, a regional cross-
section time-series model was used for feed demand. There are
several advantages to this method.

1. All available information is used in the estimation pro-
cedure.

2. In a pooled model it is possible to perform statistical
tests for the equality of price and income coefficients
across countries within a region and to impose equality
constraints when justified by these tests. Such con-
straints reduce the number of coefficients to be esti-
mated and thereby increase the degrees of freedom.

3. The traditional problem of multicollinearity between
prices and income in time-series demand studies is mini-
mized by pooling cross-section and time-series observa-
tions. The cross-sectional observations increase the
variance of the independent variables and constraints on
the coefficients have the same effect as increasing the

sample size. Both of these effects tend to increase the
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precision of the estimates.
There are some problems that are introduced by pooling ;he data.
First, the stochastic component of the pooled model may not have
all the good properties required in order that the ordinary
least squares estimator be efficient. This will be addressed
after the general model is presented. Second, the data must be
in the same units of measurement across countries. Quantity
units are usually standardized, but exchange rates must be used
to standardize the monetary units. When all price and income
data are deflated, they are in 1970 real currency units of respec-
tive countries. Therefore the 1970 exchange rate with respect to
the U.S. dollar is used to transform all monetary data into 1970
U.S. dollars. Since this involves multiplication by a constant
14

it only changes the estimated coefficients by a constant.

A fully constrained15 pooled model for n countries over T

time periods is written

Consider an estimated equation in national currency units:

If the 1970 exchange rate is L and prices are transformed to

1970 dollars the estimated equation will be
" /\*
Q. =a+ B (

‘ ) +u

T30 Tt t
l\* ~
where B = B/r70.

Assumes that each coefficient is constant across all countries
in the region.
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(3.1) Qit = b0 + blPit + bZIit + bBZit + ey i=1,2,...,n
t=1,2,...,T
or in matrix notation as
(3.1) Q=XB + e
where
Q) LRy Iy 294 |y 1
Q9 LBy Ty Zyp) by 12
i i ) i
Qr Pir Lir Zi7] |P3 ey
Q . P, I. z e
0= 12 - 21 Io1 Zp) I bl
Qr Por Iop Zop €yp
QnT 1 PnT InT zna enT

A fully unconstrained model includes n-1 country dummy variables
for the intercept and each of the three independent variables. A

pooled regression with these 4(n-1) added variables is equivalent

to separate regressions for each country. The fully unconmstrain-~

ed m.odel16 is written

(3.3) Qit = bio +b

ilPit + biZIit + biSZit + et i=1,2,...,n
t=1,2,...,T

The test for the equality of all coefficients is an F-test of the

Assumes that each coefficient is different in each country of
the region.
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null hypothesis, HO: bio = bjO all i,j
bil = bjl all i,j
bi2 = bj2 all 4i,j

b13 = bj3 all i,j
where the alternative hypothesis is, Ha: no constraints. Fish-

er17 has shown that the statistic

F= (u'u = v'v)/(4n - 4)
v'v/(Tn -~ 4n)

has an F distribution with 4n-4 and Tn-4n degrees of freedom,

where

u'u = the sum of squared residuals under the null hypothesis
(the constrained regression)

v = the sum of squared residuals under the alternative
hypothesis (the unconstrained regression)

4n = the number of estimated coefficients in the uncon-

strained regression

4 = the number of estimated coefficients in the constrain-

ed regression

!

Tn = total number of observations in the pooled regression.
Of course, it is not very likely that all coefficients are equal,
but the primary interest here is to test the equality of coarse

grain price and income coefficients.

As noted, the stochastic component of the pooled model may

17F. Fisher, "Tests of Equality between Sets of Coefficients,"

Econometrica 38 (March 1970), pp. 361-366.
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problematic. Assuming that the explanatory variables are inde-
pendent of the random disturbance term and there are no serious
errors in specification or measurement, the OLS estimator is un-~
biased and comsistent. The OLS estimator is also efficient if

the disturbance e satisfies the following conditions (Kmenta):

(3.4) E(eit ejt) =0 i # § cross-sectional independence
(3.5) E(eit eis) =0 t # s non-autoregression

2 2 .
(3.6) E(eit ) =0 homoscedasticity

Contemporaneous correlation in the disturbances is not likely to
be a serious problem when the cross-sectional units are countries
rather than regional units within a country, and there is no
clear evidence of contemporaneous correlation in the results.
Likewise the Durbin-Watson statistics from the unconstrained re-
gressions were in the range of uncertainty, indicating no serious
problems with autoregression (Appendix Tables 3.4 and 3.6). How-
ever, a comparison of error variances revealed the presence of
heteroscedasticity, especially in the EC model (Appendix Table
3.5).

In the generalized least squares (GLS) regression for the
European Community, cross-sectional independence and non-auto-
regression were assumed. To correct for heteroscedasticity,
high variance and low variance countries were grouped, and the

variance of disturbances for each group was estimated (Appendix

Table 3.5). The GLS estimates are obtained by dividing all
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variables in the high variance group by the group standard error
and all variables in the low variance group by the low variance
group standard error. These weights are normalized so that the
low variance group weight is 1.0 and the high variance group
weight is 0.32575 (Appendix Table 3.5).

The specification of the block 2 feed demand equations and

the variable definitions are as follows:

EUROPEAN COMMUNITY

(BELX) ~QFEDC, = £(PCG, I , WFEDC , ANX , u, )
' (FRAN) ~ QFEDC, = £(PCG_, I_, WFEDC_, FD, u,)
(ITAL) ~QFEDC_ = £(BCG, I,, ANX_, ID, u,,)
(NETH) ~ QFEDC, = £(PCG, I,, WFEDC,, LT,, ND, u, )
r (WGER) ~ QFEDC, = £(PCG,, I, WFEDC_, ANX, GD, ug,)
(DENM) ~ QFEDC_ = £(PCG_, I,, PM,, ug,)
(IREL) ~QFEDC, = £(PCG, I,, WFEDC,, u, )
é (UKIN) ~QFEDC, = £(PCG, I_, WFEDC_, ug )
E OTHER WEST EUROPE
é (ASTI) ~QFEDC_ = £(PCG_, I, PM, ﬁFEDCt, AD, ug,)
? (FINL) ~QFEDC, = £(PCG, I, u,.)
E (GREE) ~ QFEDC, = £(PCG_, I_, PM_, uy,,)
(NORW) ~ QFEDC, = £(PCG_, I, PM_, uy, )
(PORT) ~ QFEDC, = £(PCG, I, PD, u,.)
(SPAI) ~ QFEDC, = £(PCX_, I_, WFEDC,, u, )
| (SWED) ~ QFEDC, = £(PCG,, I,, uc,)
i (SWIT) ~QFEDC, = £(PCG,, I, u;¢.)
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Endogenous Variables

QFEDC =

Exogneous

coarse grain demand for feed per capita, kg.

Variables

ANX =

I =

PCG =

PCX =

WFEDC =

% D =
LT =
ND =

PD =

value of net exports of animal products per capita, $
private consumption expenditure per capita, $

average price paid by farmers for barley (corn for
ITAL, NETH, PORT, SWIT), $/100 kg.

average U.S. corn price net of export subsidy adjusted
for currency changes, $/100 kg.

average U.S. wholesale price of soybean meal at Decatur
adjusted for currency changes, $/short ton

quantity of wheat fed per capita, kg.

dummy variable, 1 (1968), 0 (elsewhere)

dummy variable, 1 (1967), 0 (elsewhere)

dummy variable, 0 (1960 to 1966), 1 (elsewhere)

dummy variable, 1 (1960 to 1962), 0 (elsewhere)

log trend, 1957=1n(2), 1958=1n(3), etc.

dummy variable, 0 (1960 to.1967), 1 (elsewhere)

dummy variable, 1 (1969 to 1971), 0 (elsewhere)

The GLS estimates for the European Community (EC) are report-
ed in Table 3.6. The linear, double-log, semi-log and log-inverse
forms of equation were tried, and all gave similar results in the
unconstrained regressions. However, the constrained regression

(holding price and income coefficients constant) is acceptable

only for the double-log form. Therefore the double~log form of
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equation was selected for the EC. Price and income coefficients
were constrained across all countries and other variables were
unconstrained.18 Variables with t-statistics below 1.0 were
deleted.

The estimated price and income elasticities are in the range
between the U.S. and Canada estimates. The only significant high
protein price effect is for Denmark, and it is similar in magni-
tude to that of the U.S. The effect of wheat fed was significant
in all countries but Italy and Denmark where wheat is less than 4
percent of total fed grain. As with rice feeding in Japan, wheat
fed in the EC was strongly influenced by government policies
which were better reflected in quantities than in wheat prices.
The magnitudes of the coefficients on fed wheat are not as mean-—
ingful in the double-log equation as in the linear form, but as a
comparison the Ireland coefficient of -.0038 is approximately
equivalent to -1.0 in the linear form.

The effect of animal exports (or imports) was significant
only in BELX, Italy and West Germany.: The signs are correct--
more exports or fewer imports increase domestic feed demand--but
the magnitudes are again not easily interpreted. A comparison to
the linear estimates for West Germany showed that the coefficient

0.008 was approximately equivalent to a coefficient of 1.0 in the

18The Fisher test shown on the lower part of Appendix Table 3.5

was applied to test the null hypothesis that the constraint
caused no increase in the sum of squared errors. The null hy-

pothesis could not be rejected at the 5 percent level of sig-
nificance.
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linear form. That is, a one-dollar increase in animal product
exports increased demand for coarse grains by 1 kilogram. Actual-
ly the differences in the net export position of the EC countries
is reflected mainly in the intercepts which were largest for the
major exporters (Netherlands, Denmark and Ireland) and smallest
for the major importers (Italy, West Germany and the U.K.).

Many of the dummy shift variables appear to be associated
with the EC unified price policy that was adopted as of July 1,
1967. France apparently had a short-run glut in 1967/68 that was
not reflected in the price level. In 1966, the West Germany re-
quirement that mixed feed have a 50 percent animal protein con-
tent was removed, thereby shifting coarse grain demand upward.
The sophisticated feed mixing industry of the Netherlands shifted

w19 50 1968/

rapidly to increased use of "other energy ingredients
69 thereby shifting coarse grain demand downward. The trend term
in the Netherlands is associated with a long-run shift from other
coarse grains to corn from the mid-fifties to the early seventies.
Since corn has a greater feed value per quantity unit, substitution
of corn for other grains, like a technological change, makes it
possible to produce the same quantity of animal products with a
smaller grain input.

The Italy dummy variable coincides with the adoption of the

EC common agricultural policy (CAP) in 1962. Under the CAP, Italy

19FAS, "Dutch Feed Mixtures Influenced by EC Grain Import Levies,"

Foreign Agriculture Circular, Grains, FG 3-76, March 1976.
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changed from a state trading system to a private trading system.
The upward shift in feed grain consumption after 1962 appears to
be associated with this institutional change. One plausible ex-
Planation for the shift is that there were illegal private imports
before the CAP which were not reflected in the national consump-
tion statistics.

The unconstrained estimates for Other West Europe (OWE)
shown in Appendix Table 3.6 have generally higher income and
price elasticities than those of the EC and considerably more
variability across countries. Perhaps the latter should not be
surprising in view of the fact that the OWE is a more hetero-
geneous group of countries than the EC. In any case, attempts
to impose cross-country constraints were unsuccessful and efforts
were directed instead to separate country regressions. Since the
estimated income elasticities are nearly twice those of the EC it
seemed important to use a semi-log or log-inverse from of equa-
tion for the long-run projections. The semi-log form is selected
whenever possible because it permits. both the price and income
elasticities to decline as consumption rises. In the cases of
Norway and Switzerland the semi-log form does not perform well
so the log-inverse form is used.20

The results given in Table 3.6 show estimated income

20The double-log specification is changed to log-inverse form by

replacing the log of income with the inverse of income, and the
elasticity equals the estimated income coefficient times -1.0
over the income level.
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elasticities at historical means that are higher than those esti-
mated for the EC and lower than the estimate for Japan., The in-
come elasticities range from 1.30 for Finland to 0.73 for Norway
and the price elasticities range from -.27 for Spain to -1.09 for
Switzerland. In general, higher price elasticities are associated
with higher income elasticities, which is consistent with the
implications of the Slutsky equation.21 Based on the log-inverse
and semi-log coefficients it is not possible to associate the
different income elasticities strictly with differences in income
or per capita consumption.22 There are many factors which influ-
ence these elasticities including the composition of final prod-

i uct consumption and the structure of the animal products industry,

|

i 21The Slutsky equation is formulated in the context of final
demand, but as shown in section 3.1 the reduced-form elastici-
ties are closely related to final demand elasticities. The

Slutsky equation expressed in elasticities is

€p = EC-O.T]

U S

where Ep = price elasticity of demand

Ec = compensated demand price elasticity (holding con-
sumer utility constant)

o = proportion of expenditure spent on the product

n = income elasticity

Ceteris paribus, a higher income elasticity is associated with
a higher ordinary price elasticity (see Henderson and Quandt,
pp. 31, 32).

2 . . o .

For example, if the differences in income elasticity were re-
lated only to differences in income level, one would expect
the log-inverse income coefficients to be similar in magnitude.
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which differ across countries.23 The 1973 elasticities for
"Other West Europe" are approaching the levels of those in the EC.
The meal price coefficients are significant in Austria,
Greece and Norway and the cross price elasticities are small. 1In
Austria and Norway the cross price elasticities are negative, in-
dicating either a weak substitution effect or a complementary re-
lationship between coarse grains and high protein inputs.24
Wheat fed is significant for Austria and Spain, and both coeffi-
cients are near -1.0, which is reasonable. The dummy variables
for Austria and Portugal are to account for quirks in the data
which were not found in comparable OECD data and could not be
otherwise explained.

The specification of the block 2 coarse grain food demand

equations and variable definitions are as follows:

EUROPEAN COMMUNITY

QFODt = f(PFGt, Y , ECD, ult)

t,
OTHER WEST EUROPE

QFOD, = £(PFG_, Y , u,.)

Endogenous Variables

QFOD = coarse grain demand for food, 1000 metric tons

3A.n industry with more fixed inputs will require a greater pro-
protionate increase in variable inputs to achieve a given per-
cent growth in output. As demonstrated with the simple model
in Appendix Table 3.1, this would result in larger reduced-form
elasticities for price and income.

24R.G.D. Allen, Mathematical Analysis for Economists (New York:
St. Martin's Press, 1938), pp. 373-374, 505-509.
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Exogenous Variables

PFG = regional weighted average of coarse grain food prices,
$/100 kg.
Y = regional private consumption expenditure, million dollars

ECD = dummy variable, 1 (1960 to 1970), O (elsewhere)

The results of these regressions are presented in Table 3.7.
As expected, the food demand tends to be more price inelastic and
less income elastic than feed demand. The price variable for the
EC is not significant and is dropped from the equation. The dum-
my variable represents an unexplained upward shift in the food
consumption series beginning in 1971. The price and income vari-
ables in the OWE equation are marginally significant and the ex-~
planatory power of the equation is low. This may be due to ex-
cluded variables that cause serial correlation in the residuals
and reduce the efficiency of the estimates. Efforts to correct
this using a two-stage Cochrane-Orcutt procedure were not success-
ful, perhaps because of the limited degrees of freedom. WNeverthe-
less, these estimates are unbiased énd the elasticities have rea-
sonable magnitudes, so they were considered adequate for the food
demand projections.

3.3 Specification and Empirical Results for the USSR

The equation for the USSR is not a demand equation in the
usual sense, but simply relates the quantity of coarse grain con-
sumption to income and domestic production. The specification of

the function is based on the hypothesis that livestock production
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plans and food use are influenced by income growth and con-
strained by the level of domestic production. The retail price
of meat was raised only in 1962 and a dummy variable is included
to reflect the possible effects of that policy change. The
quantity of wheat fed is also included in the specification for
feed demand to account for the substitution effects. The spec-
ification of the USSR consumption relations and variable defini-

tions are as follows:

FEED
QFED,_ = £(INC_, QPDN_, WFED , UD, u, )
FOOD
QFOD, = £(INC_, QPDN,, u, )

Endogenous Variables

QFED coarse grain feed consumption, 1000 mt.

QFOD

coarse grain food consumption, 1000 mt.

Exogenous Variables

INC = wage and salary income, mil. rubles
QPDN = domestic coarse grain prodﬁction, 1000 mt.
WFED = quantity of wheat fed, 1000 mt.
UD = dummy variable, 1 (1960 to 1962), 0 (elsewhere)

The results of the semi~log estimates are presented in Table
3.8. The income and production variables are significant at the
5 percent level or better in both equations, and the wheat fed

and policy variables are marginally significant. The explanatory
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power of the feed equation is excellent, while the food equation
explains approximately 50 percent of the variation in food con-
sumption. The Durbin-Watson statistics are in the inconclusive
region so there is no strong evidence of serial correlation.
More importantly, the coefficients have the correct signs and
appear to have reasonable magnitudes. The income elasticity for
feed demand is similar to those estimated for OWE, and the food
demand income elasticity is negative, implying it is an inferior
good. The wheat fed coefficient is negative, though not as
large as might be expected. The dummy variable shows a higher
feed consumption during the period of lower meat prices. This
indicates that the retail price affects meat demand but not meat
supply, which is plausible in a planned economy.

The coefficients on domestic production measure the extent
to which shortfalls (or surpluses) in production are offset by
increases (or decreases) in net imports. The coefficient 0.53
implies that roughly half of the shortfall in a poor year is made
up in imports and the remainder is absorbed by a decline in con-
sumption. The coefficient of 0.26 in the food equation indicates
that food consumption is less sensitive to variation in production.
If these results are combined in an import demand relation they
are similar to results obtained in a recent study on import de-

mands in Eastern Europe.25

{ 25M.E. Ryan and J.P. Houck, "Eastern Europe, a Growing Market for

{ U.S. Feed Grains," Economic Report 76-7, Department of Agricul-
| tural and Applied Economics, University of Minnesota, Nov. 1976.
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The import demand (QMt) derived from the two estimated

equations is

(3.7) QMt (QFEDt + QFODt) - QPDNt .

Substituting the coefficients on the production variable and

representing all other variables with Zit we obtain:

(3.8) QMt = ( ? oy Zit + .789 QPDNt ) - QPDNt
(3.9) QMt = ; o, Zit -~ .211 QPDNt .

I

|

[

|

|

| 1
| ;

l

By comparison, the import demand equations estimated by Ryan and
Houck for Poland, Czechoslovakia and Hungary had significant co-
efficients on the respective production variables with magnitudes
of -.18, ~.26, and -.25. The implied coefficient of -.21 for the

E USSR is of the same order of magnitude.

3.4 Specification and Empirical Results for Block 1 Price

Linkages

In order for the coarse grain sector model to have an equi-
librium solution, price linkages must be established between the
countries in block 1. The European countries in block 2 are
assumed to have policy determined prices over the projection
period, and those assumptions are discussed in Chapter 4. Canada
has a complex system of pricing and marketing of grains operated
! by the Canadian Wheat Board, but their price quotations tend to
be influenced by prices across the border in U.S. markets. In

particular, barley price quotations are increasingly tied to U.S.
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corn prices. The price variable for Japan is the price index of
imported corn, and the U.S. share of these imports has exceeded
50 percent since 1963. The only major import restriction affect-
ing coarse grains was a quota on sorghum imports which was lifted
in 1964. It is reasonable therefore to link the Canadian barley
price and the Japanese corn price index to the U.S. corn price
for projection purposes.

The price series on the U.S. Gulf-port price of corn does
not extend back beyond 1962, so an export price proxy (EXPC) was
generated from the U.S. average farm price (UPC) and the average
export subsidy (XSUB) as follows:

(3.10) EXPC = 2.2046(UPC -~ XSUB) .

This variable is in units of dollars per 100 kilograms and has a
simple correlation coefficient of 0.994 with the Gulf-port price
of corn for the period 1962 to 1974, An estimated linear rela-
tion between these variables is presented in Table 3.9.

Since all prices in the model are deflated, the desired
linkages are between real price levels. However, spatial equi-
librium is generally defined in terms of nominal prices, using
annual exchange rates to convert to common currency units. This

leads to a price linkage of the form

NP,
(3.11) —=t

. = Mit + NXPCt
it

where Mi = price margin including fixed tariffs and transport

costs in U.S. dollars
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NPi = nominal price of grain in ith country in local currency
NXPC = nominal U.S. export price of grain in U.S. dollars
r; = exchaﬁge rate in local currency per U.S. dollar

An analogous relation can be formulated for real prices.
Prices in this model are first deflated by the consumer price
index (CPI) with base year 1970, then transformed to 1970 U.S.

dollars with the 1970 exchange rate (r This 1970 real dollar

70)'
price (RDP) is

(3.12) RDPit = NPit/(CPIit . ri70)

By performing some algebraic operations to equation 3.11, the
relationship linking real price (RDP) to the real U.S. price
(EXPC) and a real margin (RM) is equivalent to deflating both

sides of (3.11) by the U.S. CPI and can be written:

RDP

it _
(3.13) Kit = RMit + EXPCt
where
« ) rit . USCPIt )
it r s CPI

70 it

Allowing for constant and marginal effects, a simple equation

can be specified to estimate this relationship:

RDPit A A
= a+ B EXPCt +u

(3.14)
it t

For projection purposes then, assumptions need only be made

|-
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about the level of Kit since the projection relation would be
(3.15) RDPit = Kit(& + E EXPCt)

The parameter Kit is related to the "purchasing-power parity
hypothesis" of the international trade literature. The "relative
version" of this hypothesis expressed in terms of the components
of Kit is that the current equilibrium exchange rate is approxi-
mately equal to the base exchange rate times the relative current
price levels:

CPI,
(3.16) r, =t st

it i70 USCPIt

That is, exchange rates adjust to compensate for differing rates
of inflation. It is clear from (3.16) that if the "purchasing-
power parity hypothesis" holds in practice, Kit would remain
close to 1.0 over time. Caves and Jones26 specify that the base
period should be a "reasonably normal" year, which is hardly the
case for the year just prior to the major currency readjustments
of 1971 and 1972. '
There are other reasons why the hypothesis may not hold up

in practice, but Yeager found that it "performed reasonably

well"27 in predicting equilibrium exchange rates in the period

26R.E. Caves and R.W. Jones, World Trade and Payments (Boston:

Little, Brown and Co., 1973), pp. 335-339.

27L.B. Yeager, "A Rehabilitation of Purchasing-Power Parity,"

Journal of Political Economy 66 (December 1958), pPp. 516-
530.
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1937 to 1957. To test the hypothesis with recent data, Kit was
calculated for Canada, Japan and 16 West European countries using
data from 1960 to 1973. The hypothesis that Ei = 1 was tested
and could not be rejected at the 5 percent level in 14 of the 18
countries. Out of the 252 cases, all but 36 (15 percent) were
within 15 percent of 1.0; and half of these outliers occurred
during the currency readjustment from 1971 to 1973. Due to the
increased flexibility of exchange rates since 1971, the hypothe~
sis should perform better in the period after 1973 than in the
previous decade.

The purpose here is not to debate the merits or failures of
the purchasing-power parity hypothesis, but rather to indicate
that Kit is a relatively stable parameter over the long run and
becomes more so as the flexibility of exchange rates increases.
Certainly, long-run assumptions about any of its separate com-
ponents would of necessity be more arbitrary than assumptions
about Kit' The latter assumptions will be discussed in the next
chapter and are based on recent values of Kit that reflect the
currency readjustments of 1971 and 1972.

The most satisfactory specification for the Canada barley
price relation includes a constant term only up to 1971, imply-
ing that the price relationship changed under the higher price
regime of the last three years. Thus a dummy variable (CD71) is
used, so the intercept is & from 1960 to 1971 and zero from 1972

onward. The specification is
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(3.17) CPBt/KCt = o CD71 + B EXPCt + u,

where CD71

dummy variable, 1 (1960 to 1971), 0 (elsewhere)

CPB = average Canadian Wheat Board selling price for No. 3
Canadian Western 6-row barley (deflated by CPI)
EXPC = export price proxy as defined in (3.10) above (de-
flated by U.S. CPI)
KC = "purchasing~-power parity parameter'" for Canada as

defined in (3.13) above.

The results in Table 3.9 show that the Canadian barley price has
a 40 percent differential over the U.S. corn price in recent
years and a smaller differential before 1972. Part of this dif-
ferential is due to the fact that the U.S. price proxy is based
on the farm price of corn rather than the export price.

The Canadian feed equation includes the price of wheat as
an independent variable, so some assumption must be made about
the formation of the Canadian wheat price over the projection
period. Since the Canadian Wheat Board administers both prices,
the historical relationship between wheat and barley prices is a
reasonable behavioral assumption for the projection period. The

relationship estimated is

(3.18) CPWt =0+ B CPBt + vy CD73 + u,

]

where CD73 = dummy variable, 1 (1973), 0 (elsewhere)

CPB

average Canadian Wheat Board selling price for No. 3

I
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Canadian Western 6-row barley (deflated by CPI)
CPW = average Canadian Wheat Board selling price for No. 2

Northern Wheat (deflated by CPI).

The 1973 observation was omitted because the Wheat Board's price
policy that year was significantly different from that in 1974
and resulted in a substantially higher average price than would
otherwise have obtained.28

The results in Table 3.9 show that the 1973 wheat price was
$2.96 above the prediction line. The constant is not significant
and the wheat price is about 17 percent above the barley price
over the historical period.

The Japan-U.S. price linkage is different from the Canadian
linkage in two ways. One is that the Japanese ‘''price'" is an in-
dex. The other is that the Japanese crop year is April-March
compared with July-June for the U.S., and prices like quantities
are crop-year values. The first is not really a problem. Since
a price index is formed by multiplying (or dividing) every price
in the series by a single constant, it merely changes the units
of the dependent variable and alters the estimated coefficients
by the same constant factor. The second difference implies that
the Japan April-March price may be more closely related to the
April-March or even the March-February average U.S. price than

to the July~June average. A simple approach which allows the

28The Canadian Wheat Board Annual Report (Winnipeg, Canada,

January 31, 1976), pp. 7, 20-24.
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data to determine this time period relationship is shown in the

specification below29:

(3.19) JPct/KJt =a+ b[§ - EXPC,_ + (1-8) EXPCt_l]

The corresponding estimation model is

(3.20) JPC /KT = o+ B(EXPC_ - EXPC__;) + Y EXPC__; + u_

1

where EXPC = export price proxy as defined in (3.10) above
(deflated by U.S. CPI)
JPC = wholesale price index of imported corn in Japan
(deflated by CPI)
KJ = "purchasing-power parity parameter" for Japan as

defined in (3.13) above

w™>
1

the OLS estimate of beé

the OLS estimate of b

~>
n

$ = the time period parameter (0 < § < 1),

It is clear that B/? is an estimate of the time period parameter

§. The results of this regression in Table 3.9 show that § =

[

0.661 which corresponds to about 8 months.30 This means that

29This method was previously used by M. Bredahl and D. Tischendorf
"Price Formation of Soybeans and Soybean Meal: The U.S. and

?

Germany," unpublished manuscript, University of Minnesota,
February 1977.
30 I

Since § is a nonlinear function of the unrestricted coeffi-

A

cients B and Yy, the variance of § must be approximated from a
truncated Taylor expansion. The calculated result is a stand-

~

ard error of 0.099 and a t-statistic for & of 6.67.
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the dependent variable is best explained by the March-February
average of U.S. export pricesBl, which is reasonable in view of
possible lags in the market process.

These price linkages all have ''good fit" as indicated by
the high adjustedlizg and the hypothesis of no autocorrelation
in the disturbance term cannot be rejected at the 5% level of

significance, so serial correlation is not a problem.

31Of course, this weighted average of the July-June prices is an

approximation of the March-February average and is not neces-

sarily equal to the value that would be obtained from the
monthly data.
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Chapter 4

COARSE GRAINS PROJECTION MODEL

This chapter describes the components of the coarse grains
projection model, its historical performance, the projection

assumptions, and the projection results.

4.1 Quantity Components and Quantity Equilibrium

The model for coarse grains has three demand blocks, as out-
lined in Chapter 2 above. The first is composed of demand in
Canada, Japan and the U.S., where prices are linked to the U.S.
price of corn. The second block includes the countries of West
Europe, where prices are assumed to be policy determined. The
third includes the USSR, Eastern Europe and all remaining coun-
tries and regions of the world, where the price response is based
on elasticity assumptions.

In the block 1 countries it is assumed that internal prices
are determined by the supply and demand equilibrium in the world
model. All prices are tied to the U:iS. export price of corn
through the price linkages which were discussed in Chapter 3.

The per capita demand relations presented in Chapter 3 are com-
bined to determine total coarse grain demand for each country as
seen in (1) of Table 4.1. The horizontal summation of the three
country demands to determine total block 1 demand is illustrated

in Figure 4.1,

In the block 2 countries of West Europe it is assumed that




65

Table 4.1. Quantity Equilibrium in the Coarse Grains Model

BLOCK 1 (USA, CAN, JPN)

(1) Qo,

s¢ = Ny, (QFEDC, + QFODC, ) i=1,3

t

BLOCK 2 (West Europe except Iceland and Malta)

(2) th(QFEDCjt) j =1, 16 (jth country)
(3) QFoD, i=4,5 (ith region)
it 8
(4) QD,, = QFOD,. + jElet(QFEDCjt)
16
(5) QDg, = QFOD.. + jzg th(QFEDCjt)
BLOCK 3 (18 regions)
(6) QD,. = QFOD, + QFED, i=6, 23
| EQUILIBRIUM
| (N QMit = QDit + CSTit - QPit i =1, 23 import demand
i
! (8) EQMit =0 trade identity
; (9) IQD;, = 2Qs;, - ZCST,
: (10) ZIQD:.Lt = WQPt - WCSTt equilibrium condition

where CST = change in coarse grain stocks (end-beginning)

N = population
QD = total coarse grain demand

QFED = total coarse grain fed

QFOD = total coarse grain not fed

QFEDC = per capita coarse grain fed

QFODC = per capita coarse grain not fed
QM = coarse grain imports (negative for exports)
QP = coarse grain production

WCST = world change in coarse grain stocks

WQP = world coarse grain production

el e i
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internal prices are determined by government policy and are not
affected by world price unless the latter goes above a critical
level. This conditional linkage is described in the next section.
The per capita feed demand and regional food demand relations
presented in Chapter 3 are combined, as seen in (2) to (5) of
Table 4.1, to determine total coarse grain demand for the EC-9

(4) and the "other-8'" (5). Since internal prices are exogenous,
the summation (Figure 4.2) generates a kinked demand curve for
block 2 which is perfectly inelastic up to the lowest internal
price level.

Block 3 includes the central planned economies, the third
world regions and small developed countries not included in
blocks 1 and 2. Except for the USSR, demand projections in this
block are based on assumed levels of population growth, income
growth and income elasticities. From consumption in the base
year, the projection of demand in year t is calculated with the

relations:

~ ~ t
(4.1) QFODit QFODiO(l + N, o+ nilli)

A "~ t
(4.2) QFEDit QFEDiO(l + Ni + ”1211)

~

where I = annual rate of growth in per capita private consump-
tion expenditures
ﬁ = annual rate of population growth
Ny = income elasticity of coarse grain food demand

niZ = income elasticity of coarse grain feed demand
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QFED total coarse grain fed

QFOD

total coarse grain not fed
Since the base year may not be a "normal" year, the base year
consumption selected in all but a few cases is a trend line value
from a logarithmic trend.1

For the USSR, food and feed demand projections are based on
the estimated equations reported in Chapter 3. For each of the
18 countries and regions in block 3, total coarse grain demand is
the simple sum of food and feed demands as seen in (6) of Table
4.1. Since price elasticities were not estimated for block 3
regions, an aggregate price elasticity is assumed for block 3 in

order to allow a reasonable price response.

The quantity equilibrium condition is derived in (7) to (10)
of Table 4.1. The import demand (or negative export supply) for
each region or country (7) is domestic consumption plus change in
stocks minus domestic supply. The trade identity (8) imposes the
condition that total imports equal total exports and leads to the
equilibrium condition (10) that world demand must equal world
production minus change in stocks. The solution of the model,
therefore, does not require assumptions about production or
stocks in any single country or region but only for the world as

a whole.

1The exceptions are very minor consuming regions. For total
coarse grain these are ICEMAL and ROW. For fed coarse grain
these include SEASIA, EAF, and VEN (see Appendix 2 for region
definitions).
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The equilibrium solution is illustrated in Figure 4.3, where
S is production minus change in stocks. The broken lines illus-
trate the dynamics of the model when demands and supply shift.
Price is determined by the intersection of world demand with
world supply. In this case, the equilibrium price is too low to
affect demand in block 2, so the entire price adjustment occurs

in blocks 1 and 3.

4.2 Price Linkages and Price Equilibrium

The price linkages for block 1 were estimated and discussed
in Chapter 3. These tie the internal prices of Canada and Japan
to the U.S. average farm price of corn through the export price
as shown in (1) to (3) of Table 4.2. The U.S. export subsidy
which has not been used since 1962 is assumed to be zero over
the projection period. The purchasing-power parity parameters
calculated for Canada (KC) and Japan (KJ) declined during the
currency adjustments that began in 1971. In the case of Japan
it declined dramatically from 1.0 to about 0.7 in 1973 to 1975
(Table 4.3). The leveling off in the iatter three years sug-
gests that these may be stabilizing at a new equilibrium. It
would be desirable to have more observations, but these are not
yet available. Therefore, the averages of the last three years

are used as approximations of KC and KJ for the projection. An

adjustment coefficient is also included to test the sensitivity

of the model to alternative assumptions.
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Price Linkages in the Coarse Grain Model?

BLOCK 1 (USA, CAN, JPN)

(1) EXPCt
(2) JPCt
(3) CPBt

£(UPC_, XSUB)

KJ'f(EXPCt, EXPC )

t-1

KC'f(EXPCt)

BLOCK 2 (West Europe except Iceland and Malta)

(4) MPC,_ = KN(EXPCt + M)

(5) If [MPC_< NTPC__,(l1 +PR)] R =PR
(6) 1f [mpc_ > NTPC,__,(1 + PR)] R = (MPC_ - MPC__,)/MPC,_,
(7) PCGy, = PCG, (1 +R) j=1,16
BLOCK 3 (18 regions)
* _ £ _
(8) Qo;, = QD (EXPC _/EXPC.,) i=6, 23

| where CPB = internal price of barley, Canada
% EXPC = export price of corn, U.S.
i JPC = internal price of corn, Japan
| KC,KJ,KN = purchasing power parity parameters (see Chapter 3)
1 M = marketing margin
B MPC = minimum export price U.S. corn at Rotterdam
g NTPC = threshold price of corn, Rotterdam
i PCGj = internal price of coarse grain, jth country
1 PR = policy rate of growth in real price of coarse grain
QD = projected coarse grain demand (ith region)
QD* = price-adjusted coarse grain demand (ith region)
R = rate of growth in real price of coarse grain
UPC = average farm price of corm, U.S.
XSUB = average export subsidy on U.S. corn
€ = price elasticity of demand
811 prices and M are in 1970 U.S. dollars. The K parameters

and rates R and PR do not have units of measure, QD and QD* are
quantities.
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Table 4.3. Values of the Purchasing-Power Parity Parameters

for Recent Years in Canada, Japan and the
Netherlands

Year Canada Japan Netherlands

1970 1.000 1.000 1.000

1971 1.006 0.864 0.878

1972 0.985 0.816 0.833

1973 0.972 0.719 0.717

1974 0.969 0.700 0.644

1975 0.980 0.691 0.684
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In block 2, as already noted, internal prices are exogenous
unless world price goes above some critical level. So it is nec-
essary to define such a critical level and to establish the manner
in which a world price above that level affects European prices.

The West European grain market is dominated by the European
Community (EC), and some of the countries still outside are al-
ready aligning their price policies with the EC in preparation
for possible future integration. Therefore, with relatively
little loss in accuracy this analysis can be simplified by
assuming that all 16 countries follow a single policy with regard
to the rate of increase in grain prices. This is referred to as
the policy rate (PR) in (5) of Table 4.2, and it is used to gen-
erate internal coarse grain prices as illustrated by (7), where
current price is higher than last year's price by the factor
(1 + PR).

The policy-determined rate of growth remains in force as
long as the policy price of grain exceeds the world price. It
is necessary to establish a minimum price (MPC) at which U.S.
corn can be offered to the EC and to compare this to an equival-
ent threshold price set by the EC. A complete model of the EC
pricing system would be far too complex for the purposes of this
study. Such a model developed by Bredahl2 shows that the intern-

al corn prices of each member country can be linked to the

2Maury E. Bredahl, "Price Formation in the European Community,"
CED Working Paper, ERS/USDA, 1977.
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threshold price of corn in Rotterdam. The same relationship is
expected to hold for barley. Therefore, the approach here is to
key on the Netherlands threshold price of corn (NTPC) and assume
that if the price of U.S. corn at Rotterdam (MPC) becomes greater
than the threshold price, all European coarse grain prices rise
at a rate equivalent to the growth rate of MPC. This is shown in
(6) of Table 4.2.

What remains is to link MPC to the U.S. export price of corn
(EXPC). Based on the price linkage discussion in Chapter 3, the
relationship between the threshold price (NTPC) and the U.S. ex-—

port price can be expressed as

(4.3) NTPCt - VLt = KNt(EXPCt + Mt)

where M is the marketing margin, VL the variable levy, KN is the
purchasing power parity parameter, and all values are in U.S.
dollars. The marketing margin for recent years can be calculated
from equation (4.3), since all the other variables are known.
These calculations are shown in Append}x Table 4.1. There is no
strong trend in the margin from 1971 to 1974, so the average of
these is taken as an approximation of the marketing margin for
the projection period. It is not unreasonable to assume that

the margin rises just enough to keep pace with inflation, but an
adjustment coefficient is included to test the sensitivity of

the model to alternative assumptions.

As with the case of Canada and Japan, the purchasing power
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parity parameter KN appears to stabilize from 1973 to 1975 (Table
4.3), so the average of these three years is taken as an approxi-
mation of KN for the projection period. Again an adjustment co-
efficient is included for sensitivity testing. Having set these
parameters, the minimum price of U.S. corn in Rotterdam can be
calculated from the U.S. export price as shown in (4) of Table
4.2. Relations (5) to (7) show how the threshold price always
grows at the policy rate PR, and internal prices increase at the
policy rate except when MPC exceeds the threshold price. 1In the
latter case, internal prices increase at the world market rate.
This is a very simplified model of the European price system, but
it captures the salient features of the system and its relation-
ship to the wor}d market.

Finally, in the absence of estimated price elasticities for
block 3, a crude price relation is imposed to permit some price
response to occur. This is shown in (8) of Table 4.2. Simply
stated, if the U.S. export price of corn goes above or below
the 1974 level, projected demand will decrease or increase, re-
spectively. The magnitude of the adjustment depends upon the
assumed price elasticity €, which represents the aggregate re-
sponse for block 3.

Any assumption made about the price elasticity for block 3
is bound to be somewhat arbitrary, since it applies to feed and

non-feed uses and to developed as well as third world areas.

The developed country demand in block 3 is dominated by the
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central planned economies. East European grain trade has exhib-
ited a response to world prices in recent years3, and the same
should be expected of the USSR for recent years. If imports are
the only component of consumption that responds to world prices,
the price elasticity with respect to total demand would be quite
small. For example, Ryan and Houck estimated the corn import
price elasticity for East Germany to be -0.76, but imports
account for only about 20 percent of coarse grain consumption.

If world price has no effect on domestic coarse grain supply, the
total demand elasticity with respect to world price is about
—0.15.4 East Europe and the USSR combined have imported somewhat
less than 20 percent of their total coarse grain consumption, so
the overall price elasticity is not likely to be much different
from the East German case.

One would expect the price elasticity for fed coarse grains
to be much higher in the third world; but unlike East Europe and
the USSR, food rather than feed uses dominate third world con-
sumption.

Moreover, the internal supplies of some third world regions

3Mary E. Ryan and J.P. Houck, "Eastern Europe, a Growing Market
for U.S. Feed Grains," Economic Report 76-7, Department of Ag-
ricultural and Applied Economics, University of Minnesota,
November 1976.

4Consider EQ = EM - + E . g-:y-where Q is total demand, M is

Q Q-M Q
imports, and E is elasticity. If domestic supply is inelastic
with respect to world price, EQ—M =0 and E = EM - M/Q =

(-0.76) x (.2) = -.15.
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are also protected from world price influence. The most notable
of these is China, which accounts for over 30 percent of third
world coarse grain consumption. Therefore, the total third
world demand would also be rather inelastic with respect to world
price. The block 3 elasticity is initially set at -0.2 and an
adjustment coefficient is included to test the sensitivity of

the model to alternative elasticity levels.

4.3 Projection Assumptions

All of the exogenous variables in the model must be assigned
values over the projection period, and assumptions must be made
regarding the income elasticities used in the block 3 projectioms.
Most of the exogenous variables are assumed to change at a con-
stant rate over time, and this section discusses the choice of
these growth rates as well as the choice of income elasticities.

Income elasticities. The block 3 income elasticities for

coarse grain food demand are based on estimates from three
sources. First, coanstant growth rates in coarse grain food de-

mand were estimated for each region for the 1960 to 1974 period.

Then income elasticities implied by these rates were calculated5

5Using the notation of equation (4.1) above, let the growth rate
of demand be R. Then

~ "N ~

=N+nl and n= (R - N)/I

So the 1mp11ed elasticity n is derived from the growth rates

of demand (R) population (N) and income (I)
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and compared to estimated FAO6 elasticities for coarse grain food
demand and ERS7 elasticities for total coarse grain demand.

These are shown in Appendix Table 4.2. The criteria used to
choose elasticities for the projection model were as follows:

1. Use the "trend" elasticity if it is not outside the
range of the FAO and ERS estimates.

2. If the "trend" elasticity is outside the range of the
other two, use the estimated elasticity that is closer
to the "trend" value.

3. If the "trend" elasticity is negative and the other two
are both positive, use an elasticity of zero.

For Iceland, Malta and the "rest of the world' feed and food uses
were not separated and an elasticity of 0.3 was assumed. These
assumptions are summarized in Table 4.4.

The approach used for food demand could not be used for feed
demand. The "trend" elasticities for the third world regions
were very erratic, perhaps due to less reliable data for feed
use. However, FAO has reported income elasticities for live-
stock products. It is necessary, therefore, to look to economic

theory for the relationship between the direct income effect on

6FAO, Agricultural Commodity Projections, 1970-1980, Volume 2,

United Nations, Rome, 1971.

7Economic Research Service, World Demand Prospects for Grain in
1980, Foreign Agricultural Economic Report No. 75, U.S. Depart-
ment of Agriculture, December 1971, Table 1ll.
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Table 4.4. Assumed Rates of Growth of Population and Income for
the Projection Period and Assumed Income Elasticities

for Block 3

Population Income Income Elasticity
Regiona Rate Rate Food Feed
ICEMAL 0.72 5.20 0.30b
ANZ 1.75 2.91 0.0 0.05
SAFR 3.10 2.38 0.15 0.41
EEUR 0.72 4.47 -0.07 0.48
USSR 1.08 4.78 EQN EQN
CHIN 1.48 2.39 0.20 1.22
EASIA 2.54 3.11 0.0 0.90
SEASIA 2.70 3.21 0.50 0.90
SOASIA 2.76 1.09 -0.16 1.20
NAFRME 2.48 4.66 -0.08 0.59
CAFR 2.91 2,22 0.0 0.80
EAFR 3.12 1.58 0.0 0.74
MAMER 3.07 2.95 0.26 0.61
VEN 2.79 2.69 0.45 0.48
BRZ 2.86 5.89 0.20 0.48
ARG 1.19 3.12 0.0 0.18
0SA 2.76 1.92 0.0 0.70
ROW 2.20 1.67 0.30°

83ee Appendix 2 for region definitions

bElasticity for food and feed combined
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final product demand and the derived income effect on input
demand.

It was shown in the theoretical discussion of Chapter 3 that
in a Cobb-Douglas framework, the reduced form elasticity of income
with respect to feed demand is no smaller than the income elastic-
ity of the final product.8 Therefore, the FAQO estimated elastic-
ities for "all meat' were taken as reasonable estimates of the
income elasticities for feed demand.9 These assumed elasticities
are given in Table 4.4.

Population growth rates. The population growth assumptions

used in the projections are based on the United Nations medium
variant as assessed in 1974. The medium variant rates were used
by ERS to calculate the 1985 population projections by region.
From these projections, the implied compound rates of regional
population growth for the 1975-85 period were calculated (Appen-
dix Table 4.3). The UN country population growth rates for the
1975-85 period were used for countries in blocks 1 and 2. For
the "rest of the world" region, the ‘historical growth rate for
the 1970-75 period was used. The assumed rates of population
growth for 1975-95 are presented in Table 4.4 for block 3 and

in Table 4.5 for blocks 1 and 2. There are adjustment

8 .

It can also be shown that for any linearly homogeneous produc-
tion function, the reduced-form elasticity of income is iden-—
tical to the final product income elasticity.

9In Appendix Table 4.2 these are compared to equivalent elas-

ticities estimated by ERS which are of the same order of mag-
nitude.
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coefficients in the model which permit sensitivity testing by
changing all developed country or all third world population
growth rates by a fixed proportion.

Income growth rates. The income growth assumptions are

based on the United Nations 'trend" projections of real per cap-
ita private consumption expenditures as assessed in 1974. The
assumed income growth rates for block 3 regions are those calcu-
lated by the ERS from UN country projections for the period 1970
to 1985 (Appendix Table 4.3). For Iceland, Malta and blocks 1
and 2, the UN country growth rates for the period 1975-1985 are
used. These assumed rates are presented in Table 4.4 for block
3 and in Table 4.5 for blocks 1 and 2. Adjustment coefficients
are used to test the sensitivity of the model by changing all
developed or all third world income growth rates by a fixed pro-
portion.

Supply growth and stocks. The quantity equilibrium condi-

tion in Table 4.1 above sets total demand equal to total pro-
duction minus change in stocks. In this model supply and stocks
are taken as exogenous but the impact of differing assumptions
will be measured. For the base solution, the rate of growth in
production is set equal to the historical growth in world produc-
tion from the 1960-1962 average to the 1973-1975 average. The

rate for the entire period was 2.7 percent per annumlo, though

1OCalculated from world total production of coarse grain in World

Agricultural Situation, WAS-11, ERS, U.S. Department of Agri-
culture, October 1976, Table 15.
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it was higher in the 61-70 period and lower in the 70-74 period.

Coarse grain stocks in the U.S. and the world have deglined
in recent years due principally to policy changes and higher
prices. Future stocks are also likely to be subject to price
and policy influence, so different stock assumptions are tested.
For the base solution, it is assumed that the percent of world
production held as stock remains constant and equal to the aver-
age percent held from 1971 to 1974. Although world stock data
is not complete, it is apparently consistent and it shows that
coarse grain stocks averaged 10 percent of world production from
1971-74 compared with 15 to 20 percent in the 1960's. A 10 per-
cent stock level may not be much above what is required to meet
transactions demand. Under this assumption 10 percent of the
increment to production each year goes into stocks. Therefore,
the projection of production net of change in stocks takes the
form

(4.4) QSt = QPt-l(l + QP - a-QP)

1

where QSt current production minus change in stocks

QPt~1 = previous year's production

QP

rate of growth in production

o = proportion of production held as stock

If o = 0, the absolute stock level remains constant as production
increases and the growth rate in available supply (QS) equals the

growth rate in production.
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Table 4.5. Assumed Rates of Growth of Population and Income for
the Projection Period in Blocks 1 and 2

Population Income

Country Rate Rate

BLOCK 1

Canada 1.50 2.85
Japan 0.95 6.10

: United States 0.95 2.95

BLOCK 2

Belilux 0.50 3.00
France 0.90 3.80
Italy 0.45 3.90
Netherlands 0.70 3.90

W. Germany 0.25 3.60
Denmark 0.30 3.75
Ireland 1.20 3.05
United Kingdom 0.40 2.00
Austria 0.20 4.05
Finland 0.10 3.45
Greece 0.15 6.30
Norway 0.55 3.55
Portugal 0.25 5.60
Spain 1.00 5.45
Sweden 0.55 2.55
Switzerland 0.35 3.95
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Since production in 1974 was below trend, the average pro-
duction for 1973 to 1975 was used as the initial level for the
supply projection.

A rate of production growth for the USSR is required to
project the production variable in the USSR equation. The histor-
ical rate of production growth was estimated for this purpose.
Taking the major land expansion program of 1973 as a supply
shifterll, the trend rate of production is 2.8 percent per annum.

European price policy. It is not possible, of course, to

penetrate the intentions of policymakers in Europe. As indicated
in Section 4.2 above, it is assumed that the policies of the Eur-
opean Community with regard to grain prices will be followed by
all of Europe. It is reasonable to assume that the European
Community will increase the threshold price of grain at a rate
sufficient to keep pace with inflation. Thus, the policy rate

of growth for the real price grain in Europe is assumed to be
zero initially but is changed for sensitivity tests.

Other endogenous variables. Therquantity of wheat fed in

the USSR and West European countries is assumed to remain a con-
stant proportion of coarse grain fed. The proportion in each
country is the ratio of wheat fed to coarse grain fed in 1974.

The price of soybean meal in the U.S. and West Europe is

1See David M. Schoonover, '"The Soviet Feed-Livestock Economy:
Preliminary Findings on Performance and Trade Implications,"
Prospects for Agricultural Trade with the USSR, ERS-Foreign
356, U.S. Department of Agriculture, April 1974, p. 36.
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assumed to keep pace with inflation, so the real price remains
constant at the 1974 level. The same assumption is made with
regard to the price of feeder livestock in the U.S. The value
of net exports of annual products in Belgium, Germany and Italy
is also assumed to remain constant in real terms. These assump-
tions are of necessity rather arbitrary but they do not seem un-

reasonable.

4,4 Historical Performance of the Model

Before proceeding to the projections generated by the coarse
grains model, it is important to demonstrate how the model per=
forms over the historical period. With the exception of Japan
and the USSR, the demand relations were estimated over the 1960-
73 period and 1974 serves as the prediction interval.

The first test is the performance of the equations estimated
for the three block 1 countries. A simultaneous solution for the
historical period 1962 to 1974 was obtained using the estimated
demand equations and price linkages and setting exogenoué vari-
ables equal to their historical value;. The equilibrium prices
and quantities were determined by equating total block 1 demand
to world supply net of actual demand levels in blocks 2 and 3.
The estimated and actual values of total coarse grain consumption
by country and the relevant prices are plotted in Figures 4.4 to
4.10. The consumption estimates (Figures 4.4 to 4.6) trace the

historical pattern quite well and pick up most of the turning

points. Coarse grain demand estimates for the U.S., which




uotidunsuo) uTeIH SSIBOY VSN I0J SONTBA (x)POIBWIIST Pue (+)TENIOY 4°4 2In81g

he 2L 0L 89 99 4Ha 29
00°0T A€ Q30IATA viva °31O0N

(RO JUR R P P R R L L B ey Py N e iy PR e R A e I e L R R RN I L R S R I P

87

LeLrelOceT -
"GeT°L0GST

LE6*22LGT
S2h*SLEHT
98T CTThHT
afig*Lchhl
ngeGseoct
6°9C*6RTICT
geLeeL6dt
6ct16LL2T
BGL*cESTT
BHh2*T68TT
921°080<2T

(*)

000°69£2T

000°B6HST

N0N*BCLGT
000°¢20ST
000°*L80HT
000°*h9EHT
000°LL9CET
000°2€TCT
0000621
Gon°*¢LgeT
00N*BasTY
000°BEBTT
000°9clecT

(+)

(3w 000°0T)ST3AIT

1SvI3¥04d
hl6T
eL6T
eLsT
T.67
0L67
6267
8A6T
Lo6T1
go6T
Gapt
hoeT
caeT
2o6T1

Yv3A

S e = o gy EC g ‘S ms MM % as e S S an en " ew e e

8SL*2CSTT
L1C*R08TT
L66°C022T
915°65C2T
crzecLR2T
5G*0T2CT
hl4t°04GET
H60°ZRACT
CTL*LT2hT
2ec cGehT
266°anPhT
12642251

06T°09GSGT




88

uoyidunsuo) ufels 2SIB0) BPRUER) I0J SONTBA (x)PIBUIIST pPue (4)TENIDY G 4 2andfg

620°9GoGT
160°6269T7
c2h*eG09T
BLh*C20LT
0h6°60€ST
ChE*2CLLET
09h*121¢CT
VAR FARA |
rAA SRR |
089°*1¢9eT
6T9°L8GTT

1 996°L6L01

R AR FANIA

(%)

000°CRLHT
000°¢9S9T
000°G209T
N00°ELLOT
000°G2TST
000°6CLENT
000+9G82T
000°0h92T
po0*ceeslT
0o0°+g90eT
000°¢hETT
NO0°*THOTT
000°TT80T

(+)

(3m00°T) SN3A3T

1Syo3uod

hie6T
WA
cLel
TL6T7
0L6T
6961
g8a6T
1067
8061
Go6T
ho6 1
€61

2961

dv3A

® e T s g, OB P M en G O Gn we OB 4D ep en " e = as
o .

he 2L

0P ® 0 e P P P B P ® P80 0ttt Lttt

99 +H9 29

0L B8a

K e

'I.'.l

- g e o wm wm = S @ = W

9ag* 42¢0T
€66°0970T

-h2TL6ETT

€G2¢cChTT
2RE*69H2T
0TG*S00ET
6CO°* THGET
BOL*LL0MT
mmm.nam:ﬁ
920°*0GTIGT
GGT*989GT
tRg*22291

CTh*RCLOT




'O'.'.-.'.'D-O'.nl.l-..l.l.lv.'-nloluo'ol-.-ll.lo..lc.lolol..'cll

89

uotidunsuoy ureis asieo) uede[ 107 sonTep (x)Po3IeuIlsy pue (4)Tenidy g°H 2and1g

00T°T2LET
659°2TLET
L09°ECHTT
692°*R1STT

.102°8G90T

e6L°L.8901
82G°0C86
67L,°8¢2GH
GLhe6LE8
Lh6°ChHET
208° 1969
©GG*6UCS
T.8°02Lh

(%)

000°28LCT
000°0LLET
000°806TT
000°962TT
000°GOTTIT
000°HGL0T
000°HB56
000°¢8.L8
000°6258
000°6959
000°*hiho
000°6LS56G
000°9.64

(+)

(Quppo*T) ST3AIT

he 2L 0L 89 99 4H9 £9

LS R L L PR PR

- ~ T1.8°02L4
- ~ 208°hHhS
1syo3adod -~ _ : - 2¢Leeara
Hl6T -
cl6T ~ 2992699
2.6T 0~ ¢ =
1L6T - . - C&GeoTOL
0L671 - o -
696 T - €25 04ER
go6T -
Lo6T — €GH*HA06
gceT -
GcaqT - CRCARL6
HoeT - )
copT - hTC*27G0T
2961 -
- hh2Ze0g2TT
¥V 3A - Hh/T°096TT

- GT*HRO2T

- G0 RNHTT




90

average about 85 percent of block 1 demand, tracked particularly
well even in the 1974 prediction interval. The estimate’of the
U.S. price of corn (Figure 4.7) picks up the major turning points
after 1965, though it does not track well in the earlier period.
Since the Canadian and Japanese prices are linked to the U.S.

corn price it is not surprising that a similar pattern is reflect-
ed in the behavior of those estimates (Figures 4.8 to 4.10).

The prediction interval test is presented in greater detail
in Table 4.6 where the percentage changes in actual and estimated
values are compared for 1973 and 1974. This test is valid primar-
ily for the U.S. and Canada, since the estimation interval for
Japan included 1974. The comparison of 1974 actual and estimated
percent changes in demand and prices for the U.S. and Canada show
that the direction of change was correctly predicted in all cases.
The actual and estimated changes in U.S. demand and Canadian bar-
ley and wheat prices for 1974 were also similar in magnitude.

The error in 1974 prediction as a percent of the actual value
was less than 3.5 percent except for the Canadian demand estimate
which was 8.85 percent above the actual.

The historical performance of the block 2 estimates is
shown in Figures 4.11 to 4.13. The first of these plots actual
and estimated quantities of aggregate coarse grain demand for

all of West Europe, the second plots the same quantities for the

Sl

(enlarged) European Community (EC9) and the third includes the

rest of West Europe (OWE) excluding Iceland and Malta. The EC9
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estimates track better than the OWE estimates and the aggre-
gates track best of all due to compensating errors in the two
sub-regions. What looks like serial correlation in the esti-
mated total errors for OWE is at least partially due to the
semi-log form of function that was used, since this pattern

was not evident for the double-log estimates. However, given
the relatively high income elasticities in OWE, it did not seem
advisable to abandon the declining elasticity assumption.

The prediction interval tests are presented in more detail
in Table 4.7. The ECY9 estimates did not pick up the downturn in
feed demand that occurred in 1974. This was at least in part
due to a short-run decline in animal units which is not reflect-
ed in these estimates. The percent change in the 1974 OWE esti-
mate had the correct sign but was not as large in magnitude as
the actual percent change. The percent errors in the estimates
were 3.2 percent and -7.7 percent for the EC9 and OWE, respect-
ively. Since these were compensating errors, the estimate of
total block 2 demand was in error by qnly 0.2 percent.

The historical performance of the USSR estimates is shown
in Figure 4.14, The estimates pick up the major turning points
over the historical period and in the prediction interval.

Since the estimation interval included 1974, recent ERS esti-
mates of 1975 income, production and consumption were used for
the prediction interval. As seen in Table 4.7, the 1975 downturn

was correctly predicted by the model, though the magnitude of
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the change was slightly higher for the estimate. As a result,
the 1975 prediction was 7.9 percent below the ERS estimate.

When the USSR equations are combined with logarithmic time
trends for the remaining regions of block 3, the historical con-
sumption pattern is traced reasonably well as seen in Figure
4.15. In Table 4.7 the percent error of this aggregate is 0.8
and 0.4 in 1973 and 1974, respectively. The historical perform-
ance of this aggregate is not very important here, but the 1974
level represents the starting point for the projection model.

Since the projection values are obtained from the simultan-
eous solution of blocks 1, 2 and 3, the projection results are
best compared to the corresponding simultaneous solution for 1974
rather than the actual 1974 levels. A comparison of the simul-
taneous solution estimates and the actual levels for 1974 in
Table 4.8 indicates that these starting point levels are quite
similar to the actual levels.

4.5 Coarse Grain Demand and Price Projections

Two types of projections for the period 1974 to 1995 are
discussed in this section. The first is a constant-price pro-
jection from 1974 to 1995, holding prices at the 1974 levels.
The second is a projection of equilibrium solutions where a
world supply constraint is imposed and equilibrium prices and
quantities are determined by the simultaneous model. In all

projections in this section it is assumed that wheat feeding

practices do not deviate significantly from historical patterns.
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Table 4.8. Comparison of Actual Levels to the Simultaneous
Solution Estimates for 1974

Actual Estimates Pércent

Error

million metric tomns percent
World Consumption 604.4 604.4 0.0
Block 1° 151.5 149.8 -1.1
Block 2° 103.3 103.5 0.2
Block 3 349.7 351.2 0.4
(Dev CPE)© (160.2) (157.5) -1.7
(Other Dev)? (9.6) (10.0) 4.2
(Third World) (179.9) (183.7) 2.1
Feed 384.4 383.0 -0.4
Food 220.0 221.4 0.6

1970 U.S. dollars/cwt

U.S. Corn Price 4.246 4.228 -0.4

#Includes USA, Canada and Japan
bIncludes West Europe except for Iceland and Malta
®Includes USSR and East Europe

dIncludes Australia, New Zealand, South Africa, Iceland and
Malta
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A simple wheat model is developed in Chapter 5, and the wheat
feeding assumptions are relaxed in the interactive model of
Chapter 6.

For the constant-price projections the price linkages and
supply growth assumptions are set aside in order to determine
the rate and distribution of demand growth when prices are held
at the 1974 level. These projection results are presented in
Table 4.9. The average rate of demand growth for the 2l-year
period is 2.86 percent per annum and is increasing slowly over
time. The total absolute increase in demand is 489.3 million
metric tomns or an 81 percent increase over the 1974 level. Of
this absolute increase, 65 percent is due to increased demand in
all the developed countries, while the third world accounts for
only 35 percent. In terms of end use, 74 percent of the absolute
increase is for feed purposes.

There are two major observations that can be made about the
constant-price projections before looking in greater detail at
the "equilibrium" projections. The first is that the rates of
growth projected here are higher than the historical rates of
production growth, so some upward pressure on prices should be
expected in the "equilibrium'" projections. Second, these growth
rates are somewhat higher than those obtained by FAO under a

constant-price assumption. For total coarse grains the FAOQ

projected a growth rate of 2.6 percent per annum for the 1970-85
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period and 2.5 percent per annum for the 1970-90 period.12 Also,
in the FAO projections only 53 percent of the absolute increase
from 1970-85 came from the developed countries compared to about
65 percent in this study. The prominence of developed country
demand evidenced in this study is quite plausible, since this is
the pattern observed in Chapter 1 as typical of the last decade.
It is not likely that this pattern would shift abruptly.

The base solution for the "equilibrium" projection is pre-
sented in Table 4.10 and incorporates all of the initial assump-
tions discussed in section 4.3 above. The production and stock
assumptions combine to limit world consumption growth to 2.43
percent per annum.13 As a result, all equilibrium consumption
projections are below the constant-price projections and the
equilibrium real price of corn increases from $4.23 to $5.94 per
hundredweight over the projection period. The overall distri-
bution of consumption growth does not differ substantially from
the constant-price case. Developed countries account for 64 per-
cent of the absolute increase, and 74 .percent of the increase is
for feed purposes. However, the block 1 countries of Canada,
Japan and the U.S. bear a greater part of the price adjustment

burden so their portion of the absolute increase drops from 26

12FAO, Population, Food Supply and Agricultural Development

(United Nations, Rome, 1975), Tables 16, 22.

13The apparent growth rate is actually somewhat higher (2.54)
for the 1974-85 period because the production base is the
1973-75 average rather than the abnormally low 1974 level.
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percent to 23 percent.

E The most important new information from Table 4.10 is the
effect of the supply constraint on prices. The real price of
U.S. corn, to which all other prices are linked, increases at an

average annual rate of 1.33 percent from 1974-85 and 1.96 percent

! from 1985-95. 1In 1980 the world price overtakes the European
threshold price, and thereafter the European prices are deter-

mined by world market forces rather than by internal policies.

Given these price trends, real food costs would not only fail to

return to the relatively low levels of the 1960's but would rise

above the relatively high levels set in 1973 and 1974,

A greater insight into the characteristics of the model and

the relative importance of various assumptions that went into

these projections is obtained by testing the sensitivity of the
| results to changes in the base assumptions. The impact analysis
; presented in Table 4.11 shows the effects of increasing the

assumed growth rates of income, population and production by 10

percent and changes in other key parameters. The effects of 10
percent reductions in assumed growth rates are opposite in sign
and approximately equal in magnitude to those recorded in Table
i 4.11, so these figures can be used to look at impacts in either
! direction.

The major demand shifters, population and income, are anal-

yzed for all developed and all third world countries. Among

these factors, income growth in the developed countries had the
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greatest impact on price, and population growth in the third

world was second in importance. Although this pattern wogld not
be expected to hold for wheat or rice, it clearly indicates that
third world population growth cannot be singled out as the major
factor contributing to the projected rise in coarse grain

prices. As expected, income growth in the third world and pop-

[ ulation growth in the developed countries are less important

factors. The latter has a significant influence because the low
| rates of population growth are offset by the high rates of per

{ capita consumption. In terms of the distribution of consump-

! tion, an increase in developed country income or population

| growth shifts consumption from third world food use to developed
country feed use when world supply is fixed. The reverse dis-

[ tribution effects occur as a result of increased income or pop-
; ulation growth in the third world.

These results can also be used to evaluate alternative scen-
arios and answer ''what if'" questions. For example, what if dev-
eloped country incomes grow at a 10 percent lower rate over the
next two decades? The projected 1995 price would be 55 cents
lower and the corresponding distribution changes would be oppo-
site in sign from those for the 10 percent increase. An approx-
imation of multiple effects can be obtained by adding the impacts
of two or more changes. For example, what if developed country
incomes and the third world population both grow at a 10 percent

lower rate over the next two decades? The projected 1995 price
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would be approximately 93 cents lower, 2.2 million metric tons
of coarse grain would shift from food to feed use and 5.9 million
metric tons from third world to developed country consumption.

The overall impact would benefit the developed countries, but

E even this combination of events would not eliminate the rising

| price trend.

| A 10 percent increase in the rate of production growth also

; increases the rate of growth in available supply (and consumption)
by 10 percent, since the stock carryover is a comnstant proportion
of production.14 The result is a 5.1 percent increase in 1995
consumption (51.7 million metric tons) and a drop of $1.13 in
the projected corn price. The world price still overtakes the
European threshold price but not until 1987. Seventy-two per-
cent of the increased consumption is in the developed countries
and 77 percent of the increase is for feed purposes. Should the
rate of growth in world production be 10 percent lower than the
base assumption, the effects would be opposite in direction and
approximately equal in magnitude. .

Because of the effect of Soviet production on internal con-

sumption, the USSR production assumption is a separate parameter.

If the growth rates of USSR production and world production are

4From the supply growth assumptions in section 4.3 it follows
that:

S, Q._,(1 + 1.1q - 1.1qa)

Q,_,[1+1.1(Q - qu]
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both increased by 10 percent, the distribution of consumption
changes slightly in favor of the USSR; and due to the increased
demand, the projected 1995 price has a net decline of $.96
instead of $1.13. But the USSR assumption does not have a major
impact on the solution.

The relatively large price effect of the production assump-
tion derives from the inelastic nature of world demand. An
approximation of the "impact" elasticity of demand15 with respect
to the U.S. price of corn can be obtained by dividing the per-

| cent change in equilibrium quantity by the percent change in
equilibrium price. The overall elasticity (Table 4.12) is -.27
and the regional estimates range from -.17 in West Europe to ~.44
in the other developed market economies. These extremes are
reasonable, since West Eurcpean demand does not respond at all

to changes in the market price until the 1980's while Canada,
Japan and the U.S. are the countries most responsive to the
market price. The elasticities for the developed central planned
economies and the third world (block 3) were assumed to be -.2

and the calculated "impact" elasticities are close to that level.

5These are termed "impact” elasticities because they are based
on the equilibrium quantities and prices of the model and are
not to be confused with the elasticities of the estimated
equations. Also these represent a lower limit on the price
elasticities, since they are estimated by taking the inverse
of the price flexibility. See J.P. Houck, "The Relationship
of Direct Price Flexibilities to Direct Price Elasticities,"
Journal of Farm Economics 47 (August 1965): 789-792.
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Table 4.12, The Estimated "Impact" Elasticities of Coarse
Grain Demand with Respect to the U.S. Price of
Corn Based on 1995 Changes?®

: Percent Change in

; Estimated
‘ Quantity Price Elasticity
i (1) (2) (1)/(2)

;' World 5.1 -19.0 -.27

| West Europe 3.2 -19.0 -.17

| Other Dev Mkt 8.3 -19.0 .44

i Dev CPE 3.9 -19.0 -.21

E Third World 4.3 -19.0 -.23

j Feed 5.8 ~19.0 -.31

; Food 3.7 -19.0 -.19

& These estimates represent lower limits on the price elasticities
since they are estimated by taking the inverse of the price
flexibilities.

|
]
|
|
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It is reasonable that these should be between the two extremes
and perhaps closer to the elasticity of West Europe, since many
of these regions are also partially protected from world market
influences. The sensitivity of the solution to the block 3
elasticity assumption was tested by using an alternative elastic-
ity of -.3. The result (Table 4.11) was a slightly lower U.S.
price and a shift in consumption from block 3 to blocks 1 and 2.

It might be argues that the stock carryover proportions
would decline at higher price levels. To test the effect of such
a change the assumed stock carryover proportion was reduced from
10 percent to 5 percent, which would immediately reduce to 5
percent the proportion of incremental production placed in stocks
and gradually reduce the total stock proportion from 10 percent
of production toward 5 percent of production. The effect of
this change is approximately equal to a 5 percent increase in
the rate of production growth.

Finally the assumption regarding the policy rate of growth
in the European threshold price was tested. Instead of holding
real prices constant, the new policy rate increases real prices
at the rate of 1 pefcent per year. As a result, West European
consumption is reduced slightly and the rest of the world enjoys
slightly lower prices until 1990 when the market price overtakes
the threshold price. From that point to the end of the projec-

tion period there is no change from the base solution.

It is clear from this analysis that in this partial
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equilibrium framework, the upward pressure on coarse grain
prices is very strong and only a fortuitous combination of
favorable events would succeed in holding prices near the 1974
level. Since the major component of demand growth is feed de-
mand, the obvious question is to what extent these high prices
would attract increased substitution of wheat for coarse grainms
in feeding rations. The answer depends upon the strength of
demand relative to supply in the wheat sector and what this
implies for the price of wheat relative to coarse grains. The
simple wheat model developed in Chapter 5 and the interactive
model of Chapter 6 is an attempt to establish an upper bound on
the wheat substitution potential and thereby a lower bound on

the projected price of coarse grains.
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Chapter 5

WHEAT PROJECTION MODEL

A very simplified model of the world wheat sector is devel-
oped in this chapter in order to look at the interaction of the
wheat and coarse grain sectors. Because the coarse grain model
projections indicated a strong upward pressure on coarse grain
prices, it seems especially important to determine whether dev-
elopments in the wheat sector would have a tendency to exacer-
bate or to alleviate that pressure. The components of the wheat
model, the projection assumptions, and the wheat demand and price
projections are presented in this chapter. The interaction of

the wheat and coarse grain models is discussed in Chapter 6.

5.1 Components of the Wheat Model

The feed portion of wheat demand is the primary linkage be-
tween the wheat and coarse grain sectors. It is assumed that
wheat substitution for coarse grains in food use is not a signif-
icant factor in the interaction of these sectors. Initially it
is assumed that feed demand follows traditional patterns with
some adjustment for changes in the wheat-corn price ratio. This
behavior is illustrated in (1) and (2) of Table 5.1. Wheat fed
remains a fixed proportion of coarse grain fed unless the price
ratio changes. If the corn price rises relative to wheat, the
proportion of wheat fed and the quantity of wheat fed rise.

Wheat food demand is projected by the same method that was
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Table 5.1. Components of the Wheat Sector Model

(1) RATIO = PW_/PC,

(2) WFED,, = QFED. * vy, - (RATIOt/RATIOM)Ewg

(3) WFOD,, = WFOD,,, + (1 + N, +n . I)t- (oW, /BW_,) S
(4) WD, = WFOD, -+ WFED,

EQUILIBRIUM

(5 ZWDit = WWPt - WCWSTt i=1,2, ..., 23 regions

where I annual rate of growth in per capita private consumption
~ expenditures
N = annual rate of population growth
PC = U.S. export price of corn
PW = U.S. export price of wheat
QFED = quantity of coarse grain feed demand
RATIO = U.S. export price ratio of wheat to corn
WCWST = world change in wheat stocks
WD = quantity of total wheat demand
WFED = quantity of wheat feed demand
WFOD = quantity of wheat food demand
WWP = world wheat production
Y = historical ratio of wheat fed to coarse grain fed
€ = price ratio elasticity for wheat feed demand

€ = price elasticity for wheat food demand

n, = income elasticity for wheat food demand
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used for block 3 in the coarse grain model. As illustrated in
(3) of Table 5.1, food demand is projected from the base_year
consumption with the rate of growth determined by growth in pop-
ulation and income and the income elasticity of demand for
wheat. Food demand is not affected by the corn price but will
rise or fall is the wheat price declines or increases, respec-—
tively, from its 1974 level.

The equilibrium condition in (5) of Table 5.1 is analogous
to the coarse grain model equilibrium. World demand is set equal
to world wheat production minus the change in world stocks. At
this stage the wheat model is a recursive extension of the coarse
grain model, since the latter generates the price of corn and the
quantity of coarse grain fed, but the resulting wheat price and
quantities do not affect the coarse grain solution. 1In Chapter
6 this simultaneity will be incorporated in the interactive
model.

5.2 Projection Assumptions

The population and income growth, rates are the same as those
in the coarse grains model except that regional rates of growth
for the European Community and "Other West Europe" were substi-
tuted for the individual country rates. The income elasticities
for food demand are those estimated by the FAOl, and the ratio of

wheat to coarse grain fed for 1974 was calculated from the data.

1ég;'icultural Commodity Projections, 1970-1980.
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These are listed in Table 5.2.

There is a price elasticity of total fed wheat with respect
to the wheat-corn price ratio and a price elasticity of total
wheat food demand with respect to the wheat price. As in the
case of the block 3 coarse grain price elasticity, these are of
necessity somewhat arbitrary. The price ratio elasticity could
also be interpreted as the cross-price elasticity of fed wheat
with respect to the corn price. As such it should be no greater
than the coarse grain price elasticity (-0.2) of Chapter 4.
Therefore, the ratio elasticity for fed wheat is initially set
at -0.2 and the price elasticity for food wheat is set slightly
lower at -0.15. It is not unrealistic for these to be quite in-
elastic, since they reflect the response of domestic consumption
to world market prices rather than to internal prices.

The projection of wheat supply net of stock changes is based
on the same method used for coarse grain supply and demonstrated

in equation (5.1) below.

(5.1) Q8 =QP_ (1 +QP -a -« Q) °

where QSt = current production minus change in stocks
QPt—l = previous year's production
d} = rate of growth in production
0. = proportion of production held as stock.

The base rate of growth in world wheat production is set

equal to the historical growth in production from the 1960-62
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Table 5.2. The Assumed Ratios of Wheat to Coarse Erain Fed and
the Income Elasticities for Wheat Food Demand

Region Ya ﬂb
BLOCK 1
Canada 0.160 ~0.25
Japan 0.004 0.09
United States 0.018 -0.20
BLOCK 2
European Community 0.214 ~0.17
Other West Europe 0.060 -0.20
BLOCK 3
Australia, N. Zealand 0.676 -0.06
South Africa 0.0 0.18
East Europe 0.302 -0.10
USSR 0.390 -0.14
China 0.0 0.50
East Asia 0.027 0.66
Southeast Asia 0.0 0.66
South Asia 0.208 0.36
N. Africa, Mid-East 0.080 0.02
Central Africa 0.0 0.96
East Africa 0.0 0.39
Middle America 0.028 0.32
Venezuela 0.0 0.26
Brazil 0.0 0.29
Argentina 0.011 -0.10
Other South America 0.023 0.29
Rest of the World 0.0 0.44

8Ratio of wheat fed to coarse grain fed in 1974

bPrice elasticity of demand for wheat estimated by FAO, Agricul-
tural Commodity Projections, 1970-1980, Val. 2, United Nations,
Rome, 1971
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average to the 1973-1975 averagez. The rate was 3.1 percent per
annum for the period, though like coarse grain production{ the
growth was lower in the last four years of the period. It is
also assumed that the proportion of production held as stock
remains constant at 18 percent, which is the average for the 1971
to 1974 period. The 1973 to 1975 average production was used as
the initial level for the supply projection.

5.3 Wheat Demand and Price Projections

As with the coarse grain model, the constant-price projec-
tions for 1974 to 1995 are presented first, followed by projec-
tions of the equilibrium solutions for the wheat sector. The
constant-price assumptions project wheat feed demand as a fixed
proportion of the constant-price coarse grain feed demand, and
the prices of corn and wheat are held at the 1974 levels. Under
these assumptions (Table 5.3) the average annual rate of demand
growth for the 2l-year period is 3.0l percent for feed demand,
1.82 percent for food demand and 2.06 percent for total demand.
The absolute increase is 187 million metric tons of which 65 per-
cent is due to third world demand and 71 percent is for food
purposes. This is understandably in contrast to the coarse grain
pattern of demand growth which was heavily weighted in favor of
feed demand in developed countries.

These results are very similar to the constant-price

2Calculated from world total production of wheat in World Agri-
cultural Situation, WAS-11, ERS, U.S. Department of Agriculture,
October 1976, Table 13.




123

i

adoang 3seq pue YSSN 22Ul ‘sSoTwouods 3IaNiew padoyaadp sopnTouI

90°¢ 70°¢€ 0e°1 Z8°1 70°¢€ 6€°0 10°€ 8L°Y 86°C G6-%161
€1°¢ L0°€E €1 76" 1 S0°¢ 1%°0 I18°2 18°% LL°T C6-G861
00°¢ 10°€ 6C°1 L1 00°¢ 8€°0 61°¢€ SL°Y L1°€ G8-%L61
238y YyiMmo1o
001 <9 GE 1L %9 L 6¢ 1 8¢ S6-%.61
i aguey) jo jueoisg
6°981 8°0¢C1 0°99 0°¢¢€1 €611 L°T1 8° ks 61 € €s S6-%L61
a3uey) ajnyosqy
1°9¢€¢ 0°65¢ 1°LLC 6°L1Y 9°96¢ €°191 ¢°811 A4 8°GT1 G661
VAR AN/ G 161 0°eve 6°%7Yv€ 0°061 6°%7G1 9°68 1 T1°88 G861
2°6%¢ T 8¢l 1°11¢ 6°68¢ 1A 9°8%1 ?°€9 6°0 €°29 7L61
194377 23nTosqy
SUO03 OTFIjdW UOTTTTW
1e3ol PIIoM S9TI3UNO0) Te30L PTIOM pS9TIIUNOY T®30] PTIOM S3TI3UNno0)
PITYUL padoTaaaq PITYL padotaaaq PATY], padoTaaa(

puewa( [e30]

puewag pooj

puewaq paaJd

ToA9T G//%/61 dYyl 1B uTewWSy S90TIg IeY3 Sutunssy puewsg IesyM jo uorizdafoig

*€°G °9Tqel




- —a

124

; projection results of the FAO which predicted a 2.0 percent

annual rate of growth for world wheat demand for 1970-85 and

1970—90.3 The FAO projected that 70 percent of the absolute in-

crease would be due to third world demand and 66 peréent would be
for food purposes. This similarity is not surprising, since FAO
estimates of income elasticities and rates of income and popula-
tion growth were used for the food demand projections.

; The clear implication of these projections is that projected
demand growth in the wheat sector is weak relative to potential
supply growth, so wheat prices should decline in a projection of
partial equilibrium solutions for wheat. The base solution for
the "equilibrium" projection (Table 5.4) incorporates the supply
and price assumptions discussed in section 5.2 above. 1In these
projections the coarse grain model solution affects the wheat
solution, but there is no feedback from the wheat solution to the
coarse grain model. The wheat production and stock assumptions
combine to permit a rate of consumption growth of 2.54 percent
per annum.4 As a result all equilibrium consumption projections
are above the constant-price projections and the projected real

price of wheat declines from $129 to $67 per ton over the

3FAO, Population, Food Supply and Agricultural Development,

Tables 16, 22.

4The apparent growth rate is actually somewhat higher (2.66) for
the 1974-85 period because the production base is the 1973-75
average rather than the lower 1974 level.




125

*1d0 £q pealeryap ‘sixzod yInH god ‘uro) molTax ¢ °ON @dTiad 'sUn,

*1d) £q peieljep ‘sizod yInH go4d °‘IeayM ureloag LIBRUTPIQ IIJUTM paAeH 7 °*oN 9o1xd "STh

*¥ssn @yl pue adoanyg 3sey ‘saTwWOU0ODd J3yiew padordalp Iyl mwvsﬁoch
*juadxad

g1 Jo uotrizodoad 3203s 19a0L1aed pue wnuue Iad Juadaad T°¢ JOo yimoald uorjlonpoad jeaym paunssy,,

6°¢
99°¢

001

0°06¢C

0°9v1 0°.9 766G

9°1¢1 6°%8 ¢°99%
T1°901 8°8CT T 6%E

0£°¢ I%°€ LL°0 ov°¢ LE°S 9¢° ¢ G6-G861

S1°¢ 8C°€ €6°0 VAR LE"S 19 S8-%L61
umuue xad jusdaad 218y Yimoisn

0L 8¢ [A ! o€ T - 6C G6—-%(61
juadaad a8ueyy) jyo 3UlD1Id]

0°6/1 LS £°6¢C 0°6L 8°1 €L S6-%/61
93uey) 93njosqy

6°09% 0°€82 6°LLT 7°8€T L°C L°GET G661

T1°L9¢€ €°207 8°%91 T1°66 9°1 G°[6 6861

6°G8C € LET 9°8%1 7°€9 6°0 G°?79 YL61

12497 23INnT0SqQV

Ju/$ SuU03 OJI32W UOTTTTW
po°Tid  590TId  3IEdyM TB30L  PTIOM  ¢SOTIIURO)  T[B3IO0L  PTIOM  ¢SITIIUNOD
u10) jesyMm  TeB3IOL PATYL padoaasQ PITYL, padoTaaaQ

uotjdunsuo) pooJq uot3zdunsuo) paajg

gST2A9T TEOTIOISTH 1B PauUTRIISUOY YIMOIH

uoT3Ionpoid Yitm uoridwnsuo) JO UOTINGTIISTO @Yl Pue 99TaJ 3IEayM jo uorioafoag °*4°G 8Tqel




126

projection period. The distribution of consumption does not
change substantially from the constant-price case.

When the projected Gulf ports price of wheat is compared to
the projected Gulf ports price of corn derived from the coarse
grain model, it is clear that this is not a realistic outcome.
Since the feeding value of wheat is slightly higher than that of
an equivalent measure of coarse grain5 it is not likely that the
wheat price could remain below the corn price over the long run.
It is more likely that the substitution of wheat for coarse
grains in feed rations would increase dramatically until the
wheat-corn price ratio reached a level approximately equal to
the relative feeding value. This would doubtless mean wheat
feeding rates well above historical levels, since this relative
price situation has not existed over any extended historical per-
iod. This behavioral assumption is incorporated in the interact-
ive model of Chapter 6. However, before exploring that alterna-
tive, the wheat model is subjected to sensitivity tests similar
to those reported for the coarse grain model.

The sensitivity tests in Table 5.5 show the impact of
changed assumptions on the wheat price and the distribution of
consumption. The effects on the export price of corn are gener-
ated by the coarse grain model and are equivalent to the impacts

on corn price reported in Table 4.10. The last column in Table

5Relative feeding value: corn 1.00; wheat 1.05; barley .90;
sorghum .95. See Economic Research Service, Wheat Situation,
WS--236, USDA, May 1976, Table 11.
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5.6 reports the year in which the wheat export price falls below
the corn export price. Because this is a recursive solution with
the coarse grain results affecting wheat feed demand, the demand
shifters influence wheat demand in two ways. First, through the
coarse grain equilibrium price and quantities fed, and then direct-
ly through the demand shifts in the wheat model. In the case of
wheat production and parameter changes, the coarse grain solu-
tions are not affected so only the direct impact applies.

The increase in developed country income growth has the
least impact among all the demand shifters in contrast to the
coarse grain model. There is a small shift from food to feed
consumption, an even smaller shift from third world to developed
country consumption and a 2 percent increase in the 1995 projected
wheat price. The third world income shift has about twice the
impact in the opposite direction. As should be experted, the
increase in third world population growth has the greatest impact
among the demand shifters. It causes a 15 percent increase in
the 1995 wheat price and has a greater impact on the reallocation
of consumption than the other demand factors. The year of price
inversion was not affected by any of these shifts in demand.
The increased rate of wheat production and the reduction of the
stock carryover proportion from 18 percent to 13 percent have the
effect of increasing available supply and reducing the equilibrium

price. The gains in consumption are nearly proportional to the

base distribution of consumption. Feed has the greatest
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percentage gain due to a more elastic demand, so the developed
countries gain slightly more than the third world.

Imposing more elastic behavior on wheat demand would, of
course, moderate the price decline over the projection period.
Changing the feed and food price elasticities by -0.1 increases
the 1995 wheat price by $9.00 and $15.80, respectively, and
delays the price inversion by about one year. By experimenting
with more elastic assumptions one could no doubt arrive at a
combination that would keep the wheat price above the corn price,
but such a procedure would be quite arbitrary and would not pro-
vide much information on the maximum impact of wheat on the
coarse grain sector.

The main purpose of integrating the wheat sector with the
coarse grain model is to determine the maximum amount of impact
the wheat surplus could have on the projected coarse grain scarc-
ity. This is accomplished in the next chapter by postulating
that the assumed elasticity for wheat feed demand applies only
to "traditional” demand for feed wheat. When the long-run price
of wheat relative to corn falls below a critical level, a more

elastic demand for feed wheat obtains.
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Chapter 6

WHEAT AND COARSE GRAIN SIMULTANEOUS MODEL

The results of Chapters 4 and 5 project an excess demand
situation for coarse grains (prices rising) and an excess supply
situation for wheat (price falling). Clearly there is a point
beyond which this divergence of price trends cannot continue,
because at some point wheat substitution for coarse grains would

' increase dramatically. This chapter introduces a feedback mech-
anism from the wheat sector to the coarse grain sector which is
designed to measure the maximum impact of the excess wheat supply

on coarse grain prices and quantities.

6.1 Intersectoral Linkage

The wheat model in Chapter 5 permits food demand to increase
as the wheat price falls and feed demand to increase as the wheat
price falls relative to the corn price., However, the wheat price
still falls to a level below the corn price by 1978. Imposing
more elastic demand assumptions would ‘'postpone but not prevent
this result. The price elasticity of feed demand in Chapter 5
; represents the responsiveness to world price of 'traditional
f feed wheat demand, which is dominated by East and West Europe
; and the USSR, If the wheat-corn price ratio falls to the rela-

{ tive feed value of these two grains, one would expect greatly
increased wheat feeding in places like the United States and

Japan, which traditionally have fed little wheat.

X ,
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To develop a model that will measure the maximum impact of
the excess wheat supply, two assumptions are made. First, the
relative price can never go below the relative feed value of
wheat with respect to corn. Second, when the relative.price
equals the relative feed value, all excess wheat supply is added
to the coarse grain supply in corn equivalents. This makes wheat
a perfect substitute for corn in feed value equivalents.

This feedback linkage is summarized in Table 6.1. The feed
value of wheat relative to corn in 1.051, so the feedback linkage
comes into play if the price of wheat falls below 1.05 times the
corn price. When that occurs the new equilibrium conditions (1),
(2) and (3) of Table 6.1 take effect. Condition (1) prevents the
wheat-corn price ratio from falling below the relative feed value.
Condition (2) measures the excess wheat supply available at the
equilibrium level of prices and replaces the wheat quantity equi-
librium. Condition (3) establishes a new quantity equilibrium
for the coarse grain sector by adding the excess wheat supply (in
corn equivalents) to the total supply of coarse grainms.

This interactive model is illustrated in Figures 6.1 and
6.2. Figure 6.1 shows the case where the wheat-corn price ratio
is greater than 1.05 and there is no feedback from the wheat sec—
tor. This solution is recursive; the price and quantities from

the coarse grain sector affect the wheat demand (WD) through feed

1U.S. Department of Agriculture, Economic Research Service, Wheat
Situvation, WS-236, May 1976, Table 11.
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Wheat-Coarse Grain Feedback Linkage in the Simultan-

eous Model

IF (PWt <1.05 - PCt)

(1) PWt

(2) EWSt = WWPt - WCWSTt - ZWD

= 1.05 ¢ PCt

it

(3) ZQD;, = WQP, - WCST_+ 1.05 - WES

where PW
PC
WD
QD

EWS

WQP
WCWST

WCST

U.S. export price of wheat
U.S. export price of corn
wheat demand

coarse grain demand

excess supply of wheat

world wheat production

world coarse grain production
world change in wheat stocks

world change in coarse grain stocks
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demand, but wheat does not affect the coarse grain solution. As
seen in Figure 6.1, the price ratio in this case is greater than
i the relative feed value, and the excess supply of wheat in corn
equivalents (EWS) does not intersect the excess demand for coarse
grains (ECGD). This represents the situation at the beginning of
the projection period.
The broken lines in Figure 6.2 represent the projection re-
! sults obtained in Chapters 4 and 5 without the feedback linkage.
i The price of wheat (ng) fell below the price of corn (PCO).
When the lower bound is imposed on the price ratio along with
the other new equilibrium conditions, a simultaneous solution is
obtained. The simultaneous solution, shown in solid lines on
Figure 6.2, results in additional wheat feeding, higher wheat
i prices and lower corn prices. The magnitude of these effects is
discussed below.

| 6.2 Simultaneous Demand and Price Projections

The base solution for the simultaneous system (Table 6.2)
shows total coarse grain and wheat consumption growing at the
same rates found in the separate (partial) equilibrium projec-
tions of Chapters 4 and 5 (Tables 4.9 and 5.4), because total
[ consumption is constrained by supply growth. However, wheat
| feeding is nearly 30 percent higher in this solution and as a
result the rise in corn price is moderated and the wheat price
decline is halted. The wheat price declines for three years

until 1978, when it reaches the minimum price ratio with corn of
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1.05. Thereafter, it rises over time at the same rate as the
corn price. The strength of feed demand is sufficient to absorb
the excess supply in the wheat sector and still keep both wheat

and coarse grain prices on a slight upward long-run trend. Due

to the slower rate of price increase, the market price does not
r overtake the European threshold price until 1988 in this solu-

tion.

The importance of the feed demand component is seen more
clearly in Table 6.3, which shows the composition of consumption

l growth. For coarse grains, 70 percent of the absolute increase

is for feeding purposes compared to 74 percent in the partial

| equilibrium projection (Table 4.9). For wheat, 46 percent is

i due to feed demand compared to only 30 percent in the partial

; equilibrium projection (Table 5.4). Overall, feed demand growth

; explains 61 percent of the projected increase in wheat and

E coarse grain consumption.

é The relative importance of developed country and third

{ world consumption growth is highlighted in Table 6.4. Since the

i "new" feed wheat is not distinguishable from corn in the region-
al projections, it is aggregated with coarse grains for the pur-
poses of these computations (Appendix Tables 6.1 to 6.3). The
distribution of growth in these projections is nearly identical

! to that found in the partial equilibrium cases, with the devel-

oped countries accounting for about two-thirds of the wheat

growth. Increased feed consumption in the developed countries
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Table 6.3. Projected Rate of Growth and Composition of Growth
in Consumption of Coarse Grains and Wheat, 1974-1995
Percent of Growth Rate
Absolute Change Change of Consumption
mil. m.t. % % per annum
Coarse Grains
Feed 287.4 70 2.70
Food 120.5 30 2.09
(Total) (407.9) (100) (2.49)
Wheat
Feed 114.9 46 5.05
Food 135.1 54 1.86
(Total) (250.0) (100) (2.60)
Coarse Grain
and Wheat
Feed 402.3 61 3.11
Food 255.6 39 1.96

(Total) (657.9) (100) (2.52)

e ———— e

i
i
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Table 6.4. Projected Distribution of Consumption Growth for
Coarse Grains and Wheat, 1974-19952
Coarse Grainsb Wheat® . Total
percent
Developed Countries
Feed 59 30 50
Food 6 7 6
(Total) (65) (37) (57)
Third World
Feed 15 1 11
Food 20 62 32
_ (Total) (35) (63) (43)
i Feed 74 31 61
Food 26 69 39
(Total) (100) (100) (100)

8These were calculated from Appendix Tables 5.1 to 5.3.

Includes '"new" feed wheat in corn equivalents.

i CExcludes "new" feed wheat.
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alone explains 50 percent of the total growth in wheat and
coarse grain consumption and the third world accounts fo; only
43 percent of the total.

The long-run price projections for 1975 to 1995 and the
corresponding historical values are plotted in Figure 6.3. The
sharply rising price trend (PCO) is the projected corn export
price from the partial equilibrium projection in Chapter 4.

The slowly rising trends for corn export price (PCl) and wheat
export price (PWl) are projected by the simultaneous model.

Since the interactive model was designed so as to allow the max-

imum impact of wheat substitution, PC, represents a lower bound

1

on the corn export price. Given the base level assumptions, the

projections of PCO and PC1 set upper and lower bounds on the corn

export price. For the same reason that PC, is a lower bound, PW

i 1

represents an upper bound on the projected wheat export price.

If the critical price ratio were set at 1.0 or 0.9 rather than

1.05, there would be less wheat fed and PW1 would be lower and

PC1 higher. Comparing the projected to the historical real price

levels, it is apparent that while the projected prices do not
| increase at a rapid rate, they establish a new plateau well
i above the levels experienced in the 1960's.

The final test of these results is to look at the impact of
changes in the key assumptions presented in Table 6.5. A change
in the income growth assumption for the developed countries has

| a smaller impact on corn price and a much greater impact on
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wheat price than was the case in the partial equilibrium solu-
tions (Tables 4.10 and 5.5). This is due to the greater substi-
tutability of wheat for coarse grains in the simultaneou; model.
For the same reason the third world population growth assumption
now has a greater impact on corn price and a smaller relative
impact on wheat price. A 1 percent decline in the growth rates
of either developed country income or third world population
would reduce the projected 1995 real price of corn to approxi-
mately the 1974 level. As before, the other two demand shifters

, have less impact on price levels and the projected distribution
of consumption.

; In the base solution the critical wheat-corn price ratio is
reached in 1977 and this never changes more than one year in all
of the sensitivity tests. However, the year when the market
price reaches the European threshold price is very sensitive to
changing assumptions. The base year is 1988; it drops to 1982
when the third world population rate is increases, and under the
two high production rate assumptions the market price never
reaches the threshold price.

As in the partial equilibrium projections, changes in the
production growth assumptions have the greatest impact on prices
and the levels of consumption. When the coarse grain production
growth is increased, 80 percent of the 1995 increase is used for
feed but this allows more wheat to be used for food. Similarly,

when wheat production increases, 80 percent of the 1995 increase
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is fed but some coarse grain is diverted to food use. 1In both
cases the net allocation is about 60 percent for feed gnd 40
percent for food.

The increased substitutability of wheat for corn in the
simultaneous model leads to lower price flexibilities which are
reflected in the production growth impacts. A 10 percent increase
(decrease) in the rate of growth of coarse grain production de-
creases (increases) the projected 1995 real price of corn by
$.74 and the real export price of wheat by $18.10. An equival-
ent change in the growth rate of wheat production changes the
real price of corn by $.48 and the real export price of wheat by
$11.90. Because of the high implicit price elasticity for the
"new'" fed wheat the price flexibility for wheat is lower than
that for corn, but still it is clear that the rate of production
growth has a critical impact on future price trends.

The model does not appear to be very sensitive to the elas-
ticity assumptions. Neither prices nor the distribution of con-
sumption are significantly affected,by an increase of -.1 in any
of these assumptions. An increase in the assumed rate of growth
in the European threshold price also has little impact on the
projection results. Their higher prices reduce world demand
pressure only slightly and the resulting price effect is not sig-
nificant.

Overall the simultaneous equilibrium projections offer a

less dismal outlook for consumers because a favorable shift in
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any one of several factors could keep coarse grain prices near
1974 levels. However, the assumptions were chosen to reflect
normal conditions, so the probabilities of favorable and unfav-
orable deviations from these assumptions should be about equal.
Moreover, while the 1974 price levels may appear attractive in
comparison to the partial equilibrium price projections in Chap-

ter 4, they were certainly not considered attractive by consumers

in 1974.
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Chapter 7

SUMMARY AND CONCLUSIONS

Two major issues were the focus of this study. The first
| of these is the importance of income growth in developed countries
as a shifter of the total world demand for grain. The second is
the overall effect of demand growth on the future prices of
grains given a continuation of historical trends in production.
As noted in Chapter 1, the two issues are interrelated from a
‘ policy viewpoint because third world sensitivities to apparent

inequities in grain distribution would surely intensify as grain

| prices increased. 1In an increasingly interdependent world this
potential conflict cannot fail to concern farsighted policy-
makers in the developed world.

The impact of developed country demand was measured in two

ways-~the total effect and the marginal effect. The total effect

is seen in the projected distribution of the total increase in

supply. Over the 2l-year projection period about two-thirds of
the increase in the supply of coarse grains and more than half
of the combined increase in the supplies of wheat and coarse

grains is consumed in the developed countries even though their

ey ——————

projected population is less than one-fourth of world population

by 1995.
The marginal effect is evaluated by comparing the impact on

| grain prices of increasing (or decreasing) the growth rate of
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income in developed countries to the impact of equivalent changes
in the other major demand shifters. In the simultaneous model,
the marginal effect of population growth in the third world on
price is slightly greater than that of income growth in the dev-
eloped countries (Table 7.1). However, when the distribution of
population is considered, the importance of the demand shifters
in developed countries is magnified. For example, the marginal
effect of income growth per million inhabitants in developed
countries dominates all the other demand factors (Table 7.1).
Even population growth in the developed countries has a greater
marginal effect per million inhabitants than population growth in
the third world. Although this contradicts popular notions, it
is true because the average person in a developed country consumes
more wheat and coarse grains than five average persons in the
third world.

Whether measured by the total effect or the marginal effect,
these results indicate that the effects of the high income level
and the income growth in the developed countries will continue
to dominate the growth in the demand for grains well into the
future.

The question of long-run price trends cannot be fully address-
ed without thorough analyses of wheat demand and the supply side
for wheat and coarse grains. However, the coarse grain model
projections based on historical levels of supply growth show a

strong upward pressure on the long-run real prices of coarse
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Table 7.1. Effects on the 1995 Corn Export Price of a 10 Percent
Increase in the Growth Rates of Income and

Population
Increased Overall Price Effect per
Growth Rate of Price Effect? Million Inhabitants
$/mt cents/mt

Income

Developed Countries 8.8 0.72

Third World 4.0 0.11
Population

Developed Countries 5.1 0.42

Third World 10.4 0.29

aTaken from Table 6.5
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[ grains. The real price of corn rises at an increasing rate over
the projection period and by 1995 is 40 percent above the "crisis"

i level of 1974. 1In the simultaneous model projections, the maxi-
mum impact of wheat feeding was assumed and coarse grain demand
pressure was still strong enough to bring about a slight upward

| trend in coarse grain prices and to establish a "floor" for the

I declining real wheat price. The implication with regard to wheat

is that over the long run, feed grain demand could well be a

price support mechanism for the wheat sector.

These projections do not bode well for the third world
L nations and give cause for concern among policymakers in the dev-
| eloped world. The projected growth in third world wheat and

coarse grain consumption would limit per capita consumption

growth (Table 7.2) to less than 1 percent per year. Moreover,

at the projected real price levels, the third world deficit

{ areas would have increasing difficulty in financing grain

imports.
The policy questions suggested by these results fall into

two general categories:

[ 1. What changes in food, agricultural and foreign policies
would be desirable under conditions of prolonged scarcity
in world grain markets?

2. What changes in food, agricultural and foreign policies
could effectively prevent the outcome which these pro-

jections imply?
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Table 7.2. Comparison of Actual and Projected Levels of Per
Capita Consumption of Coarse Grains plus Wheat

Actual Projected Annual Rate
Region 1974 1985 1995 of Growth
kilograms percent
Developed Countries 569 663 748 1.31
Third World 116 125 133 0.65
Total 246 262 273 0.50
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These questions are suitable issues for further research and

[ cannot be adequately treated here. As with most policy issues,
political as well as economic criteria must be considered. Pro-
ducers are not likely to object to a long-run upward trend in
grain prices, but consumers certainly would not be pleased.

} Exporting countries may not be threatened by rising prices but

importers would be, especially those with limited foreign ex-

change resources. Such conflicts of interest must be resolved

in the political arena, but a range of policy altermatives
should be analyzed in anticipation of these conflicts.

The impact analysis conducted in this study gives some
indication of the relative "benefits' of various supply and
demand shifts, but the relative costs also need to be determined.
For example, a 10 percent decline in the growth rate of popula-
tion in the third world reduces the 1995 corn export price by
$10.40 while a 10 percent increase in the growth rate of coarse
grain production reduces the same price by $17.20. If the
objective were to reduce grain prices .and if these two alterna-
tives had the same cost, the production increase would clearly
provide more impact per dollar expended. No one has seriously
advocated reducing developed country income growth rates as a
means of moderating growth in grain demand, but measures to re-
duce per capita grain consumption in the developed countries
would merit serious consideration. The dominant role of devel-

oped country demand in these projections suggests that policies
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designed to reduce grain consumption in the developed countries
should be high on the list of alternatives.

It is important that research on these policy alternatives
take account of the distribution effects as well as the overall
effect on the price level. This study has not attempted to pro-
ject trade flows, but other studies predict that the food defic~
its in the third world will continue to increase in future years.
Investment in research and technical assistance to support agri-
cultural development in the third world could reduce simultane-
ously the overall pressure on grain prices and the level of
future food deficits in the third world. One choice which may
confront the developed countries is to assist the third world in
increasing these investments or face the prospect of later--and
possibly larger--expenditures to help finance food imports. In
a world of increasing interdependence, it is not likely that the
developed countries can ignore the distribution problem indefi-

nitely.
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Regional Definitions and Data Sources
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BLOCK THREE REGIONS

Code Region No. Composition
DEV Developed
ICEMAL (Europe) 1. 1Iceland, Malta
ANZ Oceania 2. Australia, New Zealand
SAFR South Africa 3. Rep. of South Africa, Botswana,
Namibia, Swaziland
EEUR East Europe 4. Albania, Bulgaria, Czechoslovakia,
East Germany, Hungary, Poland,
Romania, Yugoslavia
USSR Soviet Union 5. Soviet Tnion
Iw Third World
CHIN China 6. People's Republic of China
EASIA East Asia 7. Brunei, Hong Kong, Indonesia,
- Malaysia, Philippines, Singapore,
| South Korea, Taiwan
| SEASTA  Southeast Asia 8. Burma, Khmer, Laos, South Vietnam,
Thailand
SOASIA  South Asia 9. Afghanistan, Bangladesh, Bhutan,
India, Nepal, Pakistan, Sri Lanka
NAFRME North Africa 10. Algeria, Bahrain, Cyprus, Egypt,
and Middle East Iran, Iraq, Israel, Jordan, Kuwait,
Lebanon, Libya, Morocco, Oman,
Qatar, Saudi Arabia, Sudan, Syria,
Tunisia, Turkey, United Arab
Emirates, Yemen (Sana), Yemen
(Aden)
CAFR Central Africa 11. Angola, Burundi, Cameroon, Central

African Rep., Chad, Congo, Dahomey,
Ethiopia, French Territory of Afars
and Issas, Gabon, Gambia, Ghana,
Guinea, Equatorial Guinea,
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(continued)

Code Region No. Composition
Portuguese Guinea, Ivory Coast,
Liberia, Mali, Mauritania,
Mauritius, Niger, Nigeria,
Reunion, Rwanda, Senegal, Sierra
Leone, Somalia, Spanish Sahara,
Togo, Upper Volta, Zaire

EAFR East Africa 12. Kenya, Malagasy Rep., Malawi,
Mozambique, Rhodesia, Tanzania,
Uganda, Zambia

MAMER Middle America 13. Mexico, Bahamas, Bermuda, Costa
Rica, Dominican Rep., El Salvador,
Guatemala, Haiti, Honduras,
British Honduras, Jamaica,
Nicaragua, Panama, Trinidad and
Tobago, Other Caribbean Isles

VEN Venezuela 14. Venezuela

BRZ Brazil 15. Brazil

ARG Argentina 16. Argentina

0sA Other South 17. Bolivia, Chile, Columbia, Ecuador,

America French Guiana, Guyana, Paraguay,

Peru, Surinam, Uruguay

ROW Rest of World 18. North Korea, North Vietnam,

Mongolia, Cuba, Pacific Islands,
PapuaLNew Guinea--but also
serving as a residual comprised
of those regions not yet explic-
itly modeled
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DATA SOURCES

1. Quantity Data

Data on production and utilization of coarse grains and
wheat were obtained from the Economic Research Service (ERS) and
the Foreign Agriculture Service (FAS) of the U.S. Department of
Agriculture. The feed use data were not complete for some East
European countries and China, so estimates of the missing data
were made using available data from ERS publications and the FAQ

Food Balance Sheets.

2, Population, and Economic Indicators

Data on private consumption expenditures, population, con-
sumer price indices and exchange rates for the developed market

economies were obtained from International Financial Statistics.

Population data for the central planned economies and the third

world and wage income data for the USSR were obtained from ERS.

3. Prices

[

The U.S. farm price of corn was obtained from the ERS, the

Gulf ports export price from the Grain Market News, and the Gulf

ports wheat price from the Review of the World Wheat Situation.

The soybean meal price is from the ERS and the livestock input

price index is from the Annual Price Summary, Statistical Report-

ing Service.

Canadian prices were obtained from Grain Trade of Canada and

the ERS. The Japan corn price index was provided by ERS from
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Bank of Japan sources. West European coarse grain prices were

from various issues of Prices of Agricultural Products and Sel-

ected Inputs in Europe.

4, Value of Animal Product Exports

The value of net exports of animal products was calculated

from data in various issues of the FAQO Trade Yearbook. The 1974

values were calculated from data in the U.N. Commodity Trade

Statistics.
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Appendix Table 3.1. Reduced-Form Elasticities in a Perfectly

- a
Competitive Industry

STRUCTURAL EQUATIONS

(1) Y=a X?l ng Xga a, bi >0 industry production

H
[
—
»
N
-
(98]

lst order conditions

(2) Pi = Py bi(Y/Xi)

Al

(3) Y=4d P; " e <0;d, n>0 final product demand

REDUCED-FORM EQUATION FOR X1 (other input prices constant)

A PBl PBz PBs IBu

(4) X

1 1 2 3
decr. returns const. returns
x>0 (y=0)

bl(l + e)

81 = I 1 bl(l +e) -1
b2(1 + e)

82 = — b2(1 + e)
b3(1 + e)

83 = — b3(1 + e)

- n
84 - w N
w=1l-v(1+e) = Zbi(l +e)-e>0

a ‘1 . ; .
To facilitate comparison with the Brandow analysis the same
notation is used whenever possible.
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Table 3.1 continued
<1 if ~e <1
>1 4if -e > 1

= aggregate animal products
price of Y

= income
production inputs

price of Xi
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APPENDIX 4

Tables Supplementing Chapter 4
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Appendix Table 4.1. Calculations of the Marketing Margin for
U.S. Corn C.I.F. Rotterdam

Year NTPC? v KN NTPC-VL EXPC M°

guilders/100 kg - 1970 US dollars/100 kg -
1967/68 32.99 13.32 0.993 6.315 4.712 1.647
1968/69 34.73 15.21 0.999 6.036 4.714 1.328
1969/70 35.00 13.04 0.986 6.327 4.792 1.624
1970/71 35.00 10.18 1.000 6.900 5.234 1.666
1971/72 35.50 15.29 0.878 5.227 4.079 1.874
1972/73 37.37 11.17 0.833 6.285 5.732 1.813
1973/74 37.77 1.14 0.717 8.134 8.768 2.576
1974/75 39.71 4.42 0.644 7.146 9.362 1.734

Source: 2Maury E. Bredahl, "Price Formation in the European
Commupity," CED Working Paper, ERS, USDA.

bSimple average of monthly corn import levies from
Agricultural Markets, Vegetable Product Prices,
Directorate-General Agriculture, European Community,
Brussels, various issues.

“From equation (4.3) it can be seen that

_ NTPC - VL

" KN

- EXPC
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Appendix Table 4.2. The Choice of Income Elasticities for Block
3 Projections

Region Food Demand Feed Demand
FAO? ERS®  "Trend"® Assumed grsd FAO?

ANZ -0.01 0.0 0.33 0.0 0.0 0.05
SAFR -0.20 0.15 0.25 0.15 0.63 0.41
‘ EEUR -0.31 0.10 -0.07 -0.07 0.63 0.48
USSR -0.32 0.30 -0.05 EQN 0.69 0.50
CHIN 0.20 0.0 0.44 0.20 1.00 1.22
EASIA 0.10 0.40 -0.11 0.0 1.00 0.90
SEASIA 0.10 0.50 2.09 0.50 1.00 0.90
SOASIA -0.16 0.10 -1.52 ~-.16 1.00 1.20
NAFRME -0.08 0.30 -0.15 -.08 - 0.59
CAFR 0.25 0.20 -0.62 0.0 - 0.80
EAFR 0.29 0.40 -0.09 0.0 1.00 0.74
MAMER -0.25 0.40 0.26 0.26 0.56 0.61
VEN 0.09 0.45 0.45 0.45 - 0.48
BRZ -0.30 0.25 | 0.20 * 0.20 - 0.48
ARG 0.0 0.0 1.68 0.0 - 0.18
0SA 0.30 0.45 -0.35 0.0 - 0.70

aFAO, Agricultural Commodity Projections, 1970-1980, Volume 2,
United Natioms.

[ bElasticity for total demand for ERS, World Demand Prospects for

Grain in 1980, FAER 75, U.S.D.A., Table 1l.

cElasticity implied by trend rates of growth in food demand.

dElasticity for meat demand from ERS, Growth in Demand for Feed
Grains, FAER 63, U.S. Department of Agriculture, Table 47.
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Appendix Table 4.3. Basis for the Assumed Rate of Growth in
Population and Private Consumption
Expenditure in Block 32

Private Consumption

Population Expenditure per capita

Region Estimated Projected Assume Esti- Pro- Assume
1975 1985 PRT mated jected  YRT
million % 1970b 1985 %

1970 US dollars

ICEMAL .536 0.576 0.72 990. 2118. 5.20
ANZ 16.616 19.929 1.75 1596. 2455. 2.91
SAFR 27.564 37.386 3.10 502. 715. 2.38
EEUR 129.787 139.486 0.72 1024. 1973. 4.47
USSR 254.300 283.011 1.08 1202. 2422. 4.78
CHIN 826.830 957.590 1.48 113. 161. 2.39
EASIA 252.114 324.028 2.54 156. 247. 3.11
SEASIA  107.220 139.963 2.70 102. 163. 3.21
SOASTA  825.444 1083.455 2.76 78. 92. 1.09
NAFRME  208.133 266.025 2.48 214, 423. 4.66
CAFR 202.878 270.383 2.91 96. 133. 2.22
EAFR 66.228 90.029 3.12 117. 148. 1.58
MAMER 92.571 125.258 3.07 434. 671. 2.95
VEN 12.670 16.681 2.79 535. 796. 2.69
BRZ 108.800 144.246 2.86 268. 633. 5.89
ARG 25.910 29.173 1.19 724, 1149. 3.12
0sA 70.807 92.941 2.76 311. 414, 1.92
ROW 49.087 (61.038) 2.20 181. 232. 1.67

aPopulation and income figures are unpublished data of the ERS,
U.S. Department of Agriculture.

Pyverage for the period 1969/70 to 1971/72.
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APPENDIX 5

Tables Supplementing Chapter 6
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