
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


Estimation of Export Demand Functions for
U.S. Wheat

Panos Konandreas, Peter Bushnell and Richard Green

Export demand functions for U.S. wheat were estimated for five world regions.
Estimates of the effects of income, price, and nonprice variables on U.S. wheat exports
were obtained using various econometric procedures. The major finding of the paper
indicates that exchange rate changes have had a substantial impact on U.S. wheat ex-
ports. This result, conditioned on the aggregative nature of the study, supports the belief
expressed by some researchers in recent years.

Some economists have suggested that dol-
lar devaluations were important factors in the
increased demand for U.S. grain during the
early 1970's. 1 Furthermore, Schuh (1974) ar-
gues that an important share of the income
problems of U.S. agriculture in the post-
World War II period resulted from persistent
over-valuation of the U.S. dollar. The argu-
ment goes as follows: over-valuation of the
dollar implies higher U.S. prices in terms of
foreign currencies. This, in turn, reduces the
demand for U.S. grain exports, and therefore
reduces the total demand (domestic and
foreign) for U.S. grain. Consequently, U.S.
domestic prices are depressed below those
that would apply under correct valuation of
the U.S. dollar. Schuh (1974, p. 2) expresses
this result as ". . an under-valuation of our
agricultural resources in relation to their
world opportunity costs." When the opposite
event occurs, namely, devaluation of the
U.S. dollar, the reverse sequence of events
take place. The end result in this case is both
an increase in U.S. exports and domestic
prices.

Panos Konandreas is a Research Associate, International
Food Policy Research Institute, Washington, D.C.,
Peter Bushnell is a graduate student, and Richard Green
is an Assistant Professor, Department of Agricultural
Economics, University of California, Davis.
Giannini Foundation Research Paper No.496. The au-
thors are indebted to Alex McCalla, the editor, and
anonymous reviewers for their comments on an earlier
draft of this paper.

'In August 1971, the U.S. dollar was devalued by 8
percent in relation to gold and later in February 1973

The propositions advanced by Schuh have
been challenged by some researchers.
Vellianitis-Fidas (1975) and Kost (1975)
suggest that currency realignments have had
only a small impact on agricultural trade. A
debate on these two conflicting views
emerged [Greenes (1975), Vellianitis-Fidas
(1975) and Schuh (1975a, 1975b)]. The pur-
pose of this paper is to provide some
additional empirical evidence on this issue.
Although recent exchange rates have been
fairly stable, there is greater potential for in-
stability now that many countries have
adopted flexible exchange rates and consider-
ing the current large U.S. trade deficit.

The paper is organized as follows: first, a
model of export demand for U.S. wheat is
specified; then, the model is estimated by
various econometric methods incorporating
extraneous information on the income coeffi-
cients of export demand; finally, price and
exchange-rate elasticities are derived and the
policy implications of the results are
analyzed.

by another 10 percent. During this period revaluation
of several other currencies important to the world trade
market (notably the German mark and the French
franc) took place. Magnitudes of the effective devalua-
tion of the U.S. dollar during this period from both
U.S. devaluation and other countries' revaluation of
their currencies have been estimated. Schuh [1974]
cites references reporting these magnitudes from 8
percent to as high as 27 percent depending on the
purpose of the measurement and the methodology
used.
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The Model

Total commercial export demand for U.S.
wheat is the aggregate of individual coun-
tries' import demands. Thus, as a first step
in the specification of a U.S. export demand
function, the variables that enter the import
demand function of individual importing
countries must be analyzed. Commercial im-
port demand for U.S. wheat by the kth
country (Mk) is assumed to be a function of
that country's domestic wheat price (pk),
U.S. export price (P US), world price of
wheat (Pt), the world price of a substitute
commodity for wheat, e.g., rice (Pt), and the
country's per capita real income (Yt). Ex-
pressed by a linear relationship and in terms
of relative prices, commercial import de-
mand for U.S. wheat by the kth country is

±ak = + pUS pt

/P\ t t
t1)

pk
+ a3 p~ + a4

t

with expected signs as follows:

al < 0, and a2 , a3, a4 > 0.

This model formulation needs to be modi-
fied in light of the following observations.
First, high correlations exist among past
export prices of major wheat exporters. 2

Similarly, a high correlation exists between
past export wheat and rice price series. 3

Thus, relative prices, PUS Pw and Pw/Pw
have been rather stable over time, and for
estimation purposes only U.S. export wheat
prices will be included in the import demand
specification. 4 Second, it is essential when

2The simple correlation coefficients between export
prices (c.i.f. at Rotterdam or Antwerp) of major wheat
suppliers are as follows: USA-Canada: 0.93; USA-
Australia: 0.96; USA-Argentina: 0.94; Canada-
Australia: 0.96; Canada-Argentina: 0.90; and
Australia-Argentina: 0.93 [Hurtado 1976].

3The simple correlation coefficient between world
wheat and rice prices has been estimated as 0.95.
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considering different countries to have prices
and income specified in common units. Thus
monetary variables are expressed on a com-
mon currency basis which combines ex-
change rates and prices. Although this need
for currency commonality has been often
cited in the literature, it is commonly over-
looked in econometric estimation [e.g., Bjar-
nason et al.].

Also in order to make estimation manage-
able, importing countries have been aggre-
gated into five regions: developed countries,
Latin America, Asia, Africa, and the U.S. S.R.
and Eastern Europe.5 Assume that the jth
region consists of Kj individual countries,
each having an import demand for U.S.
wheat, as specified by equation (1). Thus,
a specification of the U.S. export demand to
the jth region as a whole would generally
involve the individual variables of equation
(1) for all Kj countries. Such a function would
be impossible to estimate and clearly some
aggregation of the variables of the Kj coun-
tries is needed. Furthermore the U.S. has
exported considerable quantities of wheat
under concessional terms during the period
under analysis. These exports have influ-
enced commercial sales, either by substitut-
ing for commercial exports, or alternately, by
facilitating the development of U.S. com-
mercial markets. In order to measure these
impacts, concessional exports were included
as an explanatory variable in the above speci-
fication.

Domestic wheat production was also in-
cluded as another shift variable. In addition,

4This specification assumes that other wheat exporters
follow the United States with respect to price changes.
That is, any changes by the U.S. are matched by other
major wheat exporters. Thus equation (2) below
explicitly reflects the competition between that coun-
try's imports and its domestic output rather than the
competition between the suppliers to that country.

5The selection criteria for the five regions involved geo-
graphic, economic, and political factors similar to those
used by the United Nations classification. Japan and
Israel are excluded from Asia and South Africa from
Africa and consequently included in the developed
countries region. Centrally planned economies in Asia
(Peoples Republic of China, Mongolia, North Korea,
and North Vietnam) are excluded from the analysis.
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a lagged dependent variable was included, to
reflect the continuation of existing patterns in
wheat trade. Some trade is expected to flow
between the U.S. and an importing country
due to past established trade connections and
trade agreements, regardless of the direction
of changes in current factors. Alternatively,
the inclusion of the lagged variable could be
justified within a Nerlovian framework, in
which a country's current wheat imports from
the U.S. adjust to desired imports only by a
certain proportion within a year. Trade
agreements with other exporters, political af-
filiations, etc., could prevent a country from
reaching the desired level of wheat imports
from the U.S. within a year.

Therefore, the following U.S. commercial
wheat export demand of the jth region as a
whole is postulated:

(2)
Mt = o + ±p Qt + 32 PEt +33YEt

+ P4Ct + 5s Mt_- + ut

where Mt is total U.S. commercial wheat
exports to that region;

Qt is per capita wheat production in
the region;
Ct is U. S. concessional wheat exports to
the region;

Kj
PEt = Z (wk)(PE k) is the "effective"

U.S. export price of wheat in that
region;

PEk = PUS/(pk/ERk) is defined as the

"effective" U. S. export price of wheat
in the kth country, expressed as the
U.S. export price over the domestic
price in the kth country (expressed
in U.S. currency);

YEk = yk/ERk is defined as the "ef-

fective" per capita real income of the
kth country expressed in U.S. cur-
rency;

Kj

YEt = Z (wk)(YE) is the "effective"

per capita real income of that region;

and
wk is the kth country's average import
share (within the imports of its region)
of U.S. wheat.

Data Availability and
Use of Prior Information

Annual observations from 1954-1972 for
U.S. wheat exports are used in the estima-
tion. 6 However, since consistent series for
domestic grain prices and incomes for the
importing countries were not available, some
adjustments to the outlined model were
necessary. For domestic wheat prices in the
importing countries, the food price index,
expressed with a base of 1958 100, was
used as a proxy variable. 7 Thus the price vari-
able is defined as:8

K;

PE = wkPUS/ [(FPIk/100)/(ERk /ER k )]
k=l

6 For the various sources and a detailed listing of the
data, see Konandreas.

7This situation is admittedly nonoptimal. The appropri-
ateness of the proxy depends on how closely domestic
wheat prices are correlated with the food price index.
In addition, the proxy should be approximately uncor-
related with the error terms (representing omitted var-
iables). A high correlation was assumed between
domestic wheat prices and the food price index, espe-
cially in developing regions.

"Only the major importers of U.S. wheat (their number
designated by K>, where KJ S Kj) are considered within
each region in computing PE t and YEt. The importers
considered and the actual weights used are as follows:
developed countries (Germany 12.57 percent, Italy
6.89 percent, Japan 41.59 percent, Netherlands 11.86
percent, United Kingdom 13.20 percent, and Yugo-
slavia 13.88 percent); Latin America (Brazil 47.21 per-
cent, Chile 7.34 percent, Columbia 9.41 percent,
Mexico 7.24 percent, Peru 10.28 percent, and Ven-
ezuela 18.52 percent); Asia (India 58.66 percent, South
Korea 15.73 percent, Pakistan 18.91 percent, and the
Philippines 6.70 percent); Africa (Egypt 55.36 percent,
Morocco 21.75 percent, Nigeria 10.82 percent, and
Tunisia 12.07 percent; and Eastern Europe (Poland 100
percent).
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where FPIk: Food Price Index of the kth
country;

ERk: Exchange Rate (foreign cur-
rency per U.S. dollar) in the kth
country in the base year (1958),
and

KJ*: number of major importing
countries in the jth region.

In the case of income, the income variable is
defined as:

K*

YE t = Z wkYIk/[(ERk/ERk)]
k=l

where yik. per capita real income index of
t the kth country in year t with

base year 1958 100.
Available estimates of income elasticities

were incorporated in the estimation process.
This was done after several preliminary
estimations produced incorrect signs for the
income parameters. A fuller discussion of
this approach is in the following section.
The analytical expressions involved in ob-
taining income coefficients from correspond-
ing income elasticities are presented in
Appendix A. The process involved the
compilation of income elasticities for total
wheat demand for regions of the analysis
from elasticity estimates provided by Rojko,
et al. 9 Then, from these income elasticities
of total demand, income elasticities of import
demand were calculated using expression (2)
in Appendix A, with Qt and MTt replaced
by their averages over the period of analysis.
Finally, income coefficients of import de-
mand for U.S. wheat were computed from

9Their income elasticities were weighted by each coun-
try's or country-group's average import share within
the regional classification of the analysis. For each indi-
vidual country or country-group it was assumed that
the income elasticity of total demand had a standard
deviation of 0.2. The variance of the regional elas-
ticities is obtained by the rule for the variance of a
weighted sum, assuming zero covariances. Elasticities
reported by Rojko et al. were assumed unbiased and
statistically independent across countries.
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the income elasticities using expression (4)
in Appendix A, where again Mt and YEt were
replaced by their averages over the period
of analysis.

Results

Export demand functions were estimated
by ordinary least squares (OLS), a mixed es-
timation procedure developed by Theil and
Goldberger which allows various degrees of
uncertainty for the extraneous value of the
income coefficient, and conditional least
squares (CLS) with the extraneous informa-
tion being introduced as if it were known
with certainty. 0

Table 1 presents the estimated export de-
mand functions for the five regions of the
analysis. From Table 1 the overall fit varies
from a high (R2 = 0.90) for Latin America
using an OLS estimation procedure to a low
(R2 = 0.44) for Africa, again using OLS. For
all regions the X2 test also indicates that the
extraneous information is compatible with
the sample data. When the variance of the
extraneous estimate was increased and de-
creased by a factor of ten, the mixed esti-
mates changed little indicating that they
were insensitive to the degree of confidence
placed in the extraneous information. These
sensitivity analysis results are not reported
here. However, the estimates of the extreme
case, when complete uncertainty is assumed
with respect to extraneously introduced in-
formation, are quite different from both the
mixed estimates and the CLS estimates
where the extraneous information is incorpo-
rated as if it were known with certainty.
Thus, the "gains" of incorporating extraneous
information may be significant as compared
to the OLS procedure. Additional im-
provements by incorporating also the degree

'°Brook and Wallace have shown that the mixed estima-
tion procedure yields ordinary least-squares estimates
when the extraneous information is introduced with
complete uncertainty, while it yields conditional least-
squares estimates when the extraneous information is
introduced with complete certainty. Thus OLS and
conditional least-squares are limiting cases of the mixed
estimation procedure.
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TABLE 1. Estimated Export Demand Functions of U.S. Wheat by Five World Regions
Domestic

Effective Conces- produc- Effective Number of
Laggeda U.S. export sional tion (per per capita observa-
exports price exports capita) income tions

Constant (Mt-1) (PEt) (Ct) (Qt) (YEt) X2 R2 (T)
l~~l rue h

ueveiopea uountries"
OLSc

Mixedd
(r=-7.96,
Vo=106)
C LSe

Latin Americab
OLSc

Mixedd
(r=12.12,
Vo=34.7)
CLSe

Asiab
OLSc

Mixedd
(r=8.21,
vo=8.33)
CLSe

Africab
OLSc

Mixedd
(r=5.73,
Vo=1.69)

16381.7 -0.30
(6129.5)f (0.29)
17867.8 -0.30
(6126.0) (0.29)

15529.7 -0.28
(1525.3) (0.26)

1087.0 0.66
(1323.9) (0.26)
1121.8 0.68

(1263.8) (0.23)

2809.9 0.26
(270.4) (0.17)

-4478.8 0.57
(3715.2) (0.30)

-6037.1 0.77
(2712.6) (0.23)

-180.7 0.81
(399.1) (0.22)

5771.7 -0.27
(1572.2) (0.29)
3220.7 -0.22
(1567.4) (0.29)

CLSe 3630.1 -0.31
(405.4) (0.25)

USSR and Eastern Europeb
OLSc 29239.1 -0.31

(17884.2) (0.82)
Mixedd 10237.5 -0.59
(r=.13, (6472.0) (0.72)
vo=0.858)
CLSe 10247.6 -0.60

( 745.2) (0.62)

-103.52
(56.40)

-105.25
(55.96)

-0.44
(0.49)

-0.47
(0.47)

-43.35
(38.29)

-40.71
(36.75)

-90.00 -0.44 -31.22
(53.54) (0.42) (34.13)

-12.31
(19.58)

-11.46
(18.88)

-0.54
(0.20)

-0.53
(0.19)

-12.78
(12.25)

-13.18
(12.02)

-37.00 -0.41 -15.11
(11.55) (0.14) (8.69)

19.15
(28.94)
35.15

(24.77)

0.02
(0.09)
0.08

(0.07)

28.41
(53.39)
71.93

(34.61)

-11.08 0.05 -3.48
(25.01) (0.06) (42.70)

-25.13
(11.09)

-27.23
(10.93)

-0.16
(0.17)

-0.25
(0.15)

-85.86
(56.13)

-79.35
(55.82)

-26.85 -0.23 -104.14
(9.34) (0.13) (50.57)

-456.87
(346.13)

-246.92
(175.81)

1.86 21.57
(58.93) (23.30)
26.68 8.91
(47.24) (14.83)

-247.36 26.87 8.93
(151.63) (40.74) (12.76)

7.82
(63.65)
-7.56
(10.16)

-7.96

13.71
(7.64)
12.71
(4.67)

12.12

20.58
(11.18)

8.98
(2.79)

8.21

-21.23
(24.19)

5.65
(1.29)

5.73

-72.49
(103.13)

0.13
(0.93)

0.13

0.52 18

0.06 18

0.46 18

0.90 18

0.03 18

0.87 18

0.85 18

1.15 18

0.72 18

0.44 17

1.24 17

0.45 17

0.78 7

0.50 7

0.67 7

a Units of measurement of the various variables are as follows: Mt and Ct in 1,000 metric tons; PEt in U.S. dol-
lars/metric ton; Qt in Kg/person; and YEt is expressed in an index form with 1958 100.

bFor the specific countries involved, see Footnote 2.
cThe OLS estimation is equivalent to mixed estimation with vo = (complete uncertainty on the value of the

extraneous information).
dMixed estimation with the a priori "most accurate" value of vo . No values were available for the variance of the

point estimates used in the mixed estimation, so subjective estimates were used. The "most accurate" estimate
of the variance was based on the assumption of about 67 percent certainty that any particular elasticity was
within +.2 units of the true elasticity.

eConditional least squares estimation is equivalent to mixed estimation with vo = 0 (complete certainty on the
value of the extraneous information).

fValues in parentheses are standard errors.
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of uncertainty associated with extraneous in-

formation are very minor. Therefore, unless
this degree of uncertainty is known with

some confidence, mixed estimation may

serve only as a measure of the sensitivity of

the estimated coefficients.
OLS estimates of the coefficient of the in-

come variable did not agree with a priori ex-

pectations for three of the five regions con-

sidered, namely, developed countries, Af-

rica, and U.S.S.R. and Eastern Europe. 11

This inability of the OLS procedure to

provide sensible and significant estimates

provided the motivation for the incorporation

of extraneous information. The estimated in-

come coefficients using extraneous informa-

tion are in conformity with a priori expecta-

tions. Furthermore, they become significant

at a five percent level in seven out of fifteen

cases, thus improving the efficiency in com-

parison to the OLS estimates.
The coefficient for lagged imports is be-

tween zero and one for Latin America and

Asia for all estimations. 12 However, it is nega-

tive for developed countries, Africa, and the

U.S.S.R. and Eastern Europe. This result

indicates an adjustment coefficient greater

than one, implying some countries in these

regions overreact with respect to their im-

ports from the U.S. as a response to changes

in the world market. However, in none of the

negative cases is the lagged import coefficient

significantly different from zero at the five

percent level.

Effects of Nonprice Variables

The coefficient of concessional imports is

"Expectations on the effect of income on wheat demand
were based on several sources. See, for example, Rojko
et al. (pp. 35-37).

'2It is well known that the effects of autocorrelation
together with a lagged dependent variable as an ex-
planatory variable make the OLS and mixed estimates
inconsistent. The large-sample test suggested by
Durbin [Johnston, p. 313] was used to test for auto-
correlation. For the developed countries, Latin America,
Asia, Africa, and U.S.S.R. and Eastern Europe the
t-values for the estimated coefficient of et-_ were
0.25, 0.39, 0.18, 0.54, and 0.42, respectively. Thus, the
test statistic indicates that the estimates are consistent.

negative for developed countries, Latin
America, and Africa, and positive for Asia,
and the U.S.S.R. and Eastern Europe for all
estimation procedures. For example, in the
case of mixed estimation for each additional
1,000 metric tons of wheat imported under
concessional terms, commercial imports
dropped by 470 metric tons for developed
countries, 530 metric tons for Latin America,
and 250 metric tons for Africa. These results
are consistent with the conclusion reached by
Abbott that, in general, P. L. 480 food aid has
been a substitute for commercial imports by
recipient countries rather than an addition to
commercial imports. The opposite conclusion
is suggested from the estimates for Asia and
the U.S.S.R. and Eastern Europe. However,
no great significance should be placed in
these latter estimates due to their very high
standard errors.

An increase in domestic per capita produc-
tion of wheat in an importing region is esti-
mated to have a negative effect on U.S.
wheat exports for developed countries, Latin
America, and Africa. This result is as antici-
pated. However, for Asia, and the U.S.S.R.
and Eastern Europe it has a positive influ-
ence in all cases, except for Asia in the CLS
case. This positive influence may be due to
the partial nature of this analysis. Changes in
current production constitute only one com-
ponent of total supply within a region during
a given time period. They do not reflect
changes in export volumes and stock levels
which are also elements of total supply and
thus determinants of the level of imports. On
the other hand, this analysis is partial be-
cause it considers only U.S. supplies of im-
ports for the respective regions. This ob-
served linkage between domestic per capita
wheat production in Asia, the U.S.S.R. and
Eastern Europe, and their respective im-
ports from the U.S. does not necessarily
imply that a similar relation exists with re-
spect to their total imports from all sources.
The U. S. may have been more competitive in
its behavior other than pricing. The positive
linkage between concessional imports from
the U.S. and commercial imports, observed
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previously for exactly the same regions, is
some evidence for this conjecture. Conces-
sional U.S. exports to these regions might
have resulted in the establishment of market-
ing channels and consequently a competitive
advantage for U.S. commercial wheat ex-
ports.

Price-, Income-, and Exchange-Rate
Elasticities

The price coefficient was negative as an-
ticipated in every estimation procedure for
all regions except Asia. For Asia the price
coefficient takes a negative sign when the in-
come coefficient is introduced with certainty
(CLS case). In addition, about half of the
negative price coefficients differ from zero at
a ten percent level of significance. These re-
sults are similar to those obtained by other
investigators [e.g., Houthakker and Magee,
and Khan and Ross].

"Effective" price (PEt) and "effective" in-
come (YEt) variables in the specification of
export demand functions include two vari-
ables (U.S. export price PUS, and exchange

rates, ERt) whose effects on exports would
be of interest to isolate.
As shown in Appendix B (expressions (1) and
(2)), U.S.-export-price elasticities ,r (pUS),
and exchange-rate elasticities -7 (ER) of export
demand can be obtained as 13

3Exchange-rate elasticity of import demand q -(ER) is
defined here as the change in wheat imports from the
U.S. (expressed by the elasticity measure) caused by a
unilateral and unbiased exchange rate adjustment of
the U.S. dollar vis-a-vis the currencies of all coun-
tries within a region. By the term "unbiased" we

(3) r (PUS) = r (PE).

and

(4) r (ER) = r7(PE)--r (YE)

where r1 (PE) and 7q (YE) are the elasticities of
export demand with respect to "effective"
price and "effective" income, respectively.
These elasticities can be computed directly
from the respective estimated coefficients of
the export demand relationships.

Table 2 provides price, income and
exchange-rate elasticities computed from the
mixed estimates of Table 1. These figures in-
dicate that import demand is responsive to
U.S. export price and currency realignments.
In general, the less developed a region the
greater its response to price or currency
changes. The exception is the U.S.S.R. and
Eastern Europe which demonstrates the
highest responsiveness. Perhaps noneco-
nomic factors uncaptured by this analysis are
responsible for this behavior. In addition,
the limited degrees of freedom for the
U.S.S.R. and Eastern Europe reduce the re-
liability of the price elasticity estimate.

The high values of exchange-rate elas-
ticities obtained here support the notion that
currency realignments have had a substantial
impact on U.S. agricultural trade [Schuh
(1974)] and on wheat in particular. In particu-

mean that the changes in exchange rates, expressed as
AERk/ERk, are the same for all countries (k) in that
region.

TABLE 2. U.S.-Export-Price, Income, and Exchange-Rate Elasticities of Regional Import Demand
Elasticities

Region

Developed
Latin America
Asia
Africa
USSR and Eastern Europe

Export Price
7ll(pUS) - r(pE)a

-1.47
-0.37

3.46
-3.35

-34.01

Income
rj (YE)b

-0.297
1.52
4.57
6.07
0.40

Exchange-Rate
ij (ER)c

-1.17
-1.89
-1.11
-9.42

-33.61

aObtained from price coefficient estimates (mixed estimation case of Table 1).
bExtraneous estimates of income elasticities obtained from Rojko, et al. as described in the text.
CComputed by expression (4).
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lar, these estimates of exchange-rate elas-
ticities for wheat are compatible with those
reported by Fletcher and Just. Their re-
ported elasticity of -1.096 for Western
Europe compares with the estimate here of
-1.17 for developed countries; for Africa
they report -15.219 compared with the
-9.42 obtained in this study.

Conclusions and Limitations

The problems associated with simulta-
neous-equation bias in single equation
models are too well known to need much
elaboration here. However, the use of ordi-
nary and mixed least-squares procedures to
estimate single equation export demand
functions may be free of some of these prob-
lems in the present case. If shifts in the sup-
ply schedule are relatively large in compari-
son to those of the demand schedule, the re-
gression line would have a negative slope
close to that of the actual demand schedule.
Moreover, should the elasticity of the supply
curve be infinite - which was perhaps the
case in the wheat market during the time
period of this analysis due to the large North
American stocks - the regression line would
be parallel to the actual demand schedule
and therefore the calculated price parameter
would exactly represent the true one. This
case is worth elaborating. It suggests that
where price is taken as given and the import-
ing country adjusts the quantity demanded,
the traditional least-squares model provides
reasonable results. 14

In view of the above discussion and the
aggregative nature of the study, the paper's
results should be viewed as having a diagnos-
tic rather than a policy emphasis. For exam-
ple, the positive price elasticity estimate of
export demand to Asia contradicts a priori
reasoning.

'4Characteristic of acceptance of the least-squares norm
by researchers in international trade problems is the
well-quoted paper by Houthakker and Magee [1969],
which appeared almost two decades after the first at-
tacks against traditional approaches.
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Specification bias could be the reason.
Another explanation could be along the lines
of Tryfos' [1975] reservations about the
length of time covered by observations in
prices and quantities imported, and the
length of the adjustment process to changes
in the price variable. Annual time series in
prices and quantities, based on averages of
these variables, might not reflect the particu-
lar fluctuations that are responsible for the
observed average responses. "If the adjust-
ment in prices. .. can be completed within a
period of time shorter than the one to which
the available data refer, then clearly the re-
corded exports or imports and price differ-
ences will have no relationship to each other"
[Tryfos (1975, p. 689)]. This observation
suggests that semi-annual or quarterly data
would have been more appropriate in our es-
timation. 15 However, problems in data avail-
ability and large volume of data needs made
it impossible to effectively use semi-annual or
quarterly data in this study.

In general, the results of this study suggest
that U.S. export demand for wheat is respon-
sive to price and exchange rate changes.
However, a U. S. policy of price cuts to stimu-
late increased commercial exports might be
less effective than the estimates suggest. The
oligopolistic nature of the world wheat mar-
ket has long been recognized [McCalla,
1966], but is submerged with the effective
U. S. price in this study, where any action by
the U.S. is assumed to be matched by that of
other exporters. 16 On the other hand, ex-
change rate changes, which to a great extent
originate from adjustments outside the ag-
ricultural sector and for that matter outside
the power of the U. S., have had a substantial
impact on agricultural exports in general and
wheat in particular, a conclusion which sup-
ports the belief expressed by many re-
searchers in recent years.

SCapel and Rigaux [1974, p. 13] also make the same
point with respect to the aggregative nature of annual
data.

6The relatively stable movements of wheat prices among
major wheat exporters mentioned earlier supports this
conjecture.
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Appendix A

Derivation of Extraneous Estimates of
Income

As mentioned in the text, regional esti-
mates of income elasticities of total demand
were obtained as a weighted average of the
income elasticities of total demand for coun-
tries or subregions within the main regions of
the analysis. The weights were the country's
average shares of total regional imports.
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The total quantity of wheat consumed
in region j in year t, Dt , consists of domes-
tically produced grain, Qt, and total imports
from all sources of MTt, i.e., Dt = Qt + MTt.
Introducing income elasticities of the respec-
tive variables, total demand can be expressed
as: 17

1) Dt t (D) = Qtrt (Q) + MTtrlt (MT)

aD t YE t
where rt(D)= aYE t Dt

t t D

aQt
qt(Q) aYE=

YEt

Qt

3MT t YE t
1t(MT) aYEt MTt

the income
elasticity of
total demand
for wheat in
the jth region
in year t:

the income
elasticity of
domestic pro-
duction for
wheat in the
jth region and
year t; and

the income
elasticity of
import de-
mand for
wheat in the
jth region in
year t.

In the very short run (within the year) a
change in income does not affect the grain
produced in an importing region. Therefore
one can write

-at = 0 which implies nt(Q) = 0
3YE t

and therefore, equation (1) yields

2) r7t(MT) = MT t(D).

17Equation (2) was first derived by Yntena (1932) and has
been rediscovered since then under different forms by
Harberger, Ferguson and Polasek, and Kreinin among
others.
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This last relationship provides a means of
obtaining the income elasticity of import de-
mand, r7t (MT), of a region, from a knowledge
of the income elasticity of total demand,
vt (D).

Total wheat imports of a region consist of
imports from the U. S. (Mt) and imports from
the rest of the world (Mt), i.e.,

MTt = Mt + M.

Assume that the U.S. market share in that
region is constant. Its imports from the U.S.
can then be expressed as Mt = cMTt, where c
is a constant. Then,

aMT t YEt
3) 7t(M)= E M = t(MT ).

Therefore, the assumption of constant market
share of the U.S. in a region implies that its
income elasticity of import demand for U.S.
wheat equals the income elasticity of total
import demand for wheat from all sources.
From expression (3), the coefficients of the
income variables can be obtained as

aMt Mt
4) aYE YEt rt(MT).

Appendix B

Derivation of U.S.-Export-Price and
Exchange-Rate Elasticities of Import
Demand

Define r/(.) as the elasticity of import de-
mand with respect to the variable in par-
entheses. Subscripts and superscripts on 7r
qualify further this notation in terms of the
region and country concerned. The deriva-
tions that follow are based on the ordinary
definition of the elasticity measure and the
definitions of variables PE and YE as they
appear in the text. Time subscripts have been
dropped for simplicity.

The U.S.-export-price elasticity of import
demand by a particular region can be derived
as
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(1) (pUS)= a M pS aPE pUS

aPUS M aPE apUS M

aM i k 1 pUS
( z wk )-

0PE k=l pk/ERk M

aM PE

aPE M = (PE).

The effect of a change in the exchange rate
between the U.S. and the kth country on its
wheat imports from the U.S. measured in
terms of the respective elasticity can be ex-
pressed as

(ER)= M ERk
Ak(ER) k M

3ERk M

Now assume that a major currency realign-
ment takes place between the U.S. dollar
and the currencies of the rest of the world
such that changes in exchange rates, expres-
sed as AER /ER , are the same for every
country. Then, its impact on imports of the
jth region, expressed by the elasticity mea-
sure, would be

Kj, M Kj pUS
(2) r(ER)= - 7 k(ER)= [ P I wk P

k=l aPE k=l pk/ERk

-M Kj
-- E k w
WYE k=l

yk 1

ER k M

aM PE aM YE
aPE M aYE M

aM aPE aM aYE ERk
= I+M-

aPE aERk aYE aERk M

aM pk
[ wk

aPE pk/ERk

aM k yk 1
aYE ERw MaYE ERk M

= 17(PE) - ?(YE).
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