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ABSTRACT

(This report examines the changes in wheat exports over the period 1973-85. A
three-country trade model is introduced as a framework for analyzing the
impact on world wheat trade, U.S. wheat trade, and market price when changes
in two real effective exchange rates occur: namely, an exchange rate based on
U.S. trade with whgAt importers and an exchange rate based on global trade of
wheat competitors. 

il 
Evidence suggests that the cumulative effect of a

1-percent depreciation (appreciation) in the value of the dollar is to expand
(contract) U.S. wheat exports in the range of 1.9 to 3.0 percent.
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SUMMARY

During 1981-85, the value of U.S. wheat exports fell 44 percent and U.S.
market share fell from 46 percent to 29 percent of the world total. Almost
concurrently (1979-85), the value of the dollar adjusted for inflation rose
dramatically--43 percent against a weighted average of export-competitor
currencies and 46 percent against a weighted average of wheat importer
currencies.

In this report, changes in the value of the dollar are hypothesized to affect

U.S. wheat exports primarily through their effect on the international price

of wheat. Four specific questions are addressed. First, what are the
relevant parameters for analyzing the effect of changes in the value of the
dollar on U.S. wheat exports? Second, how long does it take for changes in

the value of the dollar to affect wheat export levels? Third, what is the
quantitative effect of a specified exchange rate change on wheat exports?
Fourth, how important are changes in the value of the dollar to wheat exports
relative to changes in target prices, loan rates, and foreign income?

To isolate the hypothesized relationships between the value of the dollar and

wheat exports, two distinct exchange rate measures are examined: one weighted
by export competitors, the other by importers of U.S. wheat. Changes in the

export-competitor exchange rate are shown to affect inversely the world price

of wheat in proportion to the price responsiveness of foreign export supply

and the foreign nation's share of total wheat exports. Changes in the

importer exchange rate are shown to affect inversely the price in proportion

to the price responsiveness of import demand. Changes in price affect U.S.

wheat exports in proportion to the price responsiveness of domestic supply and

stockholding, adjusted for initial levels of current production and stocks.

Based on historical relationships established in the 1973-85 period, empirical

results indicate that changes in the value of the dollar affect wheat exports

over an 11-quarter time horizon. An exchange rate depreciation (appreciation)
is not followed by an expansion (contraction) in wheat export volume until

1-1/2 years after the initial exchange rate change. The cumulative effect of

a 1-percent depreciation (appreciation) in the value of the dollar is to

expand (contract) U.S. wheat exports in the range of 1.9 percent to 3.0

percent (mean of 2.4 percent). Over the sample period, there is evidence that

changes in the real value of target and support prices have been more

important in accounting for changes in wheat export levels than have changes

in the exchange rate. Likewise, exchange rate changes have been more

important than foreign income levels in accounting for changes in wheat export

levels.
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INTRODUCTION

U.S. wheat exports have faced serious deterioration in the 1980's. The value
of U.S. exports of wheat and wheat products dropped from an historic peak of
$8.1 billion in 1981 to $4.5 billion in 1985, a 44-percent decrease. The U.S.
share of total volume of world wheat exports fell from 46 percent in 1981 to
29 percent in 1985, and is not expected to increase significantly in 1986.

One possible explanation for the deterioration has been the sustained
appreciation of the U.S. dollar during the 1980's. When weighted against the
currencies of other wheat exporters, the inflation-adjusted effective exchange
rate increased 43 percent from 1979 to 1985. Similarly, the dollar
appreciated 46 percent against the weighted average of currencies of countries
which import U.S. wheat (fig. 1).

A testable hypothesis is that changes in the value of the dollar inversely
affect the volume of wheat exports: that is, an increase (decrease) in the
value of the dollar, all else constant, causes a decrease (increase) in wheat
exports. Since the U.S. dominates the world wheat market (an average
43-percent market share from 1973-83), changes in the real exchange rate
affect the world price of wheat. When the dollar appreciates, the
own-currency price of wheat for export competitors and wheat importers
increases. Export-competitors become more eager to export and importers
become less eager to import at the higher price. Unless competitor export
supply is highly responsive to the price change, total world wheat exports
decrease. The U.S. loses in terms of reduced wheat exports and reduced market
share.

The purpose of this report is to investigate both theoretically and
empirically the effect of changes in the value of the dollar on U.S. wheat
exports. The focus is on the direct effect of a change in the dollar's value
on the international price of wheat. For this reason, the analysis is based
on a partial equilibrium model of the world wheat market. It abstracts from
indirect effects of exchange rate changes on wheat trade.

Although the analysis uses a partial equilibrium approach, the dominant U.S.
position in the international wheat market is explicitly recognized. More-
over, U.S. agricultural policies, which affect the international price of
wheat, are accounted for in the model. Two sectoral policy instruments are
included: the target price and the loan rate.

1
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Among the questions to be addressed in this report are the following:

(1) What are the relevant parameters for analyzing the effect of changes
in the value of the dollar on U.S. wheat exports? This question
necessarily involves a consideration of the value of the dollar as
weighted against both export competitors and wheat importers.

(2) How long does it take for changes in the value of the dollar to affect
wheat export levels? Exchange rate changes influence both export
competitor supply and importer excess demand. Given the seasonality
of wheat production, sunk investments in specific capital stocks, and
the presence of foreign policy distortions, exchange rate changes are
likely to influence export levels only over a relatively long time
horizon.

(3) What is the quantitative effect of a specified exchange rate change on
wheat exports? How much confidence can be attributed to this number?

(4) How important are changes in the value of the dollar to wheat exports
relative to changes in target prices, loan rates, and foreign
income? Is the effect of exchange rate changes minor compared with
these other effects?

To answer these questions, we devised a trade model that shows the
relationship between the volume of wheat exports, the real price of wheat, the
loan rate and target price, real foreign income, and real exchange rates. The
trade model considers the impact of exchange rate changes with our trading
partners and with our wheat export competitors, that is, a three-country world
is envisioned, the U.S. wheat exporter, the rest-of-world (ROW) exporter, and
the ROW importer.

A three-country model can capture the intricacies of exchange rate variation
among two exporters and one importer. For instance, a dollar appreciation
against ROW exporters such as Canada, Australia, France, and Argentina, but
with no corresponding exchange rate change (or a lesser change) between U.S.
and ROW Importers, would lead to increases in world wheat trade but declines
in U.S. exports. This may explain partially the recent decrease in U.S.
market share. Previous studies have used a standard effective exchange rate
measure (for example, the Federal Reserve Board's 10-industrial-country index)
either in a partial equilibrium analysis, Batten and Belongia (1, 2) or in a
general equilibrium analysis, Rausser, Chalfant, Love, Stamoulis (14). 1/ In
the research of Chambers and Just (5) the exchange rate utilized was the
Special Drawing Right (SDR) which has the additional shortcoming of being a
nominal measure.

1/ Underscored numbers in parentheses refer to sources cited in the
References at the end of this publication.
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A TRADE MODEL

A partial equilibrium model can be used to trace the effects of changes in
macroeconomic variables and U.S. agricultural policy on wheat exports.
To make the analysis tractable, competitive markets and no backward linkages
from agricultural exports to exchange rates are assumed. For a country like
Argentina, which relies heavily on agricultural exports, a decline in the
value of agricultural exports may impair their currency value and hence the
assumption of no backward linkages would be a strong one. Interference in the
market from foreign governments, for example, the European Economic Community,
also are not considered.

All variables in the model are in real terms; the volume of trade flows is
affected by real income and real prices. That is, a 20-percent depreciation
of the U.S. dollar will not elicit increased export volume if the prices of
U.S. tradeables has increased by 20 percent due to U.S. inflation. The model
considers three countries (or regions) in the world: two of the countries
export wheat to the third country. Further, the United States is one of the
wheat exporters and the world price of wheat is quoted in dollars.

Supply of U.S. wheat exports (0) is based on the real price of wheat
(wp) and U.S. agricultural policy (tp is target price and sp is support price),

= SA(wp,tp) LA(sp/wp) (1)

where SA(wp,tp) and LA(sp/wp) represent excess supply from current
production and the flow of public stocks of wheat, respectively, and SA' >
0, 5A2 > 0, and LA > 0. If the real price of wheat increases, the farming
community will be encouraged to increase its allocation of resources to this
commodity and wheat production will rise. (Conversely, if the prices of other
goods and services increase more than wheat prices, then farmers will turn to
these higher priced commodities and wheat supply will diminish.) Increases in
deficiency payments through higher target prices also will augment export
supply. The ratio of support to actual wheat price, sp/wp, determines the
level of stocks. If the support price rises relative to the wheat price,
farmers will place more of their product in public stocks (LA' > 0) rather
than in exports, hence, the negative sign before LA.

The other export supplier considers analogous factors,

Qg . SF (ef*wp) (2)

where the suppliers' prices are converted to local currency by ef, defined as
the foreign currency price of the dollar. When the dollar depreciates
(appreciates), the foreign supplier's domestic price of wheat falls" (rises)
and as a consequence the quantity supplied declines (increases).

World demand for wheat exports 0d) depends on the importer's real income
(y), and the importer's wheat price in local currency,

Qd = D(y,em*wp) (3)

4



where em represents the importer's price of the dollar. If the domestic
production response is small and if wheat is a normal good for world
importers, the income increase would augment foreign demand. Similarly, a
decline in the local currency price of wheat, perhaps resulting from a dollar
depreciation, would increase the quantity demanded.

By definition, total world exports equal the sum of U.S. and other country
exports:

Qs = (41 QFs' (4)

and finally, under the assumption of no barriers to trade and no
transportation costs, the equilibrium condition is

' Qs = Qd,

or world excess supply equals excess demand.

(5)

The trade model delineated in equations 1-5 can be illustrated in a panel
diagram. First, the more simple two-country case is depicted, with the United
States as the only exporter. Assuming no U.S. agricultural policy, the system
of equations reduces to:

SA(wp) (la)

and equations 3 and 5.

In figure 2, panel 1 shows the U.S. market conditions, panel 2 depicts the
world market conditions (equations la, 3, 5), and panel 3 illustrates the
foreign country conditions--the ROW importer. The equilibrium volume and
wheat price, ql and wpl, are determined in the world market by the intersecton
of the excess supply (ES) and excess demand (ED1) curves.

If a real dollar depreciation occurs, the excess demand curve rotates upward
to ED2 since it costs importers less goods and services to buy a given level
of U.S. exports. The new equilibrium is determined at a higher level of
exports (:12), a higher world wheat price in dollars (wp2) but a lower
wheat price in the importer's currency (wp1). The importer, consequently,
buys more U.S. wheat.

The next step is to consider the two exporter-one importer case. Let the
initial equilibrium once again equal ql and wpl. World exports are
comprised now of two parts, namely, U.S. exports and ROW exports. This can be
seen more clearly in figure 3 where the total export supply curve (EST)
represents the horizontal summation of the U.S. (ESA) and the foreign
exporter (ESF) supply curves. ED represents the excess demand curve. The
intersection of the excess demand and world excess supply curve determines
equilibrium volume and price at gl and wpi. The allocation of output
between the two exporters are qui for the United States and qlF for
the other exporter as shown (fig. 3).

At least three scenarios are possible in considering exchange rate
depreciation (appreciation). Starting from the initial position, (a) the U.S
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dollar can depreciate vis-a-vis em while ef remains the same, (b) the U.S.
dollar can depreciate vis-a-vis ef and em, and (c)-the U.S. dollar can
depreciate vis-a-vis ef while em remains the same. The four-panel diagrams
(figs. 4-6) reflect cases (a), (b), and (c), respectively.

The depreciation of the U.S. dollar against the importer currency (eat) causes
the export demand curve in the world market once again to rotate upward to
ED2 (fig. 4). Trade volume increases to q2 and world dollar price to
wp2. In this case, both exporters benefit from the rise in the value of
exports (measured by the shaded trapezoids) as the dollar exchange rate does
not alter with respect to the other exporter. The elasticities of the export
supply schedules determine the relative impact on the two exporters.
Basically, the greater the U.S. export supply elasticity and the smaller the
original U.S. market share relative to the other exporter, the more beneficial
the exchange rate depreciation impact on changes in U.S. exports (the
mathematical conditions are shown in the appendix).

Figure 3. The three-country case for the world market
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7



CO

Real price
in dollars

wP1
wp

..... ....... ••••••• ...M.' .......

INIM al. .1•11. ONO AMP 411111.

United States

Figure 4. Effect of dollar depreciation vis—a—vis the importer

Real price in
ROW exporter currency

DF

ROW exporter

Real price
in dollars

c11 q2

World market

Real price in
ROW importer currency

D* -S*

2

*a.. ....111.

ROW importer



Figure 5 illustrates scenario b, a dollar depreciation against the importer's

currency (em) and the other exporter's currency (ef). Note that the panel for

the other exporter is now shown to the right of the world market panel. This

may help clarify the analysis when the importer and the other exporter have

currencies that depreciate versus the dollar but remain the same against each

other. Since the dollar depreciates against both currencies, the importer's

wheat price in its domestic currency and the exporter's wheat price in its

domestic currency are lower. This encourages the importer to increase the

volume of imports but motivates the other exporter to decrease exports: the

excess demand curve rotates clockwise to ED2 and the excess supply curve

EST2 rotates counterclockwise. Equilibrium is determined at a higher trade

volume (q2) and at a higher dollar price (wp2). Wp2 in figure 5 is

above wp2 of figure 4 because of the excess supply curve shift. U.S.

exports gain not only in quantity terms but in market share as well. The

magnitude depends on the combination of the import elasticity and the

competitor export elasticity. (An algebraic proof is shown in the appendix.)

In the last scenario (c), the dollar depreciates against the foreign

exporter's currency only, which effectively means that the foreign exporter's

currency appreciates against the importer (fig. 6). To the ROW exporter, the

wheat price in local currency is lower and the quantity sold therefore is

less. Alternatively viewed, the ROW exporter's demand and supply schedules

rotate clockwise and counterclockwise, respectively, if the vertical scale

measured the real price in dollars rather than the real price in local

currency. The supply curve shift shown by the dashed line (S5)

represents the percentage change in price for a given quantity that suppliers

would offer as a result of the exchange rate depreciation. It is shown in the

graph for expositional purposes and does not reflect an actual shift since the

vertical scale is denominated in local currency.

In the world market panel, which measures the real price in dollars on the

vertical scale, the excess supply curve rotates to ES2, analogous to case

(b). World trade volume declines to q2 in figure 6 but the dollar price of

wheat rises to wp2 and U.S. export volume expands.

To this point, the graphical analysis has not considered U.S. agricultural

policy, which has exacerbated the decline of U.S. wheat exports in the

1980's. Farmers can participate in a U.S. Government stock program in which

the Government purchases wheat at a predetermined loan rate or support price.

Moreover, a Government-determined target price ensures the farmer a given

level of income. In figure 7, the three-country case is drawn with a loan

rate and a target price (only for the U.S. exporter), both of which are above

the world market price, wp. The loan rate sets a floor on U.S. wheat prices

and world wheat prices at wpi.sp. (World wheat prices could be lower than

the loan rate if the excess demand curve (ED) intersects the foreign

competitor's excess supply curve (ESF) below the loan rate). The target

price, tp, encourages higher U.S. production. Hence, the combination of

policies, the loan rate and the target price, alters the effective U.S. supply

curve for wheat to wpimns rather than s's. With U.S. agricultural policy,

the effective world excess supply curve (EST) is a triple-kinked schedule.

In figure 7, the market-clearing condition occurs at point A rather than a.

9
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The overall price effect of an exchange rate shift will be less when prices
are near or at the loan rate [figs. 8-10, corresponding to scenarios (a),
(b), and (c)]. We assumed, for simplicity, that all farmers participate in
the loan program and that target prices equal the loan rate.

The small a's appearing on the panel graphs for the world market indicate the
equilibrium without a loan rate, the capital A's reflect the actual initial
equilibrium with the loan rate in effect, and the capital B's represent the
equilibrium after the dollar depreciation. No changes in the loan rate are
assumed. Note that there is no dollar price response in all three cases
because of the loan rate at the world price before and after the
depreciation. Furthermore, world trade in wheat is more positively affected
than in the earlier analysis (figs. 4-6); with the loan rate, price is less
responsive and quantity is more responsive. Finally, U.S. market share
unequivocally increases when the dollar depreciates.

Two further points should be mentioned. First, if there were dollar
appreciations instead of depreciations, the reverse situation would hold, as
illustrated by the early 1980's. Second, if ROW income increases (decreases)
then the excess demand curve would shift clockwise (counterclockwise) similar

to a dollar depreciation (appreciation).

ESTIMATION OF THE WHEAT TRADE MODEL

The empirical model is derived by totally differentiating equations 1-5 and

solving for changes in U.S. wheat export volume. The reduced-form equation to

be estimated is as follows:

in QA = ao + al* in em + a2* ln ef + a3* ln y
+ a4* ln sp + a5* ln tp + u (6)

where u is the normally distributed error term with an expected value of zero
and the other variables are as defined earlier. The model maintains that
changes in U.S. wheat exports vary directly with changes in the real target

price and importer income, and inversely with changes in the real loan rate

and both real exchange rates.

Several issues complicate the estimation of equation 6. Changes in exchange

rates, as well as target and support prices, may not affect wheat export

levels in the short run. For most agricultural goods, including wheat,

production decisions are made only once a year. On this basis alone,
production may take as long as a year to adjust to a price change. Also,
fixed costs in agriculture tend to be high since agricultural capital does not
have ready alternative uses outside agriculture. Thus, in the short term,
large fluctuations in price may result in only small changes in quantity
supplied. Another consideration is that in many countries, the agricultural

sector tends to be subject to government-imposed policy distortions. Changes

in exchange rates or U.S. policy instruments may not affect foreign internal
agricultural prices in any set, predictable manner. Nonetheless, these
changes will affect the opportunity cost of insulating a nation's agricultural
sector. An important concern is the determination of the length of the time
period over which exchange rate and policy changes affect export levels.

13
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Furthermore, estimation of egliation 6 is made difficult by collinearity
between some of the explanatory variables. The two exchange rate variables
tend to move in the same direction over the flexible rate period (fig. 1).
Also, the domestic policy instruments (target and support prices) have been
typically adjusted at the same time and in the same direcion by policymakers.
The correlation between these variables obscures the contribution of each
variable to changes in wheat export levels.

One approach in dealing with this problem is to drop from equation 6 one of
the variables from each set of correlated variables. The interpretation of
the corresponding regression coefficients changes. For the exchange rate
variable, the regression coefficient accounts for the sum of the import price
elasticity and the competitor supply elasticity weighted by its share of the
market. For the domestic policy variable, the regression coefficient is a
weighted average of the difference between the domestic supply elasticity with
respect to the target price and the stock elasticity with respect to the
support price. A priori, the sign on this latter coefficient cannot be
determined since it involves the difference of two nonnegative elasticities.
The sign depends on whichever effect is stronger during the estimation period.

The error term of a revised version of equation 6 becomes correlated with each
of the respective coefficients on the exchange rate and domestic policy
variables. To see this aspect, consider equations 7 and 8 below which reflect
the proposed relationships between the exchange rates and between the domestic
policy instruments:

ln ef = b10 + bli*ln em + el (7)

ln sp= - b20 4. b2i*ln tp + -.2 (8)

Assuming that b10 = - b20 = 0 and b11 = - b21 = 1, equation 6 becomes:

ln QA . ao + (a1 + a2)*ln ef + a3* ln y
+ (a4 + a5)*ln sp + u + a2e1 + a5e2 (9)

The error terms of equations 7 and 8 are included in the error structure of
equation 9. By simultaneously estimating equations 7, 8, and 9, and by using
the correlation across equations to estimate more efficiently the various
regression coefficients, the efficiency of the estimates should improve.

The export competitor exchange rate has been included in equation 9 rather
than the importer exchange rate. This choice may be considered arbitrary.
However, one concern of this study has been the length of time between a
change in the value of the dollar and the predicted effect on U.S. wheat
exports. Export competitors may be more responsive in the short run to
changes in the international price of wheat than are wheat importers. The
hypothesis is that wheat producers or, more generally, agricultural producers,
have a capital stock already allocated to the production of agriculture
whereas agricultural importers do not have this investment. The wheat producer
therefore can more quickly allocate additional resources in response to price
changes. Agricultural producers also may be able to move resources quickly
and with low cost to wheat production rather than to an alternative crop.

17



Additionally, two U.S. export competitors, Australia and Argentina, are
located in the southern hemisphere where the wheat-growing season lags two
quarters behind that of the United States. These countries may be able to
respond within the same year to changes in worldwide wheat prices.

Another refinement to the estimation procedure can be considered. The
theoretical model maintains that the world price of wheat varies directly with
the support price and importer income, and inversely with exchange rates and
target price. Using the same reasoning as in equation 9, this relationship is
expressed as follows:

ln wp co + ci* ln ef + c2* ln y + c3* ln sp + z (10)

cl is expected to be negative, c2 is expected to be positive, and c3 can
be either, depending on the strength of relevant elasticities. The error term
z includes the effects of el and e2 of equations 7 and 8, respectively.

Since equations 9 and 10 are derived from the same theoretical structure,
consideration of cross-equation correlation between them would improve the
efficiency of both sets of coefficient estimates.

Equations 7, 8, 9, and 10 are estimated on a quarterly basis for the period
1973Q1 to 1985Q4. This time horizon is chosen to coincide with the flexible

exchange rate period. U.S. wheat export volume, the dollar price of wheat,
and target and support prices are from various issues of Economic Research
Service's Wheat Outlook and Situation Reports. The importer exchange rate is
published in USDA's Agricultural Outlook. It is based on a weighted average
of bilateral exchange rates of 38 countries to which the United States exports
wheat. Weights are determined by the average of the 1976-78 wheat export
shares of each country. The competitor's exchange rate is based on export
competitors' share of world wheat exports, excluding the United States, for
the years 1979-81. The major ROW exporters include Canada, France, Argentina,
and Australia. 2/

According to the theoretical model, the appropriate income variable should
account for changes in economic activity in countries that import wheat.
However, real income data for those countries are not available on a quarterly
basis. As an alternative, we used a proxy variable derived from the summation
of quarterly real GNP levels expressed in 1980 dollars for the following
countries: Belgium, Canada, France, Japan, Italy, Netherlands, Sweden,
Switzerland, and West Germany. The data have been annualized for 1970-82 and
compared with annual real income data based on a trade-weighted average of
countries that import U.S. wheat (income data are from various issues of
International Financial Statistics and 1982 is thre latest year of data
availability for the larger income series). Contemporaneous correlation
between the two series is 0.98. (The correlation between the series taking
into account various lags is never greater than 0.78.) On this basis a
reasonable assumption is that the quarterly series to be used in this report
is appropriate for studying the effect of ROW income on the demand for wheat.

2/ Thanks to Dave Stallings for providing the effective exchange rates used

in this report.
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As explained earlier, the exchange rate and domestic policy instruments are
expected to affect wheat export levels only after a considerable lag. The
Pagano-Hartley criteria is used to determine the optimal lag length. This
procedure involves the Gram-Schmidt decomposition of the independent variable
matrix: X is factored into an orthonormal matrix Q times an upper triangular
matrix, R. If B represents the vector of coefficients for the objective
function, then XB=QRB. To test for the optimal lag length, the following
hypothesis is considered:

Hl_j: Ml_i = 0

where 1-j denotes the lag length. The optimal lag length is determined when
the hypothesis test for the first j can be rejected. When there is more than
one lag length, each variable's lag length needs to be tested given the lag
structure of the other variables. For more than one variable, one has to
order Xi for 1=1 to n and then repeat the procedure for all possible
orderings.

A maximum of 12 lags beyond the current period was considered for each of the
explanatory variables. The Pagano-Hartley test implied that ROW income should
have no lags, while the support price and real global exchange rate (ef)
should each have a 12- and 10-period lag, respectively. These long lag
lengths are consistent with the expected slow adjustment of foreign
agricultural sectors to changes in the international price of wheat.
(Although not empirically investigated, wheat importers may be even slower in
an adjustment horizon, as stated earlier.)

Estimation results (with standard errors in parentheses) for each equation
are as follows:

in Q = 29.45 - 0.29 Dit - 0.88 D2t - 0.10 D3t
(4.24) (0.82) (.08) (.08)

- 2.45Eln eft_i - 1.99 ln yt + 3.63Eln spt_i (11)
(0.32) (0.53) (0.72)

R2 = .799

(The Di's are seasonal dummy variables.)

in eft = 0.42 + 0.93 in emt
(0.33) (0.08)

in sPt = 0.07 + 0.74 in tpt
(0.16) (0.13)

in wpt = 9.61 - 0.54 in eft - 0.55 in yt
(1.84) (0.25) (0.32)

- 1.31 in sPt
(0.16)

= .736 (12)

= .396 (13)

R2 = .768 (14)
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Results from equation 11 indicate that a 1-percent change in the effective

real exchange rate is accompanied by a mean response of 2.45 percent in the

volume of U.S. wheat exports over an 11-quarter time horizon (including

current period). With a standard deviation of 0.32, there is a 90-percent

probability that the elasticity is between 1.9 and 3.0 for the sample period.

The sum of the individual coefficients is not significantly negative unless

all 10 lags are included. To see this aspect more clearly, equation 9 is

re-estimated with the exchange rate variable in the form of a first-degree

polynomial. The polynomial degree is chosen on the basis of the

Pagano-Hartley procedure. Although the equation results are essentially the

same, the polynomial specification "smoothes" the impact of the exchange rate

change on wheat exports over the 11 quarters. The exchange rate coefficients

and the corresponding standard errors are reported in table 1. The predicted

negative correlation between exchange rate changes and wheat export volume is

not in evidence until the fourth or fifth quarter after the initial change in

the exchange rate. The effect grows stronger toward the end of the 10th

period.

The effect of changes in ROW income on wheat exports is significantly

negative: -1.99, with a standard deviation of 0.53. This result is the

opposite of what was hypothesized. Although this result seems

counter-intuitive, the coefficient on the same variable in equation 14 is

negative as well, contrary to expectations. These two reinforcing results

strongly imply that there has been a negative correlation between ROW income

growth and U.S. wheat exports. According to the theoretical structure of the

model, this result can be generalized to total wheat trade volume as well.

Since wheat is not likely to be an inferior good, this result probably

indicates a trend toward self-sufficiency or import substitution during the

sample period. An alternative hypothesis is that when a country experiences

economic growth, food aid diminishes; consequently, wheat exports may

decline. More detailed research focusing on the income variable is needed.

Table 1--Effect of exchange rate changes on volume

of U.S. wheat exports over time

Time period
Percentage change in wheat exports Standard

due to 1% change in exchange rate deviation

0 0.63 0.21

1 .46 .17

2 .30 .12

3 .14 .08

4 -.03 .05

5 -.19 .04

6 -.35 .07

7 -.52 .11

8 -.68 .15

9 -.85 .20

10 -1.01 .24
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Another explanation for the unexpected inverse relationship between U.S. wheat
export volume and ROW income may be the result of a collinear relationship
among the independent variables. When explanatory variables have linear
combinations, their coefficient estimates tend to have large sampling errors.
The actual estimates for a single sample may be far from the true parameter
values. Belsley, Kuh, and Welsch (3) have suggested a procedure to determine
the seriousness of a multicollinearity problem. If the regressors are
standardized to unit length and if the ratio of the largest to smallest
resulting eigenvalue is greater than 900, then a linear dependence among the
columns of the explanatory variable matrix may seriously affect the standard
errors of the estimated coefficients. For the sample under consideration, the
value of this ratio is 48, suggesting that multicollinearity is not a serious
limitation in the estimation.

The sum of the support price coefficients equals 3.63. Recall, a higher
support price is expected to reduce U.S. wheat exports because of the change
in the effective domestic and excess supply curves (as shown in fig. 7). On
the other hand, a higher target price would be anticipated to increase U.S.
wheat supply and thus, offset at least some of the effect of the loan rate.
With the support price variable incorporating the effect of target prices, the
implication of the positive coefficient sign is that the contribution of the
target price toward xport promotion is greater than the depressing impact of
the support price.

One way to access the relative importance of the explanatory variables is to
consider beta coefficients: a measure of responsiveness in terms of standard
deviations of a change in one variable due to a change in another variable.
Since the measure is a pure number, without units, the magnitude of effects
from the independent variables can be compared directly. The beta
coefficients corresponding to the sum of exchange rates, ROW income, and sum
of support prices are 5.6, 0.5, and 11.3, respectively. Domestic policy
instruments, therefore, have contributed the most in accounting for changes in
wheat exports: about twice as much as exchange rate changes. Changes in ROW
income have contributed the least--on the order of a tenth of the effect of
the exchange rate.

CONCLUSION

This study examines the changes in wheat exports over the period 1973 to
1985. A three-country trade model is introduced as a framework for analyzing
the impact on world wheat trade, U.S. wheat trade, and market price when
changes in two real effective exchange rates occur: namely, an exchange rate
based on U.S. trade with wheat importers and an exchange rate based on global
trade of wheat competitors. Several graphs are presented to distinguish the
effects of importer's exchange rate changes, competitor's exchange rate
changes and both importer's and competitor's exchange rate changes. The
mathematical conditions are included in the appendix. Basically, a
depreciation of the dollar raises the dollar price of wheat but lowers the
foreign price of wheat. Therefore, importers are encouraged to increase their
purchases while other exporters reduce their quantity supplied. U.S. wheat
trade expands.

21



U.S. agricultural policy also is considered, specifically, the loan rate and
the target price. When the loan rate is at or near the world price, an
exchange rate depreciation impacts on dollar prices with a smaller response
and on quantities with a greater response than in the case without U.S.
agricultural policy.

The empirical analysis, based on the reduced-form equations, indicates that
wheat exports are elastic with respect to the exchange rate. Over the sample
period, the exchange rate, measured to reflect the U.S. competitive position
relative to ROW exporters, impacts on U.S. wheat exports with a 10-period lag
but the effects largely come after the first 5 lags. Furthermore, there is
evidence that changes in the real value of target and support prices have been
more important in accounting for changes in wheat export levels than changes
in the exchange rate. Likewise, exchange rate changes have been more
important than foreign income levels in accounting for changes in wheat export
levels.
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APPENDIX

The five-equation, three-country model presented in the text is rewritten
below:

= SA(wp,tp) - LA(sp/wp) (Al)

Qg = SF(ef*wp) (A2)

Qd = D(y,em*wp) (A3)

Qs 
_ 

Qs (A4)

= Qs = Qd (A5)

To determine the impact of changes in the system, the five equations are
differentiated (a superscript * above a variable indicates percentage changes):

Q4* = (alsA + a21)wp* + alrtp* - a21sp* (A6)

where sA = export supply elasticity with respect to price for country A

1 = stock supply elasticity with respect to the ratio of support to
actual price,

r = export supply elasticity with respect to the target price,

al = SA/Q, a2 =

Qg* = sF(wp* + ef*) (A7)

where sF = foreign supply elasticity with respect to the local price;

Qd* = - n(em* + wp*) + dy* (A8)

where n = import demand elasticity with respect to local price,

d = import demand elasticity with respect to income;

Q* = Qs* = Qd*

Qs* = FA(41( + FOg*

where Fi = QI/Qs.

(A9)

(A10)

Reduced-form equations for export volume, price, and market share can be
derived from equations A6-A10. The impact on the endogenous variables
resulting from a change in the exogenous variables can then be delineated.
First, export volume equations for total exports, U.S. exports, and foreign
exports are shown in equations All, Al2, and A13, respectively:
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Second, the world price equation (A14) equals
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Finally, the market share equation (A.15) for the U.S. is
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By rearranging the terms in equation (All), the influence of a dollar exchange
rate depreciation can be seen more clearly.
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( A16)

A dollar decrease vis-a-vis the importer (em) unambiguously increases trade
volume for both exporters; the second exchange rate terms in Al6 or Al2 and
A13 all have negative signs. World importers purchase more grain since it
appears to them that the (local) price has declined due to the dollar's
depreciation. The import demand (n), export supply (for both exporters, sA
and sF), and the stock supply elasticities (1) weighted by market share
determine the magnitude of the effect. As for the U.S. market share, the
greater the export and stock supply elasticities relative to the ROW exporter
in equation A15, the greater the improvement in U.S. share.

Next, consider both the ROW importer and ROW exporter exchange rates (em and
ef) increase in value relative to the dollar. If the change in em . ef, then
FFsFn/w (ef* -em*) cancels out, and [-FAn(alSA + a21)]/w is the
world export or ROW import elasticity with respect to the exchange rate. A
fall in the dollar, therefore, leads to increases in world trade. Morever, ,
since the world wheat price is higher, equation A14, the U.S. wheat exporter
increases the quantity supplied. To the foreign exporter, though, the (local)' A
price appears to be lower and it decreases the quantity supplied;

c
w -[SF(FAalsA + FAael + n)/w] is the coefficient from equation A13. c,

The U.S. share clearly expands by [(-FF(alsA + ael)(sF + n))/w) em* -0 n
which is derived from equation A15.

,o r-_, •:*-x,

In the scenario in which the dollar depreciates against the foreign exporter=, , 0< c conly, world trade volume decreases. This can be explained by looking at then m -
quantity equation (A16); with em not changing the coefficient sign is
positive, that is, a decrease in the dollar's value corresponds to a decline
in world trade. The first exchange rate term reduces to (FFSFn/w) ef* ... -, • rn ---.

n

while the second term cancels out. Hence, the decline in world wheat trade E
nm odepends on the responsiveness of foreign supply and import demand weighted by c 74, =market share. Although world wheat trade falls, the U.S. quantity exported ›. .1.
F;rises since the world dollar price is higher as can be seen from the price ,.

equation (A14); the exchange rate term (-FFSF/w) ef*, enters with a
negative sign indicating that a depreciation leads to a price increase.

U.S. agricultural policy alters export quantity and price responsiveness,
depending on the closeness of the loan rate to the world market price and the
participation rate in the programs. If only the support price and not the
target price is considered, then world price changes more slowly (Figures
8-10) and quantities more quickly. This can be seen by rearranging the terms
in equation (Al2),
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where ef* is assumed to equal em*. With the additional policy of a target

price, the elasticities become less clear. The target price would partially,

fully, or more than offset the support price.
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