|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

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.

Give to AgEcon Search

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

The Exchange Rate and
U.S. Agricultural Exports

Clark Edwards

M

Abstract

An export slump 18 one of the major problems plaguing U S agriculture Many of
the world economic forces.that had turned against U S farmers 1n the early
eighties have now changed The exchange rate 13 one of these forces This article
presents a simulation of the disparate 1mpacts of depreciation on importers and
competing exporters, and the implications for specifying price transmission equa-
tions 1n international trade models Protective pohicies, such as tariffs and quotas,

reduce the elasticity of exports with respect to a change 1n price
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barriers

The volume of U S farm exports continues below 1ts
1980 peak This 1s one of the major problems plagu.
ing agriculture Lower exports contributed in the
eighties to lower incomes, financial stress, and
reduced values of land and other farm assets Agn-
culture may not recover until farm exports pick up

The:export slump 1n the eighties followed an
unusually rapid export expansion 1n the seventies
Changesin the world economic situation at the
turn of the decade contributed to the slump Slowed
economic growth and reduced availability of foreign
exchange reduced imports 1n many countries A
more expensive dollar and higher prices received by
U S farmers added to the cost of importing U S
farm products Agricultural production increases in
other countries either reduced demand for imports
or 1ncreased supphes of competitive exports High
exchange rates were correlated with high domestic
interest rates, so farmers were squeezed between
reduced revenues and increased costs High energy
costs assocrated with the world energy situation
added further to the-squeeze Subsequent reductions
1n energy costs were assoclated with losses of 1n-
come and of foreign exchange for some 1mporters of
farm products Changes 1n subsidies, tanffs, quotas,

The author 1s a senior econormust with the National Economics
Dhvision, ERS

embargoes, and transportation rates added to the
volatility of the decade

The boom of the seventies was at an unsustainable
rate of'8 percent per year Many worred that the
boom would stop because of limits to U S agricul-
tural capacity But the end came from the demand
side instead, when the market collapsed for exports
of US farm products

Many of the world economic forces that had turned
against US farmers by the early eighties have
since changed, although they may be less favorable
than they were during the early seventies Reduced
exchange rates and lower prices received by farmers
relative to world levels suggest that conditions are
now right for exports to begin to pick up If they do,
it will take U 8 agniculture a few years to absorb
the resources 1dled during the export slump and to
work off the accumulated surpluses If they don’t,
U S agriculture can anticipate deepening financial
troubles

This article focuses on only one of several factors af-
fecting the level of farm exports price-transmission
The key to price transmission 1s the exchange rate,
but the mechanism 1s modified by institutional ar-
rangements such as subsidies and tariffs Relatively
lower exchange rates were associated with the ex-
port boom of the seventies, and relatively higher ex-
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change rates were associated with reduced exports
1n the erghties The depreciation of the dollar 1n
1985 and 1986 could help expand exports

The theory of equilibrium among three countries
trading a single commodity 1s considered 1n the
next section of this article Currency realignments
among competing exporters and importers have
important, but disparate, economic effects on the
various sources of supply and demand The ex-
change rate theory 1s then used as'a framework for
evaluating some literature on exchange rates and
agricultural exports Both the theoretical and
empirical approaches tend to agree that exchange
rates are potentially important in explaiming the
variation in exports, but they tend to differ as to
the magnitude of the change 1n exports with respect
to a change in exchange rates Finally, some
mmphications are developed for specifying price
transmission relationships 1n existing agricultural
models and for reconciling some divergent views of
the elasticity of response The reconciliation entails
allowances for tariffs, subsidies, and other 1nstitu-
tional arrangements affecting price transmission

Trade Equilibrium Among Two
Exporters and One Importer

Consider a three-country world 1n which each country
produces, consumes, and trades a homogeneous
agricultural product under perfect competition
Such a model 1s as small as one can devise and still
simulate the 1mpacts of exogenous changes n the
exchange rates of an exporting country on 1ts own
exports and also on production, consumption, and
trade of an importer and a competing exporter
Variables 1in the model are the quantity produced,
the quantity consumed, and the price in each
country—nine variables in all

There are three demand equations, one for each
country For simphicity, let them be linear

P;=0=J"ﬁ;qd, forj=1to3

And there are three linear supply equations

p=ut 0,98 fory=1to 3

where p, qd, and gs are the prices, quantities
demanded, and quantities supplied, «, 8, u, and ¢
are parameters for the demand and supply equa-
tions, and ) 18 an 1ndex for countries

Trade among countries requires two transactions,
one related to the exchange among goods and the
other to the exchange among currencies In this

model, the terms of trade among goods are endog-
enous and the terms among currencies are ex-
ogenous Let the symbol r, represent the exogenous
exchange rate between the first and the 3** country
Then two of the price relationships are

PL=1p for)=2to3

An 1ncrease 1n 1, reflects a.depreciation 1n the cur-
rency of country 1 In empirical work 1t 1s impor-
tant whether the exchange rate measures foreign
currency per unit of domestic currency or domestic
currency per unit of foreign currency For the pur-
poses of a hypothetical simulation, this ambiguity 18
not important These two price transmission equa-
tions 1mply a third redundant equation

pz = (r3 - ro) p3

This simplest form of the price transmission equa-
tions 18 used in the theoretical simulation The
review of literature to follow shows that modifica-
tions reflecting mstitutional arrangements such as
tariffs and transportation are important Such

modifications will be discussed later

The final equation assures that the market clears
Many trade models require that the sum of the ex-
ports by the-exporting countries equals the sum of
the 1mports by the importing countries This restric-
tion has the same effect as requiring that the sum
of demands 1n all countries equals the:sum of sup-
plhies The iatter formulation was chosen because 1t
15 easier to track things if some of the shocks to the
model cause one of the countnes to switch from, for
example, an exporter to an importer In comunction
with the other equations, the final equation assures
that market-clearing prices are found

L qd) = L gs, fory=1to3

The model presented here and the hypothetical data
used' to 1mplement 1t help organize 1deas, evaluate
the literature, and suggest specifications for more
detailed and empirical models This model brings
out salient relationships between exports and ex-
change rates with a mimimum of conceptual frame-
work It omits facets of exchange that are important
1n real-world trade white highlighting the disparate
mpacts of exchange rate fluctuations on the various
sources of demand and supply

Taking exchange rates as exogenous 1n a one-
commodity world overlooks important problems fac-
ing world trade since exchange rates began to float
1n the early seventies Orden, for example, explains
exchange rates by income transfers among countries
resulting from trade surpluses and deficits 1n a



multicommodity framework (17) ! Other real-world
relationships not considered here.include monetary
matters and the distinction between shortrun and
longrun responses See Chambers (4), for example,
for a broader perspective than that taken here, in;
cluding endogenous changes 1n exchange rates and
the relationship to agriculture of monetary pheno-
mena other than exchange rates A more complete
model specification and careful statistical estima
tion of the structure are beyond the purpose of this
article, although the analysis and review suggest
how such model bulding and estimation might be
done

Sensitivity to Exchange Rates

The small and linear system presented here 13
relatively easy to solve Consider a reduction of the
model to two equations and two unknowns Let the
unknowns be the quantity supplied 1n country 1
and the price 1n country 1 One of the equations 1s
the original supply function.for country 1

pr=¢g; + 0105

The other equation 1s found by the substitution of
the other seven demand and supply funciions into
the market-clearing equation The resulting rela-
tion, solved for gs; as a function|of p;, captures the
net demand for the quantity produced 1n country, 1
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This linear and downward sloping equation con
tains the parameters of the other seven demand and
supply functions Econometricians frequently use
the term “demand function” to denote quantity as a
function of price and use the term “inverse demand
function™ to denote price as a function of quantity
The qualifier “inverse” 1s dropped 1n this article,
although both forms of the function appear How-
ever, understanding the distinction 18 important in
interpreting the various relations discussed because
an increase 1n the slope of a demand curve, for ex-
ample, 15 a decrease 1n the slope of the inverse
demand curve

An 1ncrease 1n the demand 1n a foreign country or a
decrease m the supply 1ncreases.the demand for the

ITtalicized numbers in parentheses refer to items in the
References at the end of this article

product of country 1 Devaluation of the currency of
country 1 also increases demand The individual ex-
change rates enter the demand equation as a
weighted harmonic mean, where the weights are
functions of the slopes of the various demand and
supply curves, the flatter the slope, the heavier the
weight This weighting scheme 18 different from that
usually encountered in an index of exchange rates =

A change 1n the demand for the production of coun-
try 1 with respect to a change 1n an exchange rate
15 described by the partial derivatives

bgsy — [ 1 . 1 M

b1y | B2 o2 ] ret
and

dgsy - [ 1 4 1 P1

513 | B3 03 ra?

As an exchange rate increases (r; increases), the cur-
rency of country 1 depreciates and the quantity
demanded increases, the increase 1s a function of
the price, exchange rate, and the slopes of these
supply and demand curves in the foreign country
These derivatives are incorporated into the defini-
tions of elasticity of the quantity demanded of coun-
try 1 with respect to either exchange rate For ex-
ample, the exchange rate elasticity of demand with
respect to country 2 1s

elast1c1ty=—[ 1 +1 ] P2
B a2 a1

A complete symbolic selution of the nine equation
model should be instructive and not too difficult
Yet 1t 15 sometimes easier to get a feel for the inter-
action among equations—that 1s, for how a change
1 one exogenous parameter affects all the en-
dogenous vanables simultanecusly—by means of a
simulation The partial elasticities just discussed do
not give the flavor which total elasticities do by
reflecting feedbacks from other relationships 1n the
system

The nine-equation, three-country trade model was
calibrated to produce the base scenario listed in the
first column of table 1 Prices mn all three countries
equal unity, demands equal 100 umits of the homo-
genous commodity, and supplies are such that coun.
tries 1 and 2 each export 10 units to country 3

The parameters to produce the base scenario were
chosen to incorporate the following structural pro-
perties the price elasticities of demand at the 1n-

1tial'equilibrium are 0 5 1n each of the three coun-
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tries and the price elasticities of supply are 1 0 The
parameters are

o, = 3 0000
G, = 00200 for)=1,2,3
# = 0 0000
0; = 00091
0; = 00091
O3 =00125

The chart shows the trade balance among the three
countries The chart 15 not drawn to scale The
chart and the logic underlying the model are taken
from Kost (13), also see (1) Panels A, C, and E show
the domestic supplies and demands, panels B and D
show price transmission The solid price line traces
equilibrium production, consumption, exports, and
imports when all three prices are equal and all
exchange rates are umty, as in the base scenario,
column I, table 1 The dotted price line traces trade
equilibrium under devaulation by country 1 against
the other two countries, as in column 4, table 1

Devaluation need not apply against all other cur-
rencies simultaneously A country’s currency may
devalue against one country while holding constant
with others Consider three cases a devaluation by

country 1, an exporter, first against the other ex-
porter, second, against the importer, and finally,
against both concurrently

The effects of a 10-percent devaluation by country 1
against the other exporter (country 2) are reported
1n column 2 of table 1 This situation would result if
the United States devalued against other exporters of
farm products while the values of the currencies of
importers were tied to the dollar The exchange rate
r: was set at 1 1, but r3 remained at 1 0 The
devaluation lowers prices 1n country 2, the other ex-
porting country This situaton 1s not explicit 1n the
chart, but 1t can be followed there Note where the
solid price line from panel A projects to the
45-degree line 1n panel B Drop straight down to the
dashed line 1n panel B, where p; 1s 90 percent of P1
From this intersection, project p; to panel C to see
how the devaluation lowers the price in country 2,
reduces production, and 1ncreases consumption
Their exports are reduced Reduced world produc-
tion boosts world prices, which stimulates produc-
tion 1n countries 1 and 3 and decreases consumption
there Prices in country 2 are subsequently boosted
also, so the equilibrium decrease 1n that country 1s
less than the 1mtial drop Suppliers 1n the country
against which the devaluation took place are worse
off, but consumers in that country are better off as
they are paying less to consume more Supplers in
the country that devalued are better off, and so are
suppliers 1n the importing country Exports of coun-
try 1 increase 53 percent, implying a total elasticity

Table 1—Supply and demand responses to exogenous changes 1n the exchange rates, three-country model

Economic Base =11 rg=10 rg =11
varlable' scenario 3=10 rg=11 =11
Units

Country 1
pPL 100 10334 10270 10622
qd,; 100 00 98 3299 98 6515 96 3884
qsy 11000 113 6743 112 9668 116 8455
Exports 10 00 15 3445 14 3154 199571

Country 2
Pe 1060 9395 10270 9657
qds 100 00 103 0271 98 6515 101 7167
qss 110 00 103 3403 112 9668 106 2232
Exports 10 00 3132 14 3154 4 5064

Country 3
P3 100 10334 9336 9657
qd; 100 00 98 3299 103 3195 101 7167
qsg 80 00 82 6722 74 6888 77 2532
Exports —2000 —15 6576 —28 6307 —24 4635

Ip = price, qd = quantity demanded, qs = quantity supplied, and exports = gs — qd
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of about 5 Consumers are worse off 1n countries 1
and 3 because they are paying higher prices to con-
sume less World consumption declines slightly n
this example

The effects of a 10-percent devaluaton by country 1
against the 1mporter (country 3) are reported in col-
umn 3 of table 1 This situation would result if the
currencies of competing exporters, such as Canada,
fell about 1n line with .the dollar as the dollar
depreciated relative to the.currencies of importers,
such as Japan The exchange rate ry wasset at 11,
but vg remained at 1 0 The devaluation lowers
prices 1n the importing country (country 3) Note
where the solid price line from panel A projects
down-ward from the 45-degree line.1n pane! B to the
45-degree line in panel D Continue straight down
to the dashed line which represents a 10-percent
devaluation.aganst country 3 From this intersec-
tion, project p; to panel E (this projection 1s not
shown 1n the chart) to see how the devaluation 1n-
itially lowers the price, reduces production, and 1n-
creases consumption 1n country 3, so imports are in-
creased The expansion 1n world consumption boosts
world prices The price increase stimulates produc-
tion 1n the.two exporting countries and decreases
consumption there Exports of country 1 increase 43

percent Prices 1n country 3 are subsequently
boosted also, so the equilibrium decrease 15 less
than the mmitial drop Suppliers in the 1mporting
country are worse.off because they are selling less
at lower prices, but consumers there are better off
because they are paying less to consume more Sup-
pliers in the country that devalued are better off,
and so are the suppliers 1n the other exporting
country Consumers are worse off 1n both exporting
countries because they are paying mare to consume
less Total world consumption increases shightly in
this example

The effects of a 10-percent devaluation by country 1
against both other countries are reported 1n column
4 of table 1 Uniform devaluation 18 often assumed
in theory, but the review of literature later in this
article indicates that 1t may seldom obtain 1n prac-
tice The dashed line traces out production, con-
sumption, and trade 1n equilibrium after the
umform devaluation The devaluation against both
countries 1mproves the posttion of farmers in the
devaluing country, but worsens the position of con-
sumers there Lower prices 1n the other countries
help consumers there, but hurt farmers The 1mpor-
ting country increases 1ts 1mports and shafts its
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source of 1mports toward the devaluing country
The other exporter loses some of 1ts markets The
devaluing country about doubles 1ts exports, partly
because of increased 1mports by the deficit food pro-
ducer and partly because 1t captures some of the
market of the other surplus food producer

An exogenous change 1n an exchange rate changes
one parr of relative prices Subsequent demand and
supply response induces changes in other relative
prices If one could predict the equilibrium prices
that would result from a depreciation, then one
could predict from the various supply and demand
elasticities what the changes in production, con-
sumption, and trade would be The more elastic the
supply in the devaluing country, the less will be the
changes 1n other relative prices subsequent to the
devaluation and, therefore, the easier 1t 18 to predict
equilibrium prices

In the example, the three price elasticities of
demand underlying table 1 are 0 5, and the three
price elasticities of supply are 1 0 Therefore, the
1mitial effect of a 10-percent devaluation 18 a
10-percent reduction in supply 1n the affected coun-
try and a 5-percent increase in demand Of course,
the trick to using this information 18 to know what
the system equilibrium price effects will be For the
general case, one needs a model, such as we have
here, that predicts the equilibrium prices and quan-
tities The devaluation against the other exporter
added 5 3 units to exports, and the devaluation
against the importer added 4 3 units These
separate effects almost add up to the 10 0 units
added by the uniform devaluation Had the price
elasticity of supply 1n country 1 been greater (it 18
1.0 1n the example), the price response to changing
world production and consumption would have been
less, and the separate effects would have come even
closer to adding up to the total effects On the other
hand, a more inelastic supply 1n the devaluing
country would have increased the enswing price
response and created a larger difference between
the separate and total effects

So, except 11 special cases, knowing that one can
predict final quantities 1f one knows final prices 18
not very useful The important and practical excep-
tion 18 If the devaluing country 1s a residual sup-
plier into world markets (that 1s, if that country’s
export supply function 1s perfectly elastic), then the
resulting changes of a devaluation on consumption,
production, and trade can be estimated from a
knowledge of supply and demand elasticities 1n the
affected countries

Trade Equilibrium When One Country
is a Residual Supplier

The United States has been characterized as a
residual supplier of grains 1n world trade One way
to describe a residual suppher 1s that the country
stands ready to export an indefinitely large quan-
tity 1n response to a small increase 1n the world
price, that 1s, the country has a perfectly elastic ex-
port supply function Another way to characterize
the same phenomenon 18 that all other countries
trade at the world price, and then the residual sup-
pler fills 1n the gap between total exports and total
imports at the world price We can model country 1
as a residual supplier by making an extreme
assumption that p; equals 1 0 and by dropping
country 1’s supply function from the model In this
eight-equation version of the model, country 1’s
price 18 exogenous and country 1's supply 1s deter-
mined as a residual 1n the balance equation that
sets world production equal to world consumption
The base scenario 1n column 1 of table 2 18 the
same as the base scenario 1n table 1 The
parameters remain as before (see page 4)

The effects of a 10-percent devaluation by the
residual suppher against the other exporting coun-
try, country 2, are reported in column 2 of table 2
The price received by farmers in the other export-
g country drops 1n accordance with the price
transmission equation, i1t remains at the new, lower
level as supply and demand adjust to the exogenous
change 1n relative prices Supply decreases 1n accor-
dance with the price elastiaty of supply, and
demand increases 1n accordance with the price
elasticity of demand Exports drop, in fact, 1n this
example, country 2 switched from an exporting
country to an importing country No changes take
place in the 1mporting country (country 3} because
its price does not change The residual supplier ex-
pands shipments to replace those lost by the other
exporter, this 18 export supply substitution with a
vengeance Suppliers in the devaluing country gain
through increased sales at the same price Con-
sumers 1n the country against which the devalua-
tion was taken gain through increased consumption
at a lower price, but suppliers there lose from
reduced sales at a lower price There are no welfare
changes for consumers 1n countries 1 and 3 or for
farmers 1n country 3 Total world consumption 1s
increased

The effects of a 10-percent devaluation by the
residual supplier against the importing country
(country 3) are 1n column 3 of table'2 Country 3’s
price drops, production decreases, consumption 1n-
creases, and the difference 18 met by the residual




supplier Farmers 1n the devaluing country gain, as
do consumers 1n the importing country Farmers in

the importing country sell less at lower prices Con-

gumers in the devalung country and both consumers
and farmers 1n the other exporting country have no
changes 1n welfare Total world consumption 18
ncreased

The effects of a 10-percent devaluation by the
residual supplier against both' the importing and ex-
porting countries are in column 4 of table 2 The 1n-
crease 1n exports associated with devaluing against
the other exporter plus the 1ncrease associated with
devaluing against the 1mporte[r add precisely to the
increase 1n exports for the uniform devaluation
This result would not hold precisely, but might hold
approximately 1f the price of the residual supplier
were permitted to vary a little

If the devaluing country 15 a residual suppher and
if the price trensmission equations are known,ione
can calculate from the appropriate elasticities of de-
mand and supply the consequences of a deprecrating
currency on production, consumption, and trade
separately for each affected country and then sum
the results

The theoretical discussion 1ndicates the equity and
efficiency lmphcatlons of fluctuating exchange
rates Price and exchange rate elasticities of de-
mand for exports can be hugh even though domestic
demands 1 individual countries are inelastic , The
model reveals the comphicated structure of an'eque-

tion which expresses net demands for a commodity
in terms of foreign demands, supplies, and exchange
rates The discussion now turns to-selected litera-
ture on the role of exchange rates and price trans-
mission 1n agricultural exports

The Responsiveness to Depreciation:
Price Transn;nission

The dollar began! to float relative to other curren-
c1e8 1n 1971 and 1973, after an extended period of
fixed exchange rates The fluctuation 1n exchange
rates was accompanied by changes 1n prices and
exports Schuh noted that analyses of trade had,
through the early seventies, neglected exchange
rates (18) Under the assumption that the net ex-
port demand for farm products 18 highly elastic,
Schuh concluded that the depreciation of the dollar
11971 and 1n 1973-74 contributed importantly to
the 1ncrease 1n prices received by farmers and to
the 1ncrease n exports

Theoretical models of competitive trade equilibrium
tend to suggest that exports are elastic with respect
to depreciation, as Schuh assumed In the example
(tables 1 and 2), a 10-percent devaluation increased
exports'50-150 percent Bredahl and Gallagher con-
cluded that “the percentage change in quantity
traded due to an exchange rate change may be
quite large” (I} Some empirical work supports
these large responses Chambers and Just found
that a 10-percent depreciation resulted 1n shipments
of 91 percent more corn, 34 percent more wheat,

Table 2--Supply and demand responses when the devaluing country is a residual supplier

Economie Base =11 =10 rp=11
variable! SCEnAario =10 rg=11 r3=11
Unuts
Country 1
1 100 1 0000 1 0000 1 0000
qd; 100 00 100 0000 100 0000 100 0000
gs; 11000 124 5455 121 8182 136 3636
Exports 1000 24 5455 21 8182 36 3636
Country 2
P2 100 9091 1 0000 09091
qdy 100 00 104 5455 100 0000 104 5455
qsg 110 00 100 0000 110 0000 100 6000
Exports 1000 —4 5455 10 0000 —4 5455
Country 3
ps 100 1 0000 9091 9091
qds 100 00 100 0000 104 5455 104 5456
q83 8000 80 0000 727273 727273
Exports —20 00 =20 0000 —31 8182 —31 8182

lp = price, qd = quantity demanded, qs = quantity supphed, and exports = gs — qd



and 8 percent more soybeans while reducing domes-
tic use by 21, 2, and 4 percent, respectively (5)

Other empirical work suggests that the impact of
exchange rate fluctuation 1s small Greenshields
found that changes 1n exchange rates between the
Japanese yen and the currencies of Japan’s major
suppliers of wheat, corn, sorghum, and soybeans
had Iittle effect on U S grain and soybean exports
to Japan (10) Greenshields’ assumptions differ from
Schuh’s Schuh assumed a perfectly elastic export
demand and an melastic export supply, Greenshields
assumed a perfectly elastic export supply, as assumed
in table 2 Schuh's assumption puts most of the im-
pact of depreciation on price, Greenshields’ puts
most of it on quantity Even so, Greenshields found
little difference between the actual quantities ex-
changed after the depreciation and what one might
have expected had exchange rates not changed He
attributed the trade stability to protective 1nstitu-
tional arrangements such as determinations by the
Japanese of how much will be imported each year

Vellianitis-Fidas did a cross-sectional analysis for
1971-73 and a time series analysis for 1954-69,
when the U S dollar was relatively stable, but 1m-
portant depreciations and appreciations occasionally
occurred (19) The studies,exhibited no relationships
not explained by extenuating circumstances, 'the
change in the exchange rate of the United States, a
major suppher of agricultural commodities on the
world market, did not sigmificantly affect agricul-
tural trade” (19) Johnson, Grennes, and Thursby
found that the dollar depreciation 1n 1973-74 was
less important than price-insulating policies by
other major 1mporters and exporters 1n explaining
price movements (12) Jabara found that response to
exchange rates was 1nelastic, but noted that ag-
gregated models mislead, wheat-producing countries
had a different response than nonproducing coun-
tries had (11)

Numerous studies indicate that, although the 1m-
pacts of depreciation are less than indicated by
theoretical, competitive, trade equilibrium models
such as described here, the effects can he substan-
tial The simplified models of trade apparently omit
real-world factors that tend to damp price trans.
mission The limits to using price to explain quantity
18 common in the empirical hterature of economics,
whereas theoretical models continue to emphasize
the price-quantity relation Among the omitted fac-
tors are trade restrictions (3) and price 1nsulation
(2, 15) Collins, Meyers, and Bredahl find both
substantive and procedural explanations (7) Among
themr substantive explanations, they find that the
impact of depreciation varies with the crop exam-

med, the year observed, the country involved, the
economic structure (represented by the various de-
mand and supply elasticities), relative rates of 1nfla-
tion, and government policies 1n importing and ex-
porting countries Among their procedural explana-
tions, Collins, Meyers, and Bredahl find that
estimates of impact vary with whether the price
used 1n analysis 1s real or nominal, with what op-
portunity costs are expheitly recognized, and even
with the definition of “exchange rate effect ’
Meyers examined alternate ways to specify ex-
change rate models and showed that different
specifications result 1n different estimates (15)

Longmire and Morey used trade-weighted, inflation-
adjusted prices and exchange rates by commodity to
assess the effects of a change 1n the price of a dollar
on agricultural exports (I14) They estimated that a
20-percent depreciation (appreciation) would raise
(lower) exports of wheat, corn, and soybeans by
about 16 percent

The commodity export demand equations used in
the Economic Research Service’s forecasting model
called FAPSIM adjust prices using the Special
Drawing Rights (SDR) exchange rate The price
elasticities of export demand for wheat and corn are
0 5:and 0 4, respectively That 18, a 20-percent
depreciation would 1ncrease corn exports by
10-percent and wheat exports by 8 percent

Linear Price Transmission

Price transmission among countries was modeled
as

hh=5p

When r, 18 1 0, prices are the same 1n both coun-
tries When country 1 devalues 10 percent, nisll
and p; 18 10 percent above p; The review of
literature suggests a need to modify this equation
Tariffs, subsidies, variable 1mport levies, quotas,
hicenses, transportation regulations, high marketing
margins, commodity-specific exchange rates, pegged
exchange rates, and other policies affecting the
price transmission equation complicate the simple
model used here For example, if protection 1s
implemented between countries 1 and 2, but not be-
tween countries 1 and 3, price transmission be-
tween countries 2 and 3 changes A devaluation by
country 1 and a revaluation by country 2 are not
symmetrical because of the differential effects on
country 3 (see 2)

Coyle, Chambers, and Schmitz reviewed recent
theoretical and empirical research on the economic




gains from International trade, particularly agricul-
tural trade (8) They found that the traditional
arguments concerning the equity and efficiency of
free trade are easily violated under a variety of cir-
cumstances Some of their findings can be reflected
by transformations of the price transmission equa-
tions Consider linear transformations first, and
then nonlinear ones

Suppose that country 1 subsidizes exports A sub-
sidy would drive the price down in country J, just as
a devaluation would A tanff by country 1 on its
own exports would raise the price to others, just as
an appreciation would Tariffs and subsidies are
Like multiple exchange rates, except that they are
usually by commodity and exchange rates are
usually by country The review of hiterature 1n-
dicates that commodity detail may be as important
as regional deta1l, but the model used here assumes
only a single commodity Let s be 1 plus the subsidy
rate minus the tariff rate When there 1s no tanff or
subsidy, s = 1 and there 13 no action A subsidy of
10 percent increases s to 1 1, and a taniff of 10 per-
cent decreases it to 0 9 The modified price trans-
mission equation 1s

P1=T,5P

If a subsidy or tanff were 1mposed by volume of
trade, say per bushel or per ton, instead of as a
percentage of price, then the modification of the
price transmission equation 1s additive instead of
multiplicative Let S be positive for a per-unit sub-
sidy and negative for a per-umt tanff or transporta-
tion charge Then the price tranamission equation
which accounts for both additive and multiphicative
policy changes 1s

p=5+r5p

Policies implemented by country 1 that stretch or
shrink the price, such as ad valorem taxes, or that
affect costs per ton or bushel, such as transportation
differentials, can be modeled as linear transforma-
tions on the price transmission equation The
general form of the price transmission equation 1s

pr=m+ ¢ (rypy)

where 7 and ¢ are to be determined by empirical
analysis If one can assume that the policy strue-
ture 1s constant during & sample period, one can
then use regression analysis to estimate the two
parameters (However, one must decide which way
causality runs when doing these regressions ) The
discussion related to tables 1 and 2 assumed 7 = o
and ¢ = 1 and found a highly elastic response to

depreciation If ¢ 15 less than umty, or x 1s less
than zero, the price transmission under depreciation
will be damp, and the export response will be

more 1nelastic Protective tanffs and high transpor-
tation costs damp elasticities

Meyers, Gerber, and Bredahl estimated linear
transformations of price transmisston to account for
price insulation by the importing country (16) They
found the elasticity between the Japanese and U S
price to be 0 99 for soybeans, 0 85 for corn, and 0 77
for soybean meal For wheat and rice, where price
mnsulation inhibited transmission, they concluded
that the elasticity was zero

Meyers discusses appropriate ways to specify the ex-
change rate 1n estimating a transmission equation,
he recommends converting all values—including de-
mand shifters such as income per capita—to real,
base year, base country values (I5)

The choice of which exchange rate to use 1n em-
pirical work 1s important Dutton and Grennes ex-
amned alternative measures of effective exchange
rates appropriate for agricultural trade analysis (9)
They found that the proper measurement of the ex-
change rate variable may be as important as ac-
curate measurement of parameters in a model For
example, the Special Drawing Right (SDR) can be
muisleading because the dollar 15 an important part
of the SDR basket of currencies and because the
SDR uses a different weighting scheme than some
of the other indicators Dutton and Grennes found it
surprising how much different indexes, ““all purport-
1ng to measure the same thing, differ among them-
selves” (9, p 25}

Nonlinear Price Transmission

Some policies affect price transformations 1n a
nonlinear way Examples are price support pro-
grams, income tax laws, imperfect competition, and
nontariff barners Collins estimated equations for
the transmission of corn, wheat, and soybean prices
at US gulf ports to 47 countries (6} The equation
was of the form

— b _«c
p_]—arjpl

Where a, b, and ¢ are parameters estimated by
regression analysis, and p; 1s the US gulf port
price These parameters were each assumed equal
to unity 1n tables 1 and 2 Non-unity values imply
imperfections in price transmission Note that
Collins’ equatton puts the j* country’s price on the
left sxde For the purposes of pure theory and when
the three regression parameters are set equal to




unity, this swatch makes no difference, other than
that Colling’ exchange rate (r) 1s the.reciprocal of
the one used here The switch 1s important in reflect-
1ng assumptions about the direction of causality in
the regression analysis Moreover, non-unity values
for the elasticities of transmission, b and ¢, can
cause differences n interpretation when the equa-
tion 18 switched If ¢ 18 estimated as close to zero
and then the Collins equation 1s solved for py, the
elasticity associated with pj, 1 - c, will approach 1n-
finity If the Cobb-Douglas functional form 1s used
to estimate price transmission, 1t 18 1mportant which
direction of causality 18 assumed when the elastic-
ities differ significantly from umty This 1s not a
problem with hinear price transmission equations

Collins’ findinge are summarized 1n table 3 The
modal exchange rate elasticity 1s unity for each of
the crops examined However, 36 percent of the
wheat exchange rate elasticities are between 0 and
1, and 36 percent of the corn exchange rate elas-
ticities are close to zero The modal price elasticity
18 significantly less than unity and grea]t.er than
zero for each crop There is a greater degree of 1m-
perfection 1n the price transmisston than 1n the ex-
change rate transmission

Collins’ findings support the suggestion of other
empirical research that the responses to changes 1n
exchange rates.need not be nearly as elastic as 1m-
plied 1n the theoretical model examined in this arti-
cle Price and exchange rate transmission varies by
crop and by country The rates depend on factors
such as tanffs, subsidies, transportation costs, em-
bargoes, quotas, marketing margins, relative rates
of inflation, and other 1nstitutional arrangements
and market imperfections

" Implications

This review raises empirical questions that the
model presented here cannot answer Evenso, the

Table 3—Price and exchange rate transmission

elasticities
Wheat Corn Soybeans
Elasticity Price Rate Price Rate Price Rate

Number of countries
Not mgnificantly
different from 1 5 17 10 17 3 8

Between 0 and 1 22 11 18 4 6 2

Not significantly
different from 0 3 2 5 12 1

=
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empirical difficulties of incorporating appropriate
pPrice transmssion relationships into existing and
complex models of U S agriculture are not insur-
mountable One could, for example, add a net trade
module to an existing domestic model, where the
trade module reflects supplies, demands, and price
transmission 1 sufficient commodity and regional
detail Or one could concentrate on specification of
the export equations 1n an existing model Recall
that the nine-equation model was solved for the de-
mand for the production of ¢country 1 as a funetion
of price and of the various parameters of the model
Careful examination of the subscripts of that equa-
tion reveals that demand for the total production
of country 1 18 the sum of domestic demand and the
two net foreign demands

To focus on the demand for exports, consider 1n-
stead a three-equation version of the model which
includes the supply and demand curves for country
1 and net demand for the exports of country 1 The
literature review suggested that proportional tanffs
and subsidies (8) and per-unit tanffs and subsidies
(8) will modify the price transmission equations and
will thereby affect the demand for exports When s
and S are included, the demand relation associated
with net exports of country 1 1s

gs; —qd; = [(%2_ + _#2 )4+ (X 4+ _#3)
[32 g2 [: 05

+[( Py 3y Sy 4l 42 )(Ssm]

Ba 053 sy B3 g3 83r)
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The weights 1n the harmonic mean of the exchange
rates 1n the constant term differ from the.weights
in the slope The consequences of proportional and
per-unit tariffs and subsidies will be examined
subsequently When they are absent, S = 0 and

s = 1, and the demand relation associated with net
exports of country 1 sumplifies to

qsl—qd1=[(az + B2y 4 (@ 4+ ﬂ3)]

Ba g Ba 03
-l + Iy Ay v 2y 2lp,
By 02 1 B3 O3 13

Substituting the numerical parameters used mn the
example hides some of the useful structural infor-
mation, but 1t highlights the way the exchange
rates enter the relation as a weighted harmonic
mean of the individual exchange rates

gs;— qd; = 300 — | 160 4+ 130 |p,
Iz I3




Reconsideration of proportional and per-unit tanffs
and subsidies expands the above equation to

qs1— qd; = 300 + [160 S, + 130 Sa] _[160 + 130] P

83Ty B3T3 8pry B3l

When per-unit.tanffs and subsidies (S) are absent,
proportional tariffs and subidies (s) enter the equa-
tion exactly as exchange rates do That 1s, a 10-
percent tariff has exactly the same consequence as
a 10-percent appreciation, and a 10-percent subsidy
has exactly the same effect as a 10-percent devaluation

The presence of: per-unit tanffs and subsidies affects
the constant termm When the per-umt measure 1s
present, the proportional measure affects the con-
stant as well as the slope The general consequences
of S on trade are stmlar to those of s or r a per
unit subsidy, a.proportional subsidy, or a devalua
tion 1ncreases the demand for exports and 1nereases
the elasticity of demand The demand shift raises
prices to farmers 1n the exporting country and
decreases prices to consumers 1 the importing
country That 1s, farmers 1n the exporting country
and consumers 1n the importing country gain from
the policy, whereas farmers 1n the 1mporting coun-
try and consumers 1n the exporting country lose

Tarffs make the demand for net exports more -
elastic, and subsidies make 1t more elastic In the
simulation, the policy levels required to make a
noticeable change were not great A 10-percent
tariff against both countries cut the price elasticity
of demand for net exports about in half It may be
that the presence of tarffs, subsidies, transporta-
tion costs, and other barriers to trade, which can be
interpreted as changes 1n the coefficients of the
equations used here, can explain much of the
discrepancy over empirically and theoretically
determined export elasticities Tariffs and subsidies
may be selective by commodity, whereas exchange
rates are usually selective by country That 18, one
can specify a combination of proportional tariffs and
subsidies and exchange rates that achieve any
desmired distribution of commodities by region

As a further sumplification, consider a single ex-
change rate reflecting prices in country 1 against a
weighted average of prices in other countries, such
as the Special Drawing Right (SDR) To 1illustrate,
let the two exchange rates be equal (r = rj = r3)
Leave out tariffs and subsidies The export demand
relaltlon reduces to

gs; — qd; = 300 - [ﬁro] P

s
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Or, to generalize

Export demand = ¢ + 6 (p; - 1)

Where & and 6 are functions of the parameters used
in the example This 18 the form most hkely to be
found 1n existing domestic agricultural models that
recogmze international trade The major limitation
to using this form of the export demand equation 1s
that the structure underlying ¢ and 6 1s.change-
able, the data required to 1dentify the structure are
not readily available

The price transmission equations and the net export
demand equation discussed here provide clues for
correcting specification errors If the demand for ex-
ports were to be estimated for a period during
which exchange rates were constant, as they were
prior to 1971, then the rates need not be explicit
and may be subsumed 1n the 8 coefficient But with
the volatihity observed 1n exchange rates for more
than a decade, these rates require explicit attention
in models designed to explain and forecast agricul-
tural exports The review of empirical work suggests
that ® and 6 should be considered as functions of
other things as well, such as transportation differ-
entials, tanffs and subsidies, price 1nsulation,
relative rates of inflation, and the volatility intro-
duced by the interventions and policy reversals of
various governments The review of theory suggests
the use of a harmonic mean of exchange rates .
weighted by the slopes of the relevant demand and
supply curves Price and the exchange rate enter
the export demand equation multiphcatively with a
shared coefficient () and not additively with
separate coefficients When 1t 18 assumed to be add1-
tive, empirical estimates of the elasticity of exports
with respect to exchange rates may be relatively
high (5)

Both theoretical and empirical considerations sug-
gest that the depreciation of the U S dollar, which
accompanied the decrease 1n prices received by
farmers during the past 2 years, and the prospects
for further depreciation over the life of the Food
Security Act of 1985, could lift export levels of US
farm products substantially above those forecast by
models that rely on price effects alone This discus-
sion has pointed to factora to consider when 1ncor-
porating price transmission relationships into
agricultural models Furthermore, it has shown
that export demand depends on more than relative
prices and exchange rates
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