Estimating Exchange Rate Eilects
on Exports: A Cautionary Note

Michael T. Belongia

INCE the abandonment of fixed exchange rates in
the early 1970s, the value of the U.S. dollar has gained
increasing prominence in domestic and international
economic policy discussions. The dollar's value gen-
erallv fell against other currencies between 1973 and
197%; its declining value reduced U5, consumers’ pur-
chasing power as prices of imported goods rose rela-
tive to domestically produced items. At the same time,
13, industries that relied heavily on foreign sales,
such as agriculture and manufacturing, benefitted as
prices of U.S. goods fell relative 1o prices offered by
competing exporiers.

This situation was reversed from 1979 to earlv 1985,
when the dollar made its persistent rise. Analvsts now
cite the dollar’s historically high and rising value dur-
ing this period as a fundamental, if not the primary,
cause of declining producer incomes and loss of jobs
in the U.5. agricultural and manufacturing industries
in recent vears.

While analysts generally agree on the qualitative
aspects of the exchange rate's effect on U5, exports,
the actual magnitude and persistence of these effects
are subject to considerable controversy. This article
demonstrates that one source of this disagreement
reflects differences arising from the use of varicus
exchange rate indexes. Using US, agricultural exports
as an example, this article shows that an analysis
based on different exchange rate measures can render
substantially different conclusions about the US.
competitive position in world markets, the estimated
effects of changes in the dollar’s value on exports and
the relationship between the exchange rate and other
economic variables.

In examining the etfect of exchange rate movements
on exports, it is tempting to consider the exports of
specific commodities 1o specific countries on a case-

by-case basis. For example, if the U.S. exported cormn
only to France, Germany and Japan, it might seem
reasonable 1o assume that only changes in bilateral
exchange rates — that is, changes in the dollar's value
against the franc, deutsche mark (dm) and ven individ-
ually — affect exports to these countries. Yet, this
appreach would be misleading.

Aside from practical difficulties inherent in han-
dling large numbers of bilateral rates simultaneouslky,
changes in relative prices, including the relative prices
of currencies, induce manv forms of substitution
ameng producers, consumers and nations. For exam-
ple, a change in the value of the dollar that raised the
price of U.8. relative to foreign corn would cause tm-
porters of U.S. corn Lo import corn from another coun-
trv or to substitute other grains in place of corn in
production and consumption. This relative price
change also would give foreign corn producers an
incentive to increase corn production. US. producers
receiving a higher dollar-denominated price for their
corn would face a similar incentive — at least in the
short run — to shift resources from other crops into
corn production. Simplv looking at a variety of bilat-
eral exchange rate movements will not capture fully
these manv and diverse substitution possibilities; Lo
accomplish this, one needs a single measure of
changes in the dolar's value relative to multiple
currencies.’

In the same wav that the consumer price index
represents a weighted sum of a specific sample of
many individual retail prices, an exchange rate index
is a weighted sum of the dollar's price in lerms of a
specific sample of foreign currencies. The weights
used tvpicaliv are the percent of total U.S. trade con-
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"This judgment, of course, abstracls from the many well-known
problems with index numbers, including the use of fixed weights.
and choice of base period, sample of countries and mathematical
formula.



ducted with the individual countries selected. Cur-
rencies chosen for the sample usually are those of the
countries that make up the five or ten largest shares of
total US. foreign trade. For example, excluding im-
ports from consideration, if the United States exported
only corn and France bought half, while Germany and
Japan each bought 25 percent, an index of the dollar’s
value could be constructed by multiplying the franc/
dollar, dnyvdollar and ven/dollar bilateral exchange
rates by 1/2, 1/4 and 1/4, respectively, and adding up
the resulting figures. The sum would be an export
trade-weighted index of the dollar's value against the
currencies of these three countries.

A varielv of alternative trade-weighted exchange
rate indexes have been constructed and used. Among
the best-known are those produced hy the Federal
Reserve Board (FRB), Morgan Guaranty (MG), the US.
Department of Agriculture (USDAJ, the International
Monetary Fund {(MERM; and one constructed from
international Monetary Fund data on $pecial Drawing
Rights (SDR). Table 1 indicates the weights that each of
these indexes assigns to different foreign currencies.
The most narrow index is the SDR index, which as-

¥y

signs weights based on the four other currencies the-
sides the U.S. dellar) that make up SDRs”*

The FRB, MERM and MG indexes base their weights
primarily on trade with the G-10 countries and Switz-
erland * These indexes reflect trade among developed,
industrialized economies but do not include less-
developed countries’ (LDC) currency values® The
MEBRM and MG indexes, however, are somewhat more
broadly based than the FAB index in that they include
Australia, Spain and several other countries. The USDA
index has the broadest coverage, with more than 35
percent of its weight given to non-G-10 countries. This
index, based only on trade in agricultural products, is
designed specificaily to assess changes in the compet-
itiveness of US. agricultural products as the dollar
rises or falls. Especially notable in the USDA index are

?50Rs are the International Monetary Fund's official unit of account
and serve as an international reserve asset often used in place of
gold for making international payments. Since SDRs are denomi-
nated in terms of only the U.S. and four other nations’ currencies,
however, a doltar exchange rate based on SDR weights refiects
changes in the doilar against a very smatl range of currencies.

3The Group of Ten, or G-10, countries include Belgium, Canada,
France, West Germany, ltaly, Japan, the Netherlands, Sweden, the
United Kingdom and the United States.

A less-developed country typically is defined as one in which per
capita income is fess than one-fifth of U.S. per capita income.
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the relatively large weights given to the Netherlands
and such LDCs as Mexico and South Korea.

Constructing a multilateral exchange rate index is a
difficult marriage of theory and practice " For example,
choosing & base vear for an index is difficult because,
in theorv, this base should be one in which absolute
purchasing power parity holds and the countries
used 1o construct the exchange rate index consume
identical commodity bundles® It generally is not pos-
sihle, however, to find a vear in which absolute pur-
chasing power parity held or actual consumption
bundles across countries were identical,

Other practical problems associated with con-
structing an exchange rate index include the choice of

5See Dutton and Grennes {1985) for a detailed discussion of theoreti-

cal and statistical issues concerning the construction of exchange
rate indexes. A simitar discussion focusing on agricultural trade-
weighted indexes is in Goolsby and Roberson (1985).

fAbscluie purchasing power maintains that the exchange rate will be
at a value that equales the price levels between nations.
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weighting schemes and the mathematical differences
among alternative index formulas’ One particulariv
important distinction arises between indexes that are
constructed using arithmetic means (Laspovres and
Paasche indexest vs. geometric means. Indexes con-
structed using arithmetic means give larger weights to
those currencies that change more than other curren-
cies in the index. In contrast, indexes created by
geomelric means respond to proportional exchange
rate movermnenis. For example, an exchange rate index
based on an arithmelic mean of 10 countries’ ex-
change rates will change by more than an index based
o1 the geomeltric mean of the same countries’ curren-
cies, if some countries’ currency values change by
muech larger amounts than the others, Thus, even if
two indexes are constructed from the same currencies
and the same trade weights, the method used to
caleulate the index can produce different measures of
changes i the dollar's value (see shaded box above for
one examplel,

"See Duiton and Grennes, pp. 20-27.
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The difficulty of choosing an exchange rate measure
for economic analvsis is perhaps best iHustrated by
the relationships in chart 1 and table 2. Using mea-
sures of the real exchange rate, which are the nominal
exchange rate indexes adjusied for diffierences in
price levels between the United States and foreign
countries, the chart shows that, between 1973 and
1980, the real value of the dollar fell as little as 3
percent based on the MG measure, or by as much as 14
percent based on the FRB measure. Similarly, the
chart indicates that the real value of the dollar rose by
as much as 57 percent (FRBI or as little as 32 percent
(MG between 1980 and 1984,

The divergent behavior of these indexes also is evi-
dent in table 2. The top portion of the table indicates
that the USDA index has the lowesl average quarterly

change, smallest standard deviation and smallest val-
ues for minimum and maximum changes. The SDR
index, at the other end of the spectrum, has the largest
values for three of these statistics; only the FRB index
has a larger value for the mean quarterlv change. The
bottom portion of the table, which reports simple
correlation coefficients, however, shows thal changes
in each index are correlated significantly. Overall, the
data in chart 1 and table 2 indicate that, although
movements in the indexes are positively correlated,
there are substantial quantitative differences in their
movements over time.

The problem of assessing the impact of exchange
rate movements on exports might be somewhat ame-
liorated if there were a clear guide to choosing the best
index. But, theoretical and statistical criteria that es-



tablish minimum standards of performance for an
index do not offer clear guidelines for discriminating
among alternative indexes that meet these basic
standards *Without guidelines, two questions emerge:
Does the choice of an index make a substantial differ-
ence in empirical work? H so, what other grounds
might be used to choose the appropriate index? These
questions are investigated below,

The real issue in eslimating empirical relation-
ships between exchange rates and exports depends
not so much on the levels of the alternative exchange
rate series, but on their specific changes over time.
That is, if the various index levels differ by constant
absolute amounts (or constant proportions in loga-
rithms), the magnitudes of the exchange rate coef-

"See Dutton and Grennes, pp. 8~11, for a discussion of these criteria.

ficient in an export equation will vary but the model’s
explanatory power will be the same across all mea-
sures. In contrast, if the exchange rate indexes are of
simitar magnitude but follow different paths around
the same mean, both a model's exchange rate coef-
ficient and its explanatory power will vary. The latter
prospect is particularly relevant if an export equation
derived from theory produces substantially different
estimates of an exchange rate elasticity since there are
no clear grounds, a priori, for preferring one single
exchange rate index to another.

We can illustrate this problem by considering the
case of farm exports. A general expression of the ex-
port demand for US. farm products can be written as:

m
M InX, =a+ 2% B InFGNP,
i=0

p

+  Zy In (USAGP/USCPY,,
j=1
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+ % 6, In RER,, + g,
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where:
X = real exports of all US. farm commodities;
FGNP = foreign real GNP;

USAGP = index of US. farm prices;

USCPI = index of US. consumer prices;

RER = real, trade-weighted exchange rate, ex-
pressed in foreign currency units per dol-
lar; and

£ = g random error term?

The model was estimated over several sample periods
using quarterly data."

The only difference among models was the choice
of an index for the real exchange rate from the five
series described in table 1. Each index was rebased to
have a common value of 100 in 1/1973. Tables 3 and 4
report these results. Results shown in table 3 apply to
the first sample period, which ends in the fourth
guarter of 1981 when real US. farm exports peaked;
the second period results, reported in table 4, cover
the entire period of flexible exchange rates up to the

*This export equation is derived and discussed in Batten and Belon-
gia {1984). This articie also contains more detailed discussion on
the distinction between real and nominal exchange rales.

©Lag lengths for right-hand-side variables were chosen by an FPE
criterion following procedures outlined in Batten and Thornton
{1984).

first quarter of 1985. The critical results are those
showing the estimated elasticities of farm exports with
respect to the real exchange rate, which are shown in
the fifth column of these tables. These values indicate
the percentage change in real farm exports that will
result from a 1 percent change in the real value of the
dollar, as measured by the various indexes.

Although the general statistical characteristics and
economic implications of the alternative models are
broadly similar, there is considerable variation among
the estimated elasticities, both across sample periods
and across exchange rate measures. In table 3, the
estimated exchange rate elasticity varies from zero (no
effectt for the MG index and —023 for the USDA
measure to — 1.60 for the MERM index. Table 4 shows
the estimated exchange rate elasticity varies from
—0.80(5DR! ro —1.42 (MG}. l also is interesting 1o note
that extending the sample period raises the exchange
rate elasticities for the MG and USDA indexes from
zero and —0.23, respectively, to —142 and —123 in
contrast 10 other indexes, which do not exhibit the
same sensitivity to choice of an estimation interval.
Thus, using the same model, it is possible to show that
the demand for U.5. farm exports is either elastic or
inelastic merely by changing the measure of the dol-
lar's value used in the analvsis. Clearly, the estimated
response of farm exports to changes in the dollar's real
value is sensitive both to the choice of sample period
and the specific exchange rate measure used.
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The previous discussion demaonstrated that alterna-
tive exchange rate measures diverge widely over time
and have different estimated effects on farm exports.
Unfortunately, neither economic theory nor index
theory provides a clear criterion for preferring one
exchange rate measure to another. There are, how-
ever, two approaches that can be used to indicate
which index is potentially more useful: its out-of-
sample forecasting performance and its relationship
to variables that are thought to affect its value.

The descriptive statistics for the in-sample estima-
tions of equation 1 do not provide clear grounds for
preferring a particular exchange rate index. This in-
conclusiveness, as we noted, leaves open the question
of the true magnitude of the exchange rate elasticity.
The choice of an index, however, can be based on how
well it predicts the future path of exports; thus, its out-
of-sarmple performance in predicting changes in farm
exports is crucial. This criterion is examined in table 5
and chart 2.

The statistics in table 5 are derived from the esti-

mated export equation coefficients reported in table 3.
The estimated coefficients and the actual values for
the equation’s right-hand-side variables were used to
simulate paths for farm exports over the period /11982
to 1/1985. The only difference among these alternative
paths is the exchange rate measure used. Compari-
sons of actual farm exports over this interval with each
of the simulated paths produce the error summary
statistics reported in table 5.



Chart 2
Errors in Projected Farm Exports
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On the basis of these measures, the FRB, MERM and
SDR series perform substantially better than the other
two. Ironieallv, the USDA index, which is designed
specifically for empirical work on farm exports, per-
forms much worse than the other measures. More-
over, it is clear from chart 2, which plots the out-of-
sample (actual minus predicted) errors made in
predicting farm exports, that the USDA index consis-
tently overpredicts farm export volume by a substan-
tial amount. The line denoted MG, which also indi-
cales persistent overpredictions of exports, applies to
the model that showed no significant exchange rate
effect based on the MG index. These data point out

why care must be laken in choosing a particular ex-
change rate measure for use in empirical work and
farm policy analyses that consider the expected future
path of farm exports. Specificallv, the data in table 5
and chart 2 indicate that, based on equation 1 and
estimates of the MG or USDA index's future value,
future farm exports would have been consistently
overpredicted by large amounts, even if the exchange
rate movemen! had heen predicted perfectly

vt should be noted that, as in the previous analysis, these error
statistics could vary over sample periods and specifications of
expert demand equations.



A second possible criterion for preferring one index
to another is the index's relationship with variables
thought to affect the dollar’s value, This criterion is
impartant because projections of future exports nec-
essarily involve some prediction of the dollar's future
value. Faced with a choice between an exchange rate
index that apparently shares no significant relation-
ship with variables that, theoretically, should in-
fluence it and one that is refated systematically to, say,
changes in interest rates, one would prefer the latter
index, all other things equat.

There currently is widespread debate among econ-
omists over what factors affect the exchange rate. A
fairly general theoretical maodel of international cur-
rency values, however, suggests four variables as the
main influences, These include: differences in in-
flation rates between countries, differences in real
rates of inlerest between countries, differences in real
economic conditions that affect trade flows and differ-
ences in political or other risks associated with invest-
ments in different countries. ™

We return to this issue by investigating how each of
the alternative exchange rate indexes responds to
changes in variables that are proxies for the theoretical
factors listed above.” The dependent variable in our
investigation is the change in the various measures of
the real exchange rate. To the extent possible, weights
and countries used to compute each equation's right-
hand-side variables are the same as those used to
calculate the real exchange rate measure.™

The first model used can be written as:

i2; Aln RER = a + B, ABID, + 8, ARID,, + B, AZCAB,
+ B, AZCARB,, + &,

¥These influences are derived from the general framework devei-
oped by isard (1983). On the other hand, some economists who
have investigaied these refationships empirically have found
changes in the exchange rate to behave as a random walk. See, for
example, Meese and Rogoff (1983) and Hakkio (1885).

“Derivations of these specifications are based on analyses in Hooper
and Morton (1982), Shafer and Loopesko (1983}, and Isard. Esti-
mates for a broader range of specifications for the FRB index only
are reported in Baiten and Belongia (1986).

“Construction: of the ex ante real interest differential, ARID, de-
pended cn the availability of inflation forecasts for countries in the
index. In those cases in which a country was not included in the
QECD forecast survey, it was dropped from the analysis and ali
weaighis used to construct the index were expanded by a common
proporiion so the adjusted weights still summed to one.

where
AlnRER = the change in the log level of the real
exchange rate;

ARID = the change in the ex anfe real interest rate
differential between the U.S. and foreign
countries;

AZCAB = the change in the U.5. cumulative current
accoumnt balance; and

E, = a random error term.

More detailed variable definitions and methods of
construction appear in the appendix to this article.
The subscript "t indicates quarterly time periods.
Each equation was estimated over the {1171974-111/1984
time period; the estimation period is shorter because
of the availability of OECD inflation forecasts needed
to construct the RID vartable,

The results reported in table 6 again reveal some
differences among the alternative exchange rate mea-
sures. In general, the signs and magnitudes of individ-
ual coefficients are similar across equations. For ex-
ample, the contemporaneous and lagged terms for the
current account balance are significant in each equa-
tion. In contrast, the lagged real interest differential is
significant only in the equations that use the I'RB,
MERM and USDA indexes. Overall, the MERM index
demonstrates a slightly better fit than the other
measures.

Another specification of changes in the real ex-
change rate maintains the arguments of the previous
model and adds the effects of changes in the growth
rates of the money stock both in the U.S. {AAInM) and
abroad tAAINM*1. This expression can be writien as:

3 3
13 AImMRER, = a +  Z B AAIMM,, + 2 v Adln M
i=0 i=0
3 3
+ X B4XCAB,, + X T,ARID,,
k=0 p=0

Although the summary statistics shown in table 7
indicate some difference in goodness-of-fit across
equations, the divergence of the results’ gqualitative
interpretations is more interesting. For example,
changes in the growth rate of the U.5. money stock
have significant effects on the SDR index, but not on
the other four. 3innilarly, changes in the real interest
differential exhibit significant effects on the FRB, SDR
and MERM indexes, but not on the others. Finally, only
the cumulative current account balance and intercept
have a significant effect on the MG and USDA indexes.
If we are looking for an exchange rate index that is
related significantly to variables that economic theory



Tabie 6

- jApphcat:ons of a-common Exchanga--Rate Equatron to Aitematwe

Exchange Rate Endexes
_Exchange T T e
Crate i Eﬂte!c&pi " UASCAB, ﬂschBH TR L pw
ERB. 0008 o0 “ooer o008 o2 157
T aem AaB9) L @az)

'-oed?-'

suggests should determine currency values, the MG
and USDA series are the weakest candidates.” Choices
among the other three, however, remain problem-
atical.

Changes in the exchange value of the dollar over the

past six years have been attributed to a wide variety of

economic developments. This article has shown, how-
ever, that determining how much the dollar has
changed and what effect it has had on other variables
can depend on the specific exchange rate index cho-
sen for the analysis. Both the set of countries included
in the index and the weighting scheme used to aggre-
gate movements in foreign currency values will affect
the interpretation.

Using farm exports as one example, the analysis
showed that different exchange rate indexes produce
large differences in the estimated effects of exchange
rates on exporis. Moreover, further analysis showed
that different indexes exhibit substantial differences
in their ability to predict future changes in the volume
of exports. Finally, if one is interested in the effects of
changes in money growth, interest rates, the current
account balance or other variables on the exchange

sEgtimates of other equations showed a similar diversity of results in
which no right-hand-side variable was significant in all equations
and different combinations of varables were significant across
exchange rate measures.

rate, one must realize that the significance and magni-
tude of such effects vary widely across exchange rate
measures. Because neither economic nor statistical
theory gives a clear indication of which exchange rate
index is the “best” measure, these broad differences in
results suggest that considerable caution be used in
relying on a single exchange rate measure to indicate
the effects of changes in the dollar’s value on exports.
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APPENDIX

Definitions of Variables Used in Equations 1-3'

OECD forecasts of the CPI for individual countries
for July are applied to quarters 1 and 2; forecasts for
December are used for quarters 3 and 4, These trade-
weighted ex ante inflation differentials are then sub-
tracted from a trade-weighted nominal interest differ-
ential using Morgan Guaranty Trust three- to
four-month comparable money market rates.

{8, current account balance accumulated since
1974; bitlions of dollars.

Money stock for various countries indexed to /1973
and weighted by same trade weights used in construc-
tion of the respective exchange rate indexes.

"Trade-weights for each variable are those applied to the respective
exchange rate indexes, Al exchange rates are real and indexed to
111973 = 100.

M1 indexed to 1/1973.

Foreign real GNP or GDP measures indexed to 1/1973
and trade-weighted.

1J.8. real GNP indexed to 11973,

Unit value of agricultural exports index; /1973 =
100.

U.S. consumer price index; V1973 = 100.



