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Downward movements in the dollar affect the four basic elements of the trade balance—import prices, export prices, 
import volume, and export volume—but import prices and volumes respond more slowly than portrayed in standard 
J-curve theory. The authors analyze this departure from expectations and suggest that the United States presents 
a unique case of delayed trade balance response to currency depreciation. 

In February 1985, after more than four years of 
gains, the dollar exchange rate reached a peak 
against major indexes of foreign currencies. The 
dollar's subsequent steady fall since early 1985 
bred optimism that the U.S. balance of trade 
deficit, which to the concern of many had risen 
to record levels, would begin to shrink. Most 
analysts of the international economy antici-
pated that the turn would not come immedi-
ately, however. Past experience had shown that 
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exchange rate depreciation was linked to an 
improved balance of trade only after a lag. 
Indeed, evidence from past episodes indicates 
that currency depreciation is typically followed 
immediately by deterioration in the trade 
balance; only after a time does the trade bal-
ance improve. 

Though a lag between the dollar's peak and 
improvement in the trade deficit is generally 
expected, the extent of this lag in the period 
since 1985 has surprised most analysts. The 
dollar's highest level in early 1985 preceded the 
largest subsequent monthly (and quarterly) 
balance of trade deficit by more than two-and-a-
half years, and the deficit has yet to retreat to its 
smaller levels of early 1985. As Chart 1 shows, 
the quarterly nominal trade balance as mea-
sured by net merchandise exports in the GNP 
accounts reached its most recent nadir (that is, 
the trade deficit peaked) in the fourth quarter of 
1987. The monthly nominal merchandise trade 
deficit reached its highest level most recently in 
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October 1987 and has since been improving 
sporadically. 

This surprisingly belated downturn in the 
nominal U.S. trade deficit after the dollar's 
massive, persistent decline from its February 
1985 peak has sparked renewed interest in the 
individual response to exchange rate move-
ments of the components of the balance of 
trade: import and export prices and volumes. 
In an attempt to explain the long lag, analysts 
have been reviewing two related strands of 
economic thought The primary line of thinking-
termed here the ¡-curve strand—focuses on the 
overall response of nominal trade balances to 
the dollar.1 The other line of thinking concen-
trates on the "pass-through" of exchange rate 
movements into import prices. This pass-through 
refers to the channels through which currency 
valuation changes progress to be reflected in 
import prices. 

The delayed nominal trade balance response 
can be understood more fully by uniting these 

two strands of economic thought and specifying 
the dynamic links running from the dollar to the 
prices and volumes of U.S. imports and exports. 
In pursuit of such an understanding, this article 
presents a simple framework that relates the 
overall effect of the dollar on the U.S. trade 
balance to four specific exchange rate relation-
ships and their respective time paths. This focus 
allows tests of how well, in the flexible ex-
change rate era since March 1973, U.S. expe-
rience supports a J-curve explanation. This 
approach also allows a pinpointing of the spe-
cific links where the J-curve pattern breaks 
down, if it does. 

An analysis of the post-1973 experience shows 
a slow and weak pass-through of dollar move-
ments into U.S. import prices. This pass-through 
weakness helps to explain the belated turn-
around in the trade balance of the United States 
since 1985. Reasons for this weakness are dis-
cussed later in this article.2 First, though, the trade 
balance and the J-curve should be studied. 
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A Framework for Analyzing 
How the Trade Balance Evolves 

The J-curve is a stylized way of sketching the 
evolution of the nominal trade balance after a 
depreciation or devaluation of a currency. As its 
name implies, the J-curve represents a balance 
that initially falls sharply, remains temporarily 
low, gradually begins to improve, and ultimately 
rises above its previous level as time passes. To 
identify the time path of changes underlying the 
J-curve, this research divides the trade balance 
into four parts, which are related in the following 
equation: 

NX ~ {Px * X) - {Pm * M) 

where NX is net merchandise exports (that is, 
the balance of trade) in current prices; Px and 

Pm are, respectively, the average price indexes 
of exports and imports; and X and Mare, respec-
tively, the total volume of exports and imports. 
The term enclosed in the equation's first paren-
thesis (Px * X) represents nominal exports; the 
term in the second parenthesis (Pm * M) is 
nominal imports. When NX is negative, the 
balance of trade in the United States is at a 
deficit. 

In standard J-curve theory, each of the four 
elements of the balance of trade responds over 
its own time path to exchange rate fluctuations. 
Together these changes produce the overall 
trade balance's reaction to the exchange rate. 
The standard J-curve explanation argues that— 
initially—only Pm, import prices, will change 
early as lower dollar exchange rates directly 
increase import prices; hence, in the absence of 
changes in import and export volumes, total 
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payout for imports will increase and the trade 
balance will deteriorate. Export prices in dollar 
terms would not be expected to change in the 
short run but might rise slightly in the longer run 
either as U.S. producers pass on the increased 
costs of imported intermediate inputs by rais-
ing their prices or as rising export demand 
pushes U.S. producers toward capacity con-
straints. Generally, however, dollar export prices 
are expected to remain more or less stable. 

Changes in import and exportvolumes.Mand 
X, are expected to occur later, as purchasers 
react to the dollar's depreciation by eventually 
finding new sources of products. In response to 
rising import prices, import volumes, M, would 
be expected to decline eventually. This reaction 
would help to counteract the early impact of 
import price increases and push the balance of 
trade toward improvement Export volumes, X, 
would be expected to increase as foreigners 
face lower prices in their own currencies for 
dollar-priced goods from the United States. 
This effect, too, would tend to improve the U.S. 
balance of trade. 

Combined, these four sets of reactions sug-
gest the J-curve shape for the reaction over time 
of the balance of trade to a currency deprecia-
tion (see Chart 2). The trade balance's short-run 
decline is accounted for by a quick rise in import 
prices but with little other change. The trade 
balance's later improvement occurs when fall-
ing import volume and rising export volume 
offset higher import prices. If the responses of 
trade volumes are sufficient, the rising section 
of the J-curve will move above its level at the 
time of the currency depreciation. That is, the 
trade balance will recover and surpass its level 
when the currency began depreciating. 

While seemingly a reasonable series of events, 
these reactions represent only one of many 
possible scenarios. Each element of the expect-
ed relationship imposes some strict assump-
tions about the level, pattern, and time path of 
balance-of-trade reactions. The failure to ap-
pear of one or more of the four basic patterns 
could lead to many different time patterns of 
trade balance response to the exchange rate. 
Importantly, the pricing behavior consistent 
with the J-curve is seemingly based on some-
what extreme assumptions. Export prices will 
remain flat in dollar terms only if U.S. supply is 
perfectly elastic or foreign demand perfectly 

Merchandise 
Trade 

Balance 
Dollars 

Chart 2. 
The Standard J-Curve 
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t=0 time of initial currency depreciation. 

t=1 time at which net export balance begins to 
improve. 

inelastic. The J-curve volume assumptions imply 
that demand is ultimately not inelastic; there-
fore, export supply must be totally elastic. 

The same elasticity assumptions implicitly 
underlie the import side of a J-curve theory. 
However, the recent literature on the market 
structure of traded goods industries casts doubt 
on any notion of perfectly elastic supply.3 Thus, 
each of the expected individual elements could 
fail to develop for a variety of reasons, suggest-
ing a multitude of alternative patterns of trade 
balance evolution, each with its own issues and 
problems. Only one of these patterns renders 
the classic J-curve. 

Tests of the 
Basic Trade Balance Elements 

The four elements of the trade ba lance-
import prices, export prices, import volume, 
and export volume—provide the focus for this 
paper. Using a statistical technique called time 
series analysis, this research identifies the 
nature and extent of the dynamic relationships 
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between changes over time in the dollar's value 
and elements of the nominal balance of trade. 
Rather than studying the values of coefficients 
of a prespecified dynamic structure, this re-
search concentrates on the precise timing and 
direction of the relationships, because recent 
economic developments suggest that some of 
the generally expected relationships consistent 
with the standard J-curve may have broken 
down. The results of the research should cause 
economists to reconsider some particular as-
sumptions implicit in J-curve-type behavior. 

The following assumptions about the time 
path of reactions to a dollar depreciation under-
lie the standard J-curve: When the dollar falls, 

• Import prices rise immediately. Their strong-
est rise occurs early, and they continue to rise 
with successively less strength for several 
months. Standard theory argues that the 
relationship is strong and negative, running 
only from the exchange rate to import prices. 

• Export prices remain stable. Any response 
that might appear will be late, weak, and per-
haps negative. 

• Import volumes begin to decline some months, 
perhaps a year, after the exchange rate 
change and continue to decline for many 
months thereafter. The relationship is ex-
pected to be strong and positive, and to run 
only from the exchange rate to import vol-
umes. 

• Export volumes begin to increase some 
months, perhaps a year, after the exchange 
rate decline and continue to increase for 
several months thereafter. The relationship 
is expected to be strong and negative, and to 
run only from the exchange rate to export vol-
umes. 

This research examines the four relationships 
between the dollar and the different com-
ponents involved in trade balance adjustments. 
To acknowledge possible relationships in the 
opposite direction to those expected, models 
that link the dollar to current and past changes 
in each of the four components of the trade 
balance are also tested. 

Since the tests allow focusing on the ex-
change rate-trade balance component relation-
ships, this study can analyze monthly data. 
Quarterly data, such as GNP statistics, are not 

needed. The data are not seasonally-adjusted, 
since seasonal adjustment effectively takes 
place within the time series models. The use of 
monthly data provides a double advantage: 
having both a large number of observations and 
data drawn solely from the floating exchange 
rate regime. 

The sample period chosen spans April 1973 
through December 1986. The period was cut off 
after 1986 so that only revised data would be ' 
included. The April 1973 starting date coincides 
with the beginning of the floating rate era. Pre-
vious studies, though, have mixed quarterly 
data from both fixed and floating rate eras.4 

The time series techniques employed here t 
are discussed in the accompanying box as well' 
as in Paul D. Koch, Jeffrey A Rosensweig, and 
Joseph A. Whitt, Jr.'s (1986,1988) studies, and are 
explained in detail in Koch and Rosensweig 
(1988). In essence, these present techniques 
allow analysis of two aspects of the exchange 
rate's relationship with the balance of trade 
elements: (1) whether the exchange rate and 
each trade balance element are independent 5 
over time and (2) the direction and nature of 
their temporal relationship, if any. 

Empirical Results 

Cross-Correlation Functions. The temporal 
relationships between the dollar exchange rate 
and the four balance-of-trade elements are 
depicted graphically in Charts 3 through 6. 
(Results of formal tests of independence | Koch-
Yang tests] are found in Table 1 in the box.) Each 
chart shows a cross-correlation function (CCF). V 
These CCFs summarize the timing, size, and 
direction of the dollar's relationship with a trade 
balance component. Each chart shows a time 
line of months running horizontally. Vertical 
bars measure the relationship between the 
exchange rate and a component of the trade 
balance at a time before or after an exchange j j 
rate change. The 0 month in the center of the 
chart shows a contemporaneous relationship. 
Positive months—to the right of the 0 month-
show lags of the component behind the ex-
change rate movement. Negative months—to 
the left of the 0 month—show leads of the com-
ponents before the dollar. The lagged relation-
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ships are computed for 48 months before and 
after the dollar change. Dotted lines parallel to 
the horizontal axis show 95 percent confidence 
intervals. Vertical bars that extend beyond 
these dotted lines represent statistically signifi-
cant relationships. Shaded areas suggest, in a 
rough manner, the relationships implied by 
standard J-curve theory. 

Contrary to typical J-curve expectations but 
consistent with arguments in some earlier re-
search, the cross-correlation graph in Chart 3 
shows little relationship between the dollar and 
import prices. The coefficients for each month 
are generally quite small and display no distinct 
pattern, appearing to be randomly distributed 
about zero. No evidence is available to indicate 
an immediate rise in import prices after a dollar 
decline. A few coefficients approach the 95 per-
cent confidence interval about zero. Coef-
ficients representing lags of 13 and 18 months 
after the dollar change are the only notably large 
coefficients in the entire function. As expected, 
these coefficients are negative, perhaps sug-
gesting that a decline in the dollar is followed by 
a rise in import prices that is delayed between 
12 and 18 months. 

The picture in Chart 4 is roughly consistent 
with the export price pattern of response im-
plied by standard J-curve theory. Little evidence 
of a dynamic relationship between the dollar 
and export prices is present. A few large coef-
ficients show export prices leading the dollar, 
but the lack of a distinct pattern suggests no 
substantive relationship. In the other direction, 
the coefficients are extremely small in magni-
tude, although a pattern is weakly suggested as 
they are mostly negative. 

The cross-correlation results in Chart 5 dis-
play at best a very weak and delayed response 
of import volumes to dollar movement. Re-
search performed by the authors could not 
reject the hypothesis that the dollar and import 
volumes move independently. The CCF shows a 
series of rather weak shrinking import volume 
effects beginning some 20 months after a dollar 
decline. These results are consistent with the 
above finding of a weak and delayed response 
of import prices. 

The cross-correlation function picturing the 
relationship between the dollar and export 
volume appears in Chart 6 and produces strong 
evidence of the expected negative relationship 

between the dollar and export volume. At lags of 
12 through 24 months after an exchange rate 
change, a string of several large (negative) coef-
ficients appears, indicating that a decline in the 
dollar strengthens export volume from a year to 
up to 24 months later. Two large positive coef-
ficients linking dollar movements to previous 
export volumes appear after a long delay (at lags 
-23 and -39 months). These may be spurious, or 
may reflect modest support for a weak relation-
ship from export volume to the dollar after two 
or more years. 

Granger Test Results. Statistical tests intro-
duced by C.W.J. Granger (1969) were performed 
to investigate further the "direction" of the 
lead/lag relationship suggested by the time 
series independence tests and cross-correlation 
functions. These tests determine whether each 
variable in a bivariate relationship—such as the 
dollar exchange rate and import prices—can be 
more accurately predicted using past values of 
both variables rather than using only past values 
of each variable by itself. Granger tests are more 
powerful under certain conditions which are suf-
ficiently met at times in this analysis; test results 
for the four elemental relationships appear in 
Table 2 in the box at the end of this article. 

In contrast to the tests of independence as-
sociated with the CCFs, Granger tests suggest that 
the dollar leads to subsequent movements in 
import prices, but that import prices do not lead 
the dollar. This finding may appear inconsistent 
with the failure of the independence test to reject 
the hypothesis of no relationship between these 
two variables. However, while the cross-correlation 
function in Chart 3 comprises mostly small coef-
ficients following no distinct pattern, the two large 
coefficients at lags of 13 and 18 months suggest 
that a decline in the dollar is followed by an 
increase in import prices between one to one-
and-a-half years later. For dynamic relation-
ships characterized by one or two large dis-
tributed lag coefficients, regression tests such 
as Granger's have been shown to be more 
powerful than time series tests (John Geweke, 
1981; Koch and S.S. Yang, 1986), lending more 
credence to the relationship suggested by the 
Granger tests in this case. Of particular inter-
est here, however, is the delay before import 
prices are substantively impacted, which is a cru-
cial departure from the standard J-curve's as-
sumed pattern of quick pass-through response. 
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Chart 3. 
Cross-Correlation Function between the Dollar's Value and Import Prices 
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Chart 4. 
Cross-Correlation Function between the Dollar's Value and Export Prices 
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Chart 5. 
Cross-Correlation Function between the Dollar's Value and Import Volume 
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Chart 6. 
Cross-Correlation Function between the Dollar's Value and Export Volume 
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The Granger tests, like the earlier indepen-
dence tests, produce no solid evidence support-
ing a substantive relationship between the dollar 
and export prices. These results are consistent 
with a standard J-curve scenario. 

For the relationship between the dollar and 
import volume, Granger test results suggest 
only that import volume leads the dollar. These 
results support the information provided by the 
independence test in Table 1 in the box and the 
cross-correlation function in Chart 5, indicating 
that an increase in import volume is followed by 
small declines in the dollar over a long dis-
tributed lag. Any impact of the dollar on import 
volumes appears to be weak and quite delayed, 
perhaps reflecting the findings of weak and 
delayed import price pass-through. 

Finally, the Granger tests indicate that the 
dollar leads export volumes, but export volumes 
do not lead the dollar. This finding corresponds 
with the independence test in Table 1 in the box 
and the pattern in the cross-correlation function 
in Chart 6, indicating that a decline in the dollar 
is followed by a rise in export volume beginning 
after a lag of about 8 months and then dis-
tributed over the following 16 or so months. This 
powerful response, though delayed and dis-
tributed, fits the conventional J-curve pattern. 

Price Pass-Through Issues 

Although the results on the export side of the 
balance of trade are consistent with the typical 
J-curve story, import prices and volumes do not 
show patterns consistent with standard J-curve 
theory. Rather, both of these elements move 
more slowly and weakly after the dollar change 
than most analysts expected. The standard 
explanation of the J-curve depends crucially on 
the rapid pass-through of dollar changes to 
import prices, thence to import volumes. Pre-
vious discussion indicated that certain econ-
omists have questioned the quick pass-through 
of dollar changes. Since the results of this re-
search point to this weakness in the J-curve 
explanation, a more thorough discussion of pass-
through issues is indicated. 

Analyses of balance of trade responses for 
developed countries usually rely on an empirical 

regularity now known as Grassman's rule (S. Grass-
man, 1973), which states that trade prices are likely 
to be invoiced, and thus initially fixed, in terms of 
the exporter's currency. S. Magee (1973) dem-
onstrated that a standard J-curve pattern, such 
as that observed after the British devaluation 
in 1967, could be explained by such invoicing 
practices (also see J. Bilson, 1983). If U.S. im-
ports are invoiced in foreign currencies and 
trade volumes do not change immediately, a 
dollar decline would initially result only in 
higher import prices measured in dollars, leading 
to the "perverse" initial trade balance deteriora-
tion defining a J-curve. 

Bilson, however, points out that "trade in primary 
products and capital assets is typically denomi-
nated in major vehicle currencies, particularly the 
U.S. dollar."5 Consequently, the type of price pass-
through consistent with Grassman's rule and 
underlying the J-curve may not extend to the 
imports of the United States because of the 
dollar's role as a global vehicle currency. 

Indeed, the United States may be a special 
case. Several recent studies point to the un-
usually slow or weak rise in U.S. import prices 
following the dollar's plunge from 1985 on-
wards. These studies emphasize that foreign 
exporters may cut profit margins to maintain 
market share.6 In addition, invoicing and con-
tracting practices themselves may delay an 
initially perverse J-curve response in the U.S. 
case. The International Monetary Fund (IMF) 
reports that about 70 percent of U.S. imports 
are invoiced in the U.S. dollar. If this figure is 
correct, then some countries exporting to the 
United States do not invoice all of their ex-
ports in their own currencies. For example, in 
1986 fully 64 percent of Japanese exports were 
not denominated in yen (International Mon-
etary Fund, 1987). 

Further, U.S. imports are often purchased 
under contracts that fix prices in dollar terms 
for an extended period. Bilson (1983, p. 386) 
states that: "The major part of true inter-
national trade is contractual " and these 
contracts could be lengthy. 

If U.S. import prices often are contractually 
fixed in dollar terms, and if contracts are at 
least implicitly set for long periods, then most 
of the pass-through of dollar declines into the 
import price index will be delayed. Thus, the 
J-curve's initial trade balance deterioration 
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would be delayed, as would the subsequent 
improvement based on the reaction of import 
volumes to higher import prices. 

Implications: An Alternative View 

Evidence on the dynamic relationships be-
tween the dollar and the four critical com-
ponents of the trade balance suggests a new 
view of the U.S. trade balance response to 
dollar depreciation. The two import-side el-
ements of dollar influence display patterns 
that are both weaker and more delayed than 
the assumed patterns implied by conven-
tional J-curve theory. These results, combined 
with an analysis of import price reactions, sug-
gest an alternative to the standard j-curve model 
of trade balance evolution. 

Evidence that import price pass-through oc-
curs most clearly only after a lag of at least one year 
and that import volume responds with an even 
longer lag implies a new view of U.S. trade balance 
evolution following dollar depreciation. In this 
view the nominal balance of trade traces out a 
"delayed J-curve" primarily because a dollar 
change is not significantly reflected in import 
prices for some months and then only weakly. 

This pattern may be peculiar to the United 
States because, unlike any other country's, the 
U.S. currency is an international numeraire, that 
is, the international unit of exchange; other 
currencies are defined relative to the U.S. dollar. 
The dollar is also the primary reserve currency-
so widely held that all other currencies can be 
easily exchanged for it. U.S. markets may also be 
large enough to induce market share competi-
tion and less than perfectly elastic supplies. 
Consequently, U.S. import prices would not 
jump in dollar terms immediately after a dollar 
decline. The initial deterioration of a trade 
balance following depreciation that marks a 
standard J-curve, caused by import prices rising 
before volumes can respond, is delayed for at 
least a year in the U.S. case. Further, the weak 
and delayed import price pass-through hinders 
the substitution of domestic products for im-
ported goods, restraining the import volume 
contraction. 

The result of the delays on the crucial import 
side is a delay in both the initial downturn and 
subsequent improvement of the trade balance, 

an effect that is particularly important for the 
United States, where the import side recently 
far outweighed the export side. In the implied 
trade pattern, the trade balance is fairly flat for 
about a year, then it deteriorates when import 
prices increase (unless the export volume re-
sponse at that time is very strong). Only after a 
further lag do import volumes respond to this 
delayed price pass-through and shrink, finally 
generating the long-awaited trade balance 
improvement. 

The "delayed J-curve" pattern proposed in 
this article can help to explain the belated 
improvement in U.S. nominal trade balances 
following the dollar's decline from its 1985 peak. 
However, the delay or long lags identified in this 
article stem from estimates computed over the 
entire floating rate era since March 1973. Rather 
than the period since early 1985 being a special 
case in U.S. balance of trade history, the overall 
U.S. trade balance response to depreciation 
itself apparently represents a special case that 
does not conform to the conventional J-curve 
model. 

This article suggests that import prices have 
reacted slowly because many U.S. imports are 
priced in dollars and subject to long-term con-
tracts. As noted above, however, other plausible 
explanations are available for the delay in the 
reaction of the U.S. nominal balance of trade to the 
dollar's decline since 1985. The delayed J-curve 
is generally consistent with and complementary 
to these explanations, and each may have 
relevance to the continuing episode of delayed 
trade balance response. 

The standard J-curve was originally developed 
to explain responses to one-time devaluations 
rather than long gradual declines such as that 
recently experienced by the dollar. A gradual 
decline can be seen as a series of small de-
preciations generating a series of J-curves 
played out in an overlapping sequence that 
traces a balance-of-trade time path similar to a 
delayed J-curve (see Chart 7). The tardy declines 
of the exchange rates of important U.S. trading 
partners, seen especially in the behavior of the 
Asia-excluding-Japan as well as the Canadian 
subindex of the Atlanta Fed dollar index, may 
also have weakened or postponed the response 
of the trade balance to the dollar's decline.7 

Several other factors subsumed under the 
currently popular rubric of hysteresis are blamed 
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Chart 7. 
A Comparison of the Standard 

and Delayed J-Curves 
Merchandise 

Trade 
Balance — — Standard J-Curve 
Dollars 

Delayed J-Curve 

t=0 t=1 t=2 

t=0 time of initial currency depreciation. 

t=1 time at which net export balance is expected to begin 
to improve ("standard J-curve"). 

t=2 time at which actual improvement begins. 

(t= 1) - (t=0): standard response time 

(t=2) - (t=0): actual response time 

(t=2) - (t=1): additional delay 

for import prices' slow response.8 The hys-
teresis argument is based on the occurrence of 
irreversible change in the face of large shocks 

such as the sharp and persistent rise of the 
dollar between 1981 and 1985. There are several 
strands of this argument: First, uncertainty 
about the permanence of the low dollar level 
may delay reactions by exporters and importers 
and result in a delayed J-curve. Second, in order 
to maintain U.S. market share or simply to con-
tinue to cover their variable costs of producing 
and marketing, foreign producers of U.S. im-
ports may be willing to cut prices in their own 
currency after the dollar depreciates. Third, 
domestic producers, already burned by import 
competition, may hesitate to add capacity to 
produce goods that substitute for imports until 
exchange rate changes begin to appear per-
manent. 

Conclusion 

This study has focused attention on nominal 
imports in trying to explain the slow turnaround 
in the U.S. trade balance following the dollar's 
1985 peak. This laggardly response is rooted in 
the slow or partial pass-through of the dollar's 
movement into import prices, as well as the con-
sequently slow and weak import volume re-
sponse to the dollar through import prices. 
Therefore, both the initial deterioration and 
the subsequent upturn reflected in a J-curve 
pattern are delayed, leading to a proposal of 
an alternative v iew-the "de layed J-curve." 
Further, our empirical results find that this 
delay in the U.S. data applies not just to the 
period since 1985, but to the entire floating 
exchange rate era. 
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Data and Time Series Models Used in this Research 

The import and export price indexes used in 
this article are the unit value indexes found in the 
International Monetary Fund's International Fi-
nancial StatisticsImport and export volume 
indexes are created by deflating the nominal 
values reported in International Financial Statis-
tics by these price indexes. The dollar's value is 
given by the Federal Reserve Board's multilateral 
trade-weighted dollar index comprising ten major 
foreign currencies.2 Dollar depreciation is signi-
fied by declines in the index. 

The time series models used in this research 
are explored in some detail by the authors in 
several other places. Koch and Rosensweig (1988) 
present a detailed explanation and set of refer-
ences on the models. The models are also ex-
plained in Koch, Rosensweig, and Whitt's 1986 
and 1988 research and in Ira G. Kawalier, Koch, and 
Timothy W. Koch (1988). 

Time series models such as these can be inter-
preted loosely as reduced form models, except 
that the noise model (error term) in each replaces 
other "exogenous" variables that would appear in 
a typical multivariate theoretical structural model. 
This noise model is an unrestricted moving aver-
age (MA) process that incorporates information 
explaining inertia in the variation of the depen-
dent variable that is not explained by the other 
included right-hand-side variables. As A. Zellner 
and F. Palm (1974) show, a simultaneous system 
that incorporates dynamic structural equations 
implies reduced form relationships that may be 
expressed explicitly as time series models of 
this nature. 

Time series models are particularly useful for 
identifying the existence, direction, and extent of 
dynamic relationships between variables. Koch 
and Yang (1986) provide a test that encompasses 
both a comparison of each coefficient in the cross-
correlation functions computed here to their stan-
dard errors, and a scrutiny of these functions for a 
possible pattern in the successive distributed lag 
coefficients. This statistic is used here to test for 
the independence of individual trade balance 
elements from the exchange rate. A summary of 

the results from the Koch-Yang tests is shown in 
Table I. 

Time series independence tests can indicate 
that a relationship exists, and can distinguish be-
tween a short distributed lag with large coef-
ficients and a long distributed lag pattern with 
small coefficients. However, once the indepen-
dence hypothesis is rejected, the nature of the 
dynamic relationships should be examined fur-
ther. The research statistically examines the direc-
tion of Granger causality, testing whether each 
variable can be predicted more accurately using 
past values of both variables, rather than using 
past values of each variable alone. 

In order to estimate the model and compute the 
standard F tests, a finite lag parameterization 
must first be chosen. While longer lag lengths 
lessen the chance of misspecification, they also 
result in the loss of more degrees of freedom. 
Hence it is desirable to choose the minimum lag 
length that specifies the relationships accurately. 
In this analysis, the lag length was set at 48 months 
for the dependent variable in each equation and 
36 months for the right-hand-side variable. 

Table 2 summarizes the results of these Granger 
tests of causal priority or predictive ability. 

Notes 

' Related studies invariably use unit value indexes, after 
pointing out their weaknesses compared to true price 
series, because unit values are the only data consis-
tently available for a long sample period. Particularly 
given this model's ability to use monthly data, the 
availability of unit value data becomes the compelling 
factor in data choice. Further, the absence of a long 
monthly series on "non-oil import prices" precludes 
removing oil imports and their prices from this study. 

2This choice was motivated by comparability to earlier 
studies, but tests show that this paper's results are 
fairly robust The Atlanta Fed Dollar Index, which uses 
bilateral trade weights and has a broader 18-currency 
coverage, was also employed with results similar to 
those reported in this paper. 
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Table 1. 
Time Series Independence: 

Do Koch-Yang Tests Reject Independence? 

Significance Level 
Series 5 percent 10 percent 

Exchange rate and Import prices no no 
Exchange rate and Export prices no yes 
Exchange rate and Import volumes yes yes 
Exchange rate and Export volumes yes yes 

Table 2. 
Granger Tests of Causality: 

Do Lags of Variable 1 Help Predict Variable 2? 

Significance Level 
Variable 1 Variable 2 5 percent 10 percent 

Exchange rate Import prices yes yes 
Exchange rate Export prices no no 
Exchange rate Import volumes no no 
Exchange rate Export volumes no yes 
Import prices Exchange rate no no 
Export prices Exchange rate no no 
Import volumes Exchange rate yes yes 
Export volumes Exchange rate no no 
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Notes 

1 See, for instance, Krugman and Baldwin (1987), Hooper and 
Mann (1987), and Rose and Yellen (1987). 

2For other recent views on delayed pass-through, see Mann 
(1986), Giovannini (1988), and Baldwin (1988), among 
others. 

3See, for example, Dornbusch (1987), Mann (1986), and Krug-
man (1986). 

4See, for instance, Rose and Yellen (1987). 
5Bilson (1983): 384. 
6See the studies cited in footnotes 1, 2, and 3, particularly 

Mann (1986) and Krugman and Baldwin (1987). 
7See Rosensweig (1986). 
% e e Baldwin (1988), Baldwin and Krugman (1986), and Fos-
ter and Baldwin (1986). 
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