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Dynamics of the Trade Balance and the Terms of Trade:
The J-Curve?

By Davip K. Backus, PaTricK J. KEHOE, AND FINN E. KypDLAND*

We provide a theoretical interpretation of two features of international data: the
countercyclical movements in net exports and the tendency for the trade balance
to be negatively correlated with current and future movements in the terms of
trade, but positively correlated with past movements. We document the same
properties in a two-country stochastic growth model in which trade fluctuations
reflect, in large part, the dynamics of capital formation. We find that our
general-equilibrium perspective is essential: the relation between the trade bal-
ance and the terms of trade depends critically on the source of fluctuations.

(JEL F32, F40)

We document some of the properties of
short-term fluctuations in the trade balance
and the terms of trade in 11 developed
countries and interpret them from the per-
spective of a two-country stochastic growth
model. The terms of trade, in this paper, is
the relative price of imports to exports, and
the trade balance is the ratio of net exports
to output. We find that the trade balance is
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uniformly countercyclical and is negatively
correlated, in general, with current and fu-
ture movements in the terms of trade, but
positively correlated with past movements.
We call this asymmetric shape of the cross-
correlation function for net exports and the
terms of trade the S-curve, since it looks
like a horizontal S. This finding is reminis-
cent of earlier work on the J-curve (re-
viewed by Helen B. Junz and Rudolf R.
Rhomberg [1973], Stephen P. Magee [1973],
and Ellen E. Meade [1988]).

Our objective is to provide a dynamic
general-equilibrium interpretation of these
properties. The theoretical structure ex-
tends earlier work on trade and price dy-
namics by Robert J. Hodrick (1989) and
Alan C. Stockman and Lars E. O. Svensson
(1987), who develop simple general-equi-
librium models in which both the trade
balance and the terms of trade are en-
dogenous. In our economy, two countries
produce imperfectly substitutable goods with
capital and labor, and fluctuations arise from
persistent shocks to aggregate productivity
and government purchases of goods and
services. We find that with plausible param-
eter values, this theoretical economy gen-
erates both countercyclical trade and an
S-curve. The dynamic responses to prod-
uctivity shocks suggest a straightforward
explanation for both properties. A favorable
domestic productivity shock leads to an in-
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crease in domestic output, a decrease in its
relative price, and a deterioration in the
terms of trade. Because the productivity
shock is persistent, we also see a rise in
consumption and a temporary boom in in-
vestment, as capital is shifted to its most
productive location. The increases in con-
sumption and investment together are
greater than the gain in output, and the
economy experiences a trade deficit during
this period of high output. This dynamic
response pattern gives rise to countercycli-
cal movements in the balance of trade and
an asymmetric cross-correlation function
much like the ones seen in the data.

Investment dynamics play a central role
in generating these properties of our theo-
retical economy. If we eliminate capital, the
trade balance is simply a reflection of out-
put dynamics and consumption smoothing.
Consider, once more, the dynamic re-
sponses to a domestic productivity shock. In
this economy, preference for smooth con-
sumption results in a smaller increase in
consumption than in output and an im-
provement in the balance of trade. Thus,
the trade balance is procyclical rather than
countercyclical, as it is in the economy with
capital. At the same time, the price of do-
mestic goods falls, and there is a rise in the
terms of trade. Since the shocks (and hence
the fluctuations in trade and prices) are
persistent, the economy generates a tent-
shaped cross-correlation function: the asym-
metric S-curve pattern does not arise when
the economy has no capital.

We find that the general-equilibrium per-
spective is essential, in the sense that the
correlations between trade and relative
prices depend critically on the source of
fluctuations. We illustrate this feature of
the theory in an economy with shocks to
government purchases rather than produc-
tivity. In this case, the cross-correlation
function for net exports and the terms of
trade is tent-shaped, rather than S-shaped.
The difference between cross-correlation
functions with shocks to productivity and
government purchases makes it clear that
there is no simple structural relation, in our
economy, between the .trade balance and
the terms of trade and suggests that one
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cannot characterize the relation between
trade and prices without specifying the
source of their fluctuations.

These points are developed in the rest of
the paper. We start, in Section I, with a
description of postwar quarterly data, in-
cluding the cyclical behavior of net exports
and the correlations between net exports
and the terms of trade, for 11 developed
countries. In Section II, we describe a theo-
retical economy with two countries that pro-
duce different goods with capital and labor
and that face shocks to productivity and
government purchases. In Section III, we
discuss the selection of parameter values
and our method of computing equilibrium
time paths for net exports, the terms of
trade, and other variables. In Section 1V,
we turn to the model’s properties, including
the correlation between net exports and the
terms of trade. Section V is devoted to two
extreme experiments: the economy without
capital and investment and the economy
with shocks to government purchases alone.
Section VI is devoted to some additional
features of the theory, including two that we
term anomalies: properties for which there
remains a substantial difference between
theory and data. We conclude with a few
remarks on the usefulness of our theoretical
framework for interpreting trade and price
movements and other features of interna-
tional time-series data.

I. Properties of the Data

We start by looking at postwar quarterly
trade statistics for 11 developed countries.
The data are from the Organization for
Economic Cooperation and Development’s
Quarterly National Accounts and are de-
scribed more completely in the Appendix.
As we have said, we define the terms of
trade, labeled p, as the relative price of
imports to exports, using implicit price de-
flators from the national income and prod-
uct accounts. This definition is the inverse
of the definition used by trade theorists but
corresponds to the convention applied in
international macroeconomics to the real
exchange rate. Since the accounts include
trade in services as well as merchandise, the
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prices do too. We measure the trade bal-
ance, labeled nx, as the ratio of net exports
to output, with both measured in current
prices, as reported in national income and
product accounts. Real output is either GNP
or GDP in constant prices and is labeled y.
Statistics for both p and y refer to loga-
rithms of those variables. Throughout the
paper, properties of both international
time-series data and theoretical economies
refer to variables that have been filtered by
the method of Hodrick and Edward C.
Prescott (1980), using a smoothing parame-
ter of 1,600. The properties of this filter are
described in some detail by John Hassler et
al. (1992) and Robert G. King and Sergio T.
Rebelo (1989). The filter is one way of sepa-
rating short-run fluctuations from long-run
movements in the variables being studied.
Although the properties of filtered variables
depend on the filter, most of the properties
of interest in this study hold for some of the
other popular filters as well.

In Table 1, we report some of the salient
properties of fluctuations in the trade bal-
ance and the terms of trade. We list, first,
the standard deviations of net exports, the
terms of trade, and output. A fair amount
of heterogeneity exists across countries in
the magnitudes of these statistics, particu-
larly in the trade variables., The standard
deviation of the ratio of net exports to out-
put ranges from a low of 0.45 percent for
the United States to a high of 1.75 percent
for Finland. The median value, in our sam-
ple, is 1.06 percent. The standard deviation
of the terms of trade varies somewhat more,
from 1.63 in Austria to 5.86 in Japan; its
median value is 2.92.

Second, both the trade balance and the
terms of trade are highly persistent. The
autocorrelation of net exports extends from
0.29 in Austria to 0.90 in Switzerland, with a
median of 0.71. The autocorrelation of the
terms of trade ranges from 0.50 for Austria
to 0.88 in Japan and Switzerland, with a
median of 0.80.

Third, the net-exports variable is counter-
cyclical in every country in our sample. This
feature has been noted elsewhere by Keith
Blackburn and Morten Ravn (1991) and
Jean-Pierre Danthine and John B. Donald-
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son (1993), among others, and is implicit in
the strong relations between imports and
income in most macroeconometric models.

Fourth, the contemporaneous correlation
between net exports and the terms of trade
varies somewhat across countries but is neg-
ative more often than not. In Finland,
France, Italy, Japan, Switzerland, and the
United Kingdom, the correlations are less
than —0.4. The United States is the only
country in our sample for which these two
variables have a sizable positive contempo-
raneous correlation. Enrique G. Mendoza
(1990) provides evidence for additional
countries at an annual frequency.

The contemporaneous correlations be-
tween net exports and the terms of trade
ignore, however, the complex dynamic rela-
tion between these variables suggested by
earlier work. In Figure 1, we graph cross-
correlation functions for these two vari-
ables, for leads and lags up to two years: the
correlations, that is, between p, and nx,
for k between —8 and 8 quarters. This
function is typically negative for negative
values of k (the left side of the horizontal
axis) but turns positive for k between 2
and 4.

This asymmetric pattern of cross-correla-
tions does not appear to be a consequence
of cither the filter or the sample period.
With respect to the filter, we find (not re-
ported) that similar patterns emerge if we
use, say, the unfiltered ratio of net exports
to output and annual differences of the
terms of trade. With respect to the sample
period covered by our data set, in Figure 2
we report cross-correlation functions for the
periods before and after 1972 for the four
countries for which we have data going back
to 1955. Japan and the United Kingdom
exhibit the same shape in both the Bretton
Woods period (1955-1971) and the more
recent floating-rate period (1972-1990).
Canada shows little relation between the
two variables, at any lead or lag, for either
period. For the United States, the cross-cor-
relation function for the earlier period is
similar to those of Japan and the United
Kingdom, as well as those of eight of the 11
countries in Figure 1. The United States in
this period differs slightly from these other
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TABLE 1—PosTwaR PROPERTIES OF NET EXPORTS, REAL OUTPUT, AND THE TERMS OF TRADE
in 11 DEveLoPED COUNTRIES
Standard deviation
(percent) Autocorrelation Correlation

Country nx y p nx y p (nx, y) (nx, p) (v, p)

Australia 1.36 1.53 5.25 0.74 0.65 0.82 -0.19 -0.09 -0.27
(0.15) (0.16) 0.70) 0.18) 0.19) (0.23) ©0.17) 0.11) 0.11)

Austria 1.11 1.20 1.63 0.29 0.60 0.50 —-0.44 -0.16 0.13
(0.09) 0.13) 0.20) 0.12) 0.18) 0.15) 0.12) 0.12) ©0.11)

Canada 0.79 1.52 2.44 0.59 0.76 0.85 -0.42 0.04 -0.10
(0.06) 0.18) (0.35) 0.13) 0.22) 0.25) 0.19) (0.08) (0.10)

Finland 1.75 1.62 1.96 0.40 0.56 0.73 —0.60 -0.46 0.17
0.19) 0.24) 0.23) 0.21) (0.22) 0.20) 0.24) 0.11) 0.10)

France 0.83 0.91 3.54 0.71 0.76 0.75 -0.29 -0.50 -0.12
0.10) 0.14) 0.54) 0.19) 0.27) 0.21) 0.22) 0.22) (0.15)

Germany 0.80 1.50 2.64 0.60 0.69 0.86 -0.17 0.00 -0.13
(0.08) 0.19) (0.26) 0.19) (0.23) (0.18) (0.13) (0.16) 0.10)

Italy 1.34 1.69 352 0.80 0.85 0.79 —0.68 —0.66 0.38
0.19) (0.28) (0.40) (0.26) (0.29) 0.19) (0.28) 0.21) 0.21)

Japan 1.01 1.68 5.86 0.81 0.74 0.88 -0.18 -0.47 -0.12
(0.10) (0.16) (0.86) 0.17) 0.17) 0.27) 0.12) (0.13) (0.16)

Switzerland 1.33 1.93 292 0.90 0.90 0.88 —-0.68 -0.61 0.40
(0.23) (0.38) 0.32) 0.32) (0.36) (0.20) 0.29) 0.19) 0.19)

United 1.06 1.47 2.66 0.67 0.56 0.75 -0.23 —-0.54 0.19
Kingdom  (0.13) (0.15) 0.47) 0.21) 0.15) 0.32) (0.08) 0.27) 0.07)

United 0.45 1.83 2.92 0.80 0.82 0.80 —-0.22 0.27 0.03
States 0.04) 0.17) 0.42) 0.14) 0.16) 0.24) 0.14) 0.11) (0.15)

Median: 1.06 1.53 292 0.71 0.74 0.80 -0.29 —0.46 0.03

Notes: Data are quarterly, from the Organization for Economic Cooperation and Development’s Quarterly National
Accounts. Numbers in parentheses are Newey-West standard errors. Variables are the ratio of net exports to output
(nx), the logarithm of real output (y), and the logarithm of the ratio of the import deflator to the export deflator
(p). All statistics refer to Hodrick-Prescott (1980) filtered variables. Sample periods are as follows: Australia,
1960:1-1990:1; Austria, 1964:1-1990:1; Canada, 1955:1-1990:1; Finland, 1975:1-1990:1; France, 1970:1-1990:1;
Germany, 1968:1-1990:1; Italy, 1970:1-1990:1; Japan, 1955:2-1990:1; Switzerland, 1970:1-1990:1; United Kingdom,

1955:1-1990:1; United States, 1950:1-1990:2.

countries in that the function crosses the
axis to the left of k =0, rather than to the
right, but the shape is otherwise similar.
The United States in the latter period, how-
ever, displays a substantially different pat-
tern. If we further divide the post-1972 pe-
riod into the 1970’s and 1980’s, we find (not
reported) that this change in U.S. trade and
price performance applies to both decades:
in neither decade is the shape of the cross-
correlation like that of the Bretton Woods
period in the United States, the United

Kingdom, Japan (in both subperiods), or
eight of the 11 countries of Figure 1.
Again, we label the characteristic asym-
metric shape of the cross-correlation func-
tion for net exports and the terms of trade
the S-curve, since it resembles a horizontal
S, but readers may notice a resemblance to
the J-curve of earlier work. In studies of
devaluations, it was frequently noted that
unfavorable movements in the terms of trade
(increases, in our terminology) were gener-
ally associated with declines in the balance



88 THE AMERICAN ECONOMIC REVIEW MARCH 1994
AUSTRALIA ITALY
] 0.76
? 0.50 /—\ ’.; 0.50
& 025 >~ 025
E;_ 0.00 E;_ 0.00 }—>. /_\
§/ -0.25 \__/ - 025
3 050 § <%0
075 — ” 5 i . Rl her " ) n 8
Lag k of p behind nx Lag kof p behind nx
AUSTRIA JAPAN
0.76 0.75
’.g 0.50 iS ? 0.50 +
¥ 0.25 + /__\\ g 0254 /\
& 000 \’\\, ———— & 000
S o025t Tt \_/
g o504 3 oS0t
-0.75 -0.75
-8 -4 4 8 8 -4 0 4 8
Lag k of p behind nx Lag k of p behind nx
CANADA SWITZERLAND
5 0.75
? 0.50 + ’; 0.50 4
¥ 025¢ E* 0.25 4
L 0.00 =" — s 000
Q LY
T -0t ~ 026+
8 -050t1 § -0.50 +
-0.75 -0.75
-8 -4 0 4 8 -8 -4 [ 4 8
Lag k of p behind nx Lag k of p behind nx
FINLAND UNITED KINGDOM
~ — 0.7
X 0.50 + _; 0.50
¥ 025+ § ozt
L 0.004—N ——— & 000 il
T 025+ \_—\/ VMS*.\_/
§ -0.50 + g -0.50 +
078 -8 4 0 4 8 078 -8 4 0 4 8
Lag kof p behind nx Lag k of pbehind nx
FRANCE UNITED STATES
—~ 075 —~ 0.7
¥ 050t ¥ 050+
g o021 /7N ¥ o024 /_/\
> 0.0 &~ 0.00
e \/ Soxm{—"
3 -0504 § -0.50 +
0.75 " ") 5 n s -0.78 ” ” . 5
Lag k of p behind nx Lag k of p behind nx
GERMANY

0.75

T

-0.25 +

Corr (pps i)
(=]
8

-0.75

0 4 8
Lag k of p behind nx

FicurE 1. Cross-CorRRELATION FUNCTIONS FOR THE TRADE BALANCE AND THE TERMS OF TRADE IN 11 COUNTRIES



VOL. 84 NO. 1
CANADA
0.76
- 050+
30.25--
] - o>
s 0.00 Ped \‘ — - \\)_
< / - — —
gus-- PRETZ samme
-0.50 +
POST-72 = =
-0.75 4—+ = p—t—————t—t—t—t—t—+
-8 4
Lag k of p behind nx

JAPAN

BACKUS ET AL.: DYNAMICS OF THE TRADE BALANCE 89

UNITED KINGDOM
—~ 050}
z 0.25 + 7’ - =
8 - /
X -~ ,
Py 0.00 ¥
S A Y
,§ R 4 /’ PRE72 =
050+
Mo POST-T2 — —
-0.78 +=—t=—tp——t—t——t—t———p—t—t——t—t—t—t
" -+ 0 4 8
Lag kof pbehind nx
o UNITED STATES
7
’\
0.50 + 7 N
_z N
026 + ,,- - N
0.00 -\ *®
’ AN
Baad O PRE-72 ==
0501 POST-72 = =
0.75 +————+——————— it
" - 0 4 8
Lag k of p behind nx

FiGURE 2. Cross-CORRELATION FUNCTIONS FOR THE TRADE BALANCE AND THE TERMS OF TRADE
BEFORE AND AFTER 1972

of trade that reversed themselves 2—8 quar-
ters later, thus following a J-shaped pattern.
A classic example is the 1967 sterling deval-
uation described by Jacques R. Artus (1975).
This property of devaluations spawned sub-
sequent studies, including those cited by
Junz and Rhomberg (1973), Magee (1973),
and Meade (1988), in which observed trade
and price dynamics were attributed to,
among other things, lags between order and
delivery of imported goods and the time
required for exporters to change capacity.
We return to these issues in Section IV.

In short, we find a number of regularities
in the behavior of net exports and the terms
of trade: both are highly autocorrelated; the
trade balance is consistently countercyclical;
and the cross-correlation function for net
exports and the terms of trade has an asym-
metrical S shape.

I1. A Theoretical Economy

We compare these properties of interna-
tional data to those of a stochastic growth

model with two countries, each inhabited by
a large number of identical agents. This
world economy is a streamlined two-country
version of Kydland and Prescott’s (1982)
closed economy, in which each country pro-
duces a different good with its own technol-
ogy, and labor is internationally immobile.
Fluctuations are driven by stochastic shocks
to productivity and government purchases
of goods and services.

Preferences of the representative agent in
each country i/ are characterized by utility
functions of the form

E, Z B'U(c;,1-ny)

t=0

where Ulc,1—n)=[c*(1—n)'"*]"/y, and
where c¢;, and n; are consumption and
hours worked, respectively, in country i.
With respect to the technology, each
country specializes in the production of a
single good, labeled a for country 1 and b
for country 2. The goods are produced using
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capital, k, and labor, n, with linear homoge-
neous production functions of the same
form. This gives rise to the resource con-
straints

ay+ay =y, =z,F(ky,ny)
blt + b2t =Yu= ZZtF(th’nZt)

in countries 1 and 2, respectively, with
F(k,n)=k°n'"% where 6 is the capital-
share parameter. The quantity y,, denotes
GDP in country i, measured in units of the
local good, and a;, and b;, denote uses of
the two goods in country i. Thus a,, de-
notes exports from country 1 to country 2,
and b,, represents imports into country 1.
The vector z,=(z,,,z,) is a stochastic
shock to productivity, or technology, whose
properties will be described shortly.

Consumption, investment, and govern-
ment purchases—denoted ¢, x, and g, re-
spectively—are composites of foreign and
domestic goods:

Cie+ X1+ 81, = G(ay,, by,)
ot Xy, T 85 = G(bZt’aZt)

where G(a,b) =[w,a™” + w,b7?171* is
homogeneous of degree one and p> —1.
Hence, all three final uses of goods and
services have both foreign and domestic
content and in the same proportions. The
elasticity of substitution between foreign and
domestic goods is o =1/(1+ p). This de-
vice for aggregating domestic and foreign
goods was suggested by Paul S. Armington
(1969) and is a standard feature of general-
equilibrium trade models (Alan V. Dear-
dorff and Robert M. Stern, 1990; John
Whalley, 1985). Accordingly, we refer to G
as an Armington aggregator. The weights o,
in the aggregator function G allow us to
specify the domestic and foreign content of
domestic spending. The government-
purchases variable, g, is stochastic; we de-
scribe its behavior below.

Capital formation embodies the time-to-
build structure of Kydland and Prescott
(1982). Here, as in their economy, it takes J
quarters to augment the productive capital
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stock. A unit increase in the capital stock J
quarters from now involves purchases of
1/J units of the final good for J consecu-
tive quarters. To express this mathemati-
cally, let s;, be planned additions to the
capital stock of country i in period ¢+ J.
The capital stocks then evolve according to

kio1=(1—8)k; , +5;,_s1

where 6 is the depreciation rate. In period
t, total expenditure on gross capital forma-
tion is the sum of capital expenditures on
all currently active projects:

J-1
|
x;,=J Z Sit—j+
j=0

In all experiments but one, we set J =1, so
investment expenditures made in period ¢
increase the stock of capital in period ¢ +1.

Finally, the four underlying shocks to our
economy are governed by independent bi-
variate autoregressions. The technology
shocks follow

—_— z
zt+1_Azt+£t+1

where €* is distributed normally and inde-
pendently over time with variance V,. The
correlation between the technology shocks,
z, and z,, is determined by the off-diagonal
elements of A and V,. Similarly, shocks to
government purchases are governed by

g,..=Bg +ef

where g, =(g,,,8,,) and €® is distributed
normally with variance V.

From these elements, we can construct
national income and product accounts for
each country of our theoretical world econ-
omy. GDP in country 1 in period ¢, in units
of the domestically produced good, is y,,;
the resource constraint equates this to the
sum a,, + a,,. To relate national output to
expenditure components, note that the
Armington aggregator expresses absorption,
¢y, + X, + 84,, as a function of a,, and b,,.
Since the aggregator, G, is homogeneous of
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degree one, we have, in equilibrium,
CioF Xy + 81, =4d1, 9, + o, by,

where q,, and gq,, are the prices of the two
goods in period ¢ in units of the composite
good. Using the resource constraint, we can
thus express output as

Yir= (Clt + Xy + glt)/qlt +(a2t _ptblt)

where p,=4q,,/4q,, is the terms of trade.
Thus output is the sum of absorption, (¢, +
x,, + 8.,)/4,, and net exports, a,, — p,b,,.
We measure the trade balance in the model
just as we do in the data, as the ratio of net
exports to output, with both measured in
current prices:

nx, :(aZI_ptblt)/ylt'

We compute the terms of trade in country 1
from the marginal rate of transformation
between the two goods in country 1, evalu-
ated at equilibrium quantities:

p=a, /= {aG(alt’blt)/ablt}
t 27 {aG(ambu)/a“u} '

III. Parameter Values, Steady State,
and Computation

We now describe briefly our procedures
for selecting benchmark parameter values,
listed in Table 2, and for computing a com-
petitive equilibrium. Both are adapted to
the open economy from Kydland and
Prescott’s (1982) closed-economy study; for
details, see that paper (sections 4 and 35)
and sections II and III in our earlier paper
(Backus et al., 1992).

As a rule, we choose share parameters
for preferences and production to equate
means of ratios of aggregate U.S. time se-
ries to analogous ratios for the theoretical
economy’s steady state. Curvature parame-
ters are selected from existing statistical
studies. We use Solow residuals for the
United States and an aggregate of Euro-
pean countries to estimate the parameters
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TABLE 2—BENCHMARK PARAMETER VALUES

Preferences:

Technology:
9=0.36
8 =0.025
J=1
o=1/(1+p)=15
Import share = 0.15

Forcing processes:

A = an 43 _ 10906 0.088
ay; a1 0.088 0.906

Vare? = Vare2 = 0008522

Corr(ef, %)= 0.258

g =0

of the technology process, which result in
productivity shocks that are highly persis-
tent and positively correlated across coun-
tries. The only new elements are the param-
eters of the Armington aggregator and those
that govern the behavior of shocks to gov-
ernment purchases, both of which we de-
scribe below. Given values for the model’s
parameters, we compute an equilibrium by
solving numerically a quadratic approxima-
tion to a social planner’s problem that
weights equally the utility of consumers in
the two countries.

The most important parameters in this
paper are those of the Armington aggrega-
tor, which govern the elasticity of substitu-
tion between foreign and domestic goods
and the average ratio of imports to output.
The elasticity of substitution is, again, o =
1/(1+ p), and there is some uncertainty
about what value of this parameter is indi-
cated by the data (see e.g., the survey of
estimates provided by Stern et al. [1976]).
The most reliable studies seem to indicate
that for the United States the elasticity is
between 1 and 2, and values in this range
are generally used in empirical trade mod-
els. For Japan and an aggregate of Euro-
pean countries, the elasticity seems to be
smaller (see e.g., the discussions of Dear-
dorff and Stern [1990 Ch. 3] and Whalley
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[1985 Ch. 5)). We use o = 1.5 as our starting
point but experiment with other values as
well. We determine w; and w, from ob-
served ratios of imports and exports to GDP
using the first-order condition

1/0

p=(w,/w)(a, /b)) ".

In a symmetric steady state with y, =y,,
b,=a,, and p=1, the ratio a, /b, can be
expressed as (1—b,/y,)/(b,/y,), where
b, /y, is the ratio of imports to GDP in
country 1. With p =1, this determines the
ratio w, /w,. We set the levels of w; and
w, so that the steady-state value of y, is 1,
a convenient normalization. We use an im-
port share of 0.15, which is slightly greater
than its average value in the United States,
Japan, and Europe {(in aggregate, with
intra-European trade excluded) over the last
decade. We use these parameter values as a
benchmark but also consider alternative val-
ues in the following sections. We postpone
discussion of government shocks until they
are used in the next section.

IV. Properties of the Theoretical Economy

We are now in a position to compute
equilibrium time paths for variables in our
theoretical economy and to compare their
properties to those of the aggregate data we
reviewed earlier. We do this for the bench-
mark parameter values, described in the
previous section and summarized in Table
2, and also for some other values. This
analysis helps us to assess the role of vari-
ous parameters in generating specific prop-
erties of the theoretical economy and gives
us some feeling for the robustness of these
properties. It also provides some intuition
for the model’s behavior.

Our primary objective is to document the
theoretical relation between net exports and
the terms of trade and to determine, in
particular, whether the theory can account
for the asymmetric cross-correlation func-
tion for the trade balance and the terms of
trade, the S-curve. We find it useful to start,
however, with some summary statistics.
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These statistics shed light on aspects of the
model that play a role in the dynamics of
net exports and the terms of trade and may
also have some independent interest. Thus
we report, in Table 3, the same properties
of the theoretical economy that we docu-
mented for 11 OECD countries in Table 1.
The first row, which shows data for what we
refer to as the benchmark economy, uses the
parameter values specified in the last sec-
tion and listed in Table 2.

We find, first, that both net exports and
the terms of trade are highly autocorrelated
in our theoretical economy. The autocorre-
lation of net exports is somewhat less than
we see in the data (0.61 in the model vs. a
median of 0.71 in the data) but is within the
range observed for other countries. The
autocorrelation of the terms of trade in the
model (0.83) is very close to its median
value in the data (0.80). Neither of these
properties is surprising: the variables of the
model inherit to a large extent the high
degree of persistence in the technology
shocks.

We turn next to correlations between net
exports and other variables. In the bench-
mark economy, the net-exports variable is
countercyclical: the contemporaneous corre-
lation with output is —0.64. This character-
istic is stronger than we see in U.S. data
(—0.22), but is within the range of variation
observed across the 11 countries of our
sample (from —0.17 to —0.68). There is a
sense in which investment is essential in
generating these countercyclical fluctuations
in net exports. The trade balance and in-
vestment are connected, as we know, by an
identity: the net-exports variable is the dif-
ference, in our economy, between output
and the sum of consumption and investment
at market prices. Consumers’ desire for
smooth consumption will lead, as we will
see in Section VI, to a standard deviation of
consumption about half that of output. As a
result, output net of consumption is pro-
cyclical, and countercyclical movements in
the balance of trade require, in addition,
strong procyclical movements in investment.
In the model, as in the data, investment
fluctuations are large enough to make ab-
sorption more variable than output over the
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TaBLE 3—ProPERTIES OF NET ExPORTS, REAL QUTPUT, AND THE TERMS OF TRADE
IN THEORETICAL ECONOMIES
Standard deviation
(percent) Autocorrelation Correlation
Economy nx y r nx y p (nx, y) (nx, p) (y,p)
Benchmark 0.30 1.38 0.48 0.61 0.63 0.83 —0.64 —0.41 0.49
(0.02) (0.18) (0.06) 0.07) (0.10) (0.05) 0.07) (0.08) 0.149)
Large elasticity 0.33 1.41 0.35 0.63 0.64 0.88 -0.57 -0.05 043
(0.03) (0.18) (0.05) (0.07) (0.18) (0.03) (0.08) (0.09) 0.14)
Small elasticity 0.37 1.33 0.76 0.61 0.63 0.77 —0.66 —0.80 0.51
(0.03) (0.18) 0.07) 0.07) (0.10) (0.05) 0.07) 0.09) (0.16)
Two shocks 0.33 1.33 0.57 0.62 0.65 0.78 —-0.57 -0.05 0.39
(0.03) 0.15) 0.07) (0.08) (0.08) (0.06) (0.15) 0.17) 0.17)
Time to build 0.28 1.34 0.51 0.60 0.63 0.52 -0.61 -0.40 0.50
(0.02) ©0.17) (0.06) 0.17) 0.10) (0.16) 0.07) (0.08) 0.12)
Time to ship 0.24 1.35 0.48 0.65 0.66 0.66 —-0.56 —0.51 0.61
(0.02) (0.18) (0.05) 0.07) (0.08) (0.09) (0.08) (0.09) 0.11)
No capital 0.18 1.14 1.29 0.71 0.61 0.64 0.66 0.99 0.68
(0.01) 0.15) (0.09) (0.06) 0.11) 0.07) (0.06) (0.00) (0.06)
Government 0.16 0.17 0.30 0.67 0.67 0.67 —-0.55 1.00 —0.35
shocks (0.03) (0.02) (0.05) 0.11) (0.08) 0.11) (0.13) (0.00) (0.13)
Perfect 16.90 222 — —0.10 0.76 — 0.10 — —
substitutes (1.14) (0.29) 0.18) (0.05) (0.04)

Notes: Statistics are based on Hodrick-Prescott (1980) filtered data. Entries are averages over 20 simulations of 100
quarters each; numbers in parentheses are standard deviations. Parameters are as in Table 2, except the following:
large elasticity, o = 2.5; small elasticity, o = 0.5; two shocks, mean of g= diag(0.2,0.2), B = diag(0.95,0.95), and
V= diag(0.0042,0.0042); time to build, J = 2; time to ship, one-period shipping lag, as described in text; no capital,
6 =0.001; government shocks, as in two shocks plus z, =1, all ¢; and perfect substitutes, o =100 and import

share = 0.5.

cycle and thus give rise to a negative corre-
lation between net exports and output.

A third feature of the benchmark econ-
omy is a strong inverse relation between net
exports and the terms of trade: the trade
balance is generally positive when the rela-
tive price of foreign goods is low. This cor-
relation is generally negative in the data,
too, with the United States being a notable
exception. We also find that the correlation
between the terms of trade and output is
strongly positive in the theoretical economy;
in the data, there is no obvious regularity.

With' this background, we turn to the
cross-correlation function for net exports
and the terms of trade. We see, in Figure 3,
that this function takes the S-curve shape
that we documented for eight of 11 coun-
tries in Figure 1. Thus, the theory delivers
one of the striking features of the data. We

can get some intuition for the behavior un-
derlying this correlation from Figure 4,
where we graph the dynamic responses of
the terms of trade and other variables to a
one-time positive shock to domestic produc-
tivity. On impact, we see an increase in
domestic output and thus a decrease in its
relative price, the inverse of the terms of
trade. In the second panel of the figure we
see that this shock also raises consumption,
but by less than half the increase in output.
Investment, however, grows more than con-
sumption, and the trade balance moves ini-
tially into deficit. As time passes, the invest-
ment boom dissipates, and the trade deficit
turns to a surplus. This impulse-response
pattern gives rise, in the benchmark econ-
omy, to a negative contemporaneous corre-
lation between net exports and the terms of
trade. The correlation between p, and nx,
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THE BENCHMARK EcoNomy

increases with k in the neighborhood of
k =0, reflecting the positive slope of the
dynamic response function for net exports
in Figure 4. The reasoning behind the left
side of the cross-correlation function is
somewhat different and brings out the dif-
ference between impulse-response functions
and cross-correlation functions. To make
this as simple as possible, suppose the econ-
omy has only one shock and that the terms
of trade is autoregressive of order one, with
autocorrelation coefficient «. Then the
cross-correlation function for lags k <0 ap-
proaches zero geometrically at rate «. In
the benchmark economy, the dynamics are
slightly more complex, so this example pro-
vides only an approximation to the pattern
reported in Figure 3.

We see, then, that the theory produces an
S-curve and that the dynamics of net ex-
ports and the terms of trade in our theoreti-
cal economy reflect, to a large extent, the
influence of capital formation on the bal-
ance of trade. We return to this issue in the
next section. The remaining experiments of
Table 3 illustrate the sensitivity of these
properties to values of particular parame-
ters and the influence on the economy of
shocks to government purchases.

Perhaps the most important parameter
for the trade-balance /terms-of-trade rela-
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tion is the elasticity of substitution between
foreign and domestic goods. In the bench-
mark economy, this elasticity is 1.5; in the
next two experiments we choose larger and
smaller values. In the large-elasticity experi-
ment (o = 2.5), the contemporaneous corre-
lation between net exports and the terms
of trade is weaker, moving from —0.41 in
the benchmark case to —0.05. In the small-
elasticity experiment (o = 0.5), the correla-
tion is more strongly negative. Evidently the
elasticity parameter, o, has a significant in-
fluence on this correlation. In Figure 5, we
plot the correlation for values of o between
0 and 5. We find that the correlation is
negative for small elasticities and positive
for large elasticities, with the sign change
occurring at about o = 2.7.

We get a more complete picture of the
effect of the elasticity of substitution on
trade and price dynamics from the cross-
correlation function. In Figure 6, we report
such functions for the trade balance and the
terms of trade for the first three theoretical
economies. We find that for each of the
three values of the substitution elasticity,
the cross-correlation function exhibits an
S-curve. It is clear, then, that the value of
the elasticity does not change this implica-
tion of the theory. What changing the elas-
ticity does is shift the function left and
right: as we decrease o, the cross-correla-
tion function shifts to the right. Thus, the
elasticity of substitution between foreign and
domestic goods affects the contemporane-
ous correlation between the trade balance
and the terms of trade, but not the asym-
metric shape of the cross-correlation func-
tion.

This dependence of the timing of the
S-curve on the elasticity of substitution sug-
gests a more subtle interpretation of the
data: there is a relation between the timing
of the crossing point of the cross-correlation
function and the elasticity of substitution.
Studies that estimate the elasticity of substi-
tution between foreign and domestic goods
typically find larger values for the United
States than for Europe and Japan (see
e.g., Whalley’s [1985 Ch. 5] survey of the
evidence). We also see that the cross-corre-
lation function for the United States in Fig-
ure 1 is shifted to the left relative to those
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for other countries. Perhaps further work
will indicate the robustness of the relation
between these two properties.

To this point, we have considered experi-
ments in which productivity shocks are the
only source of fluctuations. Another poten-
tial source of fluctuations is government
purchases, which has been emphasized in
related contexts by Hodrick (1989), Maurice

0.80
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FIGURE 6. CROSs-CORRELATION FUNCTIONS WITH
DIFFERENT ELASTICITIES

Obstfeld (1989), and Kei-Mu Yi (1991). In
our next experiment, labeled two shocks, we
consider shocks to both productivity and
government purchases. The parameter val-
ues for the government-purchases process
are derived from international data and
from V. V. Chari et al.’s (1991) estimates
for the United States. The mean value of g
in each country is 20 percent of steady-state
output, which we have normalized at 1. We
set B = diag(0.95,0.95), so that shocks are
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highly persistent. The innovations are as-
signed standard deviations equal to 2 per-
cent of mean government purchases, or
0.004. These shocks are independent across
countries and independent of the productiv-
ity shocks, as they tend to be in interna-
tional data.

In most respects, the properties of the
economy with government shocks are simi-
lar to those of the benchmark economy. The
net-exports variable remains countercycli-
cal. The cross-correlation function between
net exports and the terms of trade, pictured
in Figure 7, is flatter than that with only
shocks to productivity but has the same
general shape. Introducing shocks to gov-
ernment purchases, then, does not change
these two features of the theory.

Thus, our theoretical economy generates
both the countercyclical movements of net
exports and the asymmetrical pattern of
cross-correlations between net exports and
the terms of trade that we see in the data.
With the benchmark parameter values,
however, the dynamics of the theory are less
persistent than those in the data, with the
cross-correlation function changing its sign
one or two quarters faster in our theoretical
economy than in the data. One approach to
this issue is, as we have seen, to postulate
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smaller values of the elasticity of substitu-
tion: when we lower o from 1.5 to 0.5 (as in
Fig. 6), the point at which the cross-
correlation function crosses the axis shifts to
the right by one or two quarters. Another
approach is to consider additional dynamic
mechanisms., Common examples range from
sluggishness in adding new productive ca-
pacity (Junz and Rhomberg, 1973; Magee,
1973, William L. Helkie and Peter Hooper,
1988) to the fixed costs of changing export
quantities found in recent work on hystere-
sis (Avinash K. Dixit, 1989; Richard Bald-
win and Paul Krugman, 1990). We look at
an example of each.

We consider, first, modifications of the
dynamics of capital formation. Most studies
posit either adjustment costs or multiperiod
construction for the technology of capital
formation. Mendoza (1991) and Marianne
Baxter and Mario J. Crucini (1993), for ex-
ample, consider convex costs of changing
the capital stock. Kydland and Prescott
(1982), however, argue for “time to build”
and suggest that a four-quarter construction
period (J = 4, in the notation of our theory)
is closer to what we see in the U.S. econ-
omy. We consider an intermediate experi-
ment with J =2, labeled time to build in
Table 3. We find, for this experiment, that
the pattern of cross-correlations is not much
different from the benchmark economy. As
we see in Figure 8, this modification shifts
the cross-correlation function to the right by
about one quarter, bringing the theory closer
to what we see in the data for most coun-
tries.

A second modification is a one-period lag
in the trading process: Goods exported from
country 1, say, in period ¢ cannot be used in
country 2 until period ¢ +1. We think of
this delay as including both time in transit
and time spent clearing customs. The Arm-
ington aggregators in period ¢, in this case,
are Gla,,,b,, ) and G(b,,,a,, ), re-
spectively, in the domestic and foreign
countries. We label this one-period delivery
lag time to ship.

This shipping lag introduces a subtle
question of measurement: what concept of
price corresponds most closely to that used
in constructing import price indexes? One
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possibility is the delivery price, which in our
framework would give rise to terms of trade
in country 1 of

{aG(al,t’bl,t-l)/abl,t-l}
{aG(al,ﬂbl,t—l)/aal,t}

p=

This relative price corresponds to the value
of imports once they clear customs. An al-
ternative is the contract price prevailing at
the time the import goods are ordered. In
this case, the equilibrium terms of trade
would be

Et{mt+laG(a1,t+l’bl,t)/abl,t}

p,=
! {aG(al,t’bl,t-l)/aal,t}
where
B{aU(Cl,t+l’1_ n1,1+1)/‘3"1,t+1}
m, =

{aU(Cl,nl - nl,t)/acl,t}

is the intertemporal marginal rate of substi-
tution for the domestic composite good. We
report properties of the latter definition in
Table 3, since this seems to us to be a better
approximation of how- prices are con-
structed in international data.
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We find that the delivery lag in the time-
to-ship economy does influence the timing
of the relation between the trade balance
and the terms of trade. We see in Figure 8
that the cross-correlation function is shifted
to the right by about one quarter, relative to
the benchmark economy, again making it
more similar to those in the data for many
countries. In this sense, both time to build
and time to ship are useful extensions of the
benchmark economy.

V. Two Extreme Experiments

All of the experiments considered in the
previous section are based on parameter
values that we consider reasonable. Here
we conduct two experiments with parameter
settings that we regard as unreasonable in
order to illustrate two central features of
the theory.

The first feature is the relation between
investment and trade dynamics. In the last
section we stressed, as do Jeffrey D. Sachs
(1981), Robert G. Murphy (1986), Philip L.
Brock (1988), Kiminori Matsuyama (1988),
and Michael Gavin (1990), the close con-
nection between fluctuations in trade and
investment in physical capital. To empha-
size this connection, we set the capital-share
parameter 6 equal to 0.001 in the experi-
ment labeled no capital, which effectively
eliminates capital from the economy. The
behavior of trade and prices changes dra-
matically. We find that here, in contrast to
the benchmark economy, the trade balance
is procyclical, and the contemporaneous
correlation of net exports and the terms of
trade is strongly positive. The cross-correla-
tion function, pictured in Figure 9, is tent-
shaped: there is no evidence of the S-curve
that appeared in the economy with capital
formation. These differences between the
economy with and without capital indicate,
in somewhat stronger form than the experi-
ments of the last section, that capital forma-
tion plays a central role in the dynamics of
trade and relative prices for the benchmark
economy.

The properties of the no-capital economy
can be understood, for the most part, as
reflections of consumption-smoothing. Con-
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sider the cyclical behavior of trade. We will
see in the next section that in this economy,
consumption is less variable than income; as
a result, the trade balance, which is the
difference between output and consumption
at market prices, is procyclical. With respect
to comovements between trade and prices,
the dynamic response functions again pro-
vide some intuition. A favorable shock to
domestic productivity leads to an increase
in domestic output, a smaller rise in domes-
tic consumption, and (with these parameter
values) a trade surplus. With greater output
of the domestic good, its relative price falls,
and there is an increase in the terms of
trade. This leads to a positive contempora-
neous correlation between the trade bal-
ance with smaller correlations at leads and
lags (see Fig. 9).

A second feature of the theoretical econ-
omy is the dependence of trade and price
dynamics on the type of shocks hitting the
economy. In the experiment labeled govern-
ment shocks, shocks to government pur-
chases serve as the sole impulse. With only
government shocks we find, again, that the
properties of the model are much different
from those of our benchmark experiment.
The contemporaneous correlation between
net exports and the terms of trade, for ex-
ample, changes from —0.41 in the bench-

ment. There is no tendency, as with produc-
tivity shocks, for an investment boom to
follow the shock; we see, in fact, the oppo-
site with these parameter values. This sharp
difference between the economy with pro-
ductivity shocks and the economy with gov-
ernment shocks illustrates the hazard of
predicting comovements between the terms
of trade and the trade balance without spec-
ifying the shock that gives rise to these
movements. René M. Stulz (1988) and Oded
Galor and Shoukand Lin (1991) make simi-
lar points in different contexts.

In short, the economy generates an S-
curve when capital formation is an impor-
tant part of the propagation mechanism and
fluctuations are driven by shocks to produc-
tivity. Without capital, or with shocks only
to government purchases, it does not. In
this sense, both capital formation and the
source of price and trade fluctuations are
critical factors in determining the shape of
the cross-correlation function for net ex-
ports and the terms of trade in our theoreti-
cal framework.

VI. Anomalies

We have emphasized the implications of
the theory for the cross-correlation function
between the trade balance and the terms of
trade. Here we expand our study to other
properties and point out two discrepancies
between quantitative properties of our the-
ory and those of international data.

The first discrepancy is evident from Ta-
bles 1 and 3: for our benchmark parameter
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values and a wide range of alternatives, the
variability of the terms of trade is signifi-
cantly smaller in our theoretical economy
than it is in the data. Christian Zimmer-
mann (1991) notes a similar discrepancy in
an analogous economy with three countries
of different sizes, as do Stockman and Linda
L. Tesar (1991) in an economy with both
traded and nontraded goods. The standard
deviation of the terms of trade is 0.48 per-
cent in our benchmark economy (Table 3)
and 2.92 percent in U.S. data (Table 1), a
sixfold difference. If we compare the theory
to data for Japan, the difference is even
larger. The difference is smaller if we use
a smaller elasticity of substitution (small
elasticity) or add shocks to government pur-
chases (two shocks), but even then the dis-
crepancy between theory and data is sub-
stantial. Alternatively, we might argue that
the standard deviations of relative prices in
the data are overstated. William Alterman
(1991), for example, has constructed im-
proved indexes of U.S. import and export
prices. Using these indexes, the variability
exhibited by the terms of trade is about 30
percent less than for the data used in our
Table 1. We think it unlikely, however, that
measurement error is large enough to ac-
count for most of the substantial difference
in price variability between theory and data.

A second class of discrepancies concerns
the magnitude and character of fluctuations
in aggregate quantities: the standard devia-
tions of consumption and investment, for
example, and the correlations of output and
consumption across countries. We report
these properties in Table 4 for all of the
parameter settings used in Table 3. With
respect to the variability of investment, we
found in our earlier study (Backus et al.,
1992) that when foreign and domestic goods
are perfect substitutes and goods can be
shipped costlessly between countries, the
variability of investment is much greater
than we see in the data. In U.S. data, re-
ported in the first row of Table 4, the stan-
dard deviation of investment is 3.15 times
the standard deviation of output. When the
time-to-build parameter J is 1, as it is in the
economy of this paper, this ratio is 31.47
(Backus et al., 1992 table 5). We approxi-
mate this economy in the experiment la-
beled perfect substitutes, where we set o =
100 and @, = w,. In this case, the standard
deviation of investment, relative to that of
output, is 30.32. In the benchmark econ-
omy, however, investment is much less vari-
able: its standard deviation relative to that
of output is 3.48. Apparently, the concavity
of technology implied by imperfect substi-
tutability, even for values of o as large as
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TABLE 4—BusINESs-CYCLE PROPERTIES OF THEORETICAL ECONOMIES
Ratio of standard
deviation to
that of output Correlation

Economy ¢ X (c,y) (x,y) (v, ¥2) (ci,¢3)
Data 0.49 3.15 0.76 0.90 0.70 0.46
Perfect substitutes 0.31 30.32 0.75 0.01 —-0.58 0.67

(0.06) 1.07) 0.12) (0.05) (0.15) 0.17)
Benchmark 0.47 3.48 0.88 0.93 0.02 0.77

(0.08) 0.31) (0.06) (0.02) (0.18) (0.10)
Large elasticity 0.46 3.59 0.85 0.92 -0.02 0.81

€0.08) 0.31) 0.07) (0.02) (0.18) (0.10)
Small elasticity 0.50 341 0.92 0.93 0.10 0.68

(0.08) 0.31) (0.04) (0.02) 0.17) 0.1D
Two shocks 0.62 4.29 0.78 0.89 0.00 0.83

(0.09) 0.59) 0.11) 0.04) (0.23) (0.06)
Time to build 0.49 3.35 0.88 0.93 0.04 0.77

(0.08) (0.30) (0.06) 0.02) (0.18) (0.10)
Time to ship 047 3.21 0.86 0.93 0.02 0.79

(0.08) .31 0.07) 0.02) 0.18) 0.10)
No capital 0.72 — 0.73 — 0.03 1.00

©.11) 0.10) ©.17) (0.00)
Government shocks 0.93 3.66 —-0.95 —-0.95 0.42 0.79

0.12) 0.47) 0.02) 0.02) 0.16) (0.08)

Notes: Parameter values are described in Table 2 and the notes for Table 3. The data row is taken from Backus
et al. (1992 table 5); entries refer to the United States, except the correlations between foreign and domestic output
and consumption, which refer to the United States and Europe. As in Table 3, numbers in parentheses are standard
deviations of the relevant statistic over 20 simulations of 100 periods each. Variables are the logarithm of real
consumption (c), the logarithm of real fixed investment (x), and the logarithm of real output (y). Subscripts 1 and 2

refer to the domestic and foreign countries, respectively.

2.5 (our large-elasticity experiment), is suf-
ficient to bring the theory close to the data
in this respect. For this reason, we do not
view investment variability as an anomaly of
the theory.

A more robust discrepancy is what we
termed, in our earlier paper, the consump-
tion /output anomaly: in the data, the corre-
lation of consumption across countries is
generally smaller than that of output; in our
theoretical economies, we see the reverse.
In data for the United States and an aggre-
gate of European countries, for example,
the consumption correlation is 0.46; the
output correlation is 0.70 (see the “Data”
row of Table 4). In our perfect-substitutes
economy, these correlations are 0.67 and
—0.58, respectively, so there is clearly a
large difference between theory and data.
With imperfect substitutability between for-
eign and domestic goods (e.g., the bench-
mark experiment), the consumption correla-

tion (0.77) remains substantially larger than
the output correlation (0.02), although the
difference between them is smaller. Com-
plementarity between foreign and domestic
goods reduces this discrepancy even more
(see the small-elasticity experiment, in which
o is reduced to 0.5 from 1.5 in the bench-
mark case) but does not eliminate it. Stock-
man and Tesar (1991) do somewhat better
in this regard using nontraded goods and
taste shocks, but they understate the corre-
lation across countries of consumption of
traded goods alone. Donna Costello and
Jack Praschnik (1992) introduce a third, oil-
producing country, which increases the vari-
ability of the terms of trade in oil-importing
countries and lowers the correlation of con-
sumption across countries. They find, how-
ever, that the terms of trade for manufac-
tured goods remains less variable in the
model than it is in the data and that the
cross-country correlation of manufactured-
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goods consumption in their theory is much
higher than it is in the data.

In short, work to date has documented
two robust discrepancies between proper-
ties of the data and those of this class of
theoretical economies. One concerns rela-
tive price variability: it appears that variabil-
ity in the terms of trade is much greater in
the data than in the theoretical economies.
The other concerns international comove-
ments: in the theory, we generally find that
the correlation of output across countries is
stronger than that of consumption; in the
data, we see the reverse. These anomalies,
in our opinion, are two of the central issues
in international business-cycle research and
stand as clear challenges to future work in
this area.

The question in the present context is
how these anomalous features affect our
assessment of the dynamics of the trade
balance and the terms of trade. This is
probably impossible to answer without
knowing how those anomalies are resolved.
Nevertheless, we suspect that the counter-
cyclical movements in trade and the
S-shaped cross-correlation function for
trade and relative prices may be robust
properties of the theory, since they rely
primarily on the persistence of productivity
shocks and the dynamics of capital forma-
tion, features that apply to a much broader
class of economies than ours. Thus, we con-
jecture that this account of the S-curve may
survive the changes that are called for by
anomalies in other dimensions of the
model’s properties.

VII. Concluding Remarks

This study adds to a growing literature in
which properties of international time-series
data are compared to those of dynamic gen-
eral-equilibrium models. Prominent exam-
ples include Baxter and Crucini (1993),
Emanuela Cardia (1991), Mendoza (1991),
and Stockman and Tesar (1991); for a more
complete list, see Backus et al. (1993). These
studies look at a wide range of issues. The
first three studies, for example, examine the
correlation between saving and investment
rates within countries. Stockman and Tesar
(1991) examine, among other things, the
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correlations of output and consumption
across countries. We add to this list a con-
sideration of the short-run dynamics of trade
and relative prices. We find that while the
theory mimics the cross-correlation function
for the trade balance and the terms of trade,
in two other respects the theory differs
sharply from the data. Future work should
tell us how these discrepancies between the-
ory and data are resolved and how further
developments bear on the dynamics of trade
and prices.

APPENDIX: DATA SOURCES
AND DEFINITIONS

The data used in Table 1 and Figures 1
and 2 were taken from the Organization for
Economic Cooperation and Development’s
Quarterly National Accounts. These are re-
ported quarterly in a publication of the same
name; our numbers come from a machine-
readable data base supported by the Board
of Governors of the Federal Reserve Sys-
tem. The variables of interest are the fol-
lowing:

real output: output in base-year prices, ei-
ther GNP or GDP, depending on the
country;

net exports in current prices: exports minus
imports in current prices;

terms of trade: the ratio of the implicit price
deflator for imports to the implicit price
deflator for exports, with deflators com-
puted as ratios of current-price imports
and exports to base-year-price imports
and exports.

The sample periods noted in Table 1 are
the complete samples from the January 1991
version of the data base. We seasonally ad-
justed the data for Australia, Austria, and
Finland using the X-11 method.
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