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Introduction

There is longstanding interest in understand-
ing international commerce and its relation-
ship with international conflict. The Journal
of Peace Research has published a series of
important articles analyzing the effect of con-
flict on international commerce, including

Barbieri (1996), Barbieri & Schneider (1999),
Polachek, Robst & Chang (1999), Oneal
& Russett (1999), Dorussen (1999, 2002),
Morrow (1999), Hegre (2000, 2002), Barbieri
& Levy (1999, 2001), Anderton & Carter
(2001a,b), Long (2003), Gartzke & Li (2003),
and Goenner (2004), among others. 

It is well recognized and generally accepted
that conditional on a variety of local and global
contexts, countries will have levels of bilateral
commerce roughly proportional to their com-
bined share of the global market, but inversely
proportional to their distance from one
another.This idea isknownas thegravitymodel
and stands at the core of modern understand-
ing of the patterns of international commerce
(Feenstra, Rose & Markusen, 2001): countries
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with large economies have a lot of trade with
each other, especially if they are neighbors. A
gravity model can typically explain about one-
half the variation in bilateral international com-
merce and is widely considered a benchmark if
not the gold standard. However, few political
economists believe that international com-
merceoccurs absent the frictionand lubrication
created by individuals, firms, and institutions
which are not represented completely by size
and distance alone. Thus, discerning the addi-
tional forces that affect international commerce
has been an important item in this longstand-
ing research agenda.

As a result, many scholars have introduced
into the gravity model a variety of factors
thought to affect the bilateral flow of goods
and services. Following the pioneering works
of Williamson (1985) and North (1990),
scholars have focused on a wide variety of
international as well as domestic institutions
that affect the bilateral level of commerce.
Such institutions are those that are thought
to provide accountable, stable, corruption-
free, and effective governance, especially in
so far as they provide an enforceable legal
framework. Recent work by De Groot et al.
summarizes these findings in the sphere of
the domestic political economy:

We find that [domestic] institutional quality has
a significant, positive and substantial impact on
bilateral trade flows. The same goes for similar
quality of governance. These results support the
hypothesis that institutional variation is an
important determinant of informal barriers to
trade. The positive correlation between income
per capita and quality of institutions gives rise to
an explanation of why high-income countries
trade disproportionately amongst each other,
while the same does not hold for low-income
countries. Generally good governance lowers the
transaction costs for trade between high-income
countries, while trade between low-income
countries suffers from high insecurity and trans-
action costs. (De Groot et al., 2004: 119)

Rose (2004a,b, 2005a,b, 2006) has carefully
investigated whether and which international

organizations may provide similar positive
benefits for international commerce, find-
ing that many well-worn adages about the
international institutions are, if not simply
wrong, certainly more nuanced than previ-
ously thought. Rose’s work is hard to sum-
marize, but he finds that not all international
organizations have substantial nor similar
impacts on international commerce. Indeed,
the impacts of the GATT/WTO and IMF
are generally quite small and often nega-
tive, while the impact of membership in the
OECD is both substantial and positive (Rose,
2005b: 692).

But incorporating domestic and interna-
tional institutions does not tell the entire story
of international commerce. Does interna-
tional collaboration spill over into the eco-
nomic realm beyond what an augmented
standard gravity model predicts? One per-
plexing claim is whether political cooperation
and conflict have substantial impacts on inter-
national commerce. There is a considerable
lineage of studies that show that international
political conflict attenuates bilateral com-
merce and that international cooperation pro-
motes it. For example, Barbieri (1996) and
Barbieri & Levy (2001) find that trade is not
necessarily diminished by war among trading
partners, but Anderton & Carter (2001a,b)
find evidence that war often interrupts inter-
national commerce at the bilateral level. Many
scholars believe that since democracies are
thought to have less conflict with one another,
this will have positive externalities upon their
bilateral commerce. Bliss & Russett (1998)
argue, for example, that private actors in
democratic states will prefer commerce with
partners also in democratic states because
democracies rarely go to war with one another
and the attendant risk ratio of having business
interrupted by international conflict is very
low. Since democratic societies are viewed as
less threatening in the foreign policy domain,
international commerce with partners in
democratic societies will rarely be viewed as
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threatening national security. Mansfield,
Milner & Rosendorff (2000) have suggested
that because governments are subject to
domestic pressures in developing trade poli-
cies, democratic countries are more likely to
agree to liberalizing trade agreements than
non-democratic countries. Consequently,
democratic countries will also trade more with
one another. Morrow, Siverson & Tabares
(1999) also show that pairs of countries that
are democratic trade more with each other.
However, the role of mass-based domestic pol-
itics in poor, authoritarian countries is unclear.
Keshk, Pollins & Reuveny (2004) recently
suggested that the widespread notion that
conflict inhibits trade does not appear to be a
very robust finding. Stated differently, there is
no consensus on the linkage between conflict
and commerce, either in terms of theoretical
expectations or in terms of empirical findings:
prominent published studies have concluded
that bilateral international conflict either
stimulates, attenuates, or has no direct effect
on bilateral international commerce.

Such discrepancies can arise for a variety of
reasons, two of which we address in this
article. First of all, despite their prominence
and utility over the past four decades, statisti-
cal implementations of gravity models have
misestimated the flow of goods among
countries, often by a lot.1 One main reason is
that the typical linear model specification
assumes that the residuals are ‘pattern-less’, or
statistically independent and identically dis-
tributed. This is implausible, since it assumes
that there is no correlation of trade flows
having the same source, nor any correlation
of flows having the same destination. Given
the asymmetry of international commerce, in
which a few states account for a large share of

international commerce, such an assumption
is untenable. Such correlation calls into ques-
tion the validity of any p-values or standard
errors associated with regression coefficients,
and therefore the validity of any theory of
trade based on such a statistical analysis.

A second explanation for inconsistent
results across studies is that the relationships
between trade and explanatory variables may
vary over time, and a strong relationship
between variables in one year does not neces-
sitate the same relationship in subsequent
years. Strictly speaking, there is no statistical
theory to justify the claim that a significant
result in one year should generalize to other
years: Even when the above-mentioned cor-
relations are properly accounted for, the strict
sampling-theory interpretation of confi-
dence intervals and p-values is that the data
from a given year gives information about
the super-population from which that year’s
data were sampled. Since the data used in the
estimation of a gravity model typically
include all data from a given year and are
therefore not randomly sampled, the exist-
ence of such a super-population and the con-
nection between it and data from another
year are hypothetical. Because of this,
whether or not an explanatory variable
should be part of a general, broadly applica-
ble theory of trade is not something that can
be addressed with one year’s worth of data.
Typically, this is addressed by panel methods,
which do not work well in the case of trade,
as we demonstrate below.

To address these issues, we suggest an alter-
native evaluation of gravity models in which

(a) residual statistical dependencies in trade
involving a common exporter or importer
are estimated via latent additive and mul-
tiplicative effects, and

(b) the generalizability of regression and latent
effects are evaluated by a type of out-of-
sample predictive performance, which we
refer to as temporal persistence.

Michae l  D.  Ward & Peter  D.  Hof f IN T E R N AT I O N A L CO M M E RC E 159

1 McCallum (1995) found that borders between the United
States and Canada were associated with a huge distortion
in US commerce with Canada: trade among provinces was
22 times larger than trade between provinces and states.
This was called the paradox of the missing trade, especially
since there are few formal barriers to commerce across this
border.
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The former builds on work on the bilin-
ear random effects model developed earlier
(Hoff & Ward, 2004; Hoff, 2005), while the
latter provides a re-evaluation of the poten-
tial impact of institutional context and con-
flict patterns on trade, and gives a description
of international commerce that exposes many
heretofore hidden dependencies in trade data.
This should assist us in developing a clearer,
more complete picture of the evolution of
bilateral trade in the contemporary world
and enable a more detailed evaluation of the
major claims which are addressed in the context
of the gravity model.

The Gravity Model of International
Commerce

Sir Isaac Newton developed the first gravity
model when he noted in Philosophiae Naturalis
Principia Mathematica (1687) that ‘every object
in the Universe attracts every other object with
a force directed along the line of centres for
the two objects that is proportional to the
product of their masses and inversely pro-
portional to the square of the separation
between the two objects’. That is, the gravi-
tational force between two objects i and j,
given their masses Mi,Mj and the distance
Di,j between them, can be expressed as

The gravity model for international trade
can be conceptualized analogously: given
some definition of the ‘economic mass’ of
each country, some additional ‘gravitational’
influences Zi,j and a measure of multiplica-
tive error (e ε), a multiplicative model for
trade flow between countries i and j is

Taking logarithms reveals the standard
linear form of the gravity model typically

employed in statistical studies of bilateral
trade:

where, making the analogy with Newton’s
law of gravitation, we expect β1 > 0, β2 > 0
and β3 < 0.2

Such models for trade are widely employed
and have typically been evaluated using con-
fidence intervals and p-values for the regres-
sion parameters, obtained using ordinary
least-squares regression and assuming the error
terms are independent and identically distrib-
uted. In particular, they assume as follows:

E(εi,j × εj,i ) = E(εi,j × εi,k)
= E(εi,j × εk,j) = 0

(1)

meaning that the correlation of residual trade
flow between two countries is zero and that
the correlation of exports and the correlation
of imports from a given country are also both
zero. In the context of international trade, it
is dubious that these assumptions are valid.
There is good reason to expect that a wide
range of countries will import certain goods
from specific, large exporters, such as the
United States or China. It is also to be expected
that many countries will export to specific,
large importers, such as Japan and the United
States. Finally, we may expect that if one
country has certain trade agreements with
another, then it will have both large residual
exports to and imports from that country.
There should be a large amount of residual
dependence that is attributable to the sender,
the receiver, and the dyad that the standard
formulation ignores. We explore this in the

ln Fi,j︸ ︷︷ ︸ = β0 + β1 ln Mi + β2 ln Mj︸ ︷︷ ︸
bilateral trade = mass

+ β3 ln Di,j︸ ︷︷ ︸ + β4 ln Zi,j︸ ︷︷ ︸ +εi,j

distance other forces

Fi,j ∝ M β1
i × M β2

j × Z β4
i,j × eεi,j

D−β3
i,j

.

Fi,j ∝ Mi ×Mj

D2
i,j

.

2 β3 < 0 following the ratio specification of the gravity model.
This reflects the idea that countries far apart will have less
trade with one another, other things being equal.

 at CARNEGIE MELLON UNIV LIBRARY on April 29, 2013jpr.sagepub.comDownloaded from 

http://jpr.sagepub.com/


context of a single year’s data in the next
section, and over a 20-year period below.

Analysis of 1981 Data

We begin with a descriptive analysis of the
1981 trade data using the following linear
model:

ln Fi,j = β0 + β1lnGi + β2lnGj
+ β3lnDi,j + β4Pi + β5Pj (2)
+ β6Pi × Pj + β7Ci,j + εi,j

where Fi,j portray the annual exports of
country i to country j, Gi is the gross domes-
tic product of country i, Di,j is the distance
from the capital of i to the capital of j, Pi
is the polity score of country i, and Ci,j
measures the amount of cooperation between
i and j in conflictual international disputes.
Details on the data employed are provided in
Appendix A and in the web appendix for this
article. The basic substantive motivation of
this model is that the flow of trade between
two countries is log proportional to the size
of their individual economic outputs (Gi, Gj)
and to their geographic distance from one
another (Di,j). Additionally, it is generally
hypothesized that countries with developed
democratic institutions (large values of Pi)
will not only export more goods but will also
import more. Further, countries with similar
institutional environments which are ‘jointly’
democratic or autocratic (large values of Pi ×
Pj) are expected to have a tendency to trade
more with one another. Finally, following the
literature, it is generally hypothesized that
countries that are cooperative in militarized
interstate disputes (large values of Ci,j) will
trade more with one another, while those in
conflicts will tend to trade less with each
other.3 This representation of log trade in
terms of linear combinations of explanatory

variables falls into the class of standard gravity
models of international commerce, though
individual variable choices may differ slightly

Table I presents estimated parameters,
nominal standard errors, and bivariate corre-
lations ρ̂yx between trade and the explanatory
variables in Equation (2). The signs on the
coefficients for GDP and distance are as
expected, indicating positive relationships
between trade and GDP as well as proximity.
There is also a positive relationship between
trade and the polity scores of both the exporter
and importer. The variable measuring the
degree of cooperation in conflict episodes
does not have strong independent associa-
tion with the volume of trade. But, by and
large, the standard gravity model is shown to
conform to prior expectations, with plausible
estimated parameters which have small vari-
ances around them.

As described in Hoff & Ward (2004), the
residuals obtained from analyses of dyadic
data such as these often display a large
amount of structure. Each country in the
1981 database is represented many times,
both as an exporter and an importer. This
suggests examining the residuals from the
above model with the following ‘row and
column effects’ model:

ε̂ i,j = ai + bj + γi,j, (3)

where i and j range over the indices of the
countries. This fits an additive exporter effect
ai and an importer effect bj for each country.
Fitted values for these coefficients are shown
in Figure 1.

The results indicate that, in 1981,
countries such as Singapore, Panama, and
South Korea exported more than other
countries having similar explanatory vari-
ables, whereas Nigeria, Algeria, Niger, and
Oman exported less. In terms of imports,
Singapore, the Netherlands, and Chile
imported more and Turkey, Nigeria, and
Peru less than would be expected under the

Michae l  D.  Ward & Peter  D.  Hof f IN T E R N AT I O N A L CO M M E RC E 161

3 Our measure is a nuanced version of the Militarized
Interstate Dispute data. It does not explicitly measure war,
though wars are a subset of the militarized disputes.
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In the top two panels, the exporter and importer effects are scaled and arrayed from low to high. A normal distribution would fall along
the black line in each panel. The third panel shows a color key for each of the observations in these plots, based on geography. These
graphics illustrate the magnitude of the exporter and importer and importer residual effects.

Table I. Least Squares Estimates of a Gravity Model as Specified in Equation (1) Estimated with Data from
1981.

Variable pyx β se(β)

(Intercept) –64.237 1.103
GDP of exporter, logged 0.554 1.897 0.032
GDP of importer, logged 0.431 1.476 0.032
Distance, logged –0.285 –2.134 0.075
Regime type of exporter 0.295 0.0998 0.0080
Regime type of importer 0.231 0.079 0.0080
Similarity of regime types 0.088 –0.0022 0.00090
Cooperation in conflict –0.110 1.181 0.604

Residual standard error is 4.811 on 6634 degrees of freedom; R2 = 0.57.

Figure 1 Residual Exporter and Importer Effects Not Negligible, as Assumed by Standard Gravity Models.
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model specified by Equation (2) and given
their covariates.4

Are these effects large compared with the
error in the model? If the residuals εi,j were really
uncorrelated, as standard analyses of gravity
models typically presume, then the distribution
of these effects should be roughly normally dis-
tributed with mean zero and variance approxi-
mately equal to σ̂2/(n – 1) = 4.8112/80 = 0.29.
If this were the case, we would expect to see only

about 6% of the estimated effects outside of –1
and 1. However, we observe more than 50% of
the effects outside of this bound, indicating
there is a substantial amount of structure in the
data that is unexplained by the standard gravity
formulation.

Finally, dyadic data such as these often
display higher-order patterns (Hoff, Raftery
& Handcock, 2002; Hoff & Ward, 2004).
Essentially, if country A trades a lot with
country B, and country B trades a lot with
country C, then it is quite likely that countries

Michae l  D.  Ward & Peter  D.  Hof f IN T E R N AT I O N A L CO M M E RC E 163

4 Pinheiro & Bates (2000) and Snijders & Bosker (1999)
describe multilevel, mixed-effects models.

Figure 2 Residual Multiplicative (Inner Product) Effects.

Effects are portrayed in two dimensions, with the left panel presenting exports and the right imports. These data show
the remaining latent structure of international trade in 1981.
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A and C will also be frequent trading partners.
Some aspects of these kinds of patterns can be
represented with latent, multiplicative effects
(Hoff, 2005) that are similar to bi-plots
(Gabriel, 1971, 1978; Bradu & Gabriel, 1978)
and other matrix representation methods. We
represent the residuals from Equation (3) as
equal to the inner product of exporter- and
importer-specific vectors of latent attributes,
plus a disturbance term:

γ̂i,j = u′i vj + δi,j (4)

The inner product u′ivj can be thought of
as a reduced-rank interaction term, decom-
posed into exporter (ui) and importer (vj)
components. This inner product is simply a
multiplicative term that captures these
dependencies. Countries that trade heavily
with each other will have similar inner
product terms. For now, we fit ui and vj as
each being of length two. A method for
selecting the dimension of these vectors is
discussed in Hoff (2005), and details for
obtaining least-squares estimates of ui and vj
are discussed in Appendix B. These multi-
plicative effects are presented graphically in
Figure 2, where the plotting colors for the
countries are based on geographic locations,
with nearby countries being of similar color.

The interpretation of the fitted values of ui
and vj is that if country i exports more to
country j than predicted by the gravity model
and after controlling for the additive importer
and exporter effects in Equation (3), then
the vectors ui and vj will have a similar direc-
tion. For example, note that many European
countries are in the middle right-hand side of
the plot of u (exporter) vectors, whereas they
are on the opposite side of the v (importer)
plot. This means that the residuals are negative,
which, in turn, suggests that the gravity model
drastically over-predicts the amount of actual
trade among this set of countries, since the
residuals are predominantly negative. This
phenomenon can be confirmed by observing
that the residuals from Equation (3) between

pairs of OECD countries tend to be nega-
tive. Overall, these inner-product represen-
tations also show considerable clustering of
countries by geography. In particular, European
countries strongly tend to group together. To a
lesser extent, so do African countries and South
American countries. This is remarkable, espe-
cially given that geographic distance is already
included explicitly in the gravity model.

Persistence of Effects and Change
over Time

One goal of statistical inference is to make
general conclusions based on specific data.
With this in mind, it would be desirable to
know which patterns in the 1981 trade data
generalize to other years and which patterns
change substantially over time. We initially
examine the change over time by fitting
Equation (2) to trade data from 1981 to
2000 for each year separately.5 Year-specific
least-squares regression parameters are shown
in Figure 3. A dot illustrates the point esti-
mate of the parameter, while the gray verti-
cal line denotes the nominal 95% intervals
based on ordinary least-squares regression.
The gray band of dotted lines in each panel
indicates the nominal 95% confidence inter-
val of the pooled estimate, based on ordinary
least-squares regression. This graphic illus-
trates that parameter estimates and confi-
dence intervals obtained from any given

5 All of our estimates and forecasts are undertaken in terms
of dollars current in the year in which estimates/forecasts are
made, not in terms of constant dollars for the trade volumes
in the year to which the forecast applies. As a result, our
forecast trade is likely on average to underestimate actual
future trade by the average amount of inflation from one
year to the next. This imparts some conservative bias into
our forecasts. We choose to stay with this approach, since
we do not wish to incorporate or develop a global model of
inflation; nor do we believe that aggregate trade will be
undertaken with a precise model of future inflationary pres-
sures. Over the period studied, US inflation, for example,
ranges from about 14% in 1980 to approximately 1.5% in
1998. Ignoring inflation should make our model perform
less well than if forecasts were made with complete knowl-
edge of inflationary pressures, as would be implied by con-
verting forecasts into constant dollars. We also estimated a
pooled model that is presented visually below.
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yearly slice are inconsistent with the pooled
data. Conversely, the graphic shows that con-
fidence intervals obtained from the pooled
data will fail to represent the year-to-year
variation in the parameter estimates.

Note that the variables in the standard
gravity model (distance and GDP) all fluc-
tuate around values that are far from zero,
compared with their variance across years. In
contrast, the coefficients for cooperation fluc-
tuate near zero, even changing sign over the
course of the 20-year period. The figure indi-
cates substantial correlation of regression coef-
ficients over time, also indicated in Table II.
This correlation is not too surprising, as we
would expect the mechanisms underlying
trade to not change too drastically from one
year to the next.

Interpretation of such estimates and confi-
dence intervals has typically not been descrip-
tive, but rather has provided the basis for
statistical inference and tests of hypotheses.

For example, the nominal confidence intervals
from the 1981 analysis suggests that all explana-
tory variables are significantly different from
zero at level α = 0.05. Traditionally, such a
result would be interpreted as meaning that
the non-zero relationships between trade and
explanatory variables in 1981 are generalizable
to some larger super-population of trade data.
However, difference between the 1981 esti-
mates and the others calls into question to
what putative super-population the significant
results from any given year generalize.

As we see it, there are at least two addi-
tional problems with the analysis of trade data
using a hypothesis-testing approach applied
to ordinary least-squares regression models.
One is that the analysis assumes that all the
observations are independent, an assumption
that cannot in principle be correct, since
individual countries are included many times
in the data, both as exporters and as importers.
The second is that these analyses generally
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Figure 3 Yearly Least-Squares Fits of the Gravity Model to Trade Data.
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use all available data in a given year or set of
years, calling into question any measure of
parameter salience based on statistical sam-
pling theory: the theory behind a confidence
interval is that, in repeated experiments or
random samples from a population, a 95%
confidence interval will cover the true para-
meter value 95% of the time. In contrast,
analyses such as the ones described above use
the complete data from each year under
study, and so, in a sense, the parameter esti-
mates provide the ‘true’ measure of the linear
relationship between trade and the explana-
tory variables within a year. As such, the
value of a regression coefficient is never actu-
ally zero, and regression coefficients from
two different years are never exactly the same.
With this in mind, hypothesis tests of the
form H0 : β = 0 or H0 : β1980 = β1981 are
useful neither as measures of the salience of
certain variables nor as measures of the

amount of change in them over time. To
quote Savage (1957: 332), ‘null hypotheses
of no difference are usually known to be false
before the data are collected; when they are,
the rejection or acceptance simply reflects the
size of the sample and the power of the test,
and is not a contribution to science’. In the
analysis of a single year’s data with 100
countries, there will be about 10,000 obser-
vations, and so it is not surprising that using
a hypothesis-testing approach leads to the
declaration that almost all of the estimated
parameters are statistically significant.

Out-of-Sample Predictive
Persistence

We suggest an alternative measure of the
explanatory power and temporal persistence of
a variable or set of variables, based on out-of-
sample predictive performance. Measuring
such performance is a standard method of
model validation, in which one subset of a
database (the training set) is used to estimate
parameters in a model, and a separate subset
(the test set) is used to evaluate the model.
Roughly speaking, a model is ‘validated’ if the
model estimated using the training set provides
reasonable predicted values for the test set.
Such an approach is also often used for variable
selection in regression models. Suppose we
want to decide whether or not to choose
between two regression models: Model 1:
E[yi] = β1x1,i and Model 2: E[yi] = β1x1,i +
β2x2,i. In effect, we are trying to decide whether
or not to include x2 as an explanatory variable.
Using only observations from the training set,
we can obtain regression coefficients β̂(1),1 via
Model 1 and β̂(2),1, β̂(2),2 via Model 2. The two
models can then be evaluated in terms of how
well they predict the test data:

R(M 1, M 2) = Error(M 1)

Error(M 2)

= �i∈test(yi − β̂(1),1xi,1)
2

�i∈test(yi − [β̂(2),1xi,1 + β̂(2),2xi,2])2
.

Table II. First-Order Serial Correlations of
Regression Coefficients and Exporter and
Importer Effects Illustrating Persistence of
Modeled Components in Gravity Model of
International Trade, 1981–2000.

Parameter Lag correlation

Intercept 0.47
Exporter GDP 0.59
Importer GDP 0.59
Distance 0.61
Exporter polity 0.73
Importer polity 0.77
Polity interaction 0.78
Cooperation 0.72

Additive exporter effect 0.95
Additive importer effect 0.79
First multiplicative 0.75
exporter effect

Second multiplicative 0.71
exporter effect

First multiplicative 0.71
importer effect

Second multiplicative 0.69
importer effect 
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If the sum were taken over the training set,
then the ratio would always be greater than
1, as including an additional term in the
model always improves the residual sum-of-
squares. In contrast, by summing over the
test data, if x2 offers little explanatory power,
or the relationship between x2 and y is sub-
stantially different in the test and training
data, then the above statistic could be less
than 1. This method of comparison is valid
regardless of the number of parameters in the
models being compared.

In many applications, the training set is a
random sample from an available database
and the test set is its complement. In this
case, the goal (besides prediction) is, in some
sense, to identify a model that generalizes
across random subsets of the data. In con-
trast, our goal is to identify patterns in trade
that are generalizable across time, so we
modify the cross-validation approach to this
end. Given two models of trade, M1 and M2,

let β̂t̀
(1) and β̂t

(2) be vectors of the corre-
sponding regression coefficients estimated
using data from year t. Let Rt,t+1(M1,M2) be
the ratio of the sum-of-squared error in using
β̂t̀

(1) to predict data from year t + 1 relative to
the error in using β̂t

(2). Table III shows the use
of this statistic in assessing the explanatory
power of the variables in the expanded
gravity model (1).

In each year t, we fit the full gravity model
of trade (1) as well as four reduced models,
each lacking one of the log GDP variables, log
distance, the polity variables, or cooperation.
For each reduced model, regression coeffi-
cients based on data from year t are then used
to make predictions for the trade in year t + 1
(using the x values from year t + 1), and the
sum-of-squared prediction error is compared
to that of the full model.

Not surprisingly, GDP and distance are
both important, based on this measure, with
the GDP variables typically halving the one-
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Table III. Predictive Performance of Last Year’s Gravity Model, and Relative Performance Attributable to
Measures of GDP, Geographic Distance, Regime Characteristics of Exporters and Importers (Polity Main
Effects and Interaction) and Level of Cooperative and Conflictual Interactions Among Trading Partners.

Year Full model predictive R2 GDP Distance Polity Cooperation

1982 0.525 1.738 1.108 1.040 1.001
1983 0.567 1.837 1.136 1.044 1.001
1984 0.563 1.845 1.143 1.054 1.001
1985 0.515 1.656 1.129 1.069 1.001
1986 0.512 1.677 1.110 1.038 1.003
1987 0.567 1.906 1.105 1.009 0.998
1988 0.580 1.914 1.112 1.013 1.000
1989 0.594 1.978 1.107 1.024 1.000
1990 0.557 1.863 1.128 1.028 0.999
1991 0.538 1.696 1.111 1.023 1.000
1992 0.591 2.115 1.119 1.018 1.005
1993 0.593 2.091 1.119 1.016 1.000
1994 0.597 2.168 1.117 1.013 1.003
1995 0.609 2.268 1.121 1.013 1.004
1996 0.606 2.182 1.141 1.012 1.002
1997 0.596 2.124 1.135 1.017 0.999
1998 0.620 2.179 1.149 1.025 1.000
1999 0.645 2.284 1.159 1.022 1.007
2000 0.600 2.069 1.138 1.020 0.987
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year-ahead predictive sum-of-squared error.
The results for polity and cooperation are
more subtle: the results indicate that a model
including regime-type variables always gives
better one-year-ahead predictions than the
standard gravity model. This suggests that the
regime-type variables have predictive power
and that the relationship between regime type
and trade is not changing too quickly from
year to year. In contrast, adding cooperation
as an explanatory variable adds no predictive
benefit in nine of the 19 comparisons made
(out to three decimal places) and even decreases
the one-year-ahead predictive performance of
the gravity model in four of the comparisons.
The fact that the ratios for these latter four
years are only slightly lower than 1.0 is of little
solace: in these four cases, inclusion of coop-
eration in the model gives worse predictions.
This suggests that, for these pairs of consecu-
tive years, the relationship between coopera-
tion and trade, in the presence of the other
variables, is not generalizable from one year to
the next.6

To get an idea of how much a variable adds
to one-year-out predictive performance ‘on
average’, we can simply take the mean of each
column in Table III. To assess how fast such
a pattern changes over time, we can calculate
R(M1,M2) as above to see how well a model
fit with data from year t predicts data from
year t + k. We compute this ratio for each vari-
able, each year t, and each possible lag in years
k, and average the results over t. The result is
a measure of the relative predictive perfor-
mance of a model with and without a partic-
ular variable, in terms of predicting k years
out. The results are shown in Figure 4.

On average, gravity models with the
effects of regime type are better than gravity
models without, in terms of predicting up to

about eight years in the future. The effect of
cooperation is small and not consistent
enough over time to have a positive predic-
tive effect. Indeed, even if the coefficient for
cooperation were nominally significant in a
given year, it is likely that removing it from
the regression would give a more generaliz-
able model, even just a few years out. Polity
effects persist in improving out-of-sample
predictions for almost a decade.

Persistence of Latent Structure

As shown above, dyadic trade data often
exhibit substantial residual structure that can
be represented by additive exporter- and
importer-specific effects, as well as higher-
order latent structure that can be analyzed via
multiplicative effects. We evaluate the mag-
nitude of these effects and their persistence
over time using the approach outlined above.
For each year t, we decompose the residuals
into the additive exporter and importer effects
described in Equation (3), as well as the mul-
tiplicative effects of Equation (4), setting the
dimension of the latent multiplicative vectors
to 3. These effects are then used to make pre-
dictions for trade in years s : s ≠ t. Specifically,
when assessing the persistence of the exporter
and importer effects, we compute a set of
predicted values for year s, based on Equation
(1) as estimated from data in year t:

ln F̂ i,j,s = β̂0 + β̂1 ln Gi + β̂2 ln Gj

+ β̂3 ln Di,j + β̂4 Pi + β̂5 Pj

+ β̂6 Pi × Pj + β̂7 Ci,j + âi

+ b̂j + û′iv̂j,

with β̂,âi,b̂j,ûi,v̂j, all being estimated from year
t and the covariates being from years. The fit
of these predicted values is then compared
with that of the predicted values made from
fitting the baseline gravity model of trade:

ln Fi,j = β̂0 + β̂1 ln Gi + β̂2 ln Gj
+ β̂3 ln Di,j + εi,j

(5)
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6 A similar forward selection type of approach could also
be used to assess the temporal stability/predictive perfor-
mance of each variable; the results give a similar ordering
of the importance of the above variables.
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The first panel in Figure 5 shows how well
the various models fit, in terms of their
ability to do better than a baseline gravity
model. Models fit with data from year 1981
are used to predict data in each subsequent

year, 1982–2000. These fits are compared
with the baseline gravity model in Equation
(5). The second panel averages these curves
over years to provide a measure of the average
k-year-out predictive performance of the
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Figure 4 Average k-Year-Out Relative Predictive Performances of Gravity Models with and without
Distance, Polity Effects, and Cooperation.
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Figure 5 Predictive Persistence of Different Model Components over 20 Years.

GDP and Distance effects persist in making out-of-sample predictions for more than two decades into the future. Polity
effects persists in helping out-of-sample predictions for about eight years. On the other hand, the effects of cooperation
in conflict are never appreciable and often actually hurt the out-of-sample prediction.

The solid black line, labeled g + pc, portays the standard gravity model plus the polity and cooperation variables. The
solid dashed line (g + pc + rc) adds the additive exporter and importer effects. The three dashed gray lines illustrate the
performance gained by adding the multiplicative latent effects to the model (g + pc + rc + uv1,2,3). As is clear from the
graphic, the multiplicative effects provide a substantial benefit for over 10 years. Values above 1.0 illustrate better
predictions, and values below 1.0 illustrate worse predictions.
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various models. The black line gives the
relative performance of the expanded gravity
model that includes both the polity and
cooperation variables. This model (denoted g
+ pc) improves predictions several years out,
but the improvement is quite small com-
pared with the improvement offered by the
latent structure (shown in the gray lines).
Additionally, note that the addition of the
latent structure offers substantial predictive
improvement many years out, indicating that
the latent structure is real and persistent.
What is most striking is that the gray lines
showing the effects of adding the latent
dimensions to the prediction generally fall
above the predictive performance of the stan-
dard gravity specifications. This suggests that
the latent structures of international trade
persist and continue to aid out-of-sample
prediction for well over a decade. If the resid-
uals within a year were indeed pattern-less
and not persistent from year to year, then the
gray lines in the plot should all be near or
below 1.

Within a given year, as the dimension of
the multiplicative effects increases, the esti-

mated latent structure âi + b̂j + û′i v̂j, becomes
a closer approximation to the sociomatrix of
residuals ε̂i,j for that year. One might argue
that, if trade patterns are not changing that
quickly, the best predictive model obtainable
from a given year will be based on the regres-
sion parameters estimated that year and the
residuals from that year, that is, representing
the latent structure with the residuals.
Indeed, such a model typically gives the ‘best
performance’ one or two years out, but, after
about two years, the simpler models having
two- or three-dimensional multiplicative effects
offer better predictions. This indicates that
the sociomatrix of residuals from a given
year contains some structure that is persistent
over time (represented with the additive and
multiplicative country-specific effects) in
addition to ‘noise’, or non-persistent structure.
For example, the country-specific effects esti-
mated in 1981, 1990, 1995, and 2000 (as dis-
played in Figure 6) show some similar
structure, even though they are based on data
observed once a decade. Among other import-
ant effects, these latent dimensions capture
the dependencies among European trade

Figure 6 Estimated Additive and Multiplicative Exporter- and Importer-Specific Effects for 1981, 1990,
1995, and 2000 Using the Same Color Scheme as Figure 2.
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that are underestimated by standard gravity
approaches.

Conclusion

The standard representation of bilateral
international trade is the gravity model. In
empirical tests, about half the variance in
within-sample trade can be explained by this
simple model that focuses on the sizes of the
importing and exporting countries, as well as
the distance between them. Many scholars
have added to this standard model variables
capturing domestic as well as international
forces. The power of these additions has been
typically gauged using traditional statistical
sampling theory. Almost universally, the
additions have been found to be statistically
significant, suggesting the results are general-
izable beyond the data from which they are
estimated.

We have discussed why such an approach
can be misleading, and we have developed
and applied a framework to combat this ten-
dency to affirm all new hypotheses about
international commerce. Standard hypothe-
sis-testing techniques based on ordinary
linear-regression models are not appropriate
for assessing the generalizability of the para-
meter estimates. We have proposed evalu-
ating generalizability based on a simple
measure of out-of-sample predictive perfor-
mance, and we have used this metric to
examine some empirical claims found in
the extant literature. We found that the
domestic political framework (polity) of the
exporter and importer are important, per-
sistent factors relating to trade. We also
found that the relationship between trade
and international conflict (specifically, coop-
eration in international disputes) is small and
not reliably generalizable from one year to
the next.

In addition, we have shown that a sub-
stantial amount of trade variation is attribu-
table to country-specific exporter and importer

effects, effects typically assumed to be non-
existent. These effects indicate strong geo-
graphic patterns unexplained by the gravity
model, most recognizably, the over-prediction
of trade among OECD countries. Finally, the
variation in trade attributable to exporter- and
importer-specific effects is large and persist-
ent over time. The estimation and reporting
of such effects thus gives a more complete
picture of patterns in international trade.

Apart from the development of a new
methodology for (re)examining empirical results
in the arena of dyadic models of international
relations, what are the implications of these
findings? First and foremost, bilateral trade is
determined mostly by the strength of the
large, vibrant economies, as suggested by
macroeconomic theory. Democratization is
certainly associated with increased trade, even
in just one of the trading nations. Increased
democratization will serve to expand bilateral
trade at a global level, as well as within pairs
of trading nations. These effects are import-
ant but are overwhelmed by the impact on
economic productivity as a result of interna-
tional commerce. For example, recent work
suggests  that even small increases in national
productivity owing to increased trade will far
outstrip the potential economic impact of any
politically plausible level of foreign aid. Cline
(2004: 1) estimates that ‘global free trade
would confer income gains of at least about $90
billion annually in developing countries . . .
and total long-term gains including dynamic
effects would be about $200 billion annually’.
The 9% growth in Chinese GDP in 2004,
coupled with its 25% growth in exports
during the same period, comes to mind. Thus,
one strong benefit of increasing democratiza-
tion is its direct impact on international
commerce and the subsequent impetus that
brings to national productivity.

Beyond this, there has been considerable
discussion of the importance of international
politics on commerce. Much of this dis-
cussion is a consequence of variable selection
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and over-fitting. By adopting an approach to
look at the persistence of latent dependencies
in international commerce and employing
out-of-sample heuristics, we find that, first
and foremost, the standard gravity model
that is widely employed is exceptionally
useful as a theoretical and practical tool. At
the same time, because it ignores important
dependencies that characterize international
commerce, it produces results that are con-
sistently biased. In particular, it overestimates
the trade among rich, industrialized Western
countries. Second, we find that regime charac-
teristics of trading states are quite important
in predicting trade flows among them. The
more democratic a country, the more it exports;
similarly, democratic orientation tends to
enhance imports as well. Moreover, there is a
substantial dyadic effect, such that pairs of
highly democratic countries have consider-
ably higher trade flows with one another, even
after accounting for their economic size and
their geographic distance from one another.
International conflict does not bear much of
an independent relationship to international
commerce, however. Indeed, we found com-
pelling evidence that trying to use the con-
flictual and cooperative behavior of nations
in militarized interstate disputes to explain
trade can lead to worse, not better, predic-
tions. This does not mean that conflict is
good for commerce; neither does it suggest
that cooperation is bad for commerce. Our
results are entirely in line with the suggestion
that, under some circumstances, the impact
of conflict on trade is indeterminate (Morrow,
1999) or highly conditional (Reuveny &
Kang, 2003). There are many reasons to
promote a peaceful world, but there is little
evidence that increasing trade is one of them.

A better understanding of the enabling
and constraining conditions of international
commerce has important policy conse-
quences. We have shown that global trade is
highly structured and interdependent, even
after taking standard macroeconomic and

macro-political forces into account. As such,
it is important to analyze trade flows in a way
that recognizes the persistence of deep inter-
dependencies in the global system of trade. It
seems evident that the deep, latent structure
of the international trade network is likely to
remain an important force in the ebb and
flow of daily international commerce.

Appendix A

Software and Data Documentation 

Software All analyses were performed with
R (2004). Codes to replicate the analyses
herein are available on the replication website
for the journal, along with a copy of the data.

Trade Data Trade data were taken from the
UN Commodity Trade Statistics Database
(UN Comtrade), available online via http://
unstats.un.org/unsd/comtrade/. Data are from
the Harmonized Commodity Description and
Coding System (HS2002) classification and
are annual bilateral exports and imports given
in current US dollars.

Distance Distance was calculated using the
Haversine formula with data on latitude and
longitude of capital cities taken from the
world.cities database maintained as part of
the maps package in the R statistical pro-
gramming package. These are available from
cran.r-project.org. Distance was calculated in
thousands of kilometers.

GDP Data on the annual Gross Domestic
Product in current US dollars was taken from
the World Bank’s World Development Indi-
cators, available online at http://devdata.
worldbank.org/dataonline/.

Polity We use the annualized polity score,
which ranges from −10 for highly authori-
tarian states to +10 for highly democratic
societies, to gauge the domestic institutions
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in each country. These data are available from
http://www.cidcm.umd.edu/inscr/polity/,
with registration. Some of these data were
updated with information on so-called ‘micro-
states’ from the separate database maintained
by Gleditsch (2003).

Militarized Interstate Disputes We employed
the Militarized Interstate Disputes database
(version 3.02), which is maintained by
Ghosn & Bennett (2003). Our measure of
international interactions is coded −1 for
each militarized interstate dispute in which
country i is on the opposite side of the
dispute from country j; similarly, if i and j are
on the same side in an interstate dispute, this
is scored +1. We sum dispute scores for each
pair of countries if there is more than one
ongoing dispute in a given year.

Estimating Multiplicative Effects
The rank k least-squares approximation to an
n × n matrix Γ can be obtained by the singu-
lar value decomposition of Γ (Householder &
Young, 1938). This provides n × k matrices U
and V such that Â = UV ′ minimizes ||Γ – A||2

among all rank k matrices A. In the context of
dyadic data, where the diagonal of Γ is unde-
fined, the computational problem can be
written in terms of weighted least-squares:

subject to ui,vj ∈Rk, wi,i = 0 and wi,j = 1 if
i ≠ j. This problem has been considered by
Gabriel & Zamir (1979), who provide an
iterative ‘criss-cross’ regression technique for
finding an approximate solution. We have
found that combining the regression technique
with a singular value decomposition gives an
algorithm that converges much more quickly.
The algorithm we employ is as follows: 

Given current values of U = {u1,...,un}
and V = {v1,...,vn}, iterate the following until
convergence:

(1) for i = 1,...,n:
(a) given the v-vectors, update ui as the

vector of regression coefficients from
γi,j = u′ivj + δi,j, j ≠ i.

(b) given the u-vectors, update vi by the
vector of regression coefficients from
γj,i = v′iuj + δj,i, j ≠ i.

(2) Obtain the n × n matrix Γ̂ from Γ and
having diagonal given by γi,i = u′ivi.
Obtain new values of U and V from the
singular value decomposition of Γ̂.

R-code for obtaining U and V can be obtained
at http://www.stat.washington.edu/hoff/
research.html; current code is also available
in the publication archive for the journal.
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