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Does Trade Cause Growth?
By JEFFREYA. FRANKELAND DAVID ROMER*

Examiningthe correlation between trade and income cannot identifythe direction
of causation betweenthe two. Countries'geographic characteristics,however,have
importanteffects on trade, and are plausibly uncorrelatedwith other determinants
of income. Thispaper thereforeconstructsmeasures of the geographic component
of countries' trade, and uses those measures to obtain instrumental variables
estimates of the effect of trade on income. The results provide no evidence that
ordinaryleast-squaresestimatesoverstatethe effects of trade. Further,they suggest
that tradehas a quantitativelylarge and robust,thoughonly moderatelystatistically
significant,positive effect on income. (JEL F43, 040)

This paperis an empiricalinvestigationof the
impact of internationaltrade on standardsof
living. From Adam Smith's discussion of specialization and the extent of the market,to the
debatesaboutimportsubstitutionversus exportled growth,to recentwork on increasingreturns
and endogenous technological progress,economists interested in the determinationof standards of living have also been interested in
trade.But despite the great effort that has been
devoted to studying the issue, there is little
persuasive evidence concerning the effect of
trade on income.
To see the basic difficulty in trying to estimate trade's impact on income, consider a
cross-countryregression of income per person
on the ratio of exports or importsto GDP (and
other variables).Such regressionstypically find
a moderatepositive relationship.'But this relationship may not reflect an effect of trade on
* Frankel: Kennedy School of Government, Harvard
University, Cambridge,MA 02138; Romer:Departmentof
Economics, University of California,Berkeley, CA 94720.
We are grateful to Susanto Basu, Michael Dotsey, Steven
Durlauf, William Easterly, Robert Hall, Lars Hansen,
Charles Jones, N. Gregory Mankiw, Maurice Obstfeld,
Glenn Rudebusch,Paul Ruud, James Stock, ShangjinWei,
RichardZeckhauser,and the refereesfor helpful comments;
to Teresa Cyrus for outstanding research assistance and
helpful comments;and to the National Science Foundation
for financial sunnort.
' See, for example, Michael Michaely (1977), Gershon
Feder (1983), Roger C. Kormendiand Philip G. Meguire
(1985), Stanley Fischer (1991, 1993), David Dollar (1992),
Ross Levine and David Renelt (1992), SebastianEdwards
(1993), Ann Harrison(1996), and the ordinaryleast-squares
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income. The problemis thatthe tradesharemay
be endogenous: as Elhanan Helpman (1988),
Colin Bradford,Jr. and Naomi Chakwin(1993),
Rodrik (1995a), and many others observe,
countries whose incomes are high for reasons
other than trade may trade more.
Using measuresof countries'tradepolicies in
place of (or as an instrumentfor) the tradeshare
in the regression does not solve the problem.2
For example, countries that adopt free-market
trade policies may also adopt free-marketdomestic policies and stable fiscal and monetary
policies. Since these policies are also likely to
affect income, countries' trade policies are
likely to be correlatedwith factorsthatare omitted from the income equation.Thus they cannot
be used to identify the impact of trade (Xavier
Sala-i-Martin,1991).
This paperproposes an alternativeinstrument
for trade.As the literatureon the gravity model
of trade demonstrates,geographyis a powerful
determinantof bilateraltrade(see, for example,
Hans Linneman,1966, Frankelet al., 1995, and
Frankel, 1997). And as we show in this paper,
the same is true for countries' overall trade:
simply knowing how far a countryis from other
countries provides considerable information

regressionsin Section II of this paper.Edwards(1995) and
Dani Rodrik (1995b) survey the literature.
2 For examples of this approach, see J. Bradford De
Long and Lawrence H. Summers (1991), Fischer (1991,
1993), Dollar (1992), William Easterly (1993), Edwards
(1993), Jong-WhaLee (1993), JeffreyD. Sachs and Andrew
Warner(1995), and Harrison(1996).
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abo-utthe amountthatit trades.For example, the
fact that New Zealand is far from most other
countriesreducesits trade;the fact thatBelgium
is close to many of the world's most populous
countriesincreases its trade.
Equally important, countries' geographic
characteristicsarenot affectedby theirincomes,
or by governmentpolicies and otherfactorsthat
influence income. More generally, it is difficult
to think of reasons that a country's geographic
characteristicscould have importanteffects on
its income except throughtheirimpacton trade.
Thus, countries' geographic characteristicscan
be used to obtain instrumentalvariables estimates of trade's impact on income. That is the
goal of this paper.3
The remainder of the paper contains two
main sections. The first describes the impact of
geographiccharacteristicson tradein more detail and uses geographic variables to construct
an instrument for international trade. As we
discuss there, there is one importantcomplication to our basic argumentthatgeographicvariables can be used to constructan instrumentfor
internationaltrade in a cross-country income
regression. Just as a country's income may be
influencedby the amountits residentstradewith
foreigners, it may also be influenced by the
amount its residents trade with one another.
And just as geographyis an importantdeterminant of internationaltrade, it is also an important determinant of within-country trade. In
particular,residents of larger countries tend to
engage in more trade with their fellow citizens
simply because there are more fellow citizens to
tradewith. For example, Germansalmost surely
trademore with GermansthanBelgians do with
Belgians. This suggests a second geographybased test of the impact of tradeon income: we
can test whetherwithin-countrytraderaises in-

3Lee (1993) also uses information on countries' distances from one another to construct a measure of their
propensity to trade. His approachdiffers from ours in two
major respects. First, his measure is based not only on
countries' geographic characteristics,but also on their actual tradepatterns;thus it is potentiallycorrelatedwith other
determinantsof income. Second, he does not investigatethe
relationshipbetween income and his measure of the propensity to trade, but only the relationshipbetween income
and the interactionof his measurewith indicatorsof distortionary trade policies.
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come by asking whether larger countries have
higher incomes.
The reasonthatthis issue complicatesour test
of the impact of internationaltradeis thatcountry size and proximity to other countries are
negatively correlated. Because Germany is
larger than Belgium, the average German is
farther from other countries than the average
Belgian is. Thus in using proximity to estimate
international trade's effect on income, it is
necessary to control for countrysize. Similarly,
in using country size to test whether withincountry trade raises income, it is necessary to
control for internationaltrade.
To construct the instrument for international trade, we first estimate a bilateral trade
equation and then aggregate the fitted values
of the equation to estimate a geographic component of countries' overall trade. In contrast
to conventional gravity equations for bilateral
trade, our trade equation includes only geographic characteristics: countries' sizes, their
distances from one another, whether they
share a border, and whether they are landlocked. This ensures that the instrument
depends only on countries' geographic characteristics, not on their incomes or actual
trading patterns. We find that these geographic characteristics are important determinants of countries' overall trade.
The second main section of the paper employs the instrumentto investigatethe impactof
tradeon income. We estimate cross-countryregressions of income per person on international
tradeand countrysize by instrumentalvariables
(IV), and compare the results with ordinary
least-squares(OLS) estimatesof the same equations. There are five main findings.
First, we find no evidence that the positive
association between internationaltrade and income arises because countries whose incomes
are high for otherreasons engage in more trade.
On the contrary,in every specificationwe consider, the IV estimate of the effect of trade is
larger than the OLS estimate, often by a considerable margin. Section II, subsection E, investigates possible reasons that the IV estimate
exceeds the OLS one.
Second, the point estimates suggest that the
impact of tradeis substantial.In a typical specification,the estimatesimply thatincreasingthe
ratio of trade to GDP by one percentagepoint
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raises income per person by between one-half
and two percent.
Third, the estimates also imply that increased size raises income. This supports the
hypothesis that greater within-country trade
raises income.
Fourth,the large estimatedpositive effects of
trade and size are robust to changes in specification, sample, and construction of the
instrument.
Fifth, the impacts of trade and size are not
estimatedvery precisely.The null hypothesisthat
these variableshave no effect is typically only
marginallyrejectedat conventionallevels. As a
result,the estimatesstill leave considerableuncertaintyaboutthe magnitudesof theireffects.
I. Constructing the Instrument

A. Background
Our basic ideas can be described using a
simple three-equationmodel. First, average income in country i is a function of economic
interactionswith other countries("international
trade"for short), economic interactionswithin
the country ("within-countrytrade"),and other
factors:
(1)

ln Yi = a +/3T, + yWi +se.
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Similarly, within-countrytrade is a function of
the country's size, Si, and other factors:
Wi =

(3)

n

+ Asi + vi.

The residuals in these three equations, si, 6i,
and vi, are likely to be correlated.For example,
countries with good transportationsystems, or
with governmentpolicies that promote competition and reliance on markets to allocate resources, are likely to have high international
and within-countrytradegiven their geographic
characteristics,and high incomes given their
trade.
The key identifying assumptionof our analysis is thatcountries' geographiccharacteristics
(their Pi's and Si's) are uncorrelatedwith the
residualsin equations(1) and (3). Proximityand
size are not affected by income or by other
factors, such as governmentpolicies, that affect
income. And as we observe in the introduction,
it is difficult to think of importantways that
proximity and size might affect income other
than throughtheirimpact on how much a country's residentsinteractwith foreignersand with
one another.
Given the assumption that P and S are uncorrelatedwith s, data on Y, T, W, P, and S
would allow us to estimate equation (1) by
instrumentalvariables:P and S are correlated
with T and W [by (2) and (3)], and are uncorrelated with e (by our identifying assumption).
Unfortunately,however, there are no data on
within-countrytrade. Ideally, we would want
data comparable to measures of international
trade.That is, we would want a measureof the
value of the exchange of all goods and services
among individualswithin a country,both across
and within firms. This measurewould probably
be many times GDP for most countries.But no
such measure exists.
To address this problem, we substitute (3)
into (1) to obtain

Here Yi is income per person, Ti is international
trade, Wi is within-countrytrade,and si reflects
other influences on income. As the vast literatureon tradedescribes,thereare many channels
through which trade can affect income-notably specializationaccordingto comparativeadvantage, exploitationof increasingreturnsfrom
largermarkets,exchange of ideas throughcommunicationand travel,and spreadof technology
throughinvestmentand exposureto new goods.
Because proximity promotes all of these types
of interactions,our approachcannotidentify the
specific mechanisms through which trade affects income.
(4) ln Yi
Theothertwoequationsconcemthedeterminants
+ ASi + vi) + si
of intemationaland within-country
=a + fTi + y(Tq
trade.Internationaltradeis a functionof a country'sproximityto
othercountries,Pi, andotherfactors:
(a + yr) + 3Ti + yASi
-

(2)

Ti =

+

+ Pi + 6i.

+ (YVi+ Si)-
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Our identifying assumptionimplies that Pi and
Si are uncorrelatedwith the composite residual,
yvi + si. Thus (4) can be estimatedby instrumental variables, with Pi and Si (and the constant) as the instruments.
Note that estimation of (4) yields an estimate not only of ,3, international trade's impact on income, but also of yA, country size's
impact on income. Since the two components
of this coefficient are not identified separately, one cannot obtain an estimate of y, the
effect of within-country trade on income. But
as long as A is positive-that is, as long as
larger countries have more within-country
trade-the sign of y is the same as the sign of
yA. Thus, although we cannot estimate the
magnitude of the impact of within-country
trade on income, we can obtain evidence
about its sign.
As we argue in the introduction(and verify
below), Pi and Si are negatively correlated:the
larger a country is, the fartherits typical resident is from other countries.Thus if we do not
control for size in (4), Pi will be negatively
correlatedwith the residual,and thus will not be
a valid instrument.Intuitively,smallercountries
may engage in more trade with other countries
simply because they engage in less withincountry trade. This portion of the geographic
variationin internationaltradecannotbe used to
identify trade's impact on income. Similarly, if
we fail to control for Ti in (4), Si will be
negatively correlated with the residual. Thus,
our approachrequiresus to examine the impacts
of both internationaltrade and country size.
To estimate (4), we need data on four variables: income (Y), internationaltrade(T), size
(S), and proximity (P). We measure the first
threein the usual ways. Ourmeasureof income
is real income per person. Following standard
practice, we measure internationaltrade as imports plus exports divided by GDP. This is
clearly an imperfect measure of economic interactionswith other countries, an issue we return to in Section II, subsection E.4 Finally,
4 Using the log of the trade share instead of the level
does not affect our conclusions. Examining import and
export shares separatelyyields, not surprisingly,the result
thatthe geographiccomponentsof the two sharesare almost
identical. Thus our approachcannot separatethe effects of
imports and exports.
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theory provides little guidance about the best
measure of size. We thereforeuse two natural
measures,populationand area, both in logs. In
interpretingthe results concerning size, we focus on the sum of the coefficients on log population and log area. Thus we consider the
impact of an increase in population and area
together, with no change in populationdensity.
Such a change clearly increases the scope for
within-countrytrade.5
To measureproximity, we need an appropriate weighted average of distance or ease of
exchange between a given country and every
other country in the world. To choose the
weights to put on the different counties, we
begin by estimating an equation for bilateral
trade as a function of distance, size, and so on.
We then use the estimatedequationto find fitted
values of trade between countries i and j as a
share of i's GDP. Finally, we aggregate over j
to obtaina geographiccomponentof countryi's
total trade, Ti. It is this geographic component
of T1that we use as our measure of proximity.
The remainderof this section describes the specifics of how we do this.
B. The Bilateral Trade Equation
Work on the gravity model of bilateraltrade
shows that trade between two countries is negatively relatedto the distancebetween them and
positively related to their sizes, and that a loglinear specificationcharacterizesthe data fairly
well. Thus, a minimal specificationof the bilateral trade equation is
(5) ln(Tij/GDPi) a0 + aIln Dij + a2ln Si
+ a3ln Sj+ eij
where Tij is bilateraltrade between countries i
andj (measuredas exports plus imports),Di1 is
the distance between them, and Si and S3 are
measures of their sizes.
This specificationomits a considerableamount
of geographicinforation abouttrade.The equation thatwe estimatethereforediffersfrom (5) in
' Throughoutthe paper, we use the labor force as our
measureof populationin computingincome per person and
in measuring country size. Using total population instead
makes little difference to the results.
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threeways. First,as describedabove, we include
two measuresof size: log populationandlog area.
Second, whether countries are landlocked and
whetherthey have a commonborderhave importanteffects on trade;we thereforeincludedummy
variablesfor these factors.And third,a largepart
of countries'tradeis with theirimmediateneighbors. Since our goal is to identify geographic
influenceson overall trade,we thereforeinclude
interactiontermsof all of the variableswith the
common-borderdummy.
The fact that we are measuringtraderelative
to country i's GDP means that we are already
includinga measureof i's size. We thereforedo
not constrainthe coefficients on the population
measures for the two countries, or the coefficients on the areameasures,to be equal. We do,
however, constrainthe coefficients on the landlocked dummies, and their interactionswith the
common-borderdummy, to be equal for i and
j.6 Thus, the equation we estimate is

great-circledistance between countries' principal cities. The informationon areas, common
borders,and landlockedcountriesis from Rand
McNally (1993). Finally, the data on population
are from the Penn World Table.7
The results are shown in Table 1. The first
column shows the estimated coefficients and
standarderrors on the variables other than the
common-border dummy and its interactions.
These estimates are shown in the second
column.8
The results are generally as expected. Distance has a large and overwhelmingly significant negative impact on bilateral trade; the
estimatedelasticity of tradewith respect to distance is slightly less (in absolute value) than
-1. Trade between country i and countryj is
stronglyincreasingin j's size; the elasticity with
respect to j's population is about 0.6. In addition, trade(as a fractionof i's GDP) is decreasing in i's size and in j's area. And if one of the
countries is landlocked, trade falls by about a
third.
(6) ln(T1j/GDPi)
Because only a small fractionof countrypairs
share a border,the coefficients on the common= ao + alln Di1 + a2lnNi + a3ln Ai
border variables are not estimated precisely.
Nonetheless, the point estimates imply that
+ a4lnNj + a5lnAj + a6(Li + Lj)
sharing a border has a considerable effect on
trade. Evaluatedat the mean value of the vari+ a7Bij + a8BijlnDij + a9Bi;lnNi
ables conditional on sharing a border, the estimates imply that a common borderraises trade
+ aloBiiln Ai + a IjBiln Nj
by a factor of 2.2. The estimates also imply that
the presence of a common border alters the
+ a12Bi1lnAj + a13Bi(Li + Lj) + eij,
effects of the other variables substantially.For
example, the estimatedelasticity with respect to
where N is population,A is area,L is a dumnmy countryj's populationacross a sharedborderis
0.47 ratherthan 0.61, and the estimatedelasticfor landlockedcountries,and B is a dummy for
ity with respect to distance is -0.70 ratherthan
a common borderbetween two countries.
-0.85.
Most importantly, the regression confirms
C. Data and Results

We use the same bilateral trade data as
Frankel et al. (1995) and Frankel (1997); the
data are originally from the IFS Direction of
Trade statistics. They are for 1985, and cover
trade among 63 countries. Following these papers, we drop observationswhere recordedbilateraltradeis zero. Distance is measuredas the
6 Allowing them to differ changes the results only trivially.

7 We use Mark 5.6 of the table, which is distributedby
the National Bureau of Economic Research. This is an
updatedversion of the data described in Robert Summers
and Alan Heston (1991). The capital city is used as the
principalcity, except for a small numberof cases where the
capital is far from the center of the country (in terms of
population).In these cases, a more centrally located large
city is chosen. For the United States, for example, Chicago
ratherthan Washingtonis used as the principalcity.
8 The coefficient on the commnon-border
variableitself is
thereforeshown as the coefficient on the interactionof the
common-borderdummy with the constant.

384

THEAMERICANECONOMICREVIEW
TABLE 1-THE

Constant
Ln distance
Ln population
(country i)
Ln area
(country i)
Ln population
(countryj)
Ln area
(countryj)
Landlocked
Sample size

R2
SE of regression

BILATERAL TRADE EQUATION

Variable

Interaction

-6.38
(0.42)
-0.85
(0.04)
-0.24
(0.03)
-0.12
(0.02)
0.61
(0.03)
-0.19
(0.02)
-0.36
(0.08)

5.10
(1.78)
0.15
(0.30)
-0.29
(0.18)
-0.06
(0.15)
-0.14
(0.18)
-0.07
(0.15)
0.33
(0.33)
3220
0.36
1.64

Notes: The dependent variable is ln(Ti/GDP,). The first
column reportsthe coefficient on the variablelisted, and the
second column reports the coefficient on the variable's
interactionwith the common-borderdummy. Standarderrors are in parentheses.

that geographic variables are major determinantsof bilateraltrade.The R2 of the regression
is 0.36. The next step is to aggregate across
countries and see if geographic variables are
also importantto overall trade.9
D. Implicationsfor Aggregate Trade
To find the implicationsof our estimates for
the geographiccomponentof countries' overall
trade, we aggregate the fitted values from the
bilateraltradeequation.That is, we firstrewrite
equation (6) as
(7)

ln(Tij/GDPi) = a'Xij + eij,

9 The standarderrors reported in Table 1 are conventional OLS standarderrors.It is likely that the residuals of
the bilateraltradeequationare not completely independent,
and thus thatthe reportedstandarderrorsare too low. But as
describedin Section II, subsection B, uncertaintyabout the
parametersof the bilateraltradeequationcontributesonly a
small amount to the standarderrors of the cross-country
income regressions that we ultimately estimate. For example, doubling the variance-covariancematrix of the estimated parametersof the bilateral trade equation increases
the standarderrorof the coefficient on the tradesharein our
baseline cross-countryregression [column (2) of Table 3]
by less than 10 percent.
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where a is the vector of coefficients in (6) (ao,
...,
al 3), and Xii is the vector of right-hand
side variables (1, In Di1, ..., Bij[Li + L>]). Our
estimate of the geographiccomponentof country i's overall trade share is then
al,

(8)

^

E
jui

Thatis, ourestimateof the geographiccomponent
of countryi's tradeis the sum of the estimated
geographiccomponentsof its bilateraltradewith
each othercountryin the world.'0
All that is needed to performthe calculations
in equation (8) are countries' populations and
geographic characteristics.We therefore take
the sum in (8) not just over the countries covered by the bilateraltrade data set, but over all
countries in the world.1' Similarly, we are able
to find the constructed trade share, T, for all
countries, not just those for which we have
bilateral trade data. Since our income regressions will also requiredataon tradeand income,
however, we limit our calculation of T to the
countries in the Penn World Table. Thus we
compute T for 150 countries.
E. The Quality of the Instrument
Figure 1 is a scatterplotof the true overall
trade share, T, againstthe constructedshare, T.
The figure shows that geographic variables account for a majorpartof the variationin overall
trade.The correlationbetween T and T is 0.62.
As column (1) of Table 2 shows, a regressionof

'0The expectation of Ti/GDPi conditional on Xii is
actuallyequal to eaXijtimes E[eeJi].Since we are modeling
eiq as homoskedastic, however, E[eeii] is the same for all
observations,and thus multiplies tj by a constant.This has
no implicationsfor the subsequentanalysis, and is therefore
omitted for simplicity.
" For convenience, we omit a handfulof countrieswith
populations less than 100,000: Antigua and Barbuda,
Greenland, Kiribati, Liechtenstein, the Marshall Islands,
Micronesia, Monaco, Nauru, St. Kitts and Nevis, and San
Marino. In addition, for countries that are not in the Penn
World Table, we have data on population but not on the
labor force. To estimate the labor force for these countries,
we multiply their populations by the average ratio of the
labor force to populationamnongthe countries in the same
continentthatare in the Penn WorldTable. We use the Penn
World Table's definitionsof the continents.
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TABLE2-THE RELATIONBETWEENACTUALAND
CONSTRUCTED
OVERALLTRADE

350 -

300 250 -

Constant

200 ActualTrade
Share(percent)

a

?

150

-

o

a

Constructedtrade share

o

(1)

(2)

(3)

46.41
(4.10)
0.99
(0.10)

218.58
(12.89)

166.97
(18.88)
0.45
(0.12)
-4.72
(2.06)
-6.45
(1.77)
150
0.52
32.19

Ln population

o

Ln area
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}

.

Sample size
0
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100
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ConstructedTradeShare(percent)

FIGURE

1.

ACTUAL VERSUS CONSTRUCTED TRADE SHARE

T on a constantand t yields a coefficient on
of essentially one and a t-statistic of 9.5.
As describedin subsectionA of this section,
however,the componentof the constructedtrade
sharethatis correlatedwithcountrysize cannotbe
usedto estimatetrade'simpacton income:smaller
countriesmay engage in more internationaltrade
but in less within-countrytrade.Thatis, ouridentificationof trade'simpacton income will come
from the componentof the excluded exogenous
variable(the constructedtradeshare)that is uncorrelatedwith the otherexogenousvariables(the
size measures).
The constructedtrade share is in fact highly
correlatedwith country size. For example, the
five countries with the smallest constructed
shares all have areas over 1,000,000 square
miles, and the five with the largest constructed
sharesall have areasunder 10,000 squaremiles.
A regressionof the constructedtradeshareon a
constant, log population, and log area yields
negative and significant coefficients on both
size measures and an R2 of 0.45.
Thusin examiningwhethergeographicvariables
aboutintemational
trade,
provideusefulinformation
we need to ask whetherthey provideinfonnation
beyondthatcontainedin countrysize. Columns(2)
and(3) of Table2 thereforecomparea regressionof
the actualtradeshareon a constantandthetwo size
measureswith a regressionthat also includesour
constructed
tradeshare.As expected,size has a negativeeffecton trade.Areais highlysignificant,
while
populationis moderatelyso. The coefficienton the
constiuctedtradesharefalls by slighdymore than
half whenthe size controlsareadded.
The importantmessageof columns(2) and (3),

R2

SE of regression

150
0.38
36.33

-6.36
(2.09)
-8.93
(1.70)
150
0.48
33.49

Notes: The dependent variable is the actual trade share.
Standarderrorsare in parentheses.

however, is that the constructedtrade share still
contains a considerableamount of information
about actualtrade.For example, its t-statisticin
column(3) is 3.6; thiscorrespondsto an F-statistic
of 13.1. As the resultsin the next section show,
this means that the constructedtrade share containsenoughinformationaboutactualtradefor IV
estimationto produceonly moderatestandarderrors for the estimatedimpact of trade. Furthermore,the resultsof DouglasStaigerandJamesH.
Stock (1997), Charles R. Nelson and Richard
Startz(1990), and AlastairR. Hall et al. (1996)
imply that these first-stageF-statisticsare large
enoughthatthe finite-samplebias of instrumental
variables-which biases the IV estimate toward
the OLS estimate-is unlikely to be a serious
problemin our IV regressions.
Figure2, PanelA, shows the partialassociation
between the actual and constructedtrade shares
controlling for the size measures. The figure
shows that although the relationshipis not as
strong as the simple relationship shown in
Figure1, it is still positive.The figurealso shows
thattherearetwo largeoutliersin the relationship:
Luxembourg,which has an extremelyhigh fitted
trade share given its size, and Singapore,which
has an extremelyhigh actualtradesharegiven its
size. Figure2, Panel B, thereforeshows the scatterplotwiththesetwo observationsomitted.Again
thereis a definitepositive relationship.12

12

When these two observations are dropped from the
regression in column (3) of Table 2, the coefficient on the
constructedtrade sharerises to 0.69, but the t-statistic falls
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200 -

shares. In sum, countries' geographic characteristics do provide considerable information
about their overall trade.
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II. Estimatesof Trade'sEffect on Income
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This section uses the instrumentconstructed
in Section I to investigate the relationshipbetween trade and income. The dependent variable in our regressionsis log income per person.
The data are for 1985 and are from the Penn
World Table. Our basic specificationis
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PARTIAL ASSOCIATION BETWEEN ACTUAL AND
CONSTRUCTED TRADE SHARE

The five countries with the smallest constructed trade shares controlling for size are
Western Samoa, Tonga, Fiji, Mauritius, and
Vanuatu. All five are geographically isolated
islands. Of the five, Western Samoa and
Tonga have large negative shares given their
size; Fiji and Mauritius have moderate negative shares; and Vanuatu has a moderate positive share. At the other extreme, the five
countries with the highest constructed trade
shares controlling for size are Luxembourg,
Belize, Jordan, Malta, and Djibouti. Of these
five, Luxembourg and Jordan have large positive actual trade shares controlling for size,
and the other three have moderate positive

to 3.2 (corresponding to an F-statistic of 10.1). This
F-statistic remains large enough that the finite-samplebias
of the IV estimates is still likely to be small.

where Yiis income per personin countryi, Ti is
the trade share, and Ni and Ai are population
and area.This specificationdiffers from the one
derived from the simple model in Section I,
subsection A, only by including two measures
of size ratherthan one [see equation (4)].
We do not include any additionalvariablesin
the regression. There are of course many other
factors that may affect income. But our argument about the appropriateness of using
geographic characteristicsto construct an instrumentfor tradeimplies thatthereis no strong
reason to expect additional independentdeterminants of income to be correlated with our
instrument;thus they can be included in the
error term. In addition, if we included other
variables, the estimates of trade's impact on
income would leave out any effects operating
throughits impact on these variables. Suppose,
for example, that increasedtraderaises the rate
of returnon domestic investment and therefore
increases the saving rate. Then by including the
saving rate in the regression,we would be omitting trade's impact on income that operatesvia
saving.

As an alternativeto including control variables, in subsection D of this section, we decompose countries' incomes in various ways
and ask how trade affects each component. In
doing so, we can obtain informationabout the
channels through which trade affects income.
For example, we ask how tradeaffects both income at the beginningof the sampleand growth

VOL.89 NO. 3

FRANKELAND ROMER:DOES TRADECAUSEGROWTH?

over the sampleperiod.13
Appendix Table Al reports the basic data
used in the tests. It lists, for each countryin the
sample, its actual trade share in 1985, its constructedtrade share, its area and 1985 population, and its income per person in 1985.14
We focus on two samples.The firstis the full
set of 150 countriescovered by the Penn World
Table. Our instrumentis only moderatelycorrelated with tradeonce we control for size, and
much of the variation is among the smallest
countries in the sample. Thus it is importantto
consider a relatively broad sample. And as we
describe below, the results for this sample are
robustto the exclusion of outliers and of observations where the data are potentially the most
subject to error.
Our second sample is the 98-country sample
consideredby N. GregoryMankiwet al. (1992).
The countries in this sample generally have
more reliable data; they are also generally
larger,and thus less likely to have theirincomes
determinedby idiosyncraticfactors.In addition,
data limitations require that we employ a
smaller sample when we examine the channels
throughwhich trade affects income.
B. Basic Results
Table 3 reportsthe regressions.Column(1) is
an OLS regressionof log incomeper personon a
constant,the tradeshare,and the two size measures. The regression shows a statisticallyand
economically significant relationship between
tradeandincome.The t-statisticon the tradeshare
is 3.5; the point estimateimplies thatan increase
in the shareof one percentagepoint is associated
with an increase of 0.9 percent in income per
person.The regressionalso suggeststhat,controlling for internationaltrade, there is a positive
(thoughonly marginallysignificant)relationbetween countrysize and income per person;this
tradeis bensupportsthe view thatwithin-country

1' Fischer (1993) uses a similar approachto investigate
the effects of inflation.Frankelet al. (1996) andthe working
paper version of this paper (Frankel and Romer, 1996)
investigatethe effects of controllingfor physical and human
capital accumulationand population growth, and find that
this does not change the characterof the results.
14 The other data used in the analysis are availablefrom
the authorson request.

TABLE 3-TRADE

Estimation
Constant
Trade share
Ln population
Ln area
Sample size
R2
SE of
regression
First-stageF
on excluded
instrument
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(1)

(2)

(3)

(4)

OLS
7.40
(0.66)
0.85
(0.25)
0.12
(0.06)
-0.01
(0.06)
150
0.09

IV
4.96
(2.20)
1.97
(0.99)
0.19
(0.09)
0.09
(0.10)
150
0.09

OLS
6.95
(1.12)
0.82
(0.32)
0.21
(0.10)
-0.05
(0.08)
98
0.11

IV
1.62
(3.85)
2.96
(1.49)
0.35
(0.15)
0.20
(0.19)
98
0.09

1.00

1.06

1.04

1.27

13.13

8.45

Notes: The dependentvariable is log income per person in
1985. The 150-country sample includes all countries for
which the dataare available;the 98-countrysample includes
only the countries considered by Mankiw et al. (1992).
Standarderrorsare in parentheses.

eficial. The point estimatesimply that increasing
both populationand area by one percentraises
income per personby 0.1 percent.
Column (2) reports the IV estimates of the
same equation. The trade share is treated as
endogenous, and the constructedtrade share is
used as an instrument.15The coefficient on trade
rises sharply. That is, the point estimate suggests that examining the link between tradeand
income using OLS understatesratherthanoverstates the effect of trade. The estimates now
imply that a one-percentage-pointincrease in
the trade share raises income per person by 2.0
percent. In addition, the hypothesis that the IV
coefficient is zero is marginallyrejectedat conventional levels (t = 2.0). The coefficient is

'5 Throughout,the standarderrorsfor the IV regressions
account for the fact that the instrument depends on the
parametersof the bilateraltradeequation.That is, the variance-covariancematrix of the coefficients is estimated as
the usual IV formnulaplus (a&/aA))Q(afI/a)',where 6 is the
vector of estimated coefficients from the cross-countryincome regression, a is the vector of estimated coefficients
from the bilateral trade equation, and Q is the estimated
variance-covariancematrixof a. In all cases, this additional
term makes only a small contributionto the standarderrors.
In the regressionin column (2) of Table 3, for example, this
correction increases the standarderror on the trade share
from 0.91 to 0.99.
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much less precisely estimated under IV than
underOLS, however. As a result,the hypothesis
that the IV and OLS estimates are equal cannot
be rejected (t = 1.2).16
Moving from OLS to IV also increases the
estimatedimpact of countrysize. The estimated
effect of raisingboth populationand areaby one
percentis now to increaseincome per personby
almost 0.3 percent. This estimate is marginally
significantlydifferent from zero (t = 1. 8).
One interestingaspect of the results concerning size is thatthe coefficient on areais positive.
One might expect increasedarea,controllingfor
population,to reduce within-countrytrade and
thus lower income. One possibility is that the
positive coefficient is due to samplingerror:the
t-statistic on area is slightly less than one. Another is that greaterarea has a negative impact
via decreasedwithin-countrytrade,but a larger
positive impact via increasednaturalresources.
It is because of this possibility that we focus on
the sum of the coefficients on log population
and log area in our discussion. As described
above, this sum shows the effects of increased
size with population density held constant. In
addition, as we show below, using population
alone to measure size has no major impact on
the results.
Columns (3) and (4) consider the 98-country
sample. This change has no great effect on the
OLS estimates of the coefficients on trade and
size, but raises both the IV estimates and their
standarderrorsconsiderably.The t-statisticsfor
the OLS estimates fall moderately,while those
for the IV estimates change little.
Frankelet al. (1996) and the working paper
version of this paper(Frankeland Romer, 1996)
consider a second approachto constructingthe
instrumentfor trade.In additionto using information on the proximity of a country's trading
16
That is, we perform a Hausmantest (JerryA. Hausman, 1978) of the hypothesis that actual trade is uncorrelated with the residual, and thus that OLS is unbiased.
Under the null, asymptoticallythe OLS and IV estimates of
trade's impact differ only because of sampling error.As a
result, the difference between the two estimates divided by
the standarderrorof the difference is distributedasymptotically as a standardnormalvariable.Furthermore,underthe
null the varianceof the differencebetween the IV and OLS
estimates is just the differencein theirvariances;thatis, the
standarderror of the difference is the square root of the
difference in the squares of their standarderrors.
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partners, these papers use some information
about the partners'incomes. Specifically, they
include measuresof physical and humancapital
accumulationand population growth. As those
papers explain, one can argue that the factor
accumulationof a country's tradingpartnersis
uncorrelatedwith determinantsof the country's
income other than its trade and factor accumulation: once one accounts for the impact of a
country's own factor accumulation on its income, the most evident channel throughwhich
its partners'factor accumulationmay affect its
income is by increasing the partners'incomes,
and thus increasing the amount the country
trades. Thus if one controls for the country's
own factor accumulation, its partners' factor
accumulationcan be used in constructing the
instrument.
Not surprisingly,using more informationin
constructingthe instrumentincreases the precision of the IV estimates of trade's effect on
income. But the estimatedeffect of tradeis not
systematicallydifferentwhen one moves to the
alternativeinstrument;this supports the argument that it is a valid instrument.The overall
results are similar to those we obtain with our
basic instrument:the IV estimates of trade's
impacton income are much largerthanthe OLS
estimates, and are marginally significantly different from zero.
C. Robustness
A naturalquestion is whether the results are
robust. We consider robustness along four
dimensions.
First, as described above, Luxembourg and
Singaporeare major outliers in the relationship
between the actualand constructedtradeshares.
Dropping either or both of these observations,
however, does not change the basic patternof
the results. The most noticeable change occurs
when Luxembourgis droppedfrom the baseline
regressions in columns (1) and (2) of Table 3.
This has effects similar to those of moving to
the 98-countrysample (which does not include
Luxembourg):the OLS estimate of the effect of
trade changes little, but the IV estimate and its
standarderror rise. Similarly, adding Luxembourg to the regressionsin columns (3) and (4)
of Table 3 moderatelyreduces the IV estimate
of the effect of trade.
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A second concern is the possibility that systematicdifferencesamongpartsof the world are
driving the results. That is, it could be that our
IV estimatesof the impactof tradearisebecause
the countries in certain regions of the world
have systematically higher constructed trade
shares given their size and also have systematically higher incomes. In this case, our findings
might be the result not of trade, but of other
features of those regions.
To addressthis concem, we reestimatethe regressionsin Table 3 includinga dummyvariable
for each continent.This modificationsubstantially
increasesthe standarderrorsof the IV estimatesof
the impact of tradeon income. As a result, the
estimates are no longer significantly different
from zero. In addition,the IV estimate of the
impactof tradefor the 150-countrysample [column(2) of Table3] falls to only moderatelyabove
the OLS estimate.WhenLuxembourgis dropped
fromthe sample,however,the IV estimateretums
to being much largerthanthe OLS estimate.For
the 98-countrysample,in contrast,inclusionof the
continentdummiesraisesthe IV estimateslightly
and lowers the OLS estimateslightly.
As an alternativeway of consideringthe impact of differencesacross partsof the world, we
follow Robert E. Hall and Charles I. Jones
(1999) and include countries' distancefrom the
equatoras a controlvariable.This variablemay
reflect the impact of climate, or it may be a
proxy for omitted country characteristicsthat
are correlatedwith latitude.With this approach,
the IV estimate of trade and size's effects are
virtually identical to the OLS estimate for the
full sample, and only moderatelylargerthanthe
OLS estimate for the 98-country sample. Thus
there is some evidence that systematic differences among regions are importantto our finding that the IV estimates of trade's effects
exceed the OLS estimates. Even in this case,
however, there is still no evidence that the OLS
estimates overstatetrade's effects.
Third,our dataarehighly imperfectin various
ways. Potentiallymost important,for the major
oil-producingcountriesmuch of measuredGDP
representsthe sale of existing resources rather
than genuine value added. Since these countries
have amongthe highestmeasuredincomesin the
sample,theyhavethe potentialto affecttheresults
substantially.In fact, however, they are not importantto our findings:they are alreadyabsent
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from the 98-countrysample,and excludingthem
from the 150-countrysample changes the estimates only slightly. As a more generalcheck of
the possibleimportanceof dataproblems,we use
the PennWorldTable's summaryassessmentsof
the qualityof countries'datato excludethe countries with the poorestdatafrom the sample.Specifically,we exclude all countrieswhose data are
assigned a grade of "D." This reduces the 150countrysampleto 99, and the 98-countrysample
to 77. These reductionsin the samplesizes moderately increase the standarderrorsof both the
OLS andIV estimatesof the impactof trade.The
point estimateschangelittle, however.
Finally, one can imagine reasons that virtually all the variables used in finding the geographic component of countries' trade might
have some endogenous component that is correlated with the errorterm in the income equation. For example, whether countries have
access to an ocean may be endogenous in the
trulylong run,and may be determinedin partby
other forces that affect income.17 Similarly,
populationis endogenous in the very long run.
To check that no single variable that could
conceivably be endogenous is driving the results, we redo the constructionof the instrument
and the regressions in Table 3 in five ways:
omittingthe landlockedvariablefrom the bilateral trade equation;excluding populationfrom
this equation;omitting all interactionswith the
common-borderdummyfrom this equation;using total populationratherthan the labor force
both in measuringcountries' sizes and in computing income per person; and excluding area
from both equations.
None of these changes has a major effect on
the results. Although the changes sometimes
affect the IV estimatesnoticeably,in every case
they remain much larger than the OLS estimates. Moreover, there is no systematic tendency for the changes to reduce the IV

'7 The potentialendogeneityof characteristicsof borders
other than whether countries are landlocked is unlikely to
cause serious difficulties,for two reasons.First,the location
of bordersis largely determinedby forces other than govemnmentpolicies and other determinantsof currentincome;
thatis, the endogenouscomponentof bordersappearssmall.
Second, because our estimates control for within-country
trade,what is key to our estimates is the overall distribution
of population,not the placement of countryborders.
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estimates;indeed, there are several cases where
the changes raise the estimate considerably,or
reduceits standarderrorconsiderably.Thus, our
findings do not hinge on the use of any one of
these variables in constructing the fitted trade
shares.
D. The Channels ThroughWhichTrade
Affects Income

than In Ai directly from the data, and then find
In Ai as a residual.
Our second decompositionof income is simpler. We write log outputper workerin 1985 as
the sum of its value at the beginning of the
sample (1960) plus the change during the sample period:
(1 3)

1n(Y/Nj) 1985
In(Yj1Nj)

The results thus far provide no information
about the mechanisms through which trade
raises income. To shed some light on this issue,
we decompose income and examine trade's impact on each component.
We consider two decompositionsof income.
The first follows Hall and Jones (1999). Suppose output in country i is given by
(10)

Yi = K [ee(si)AjNj]l a,

where K and N are capital and labor, S is
workers' average years of schooling, 4(Q)gives
the effects of schooling, andA is a productivity
term.Equation(10) could be used to decompose
differences in output per worker into the contributionsof capital per worker, schooling, and
productivity.As Hall and Jones note, however,
an increasein A leads to a higher value of K for
a given investment rate. Following Peter Klenow and Andres Rodriguez-Clare(1997), they
thereforerewrite (10) as
( 11)

Yi = (Kj1Yj)a(-)e4(si)AjNj.

Dividing both sides by Ni and takinglogs yields
(12)

a
ln(Y1/Nj)=1

ln(Ki/Yi)
+ 4(Sf) + ln Ai.

Equation (12) expresses the log of output per
workeras the sum of the contributionsof capital
depth (reflectingsuch factors as investmentand
population growth), schooling, and productivity. Hall and Jones set a = 1/3 and let 4() be a
piecewise linear function with coefficients
based on microeconomicevidence. This allows
them to measure each componentof (12) other
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1960

+ [ln( Yi/Ni)1985-

ln( Y1/Nj)1960]

For both decompositions, we regress each
component of income on a constant, the trade
share, and the size measures. Again, we consider both OLS and IV. Since the decompositions cannot be performedfor the full sample,
we consider only the 98-country sample. The
results are reportedin Table 4. The first three
pairs of columns show the results for the Hall
and Jones decomposition, and the remaining
two pairsshow the resultsfor the decomposition
into initial income and subsequentgrowth.
With both decompositions, the estimates
using instrumental variables suggest that
trade increases income through each component of income. For the first decomposition,
the estimated impacts of trade on physical
capital depth and schooling are moderate, and
its estimated impact on productivity is large.
The estimates imply that a one-percentagepoint increase in the trade share raises the
contributions of both physical capital depth
and schooling to output by about one-half of
a percentage point, and the contribution of
productivity to output by about two percentage points. For the second decomposition,
trade's estimated effects on both initial income and subsequent growth are large. Here
the estimates imply that a one-percentagepoint increase in the trade share raises both
initial income and the change over the sample
period by about one and a half percentage
points. Further, in every case, the estimates
suggest that country size, controlling for international trade, is beneficial. And in every
case the IV estimates of the effects of international trade and country size are substantially larger than the OLS estimates.
The standarderrors of the IV estimates are
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TABLE 4-TRADE

(1)
Dependent
variable
Estimation
Constant
Trade share
Ln population
Ln area
Sample size
R2
SE of
regression
First-stageF
on excluded
instrument

(2)

AND THE COMPONENTS OF INCOME

(3)

a
1 - a ln(Ki/Yi)
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(4)

(5)

(6)

(7)

ln(Y/N)1960

InAi

C(Si)

(8)

(9)

(10)

A ln(Y/N)

OLS
-0.72
(0.34)
0.36
(0.10)
0.02
(0.03)
0.04
(0.02)
98
0.13

IV
-1.29
(0.93)
0.59
(0.36)
0.04
(0.04)
0.07
(0.05)
98
0.13

OLS
0.10
(0.30)
0.18
(0.08)
0.06
(0.03)
-0.01
(0.02)
98
0.09

IV
-0.37
(0.81)
0.37
(0.31)
0.07
(0.03)
0.01
(0.04)
98
0.08

OLS
7.47
(0.74)
0.27
(0.21)
0.21
(0.06)
-0.13
(0.05)
98
0.14

IV
3.05
(2.84)
2.04
(1.10)
0.32
(0.11)
0.08
(0.14)
98
0.06

OLS
7.45
(1.03)
0.38
(0.29)
0.09
(0.09)
-0.02
(0.07)
98
0.03

IV
4.27
(3.07)
1.66
(1.19)
0.17
(0.12)
0.13
(0.15)
98
0.02

OLS
-0.50
(0.39)
0.45
(0.11)
0.12
(0.03)
-0.03
(0.03)
98
0.24

IV
-2.65
(1.66)
1.31
(0.65)
0.18
(0.06)
0.07
(0.08)
98
0.20

0.32

0.33

0.28

0.29

0.69

0.92

0.96

1.06

0.36

0.47

8.45

8.45

8.45

8.45

8.45

Note: Standarderrorsare in parentheses.

large, however. For productivityand for growth
over the sample period, the estimates of trade's
effect are marginally significantly different
from zero (t-statisticsof 1.8 and 2.0, respectively). For the other dependent variables, the tstatisticsare between 1.2 and 1.6. Similarly,the
t-statistic for the sum of the coefficients on
populationand area is 1.9 for productivity,2.0
for growth, and between 1.3 and 1.5 for the
other dependent variables. Thus, although the
estimates suggest that internationaland withincountry traderaise income throughseveral different channels, they do not allow us to
determine their contributions through each
channel with great precision.
The results also provide no evidence that
OLS is biased. The IV and OLS estimates of
trade's impact never differ by a statistically
significantamount.Indeed,the t-statisticfor the
null that the estimates are equal exceeds 1.5
only once.18

18
The result that the IV estimates of the effects of trade
and countrysize on each componentof income are positive
is extremelyrobustto the exclusion of outliers,the addition
of continent dummies and latitude, the omission of countries with the most questionabledata, the use of less information in constructingthe instrument,and expanding the
sample to include as many countriesas possible (132 countries for the Hall andJones decomposition,127 countriesfor

E. WhyAre the IV Estimates Greater Than
the OLS Estimates?
Both the simple model presentedin Section I,
subsection A, and prevailing views about the
association between trade and income suggest
that IV estimates of trade's impact on income
will be less than OLS estimates. There are four
main reasons. First, countries that adopt freetrade policies are likely to adopt other policies

the decomposition into initial income and subsequent
growth).The one exception is thatin the IV regressionwith
4(Si) as the dependent variable, both the coefficient on
tradeand the sum of the coefficients on populationand area
are very slightly negative when latitude is included as a
control. Likewise, the finding that the IV estimates of the
effects of tradeand size on productivity,initial income, and
growthover the sample are largerthan the OLS estimates is
extremely robust. Again there is only a single exception:
when latitudeis included, the IV estimates of the impact of
trade and of the combined effect of populationand area on
initial income are slightly smaller than the OLS estimates.
The result that the IV estimates of trade's and size's effects
on capital depth and schooling are larger than the OLS
estimates, on the other hand, is only moderatelyrobust:for
several of our robustness checks, the IV estimates are
smaller. The difference is never large, however.
Finally, Hall and Jones's data are for 1988 ratherthan
1985. This is not important,however: redoing the basic
regressionsin Table 3 for the 98-countrysample using 1988
income per worker changes the results only trivially.
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that raise income. Second, countries that are
wealthy for reasonsotherthantradeare likely to
have better infrastructureand transportation
systems. Third, countries that are poor for reasons other than low trade may lack the institutions and resources needed to tax domestic
economic activity, and thus may have to rely on
tariffs to finance government spending. And
fourth, increases in income coming from
sources other than trade may increase the variety of goods that households demand and shift
the composition of their demand away from
basic commodities toward more processed,
lighter weight goods. All of these considerations would lead to positive correlation between trade and the error term in an OLS
regression, and thus to upwardbias in the OLS
estimateof trade'seffects. And since thereis no
reason to expect correlationbetween proximity
and these various omitted country characteristics, thereis no reason to expect the IV estimate
to suffer a similar bias. But we find that the IV
estimate is almost always considerably larger
than the OLS estimate. Although the difference
is not statistically significant, the fact that it is
large and positive is surprising.
The OLS estimate is determinedby the partial association between income and trade,
while the IV estimate is determinedby the partial association between income and the component of trade correlatedwith the instrument.
Thus, mechanically, the fact that the OLS estimate is smallerthan the IV estimate means that
income's partial association with the component of trade that is not correlated with the
instrumentis weaker than its partialassociation
with the componentthat is correlated.Figure 3
presents these two partial associations. Since
Luxembourgand Singapore are outliers in the
relationshipbetween trade and the instrument,
they are omitted. Panel A of the figure shows
the positive partialassociation between income
and the componentof tradecorrelatedwith the
instrument;it is this association that underlies
the positive coefficient on tradein the basic IV
regression [column (2) of Table 3]. Panel B of
the figure shows that there is also a positive
partial association between income and the
component of trade not correlatedwith the instrument.This association, though statistically
significant, is smaller than the partial association in Panel A (b = 0.75, with a standarderror
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PARTIAL AsSOCIATIONs BETWEEN INCOME AND
THE TRADE SHARE

of 0 e26). It is this smaller relationship that
causes the OLS estimate to be less than the IV
estimate.
The figures show that the difference between
the OLS andIV estimatesis not due to a handful
of observations.(Recall that including Luxembourg and Singaporereduces the IV estimate of
trade's effects. Thus the only majoroutliers are
not the source of the gap between the OLS and
IV estimates, but in fact reduce it.) In addition,
examining which specific countries are important to the estimates suggests that there is no
simple omitted country characteristic that is
driving the results.
The observations that are responsible for
the high estimated IV coefficient are those at
the upper right and lower left of Panel A. The
most influential observations at the upper
right are Qatar, Belgium, the United States,
and Israel. The most influential observations
at the lower left are Malawi, Lesotho, Burundi, and Haiti. Similarly, the observations
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that are lowering the OLS estimate relative to
the IV estimate are those in the lower right
and upperleft of Panel B. The most influential
observations at the lower right are Qatar,
Trinidad and Tobago, Hong Kong, and Syria,
while the most influential observations at the
upper left are Lesotho, Mauritania,Togo, and
Belize.
Thus, in both cases the low-income countries are, not surprisingly, disproportionately
from sub-SaharanAfrica. But there is no evident characteristic other than proximity that
distinguishes the countries with low proximity and low income from those with high
proximity and high income. Similarly, there is
no clear characteristic other than trade that
differentiates the countries with low residual
trade and high income from those with high
residual trade and low income. Together with
our earlier results, this suggests that the finding that the IV estimate exceeds-or at least
does not fall short of-the OLS estimate is
robust and not the result of omitted country
characteristics.
There are two leading explanations of the
fact that the IV estimate of trade's impact
exceeds the OLS estimate. The first is that it
is due to sampling variation. That is, although
there no reason to expect systematic correlation between the instrument and the residual,
it could be that by chance they are positively
correlated. The principal evidence supporting
this possibility is that the differences between
the IV and OLS estimates, though quantitatively large, are well within the range that can
arise from sampling error. In our baseline
regressions [columns (1) and (2) of Table 3],
the t-statistic for the null hypothesis that the
OLS and IV estimates are equal is 1.2 (p =
0.25). And in the variations on the baseline
regression that we consider, this t-statistic
never exceeds 2, and it is almost always less
than 1.5. Moreover, in a few cases it is essentially zero. Thus, if one believes that theory
provides strong grounds for believing that
OLS estimates are biased up, our IV estimates
do not provide a compelling reason for changing this belief.
The second candidate explanation of the
finding that the IV estimates exceed the OLS
estimates is that OLS is in fact biased down.
The literal shipping of goods between coun-
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tries does not raise income. Rather, trade is a
proxy for the many ways in which interactions between countries raise income-specialization, spread of ideas, and so on. Trade
is likely to be highly, but not perfectly, correlated with the extent of such interactions.
Thus, trade is an imperfect measure of income-enhancing interactions among countries. And since measurement error leads to
downward bias, this would mean that OLS
would lead to an understatementof the effect
of income-enhancing interactions.'9
To explore this idea, consider the following
simple model. Average income in country i is
given by
(14) ln Yi = a+ bIj - b2I2i+

4- bNINi

+ cSi + ei,

where I1, I2. * - IN are measuresof the various
ways in which interactionsamong countriesaffect income. This equationhas the same form as
(4), except that trade has been replaced by II,
I2, - IN. We want to rewrite this model in a
way that expresses the idea that tradeis a noisy
measure of income-promotinginteractions.To
?
do this, we define T* = (bIIIi + b2I2i ?
=
where
b
+
+
b2I2
bNINi)/b,
Var(bjI
+
bNIN)fCov(blIl + b2I2 +?-- + bNIN, T) and
where T is again trade.With this definition, we
can rewrite (14) as
(15)

ln Y, = a + bT?+ cSi + ei.

It is straightforwardto check that with these
definitions, T - T* is uncorrelatedwith T*.
Thus we can write
(16)

Ti=T

+ ui,

where ui is uncorrelatedwith T* Thus, equations (15)-(16) express the idea thatactualtrade
is a noisy measure of income-promotinginteractions.
With this formulation, the relationship between income and actual trade is

9 We are gratefulto an anonymousreferee and several
seminarparticipantsfor suggesting this possibility.
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(17) ln Yi=a + bTi + cSi + (ei-bui).
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Illo Conclusion

This paper investigates the question of how
internationaltrade affects standardsof living.
Although this is an old question, it is a difficult
one to answer.The amountsthatcountriestrade
are not determined exogenously. As a result,
correlationsbetween trade and income cannot
identify the effect of trade.
This paper addresses this problem by focusing on the component of trade that is due to
geographic factors. Some countries trade more
just because they are near well-populatedcountries, and some tradeless because they are isolated. Geographicfactors are not a consequence
of income or governmentpolicy, and thereis no
likely channel through which they affect income otherthanthroughtheirimpacton a country's residents' interactions with residents of
other countries and with one another. As a
result, the variationin trade that is due to geoVTs
graphic factors can serve as a naturalexperi(18)
E[bOLS] = VT b,
ment for identifying the effects of trade.
VTIS
The results of the experiment are consistent
where VT*ISand VTIsare the conditional variacross the samples and specifications we conances of T* and T given size.
sider: trade raises income. The relation beThis discussion implies that trade must be a
tween the geographic component of trade and
very noisy proxy for income-promotinginterac- income suggests that a rise of one percentage
tions to accountfor the gap betweenthe OLS and
point in the ratio of trade to GDP increases
IV estimates.In ourbaselineregressionfor thefull
income per person by at least one-half persample[columns(1) and (2) of Table3], the OLS
cent. Trade appears to raise income by spurestimate of b is less than half the IV estimate. ring the accumulation of physical and human
Thus for the gap between the two estimatesto
capital and by increasing output for given
arisefromthe fact thattradeis an imperfectproxy
levels of capital.
for income-enhancing
The results also suggest that within-country
interactions,the majorityof
the variationin tradeuncorrelated
with size would
trade raises income. Controlling for intemahave to be uncorrelatedwith income-promoting tional trade, countries that are larger-and that
interactions.To put it differently,u in (16) would
therefore have more opportunities for trade
have to havea standarddeviationof 22 percentage within theirborders-have higherincomes. The
points.
point estimates suggest that increasing a counWe conclude that the most plausible explatry's size and areaby one percentraises income
nationof the bulk of the gap between the IV and
by one-tenth of a percent or more. And the
estimates suggest that within-countrytrade,like
OLS estimates is simply sampling error. This
internationaltrade, raises income both through
implies that our most importantfinding is not
that the IV estimates of trade's effects exceed
capital accumulation and through income for
the OLS estimates, but ratherthat there is no
given levels of capital.
There are two importantcaveats to these conevidence that the IV estimates are lower. In
clusions. First,the effects are not estimatedwith
addition,it implies thatour IV estimatesmay be
substantially affected by sampling error, and
greatprecision.The hypothesesthatthe impacts
thus that the OLS estimates are likely to be
of trade and size are zero are typically only
more accurateestimatesof trade'sactualimpact
marginallyrejectedat standardsignificancelevon income.
els. In addition,the hypothesisthatthe estimates

From (16), T and u are positively correlated.If
this correlationis strong enough, it will cause
the overall correlationbetween T and the residual in (17), e-bu, to be negative, and thus cause
OLS to yield a downwardbiased estimate of b.
And again this bias will not carryover to the IV
estimates-proximity and other geographic
variables are likely to be strongly correlated
with income-enhancinginteractions,and there
is no evident reason for them to be correlated
with the idiosyncraticfactorsthatcause tradeto
move differently from those interactions.
In the univariate case, the expectation of
the OLS estimate of b would be given by
E[bOLS] = (VT*/VT)b, where VT* and VT are
the variances of T* and T. When size is
controlled for, the expression is analogous:
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based on the geographiccomponentof tradeare
the same as the estimatesbased on overall trade
are typically relatively far from rejection.Thus,
although the results bolster the case for the
benefits of trade, they do not provide decisive
evidence for it.
This limitationis probablyinherentin the experimentwe areconsidering.Once countrysize is
controlledfor, geographyappearsto accountfor
only a moderatepart of the variationin trade.
As a result,geographicvariablesprovideonly a
limited amountof informationaboutthe relation
betweentradeandincome.Thus,unlessadditional
portionsof overall trade that are unaffectedby
otherdeterminantsof income can be identified,it
is likely to be difficultto improvegreatlyon our
estimatesof the effects of trade.
The second limitation of the results is that
they cannot be applied without qualificationto
the effects of trade policies. There are many
ways thattradeaffects income, and variationsin

trade that are due to geography and variations
that are due to policy may not involve exactly
the same mix of the variousmechanisms.Thus,
differences in trade resulting from policy may
not affect income in precisely the same way as
differences resulting from geography.
Nonetheless, our estimates of the effects of
geography-baseddifferencesin tradeare at least
suggestive about the effects of policy-induced
differences.Ourpoint estimates suggest thatthe
impact of geography-baseddifferences in trade
are quantitativelylarge. We also find that the
estimatedimpactis largerthanwhat one obtains
by naively using OLS, but is not significantly
different from the OLS estimate. These results
are not what one would expect if the positive
correlationbetween trade and income reflected
an impact of income on trade, or of omitted
factors on both variables. In that sense, our
results bolster the case for the importance of
trade and trade-promotingpolicies.

APPENDIX
Al-BASIC DATA
TABLE

Country
Algeria
Angola
Benin
Botswana
BurkinaFaso
Burundi
Cameroon
Cape Verde Islands
CentralAfrican Republic
Chad
Comoros
Congo
Djibouti
Egypt
Ethiopia
Gabon
Gambia
Ghana
Guinea
Guinea-Bissau
Ivory Coast
Kenya
Lesotho
Liberia
Madagascar
Malawi
Mali

Actual trade
share

Constructed
trade share

Area
(thousandsof
squaremiles)

Population
(millions)

Income per
worker

49.66
69.10
76.99
121.28
52.42
30.82
57.67
118.02
65.23
61.43
67.06
112.81
117.06
51.97
34.13
100.18
89.14
21.29
71.80
62.74
78.19
51.69
152.42
79.63
30.99
54.09
73.60

13.97
11.51
42.20
24.03
14.10
24.86
15.79
45.11
15.13
12.00
46.77
25.77
70.97
11.75
8.44
30.65
52.20
18.87
23.95
42.24
16.58
12.48
20.66
29.81
9.90
12.67
12.80

919.595
481.354
43.483
231.800
105.870
10.747
183.569
1.557
241.313
495.755
0.863
132.046
8.958
386.900
472.432
103.346
4.093
92.100
94.926
13.948
124.502
224.960
11.720
43.000
226.660
45.747
482.077

4.859
3.512
1.874
0.370
4.150
2.539
3.831
0.120
1.309
1.791
0.181
0.760
0.105
12.719
18.385
0.420
0.358
4.468
2.243
0.425
4.030
7.980
0.743
0.811
4.498
3.180
2.332

13434
1742
2391
6792
940
986
3869
2829
1266
1146
1400
6878
4647
7142
705
9672
1609
2237
1583
1354
3740
2014
2028
2312
1707
1171
1686
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TABLE

Country
Mauritania
Mauritius
Morocco
Mozambique
Namibia
Niger
Nigeria
Reunion
Rwanda
Senegal
Seychelles
Sierra Leone
Somalia
South Africa
Sudan
Swaziland
Tanzania
Togo
Tunisia
Uganda
Zaire
Zambia
Zimbabwe
Bahamas
Barbados
Belize
Canada
Costa Rica
Dominica
Dominican Republic
El Salvador
Grenada
Guatemala
Haiti
Honduras
Jamaica
Mexico
Nicaragua
Panama
Puerto Rico
St. Lucia
St. Vincent & Grenadines
Trinidad & Tobago
United States
Argentina
Bolivia
Brazil
Chile
Colombia
Ecuador
Guyana
Paraguay
Peru
Suriname
Uruguay
Venezuela
Bahrain
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Al-Continued.

Actual trade
share

Constructed
trade share

Area
(thousands of
square miles)

Population
(millions)

Income per
worker

141.56
109.10
58.50
18.38
119.81
51.27
28.53
53.14
30.65
70.63
111.95
19.15
25.64
55.43
21.34
118.71
21.03
105.52
71.33
22.54
53.15
76.96
56.40
124.11
130.30
183.27
54.48
63.19
103.09
64.24
52.21
120.63
24.94
38.44
54.15
131.89
25.74
36.60
70.96
136.74
165.77
152.17
61.90
18.01
17.10
30.27
19.34
53.85
26.33
47.63
109.95
49.58
39.42
82.99
47.86
40.76
188.70

23.44
31.11
12.71
11.11
21.31
12.37
8.68
39.92
26.20
19.87
84.98
27.81
14.89
8.90
10.97
56.87
10.97
41.47
23.83
12.97
8.97
13.81
11.27
38.03
56.10
87.48
4.97
23.37
75.08
22.37
28.91
81.25
22.04
20.44
27.58
22.19
4.52
23.46
23.56
22.75
68.83
79.41
30.33
2.56
5.60
8.06
3.03
7.25
7.54
11.42
25.92
10.43
7.03
30.96
17.07
8.94
71.82

397.953
0.787
172.413
308.642
317.818
489.206
356.700
0.969
10.169
75.954
0.175
27.700
246.199
471.440
967.491
6.704
364.900
21.925
63.379
91.343
905.365
290.586
150.699
5.382
0.166
8.866
3851.809
19.652
0.305
18.704
8.260
0.133
42.042
10.714
43.277
4.411
761.600
50.180
29.761
3.515
0.238
0.150
1.980
3540.939
1072.067
424.162
3286.470
292.132
439.735
109.484
83.000
157.047
496.222
63.251
68.040
352.143
0.240

0.533
0.577
6.714
7.290
0.380
3.343
30.743
0.216
3.005
2.758
0.029
1.372
2.774
11.240
7.121
0.277
10.266
1.277
2.280
6.236
12.321
2.274
3.135
0.097
0.127
0.049
12.595
0.920
0.030
1.912
1.564
0.039
2.262
2.514
1.307
1.059
24.669
0.980
0.760
1.101
0.057
0.042
0.441
117.362
10.798
1.978
49.609
4.303
9.433
2.820
0.280
1.226
6.107
0.124
1.169
5.789
0.178

2674
7474
6427
1417
8465
1098
2874
7858
1539
2688
7058
2411
1574
9930
2436
5225
975
1516
8783
1224
1136
2399
3261
29815
12212
8487
31147
9148
6163
7082
5547
4502
7358
2125
4652
4726
17036
5900
10039
21842
5317
5796
25529
33783
14955
5623
10977
9768
9276
9615
3573
6241
8141
10883
10216
18362
22840
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TABLE

Country
Bangladesh
Bhutan
China
Hong Kong
India
Indonesia
Iran
Iraq
Israel
Japan
Jordan
Korea, Republic of
Kuwait
Laos
Malaysia
Mongolia
Myanmar
Nepal
Oman
Pakistan
Philippines
Qatar
Saudi Arabia
Singapore
Sri Lanka
Syria
Taiwan
Thailand
United Arab Emirates
Yemen
Austria
Belgium
Bulgaria
Cyprus
Czechoslovakia
Denmark
Finland
France
Germany,West
Greece
Hungary
Iceland
Ireland
Italy
Luxembourg
Malta
Netherlands
Norway
Poland
Portugal
Romania
Spain
Sweden
Switzerland
Turkey
United Kingdom
Soviet Union
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Al-Continued.

Actual trade
share

Constructed
trade share

Area
(thousandsof
square miles)

Population
(millions)

Income per
worker

25.78
62.54
19.44
209.52
15.04
42.66
15.20
49.22
85.80
25.54
113.50
67.86
96.45
13.80
104.69
82.72
13.16
31.29
87.06
34.00
45.84
80.94
79.97
318.07
62.93
37.23
94.62
51.20
89.66
49.34
81.27
151.34
85.99
107.57
69.45
72.99
57.50
47.17
61.52
53.97
82.32
81.83
118.84
46.06
211.94
160.86
118.76
86.00
35.07
77.95
41.62
43.51
69.02
77.69
44.40
56.87
18.28

10.31
37.74
2.30
35.88
3.29
4.47
10.06
19.14
54.17
5.47
68.18
14.36
42.55
27.32
16.82
13.52
10.74
13.26
34.19
8.04
8.84
69.56
14.98
48.90
13.94
37.44
17.92
9.45
33.42
16.83
36.64
52.46
31.12
54.39
21.07
30.89
21.64
15.26
18.47
27.01
26.92
33.08
33.85
13.97
281.29
98.14
35.84
23.54
13.84
18.78
18.80
12.38
18.22
32.57
11.26
13.47
3.68

55.598
17.954
3689.631
0.398
1229.737
735.268
636.293
169.235
8.020
143.574
37.297
38.031
6.880
91.429
128.328
604.829
261.220
54.463
82.030
310.400
115.830
4.412
865.000
0.220
25.332
71.498
13.895
198.455
32.000
128.560
32.375
11.781
42.823
3.572
49.383
16.631
130.119
211.208
96.010
50.961
35.920
39.709
26.600
116.500
0.999
0.122
16.041
125.049
120.728
35.550
91.699
194.885
173.800
15.941
300.947
94.247
8600.387

27.684
0.575
612.363
3.516
295.478
62.136
-13.540
4.105
1.602
'75.526
0.601
16.608
0.640
1.758
6.217
0.894
16.613
6.958
0.368
28.567
19.945
0.166
3.652
1.189
5.786
2.556
8.262
26.793
0.694
2.369
3.528
4.071
4.417
0.310
8.137
2.780
2.493
24.882
28.085
3.800
5.195
0.127
1.342
22.714
0.157
0.119
5.855
2.043
19.235
4.540
11.275
13.732
4.238
3.222
21.829
27.684
142.801

4265
1504
2166
16447
2719
4332
13847
15855
21953
18820
15655
10361
35065
2739
10458
3966
1332
2244
31609
4249
4229
36646
28180
17986
5597
17166
12701
4751
38190
6425
23837
27325
9662
13918
7467
23861
23700
27064
27252
16270
10827
23256
19197
27189
30782
15380
28563
28749
8079
11343
4021
21169
26504
29848
7091
22981
13700
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TABLE

Country
Yugoslavia
Australia
Fiji
New Zealand
Papua New Guinea
Solomon Islands
Tonga
Vanuatu
Western Samoa

Al-Continued.

Actual trade
share

Constructed
trade share

Area
(thousandsof
square miles)

Population
(millions)

Income per
worker

57.88
35.28
89.13
65.25
94.52
123.60
102.25
123.33
92.17

25.82
4.07
18.56
8.19
10.17
25.12
43.40
30.86
32.77

39.449
2966.150
7.078
103.884
178.704
10.954
0.288
4.707
1.093

10.475
7.391
0.232
1.438
1.660
0.088
0.030
0.042
0.050

11417
28960
9840
26039
3374
5109
6022
5707
5388

Notes: Actual trade share-Ratio of importsplus exports to GDP, 1985 (Penn World Table, Mark 5.6, Series OPEN).
Constructedtradeshare-Aggregated fitted values of bilateraltradeequationwith geographicvariables.(See text, Section
I, subsections B-D.)
Area-Rand McNally (1993).
Population-Economically active population, 1985 (Penn World Table, Mark 5.6, constructedfrom real GDP per capita
(RGDPCH),real GDP per worker (RGDPW), and total population(POP): RGDPCH*POP/RGDPW).
Income per worker-Real GCDP
per worker, 1985; 1985 intemationalprices (dollars)(Penn World Table, Mark5.6, Series
RGDPCH).
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