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Introduction

Question: Do countries that trade more have higher income?
Very influential paper
Idea: Since countries’ geographic characteristics have an impact on
trade, and are uncorrelated with other determinants of income, they
can be used as instruments to determine the causal effect of trade
on growth.
Result: OLS estimates don’t overstate the effects of trade (as we
could have guess a priori)
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Strategy

Two stage estimation:
First stage: predict trade between two countries based on a
(non-standard) gravity equation:

log
(Xij + Mij

GDPi

)
= α0 + α1dij + α2Si + α3Sj + controls + eij

I where dij is distance and S size (population and area)
I controls: common border, landlocked
I aggregate predicted trade at the country level T̂i and use it to

instrument for Ti in second stage

Second stage: GDP per capita

lnGDPi
POPi

= β0 + β1Ti + β2Si + εi
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Data

Year 1985 (cross-section)
IFS Direction of Trade Statistics:

I Bilateral trade between 63 countries for first stage
Population from the Penn World Tables
Rand McNally (1993) for areas, common borders and landlocked
countries
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Gravity stage (first stage IV)
 384 THE AMERICAN ECONOMIC REVIEW JUNE 1999

 TABLE 1-THE BILATERAL TRADE EQUATION

 Variable Interaction

 Constant -6.38 5.10
 (0.42) (1.78)

 Ln distance -0.85 0.15

 (0.04) (0.30)
 Ln population -0.24 -0.29

 (country i) (0.03) (0.18)
 Ln area -0.12 -0.06

 (country i) (0.02) (0.15)
 Ln population 0.61 -0.14

 (country j) (0.03) (0.18)
 Ln area -0.19 -0.07

 (country j) (0.02) (0.15)
 Landlocked -0.36 0.33

 (0.08) (0.33)

 Sample size 3220
 R 2 0.36
 SE of regression 1.64

 Notes: The dependent variable is ln(T i/GDP,). The first
 column reports the coefficient on the variable listed, and the
 second column reports the coefficient on the variable's
 interaction with the common-border dummy. Standard er-
 rors are in parentheses.

 that geographic variables are major determi-
 nants of bilateral trade. The R2 of the regression
 is 0.36. The next step is to aggregate across
 countries and see if geographic variables are
 also important to overall trade.9

 D. Implications for Aggregate Trade

 To find the implications of our estimates for
 the geographic component of countries' overall
 trade, we aggregate the fitted values from the
 bilateral trade equation. That is, we first rewrite
 equation (6) as

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

 where a is the vector of coefficients in (6) (ao,

 al, ..., al 3), and Xii is the vector of right-hand
 side variables (1, In Di1, ..., Bij[Li + L>]). Our
 estimate of the geographic component of coun-
 try i's overall trade share is then

 (8) ^ E

 jui

 That is, our estimate of the geographic component
 of country i's trade is the sum of the estimated
 geographic components of its bilateral trade with
 each other country in the world.'0

 All that is needed to perform the calculations
 in equation (8) are countries' populations and
 geographic characteristics. We therefore take
 the sum in (8) not just over the countries cov-
 ered by the bilateral trade 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 regres-
 sions will also require data on trade and 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 scatterplot of the true overall
 trade share, T, against the constructed share, T.
 The figure shows that geographic variables ac-
 count for a major part of the variation in overall
 trade. The correlation between T and T is 0.62.
 As column (1) of Table 2 shows, a regression of

 9 The standard errors reported in Table 1 are conven-
 tional OLS standard errors. It is likely that the residuals of
 the bilateral trade equation are not completely independent,
 and thus that the reported standard errors are too low. But as

 described in Section II, subsection B, uncertainty about the
 parameters of the bilateral trade equation contributes only a
 small amount to the standard errors of the cross-country
 income regressions that we ultimately estimate. For exam-

 ple, doubling the variance-covariance matrix of the esti-

 mated parameters of the bilateral trade equation increases
 the standard error of the coefficient on the trade share in our

 baseline cross-country regression [column (2) of Table 3]
 by less than 10 percent.

 '0The expectation of T i/GDPi conditional on Xii is
 actually equal to eaXij times 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 implications for the subsequent analysis, and is therefore
 omitted for simplicity.

 " For convenience, we omit a handful of countries with
 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 population amnong the countries in the same
 continent that are in the Penn World Table. We use the Penn

 World Table's definitions of the continents.
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Checking the quality of the instrument
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 FIGURE 1. ACTUAL VERSUS CONSTRUCTED TRADE SHARE

 T on a constant and t yields a coefficient on
 of essentially one and a t-statistic of 9.5.

 As described in subsection A of this section,
 however, the component of the constructed trade
 share that is correlated with country size cannot be
 used to estimate trade's impact on income: smaller
 countries may engage in more international trade
 but in less within-country trade. That is, our iden-
 tification of trade's impact on income will come
 from the component of the excluded exogenous
 variable (the constructed trade share) that is un-
 correlated with the other exogenous variables (the
 size measures).

 The constructed trade share is in fact highly
 correlated with 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
 shares all have areas under 10,000 square miles.
 A regression of the constructed trade share on a
 constant, log population, and log area yields
 negative and significant coefficients on both
 size measures and an R2 of 0.45.

 Thus in examining whether geographic variables
 provide useful information about intemational trade,
 we need to ask whether they provide infonnation
 beyond that contained in country size. Columns (2)
 and (3) of Table 2 therefore compare a regression of
 the actual trade share on a constant and the two size
 measures with a regression that also includes our
 constructed trade share. As expected, size has a neg-
 ative effect on trade. Area is highly significant, while
 population is moderately so. The coefficient on the
 constiucted trade share falls by slighdy more than
 half when the size controls are added.

 The important message of columns (2) and (3),

 TABLE 2-THE RELATION BETWEEN ACTUAL AND

 CONSTRUCTED OVERALL TRADE

 (1) (2) (3)

 Constant 46.41 218.58 166.97
 (4.10) (12.89) (18.88)

 Constructed trade share 0.99 0.45

 (0.10) (0.12)

 Ln population -6.36 -4.72
 (2.09) (2.06)

 Ln area -8.93 -6.45

 (1.70) (1.77)

 Sample size 150 150 150
 R2 0.38 0.48 0.52
 SE of regression 36.33 33.49 32.19

 Notes: The dependent variable is the actual trade share.
 Standard errors are in parentheses.

 however, is that the constructed trade share still
 contains a considerable amount of information
 about actual trade. For example, its t-statistic in
 column (3) is 3.6; this corresponds to an F-statistic
 of 13.1. As the results in the next section show,
 this means that the constructed trade share con-
 tains enough information about actual trade for IV
 estimation to produce only moderate standard er-
 rors for the estimated impact of trade. Further-
 more, the results of Douglas Staiger and James H.
 Stock (1997), Charles R. Nelson and Richard
 Startz (1990), and Alastair R. Hall et al. (1996)
 imply that these first-stage F-statistics are large
 enough that the finite-sample bias of instrumental
 variables-which biases the IV estimate toward
 the OLS estimate-is unlikely to be a serious
 problem in our IV regressions.

 Figure 2, Panel A, shows the partial association
 between the actual and constructed trade shares
 controlling for the size measures. The figure
 shows that although the relationship is not as
 strong as the simple relationship shown in
 Figure 1, it is still positive. The figure also shows
 that there are two large outliers in the relationship:
 Luxembourg, which has an extremely high fitted
 trade share given its size, and Singapore, which
 has an extremely high actual trade share given its
 size. Figure 2, Panel B, therefore shows the scat-
 terplot with these two observations omitted. Again
 there is a definite positive relationship.12

 12 When these two observations are dropped from the
 regression in column (3) of Table 2, the coefficient on the
 constructed trade share rises to 0.69, but the t-statistic falls
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Second stage
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 over the sample period.13
 Appendix Table Al reports the basic data

 used in the tests. It lists, for each country in the
 sample, its actual trade share in 1985, its con-
 structed trade share, its area and 1985 popula-
 tion, and its income per person in 1985.14

 We focus on two samples. The first is the full

 set of 150 countries covered by the Penn World
 Table. Our instrument is only moderately cor-
 related with trade once we control for size, and
 much of the variation is among the smallest

 countries in the sample. Thus it is important to
 consider a relatively broad sample. And as we
 describe below, the results for this sample are
 robust to the exclusion of outliers and of obser-
 vations where the data are potentially the most
 subject to error.

 Our second sample is the 98-country sample
 considered by N. Gregory Mankiw et al. (1992).
 The countries in this sample generally have
 more reliable data; they are also generally
 larger, and thus less likely to have their incomes

 determined by idiosyncratic factors. In addition,
 data limitations require that we employ a
 smaller sample when we examine the channels
 through which trade affects income.

 B. Basic Results

 Table 3 reports the regressions. Column (1) is
 an OLS regression of log income per person on a
 constant, the trade share, and the two size mea-
 sures. The regression shows a statistically and
 economically significant relationship between
 trade and income. The t-statistic on the trade share
 is 3.5; the point estimate implies that an increase
 in the share of one percentage point is associated
 with an increase of 0.9 percent in income per
 person. The regression also suggests that, control-
 ling for international trade, there is a positive
 (though only marginally significant) relation be-
 tween country size and income per person; this
 supports the view that within-country trade is ben-

 TABLE 3-TRADE AND INCOME

 (1) (2) (3) (4)

 Estimation OLS IV OLS IV
 Constant 7.40 4.96 6.95 1.62

 (0.66) (2.20) (1.12) (3.85)
 Trade share 0.85 1.97 0.82 2.96

 (0.25) (0.99) (0.32) (1.49)
 Ln population 0.12 0.19 0.21 0.35

 (0.06) (0.09) (0.10) (0.15)
 Ln area -0.01 0.09 -0.05 0.20

 (0.06) (0.10) (0.08) (0.19)
 Sample size 150 150 98 98
 R 2 0.09 0.09 0.11 0.09
 SE of

 regression 1.00 1.06 1.04 1.27
 First-stage F

 on excluded

 instrument 13.13 8.45

 Notes: The dependent variable is log income per person in
 1985. The 150-country sample includes all countries for
 which the data are available; the 98-country sample includes
 only the countries considered by Mankiw et al. (1992).
 Standard errors are in parentheses.

 eficial. The point estimates imply that increasing
 both population and area by one percent raises
 income per person by 0.1 percent.

 Column (2) reports the IV estimates of the
 same equation. The trade share is treated as
 endogenous, and the constructed trade share is
 used as an instrument. 15 The coefficient on trade
 rises sharply. That is, the point estimate sug-
 gests that examining the link between trade and
 income using OLS understates rather than over-
 states the effect of trade. The estimates now
 imply that a one-percentage-point increase in
 the trade share raises income per person by 2.0
 percent. In addition, the hypothesis that the IV
 coefficient is zero is marginally rejected at con-
 ventional levels (t = 2.0). The coefficient is

 1' Fischer (1993) uses a similar approach to investigate
 the effects of inflation. Frankel et al. (1996) and the working
 paper version of this paper (Frankel and Romer, 1996)

 investigate the effects of controlling for physical and human
 capital accumulation and population growth, and find that
 this does not change the character of the results.

 14 The other data used in the analysis are available from
 the authors on request.

 '5 Throughout, the standard errors for the IV regressions
 account for the fact that the instrument depends on the
 parameters of the bilateral trade equation. That is, the vari-
 ance-covariance matrix of the coefficients is estimated as
 the usual IV formnula plus (a&/aA))Q(afI/a)', where 6 is the
 vector of estimated coefficients from the cross-country in-
 come regression, a is the vector of estimated coefficients
 from the bilateral trade equation, and Q is the estimated
 variance-covariance matrix of a. In all cases, this additional
 term makes only a small contribution to the standard errors.
 In the regression in column (2) of Table 3, for example, this
 correction increases the standard error on the trade share
 from 0.91 to 0.99.
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Remarks (I)

Magnitude: 1 pp increase in trade share increases income per capita
by 2% (very large effect)
There may be other factors that behave like the gravity equation
and that affect growth (flow of ideas, FDI, migration flows)
There may be country-specific institutional and geographic
characteristics that are correlated with trade and cannot be
controlled for in a cross-country regression

I FR not robust to inclusion of other geographic and institutional
controls, see Rodriguez and Rodrik (NBER Macro Annual, 2000) and
Rodrik, Subramanian, Trebbi (J. Econ Growth, 2004)
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Remarks (II)

IV coefficient larger than OLS! The opposite that we could have
expected a priori (because of positive correlation between residuals
and trade would suggest a positive bias of OLS)

I FR say that IV coefficients are not significantly different from OLS
I Moreover, trade could be reflecting another cause of growth that is

measured with error (measurement error produces negative bias)
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