
ADB Economics  
Working Paper Series

Trade and Income in Asia:  
Panel Data Evidence from Instrumental 
Variable Regression

Benno Ferrarini
No. 234  |   November 2010





ADB Economics Working Paper Series No. 234

Trade and Income in Asia:  
Panel Data Evidence from Instrumental 
Variable Regression

Benno Ferrarini 
November 2010

Benno Ferrarini is Economist in the Macroeconomics and Finance Research Division, Economics and 
Research Department, Asian Development Bank (ADB). Cindy Castillejos-Petalcorin, also of ADB, provided 
excellent research assistance. This paper was initially prepared as background material for ADB's Asian 
Development Outlook 2010 Update (www.adb.org/Economics/). All remaining errors are the author's.



Asian Development Bank
6 ADB Avenue, Mandaluyong City
1550 Metro Manila, Philippines
www.adb.org/economics

©2010 by Asian Development Bank
November 2010
ISSN 1655-5252
Publication Stock No. WPS102880

The views expressed in this paper
are those of the author(s) and do not
necessarily reflect the views or policies
of the Asian Development Bank.

The ADB Economics Working Paper Series is a forum for stimulating discussion and 
eliciting feedback on ongoing and recently completed research and policy studies 
undertaken by the Asian Development Bank (ADB) staff, consultants, or resource 
persons. The series deals with key economic and development problems, particularly 
those facing the Asia and Pacific region; as well as conceptual, analytical, or 
methodological issues relating to project/program economic analysis, and statistical data 
and measurement. The series aims to enhance the knowledge on Asia’s development 
and policy challenges; strengthen analytical rigor and quality of ADB’s country partnership 
strategies, and its subregional and country operations; and improve the quality and 
availability of statistical data and development indicators for monitoring development 
effectiveness. 

The ADB Economics Working Paper Series is a quick-disseminating, informal publication 
whose titles could subsequently be revised for publication as articles in professional 
journals or chapters in books. The series is maintained by the Economics and Research 
Department.



Contents

Abstract   v

I.  Introduction  1

II.  Empirical Framework 2

III.  The Dataset 4

IV.  Estimation and Findings 4

V.  Conclusions 10

Appendix: Country Coverage 11

References   12





Abstract

This paper derives a Frankel-Romer instrument from a global trade matrix 
of 157 countries over the period 1990–2007, and deploys it to assess the 
relationship between international trade, domestic market potential, and income 
for the case of developing Asia, compared to the world average. The findings 
from panel instrumental variable regression confirm international trade to have 
caused income to rise on average across the world’s trading nations, but 
particularly so for countries of developing Asia, where this effect appears to be 
strongest. By contrast, domestic trade potential represented by country size is 
found to be less relevant a factor in explaining the rise in income of developing 
Asia. In light of a likely softening of external demand for Asian exports as 
global rebalancing takes hold, Asia’s underexploited domestic market potential 
represents considerable scope for the region to step up its efforts to gradually 
reinforce the domestic and regional dimensions as an additional engine of 
growth.





I. Introduction

This paper investigates the impact of international trade on economic growth and the 
standards of living, with special focus on developing Asia.1 A large body of literature 
has established that there is a positive relationship between countries’ standard of living 
and the extent to which they engage in international trade, with causality assumed to be 
running from trade to income (see, for example, Dollar 1992, Sachs and Warner 1995, 
Edwards 1998). 

An equally large body of literature has identified methodological shortcomings in the 
earlier studies. In a sweeping critique of openness-and-growth empirics, Rodriguez 
and Rodrik (1999) argue that most of the explanatory power of measures supposedly 
of trade or openness actually comes from factors other than trade, such as institutions 
and governance; or at best represents a proxy for economic performance in general. 
Moreover, it is now well understood that the standard ordinary least squares (OLS) 
approach to trade and growth regressions gives rise to a simultaneity problem that 
undermines the conclusion of causation from correlation (Rodriguez and Rodrik 1999, 
Frankel and Romer 1999, Winters 2004). To the extent that this is true, much of the 
inference on trade and growth causality of earlier studies would thus be invalidated by 
underlying methodological flaws. 

In an influential paper shaping much of the subsequent empirical discussions, Frankel 
and Romer (1999) explore a new estimation method to overcome the endogeneity of 
trade in growth regressions. Instead of using direct measures of trade or openness, 
such as the ratio of total trade to gross domestic product (GDP), or some trade policy 
measure, such as tariff barriers, they propose adopting as instrumental variables (IV) 
the geographical determinants identified by the gravity model of bilateral trade. Typically, 
such geographical factors include a country’s proximity to its trading partners, as well 
as size variables, such as population and GDP. To the extent that geographical factors 
explain a country’s trade2 and they are exogenous to its growth or income measures, the 
IV regression approach effectively solves the endogeneity problem and should lead to 
reliable estimates.

1 Developing Asia refers essentially to the whole of Asia except Japan.  However, data limitations reduce to 29 
the number of countries of developing Asia considered in this study. See the Appendix for a list of economies 
included.  

2 The explanatory power of the gravity equation has been established quite robustly. On the theoretical foundations 
of the gravity equation and its relevance for trade empirics, see Anderson (1979) and Evenett and Keller (2002). On 
estimation issues concerning the gravity equation, see Baldwin and Taglioni (2006).  



Applying the IV approach to a cross-section of 150 countries with data for the year 1985, 
Frankel and Romer (1999) find that a 1% increase in a country’s ratio of trade to income 
on average raises income per person by nearly 2% (Frankel and Romer 1999, 387 
[Table 3]).

It has been pointed out that geographical factors are not necessarily fully exogenous 
to income, for example if they were to influence countries’ resource endowments or 
institutions (Brock and Durlauf 2001, Winters 2004). In that case, the significance of the 
IV for trade would derive from factors other than trade, and the endogeneity problem 
would present itself again but in a different guise. Although this is a legitimate concern, it 
remains difficult to envisage IVs for trade other than geography. Moreover, this issue has 
subsequently been addressed by Frankel and Rose (2002), who show that the geography 
instrument is robust to the inclusion of institutional variables.3 By and large, subsequent 
applications have shown the Frankel-Romer IV method to be a valid empirical approach 
to trade and growth regressions. 

This paper adapts Frankel and Romer’s (1999) framework to a panel data set of 157 
countries between 1990 and 2007. Special focus is on a subsample of 29 countries 
of developing Asia, the estimated trade elasticity of which is assessed for significant 
differences with that of the whole sample of countries. The recourse to a longitudinal 
approach—rather than cross-section—is made necessary by data limitations as far as the 
29 countries of developing Asia are concerned, the limited number of which would not 
provide sufficient variation in the data for cross-country regressions to be estimated for 
any given year with a sufficient degree of confidence. 

This paper was prepared as background material for the theme chapter of the Asian 
Development Outlook 2010 Update (ADB 2010). As such, its focus is limited to providing 
summary panel estimations of the impact of trade on living standards in Asia, leaving the 
pursuit of complementary empirical analyses and country studies for future research. The 
paper is structured as follows: Section II illustrates the empirical method adopted; Section 
III describes the data constituting the panel for estimations; Section IV presents the 
regression tables and interprets the results; Section V concludes. 

II. Empirical Framework

The empirical strategy adopted in this paper takes a two-stage approach. Following 
Frankel and Romer (1999), the first stage derives the instrument for international trade, 
based on the identifying assumption that a country’s geographical characteristics, which is 
distance from trading partners and its size, are correlated with the intensity with which it 
trades bilaterally, but uncorrelated with its income per person. That is:
3 Also see the review by Winters (2004) on this issue.
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lnY W+i i= + +α β γ εTi
 (1)

country i’s income per person ( lnYi , in natural logarithms) is postulated to be a function 
of its international trade Ti , within-country trade Wi , as well as other factors subsumed 
in the residual ei. Instead of taking actual trade flows as a measure of country i’s trade 
activity, Ti  is instrumented via a log-linear gravity model of bilateral trade, the geographic 
determinants of which are assumed to be uncorrelated with the residual ei:
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 is the sum of bilateral trade shares of country i with all trading partners 

j, which in turn are derived from the gravity variables at the right-hand side of the 
equation, namely distance between trading partners lnDij( ) ; their size, measured in 
terms of population, lnNi  and lnNj ; and their sharing of a common border, as captured 
by the dichotomous variable Bij . Since sharing a common border is expected to have a 
bearing in terms of  the effects of distance and size on bilateral trade, the border variable 
is also interacted with distance Bij lnDij  and  population of country i, Bij lnNi  and country 
j, Bij lnNj

, respectively.

After fitting equation (2) to a bilateral trade matrix of all country pairs, the aggregate 
instrumented trading share Ti for country i is computed as the sum of bilateral trading 
shares with all its trade partners j, taking exponentials to invert logarithms (equation 3). 
The instrumental variable for trade is thus available for use within the second stage of the 
regression strategy, where log income per person is regressed on the instrumented trade 
share, jointly with population Ni entering as an additional regressor on the right-hand 
side of equation (4), to control for within-country trade, or trade potential on the basis of 
domestic market size:

lnY= + lnT+ lnN +i i i iα β υ ε  (4)

Many factors other than international and intranational trade are likely to affect income. 
However, the logic of the IV approach is to justify—if true—the assumption that these 
other factors be subsumed in the error term ei without causing bias. Essentially, this is 
premised on the central rationale underlying the trade instrument, that it can be derived 
solely from geographic characteristics that are unrelated to income, and therefore there 
is no reason to expect other determinants of income to correlate with the instrument itself 
(also see Frankel and Romer 1999, 386). To the extent that this is true, the subsumption 
in the error term of any such variables will not cause bias in the coefficients estimated.     
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III. The Dataset

The panel's underlying estimations are composed of a matrix of yearly bilateral trade 
data between all the trading nations with at least a few years’ data available between 
1990 and 2007 (the Appendix provides a list of all the economies included). The trade 
data is drawn from the International Monetary Fund’s Direction of Trade Statistics (DOTS) 
database and appropriately mirrored so as to rely on trading partners’ imports data only. 
Total trade is calculated as the sum of reciprocal imports between any pair of countries. 
Particularly in the context of gravity equations, the exclusive reliance on imports data is 
typically justified on the grounds of greater reliability, because final destination may not 
be known at the time of exporting, and because of closer inspection of imports when 
crossing borders to levy tariffs or in adherence with customs regulations.

The matrix of bilateral trade flows is integrated with the geographic distance  
(in kilometers) between the two most populated cities of any pair of trading nations. 
Also included in the data set  is a dummy variable for contiguity (common border). All 
the gravity variables are drawn from the Centre d’Etudes Prospectives et d’Informations 
Internationales (CEPII) database, as described in Mayer and Zignago (2006).4

Finally, data series on GDP and population come from the World Bank’s World 
Development Indicators (WDI) database.5 Combined, the DOTS, CEPII, and WDI 
availability of data over the period 1990–2007 covers a total of 157 countries. The panel 
is unbalanced because some countries have data spanning a limited number of years 
only. Data limitations for the countries of developing Asia limit the number to a total 
of 29 countries, comprising all the larger economies of East Asia, South Asia, and the 
Association of Southeast Asian Nations; as well as several of the small Pacific islands. 
Accounting for about three quarters of total trade by developing Asia, together these 
countries may be considered representative of the region.

IV. Estimation and Findings

The two-stage method outlined in Section II entails first the estimation of the bilateral 
trade equation from which to derive the trade-share instrument. Equation (2) is thus fitted 
to the panel of 25,921 country pairs, with regard to the distance between countries, their 
size (population), and the presence of a common border and its interactions. Table 1 
reports the results of panel random-effects regressions, which are in line with the usual 
tenets of the gravity literature. Distance has a predominant effect on bilateral trade, 
reducing it by a factor of about 1.5, on average. Sharing a common border increases 

4 See www.cepii.fr/anglaisgraph/bdd/distances.htm, accessed 5 August 2010.
5 See databank.worldbank.org/ddp/, accessed 5 August 2010.
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countries’ trade sharply, by a factor of about 1.4, and the border variable magnifies the 
effect of distance and population when interacted with these measures. The coefficient of 
countries’ own population takes a positive sign, whereas a negative sign would be more 
in line with the prior of an inverse relationship between countries’ trade share and size.  
However, within the logic of the gravity equation this finding can be reconciled with the 
fact that population size through its correlation with GDP picks up the positive effect of 
the latter on bilateral trade intensity. In any case, at about 0.1, the size of the coefficient 
on countries’ own population is small compared to that of partner countries’, which shows 
trade to increase by a factor of 0.9, on average. For all variables estimated, the statistical 
significance is very high, except for the common border and interaction variables, 
reflecting the low prevalence in the sample of country pairs sharing a common border.6

Table 1: Gravity Regression, 1990–2007

Dependent Variable Trade/GDP (ln)

Distance (ln) -1.472***
(0.0224)

Population of country 1 0.103***
(0.00802)

Population of country 2 0.922***
(0.00788)

Common border 1.369
(0.937)

Border * distance -0.243
(0.150)

Border * population of country 1 0.0443
(0.0694)

Border * population of country 2 0.287***
(0.0700)

Constant 1.274***
(0.196)

Observations 355,611

Number of country pairs 25,921

Wald-test (chi-sq) 195.77

*** p<0.01, ** p<0.05, * p<0.1.
Note: Standard errors in parentheses.
Source:  Author’s computations.

Next, the trade instrument is derived according to equation (3) above, summing up for 
each country the predicted trade shares with all its trading partners. The quality of the 
instrument is assessed in terms of the correlation between the estimated and the actual 
trade ratio. Both Pearson and Spearman correlations show a high degree of correlation of 

6 Also see Frankel and Romer (1999, 383) on this issue.
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about 0.57.7 Similarly, a visual inspection of the relationship points to a relatively strong 
resemblance of the instrument with the actual trade share, as further confirmation of the 
power of geography to explain international trade (Figure 1).

Figure 1: Derived versus Actual Trade Share (percent)

Source:  Author’s computations. 

The second stage of analysis involves regressing countries’ income per person on 
their trade share (trade between countries) as well as their size (within-country trade), 
according to equation (1) above. Table 2 lists the results of OLS and IV fixed-effects 
regressions.  The first two columns compare the estimated coefficients across the full 
sample of 157 countries from regression of log income per person on the actual trade 
share (column 1) with regression on the instrumented trade share (column 2), also in 
logarithms. 

Both the OLS and the IV regression provide evidence of a strong positive relationship 
between international trade and income, which is highly statistically significant. Crucially, 
the gravity-instrumented IV regression not only confirms the sign and statistical 
significance of the trade-income relationship in the OLS regression, but it actually 
estimates the strength of this relationship to be much stronger—about fourfold—compared 
to the OLS regression. The IV point estimate of the trade elasticity of income is about 1.4, 
that is, a 1% increase in the trade share on average raises a country’s income per person 
by 1.4%.     

7 This is only slightly below the correlation found by Frankel and Romer (1999, 384) of 0.62, on the basis of a sample 
across 150 countries for 1985. 
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Table 2: Income–Trade Regressions, 1990–2007

Dependent Variable: (1) (2) (3) (4)

Income per person (ln) OLS-Full IV-Full OLS-Asia IV-Asia

International trade ln(trade/GDP) 0.336***
(0.0185)

1.384***
(0.0722)

0.541***
(0.0708)

1.647***
(0.289)

Domestic trade (ln population) 0.737***
(0.0372)

0.232***
(0.0549)

0.109**
(0.0548)

0.0685
(0.0696)

Constant 5.726***
(0.139)

2.494***
(0.288)

5.390***
(0.351)

0.960
(1.211)

Observations 2,513 2,513 393 393

Number of countries 157 157 29 29

Wald-test (chi-sq) 931.2*** 567.7*** 66.7*** 32.8***

DWH-test (chi-sq, IV versus OLS) 248.5*** 19.9***

*** p<0.01, ** p<0.05, * p<0.1.
IV = instrumental variable, OLS = ordinary least squares.
Note: Standard errors in parentheses.
Source:  Author’s computations.

The coefficient of domestic trade, proxied by population as a size variable, is estimated 
at about 0.2 by IV regression, compared to 0.7 by OLS. This indicates that while country 
size is found to be a positive determinant of countries’ living standards in both regression 
frameworks, the IV approach emphasizes the importance of international trade as the 
primary factor driving income growth, far beyond the impact of market size and the trade 
opportunities it creates within a country.

The endogeneity of the actual trade share is tested with the Durbin-Wu-Hausman 
procedure (DWH), in comparison with the instrumented variable approach. For the 
regressions on the full sample (columns 1 and 2) the DWH test resoundingly rejects the 
hypothesis that OLS is consistent, hence indicating endogeneity.

Turning to the regression estimates involving the restricted sample of 29 countries of 
developing Asia, columns 3 and 4 of Table 2 can be seen to confirm the basic findings of 
the full sample. However, both the OLS and IV regression yield point estimates that are 
even higher for the average Asian country (1.6) compared to the whole sample (1.4). This 
finding is certainly unsurprising given the role trade-led growth is broadly acknowledged 
having had in the region. Nevertheless, its relevance mainly lies in corroborating the 
existence of a positive trade-income relationship within an IV approach that raises fewer 
doubts about the direction of causality flowing from trade.  
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Exceptionally strong export orientation of Asia over the period 1990–2007 would also 
lead one to expect the coefficients of domestic trade to be substantially lower for Asia 
compared to the world average. Indeed, particularly for the case of the IV regression 
(column 4), the estimated population elasticity of income appears to be almost negligibly 
small, although it would appear that the precision of this estimate in this regression is 
being undermined by the relatively small size of the subsample. 

Similarly to the full sample regressions, the DWH test rejects the hypothesis that OLS 
produces consistent estimates, justifying the IV approach.  

To assess the robustness of the findings in relation to developing Asia, a further set of 
regressions is fitted to the whole sample, this time with the inclusion of an “Asia” dummy 
variable, taking the value 1 for countries belonging to the region and 0 otherwise. Besides 
entering regressions as an intercept, the Asia dummy is interacted with trade share and 
population variables, to control for relevant differences in slopes. The results, shown in 
Table 3, confirm the findings of the previous regressions to be robust for both the OLS 
and the IV approach. Indeed, the estimated coefficients of international and domestic 
trade in relation to all the trading nations are similar to those of the first two columns 
of Table 2. In relation to countries of developing Asia, the dummy and its interactions 
enter with the expected signs and an acceptable degree of statistical significance, 
considering the relatively small size of the subsample. When interacted with international 
trade, the coefficient of the Asia dummy takes a positive sign, and in the IV-estimates 
it raises domestic trade elasticity by a factor of 0.2 above the world average. In the 
OLS regression involving actual trade shares, the special importance of international 
trade for Asia as a subsample comes out even more clearly: the point estimate of its 
elasticity is raised by almost 0.9 against the world average. Also confirmed is the finding 
that domestic trade is less incisive when it comes to explaining income in developing 
Asia, as shown by the point estimates of the Asia dummy interacted with domestic trade 
(population). These interactions take negative signs in both the OLS and IV regression. 
In either case, the interacted variable just more than outweighs in magnitude the point 
estimate of the domestic trade coefficients. Put differently, these results seem to confirm 
that when it comes to trade and developing Asia, much of the benefits in terms of higher 
income per person are to be ascribed to trade in its international dimension, rather than 
domestic market opportunities.  Finally, the Asia dummy itself is shown to imply a lower 
intercept overall in the case of both regressions, indicating that even in a specification as 
parsimonious as this, for the case of Asia, the trade and income relationship exhausts the  
explanation of income to a greater extent than it does for the average country entering 
the full sample. 
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Table 3: Income–Trade Regressions, 1990–2007

Dependent Variable:
Income per person (ln)

(1)
OLS-Full

(2)
IV-Full

International trade ln(trade/GDP)  0.309***
(0.018)

1.308***
(0.075)

Domestic trade (ln population) 0.809***
(0.040)

0.313***
(0.062)

Asia  -1.285***
(0.339)

-0.869*
(0.448)

Asia * international trade 0.856***
(0.083)

0.233*
(0.128)

Asia * domestic trade -0.811***
(0.103)

-0.317**
(0.142)

Constant 5.884***
(0.146)

2.830***
(0.299)

Observations 2,513 2,513

Number of countries 157 157

Wald-test (chi-sq) 1107.0*** 634.0***

DWH-test (chi-sq, IV versus OLS) 196.6***

*** p<0.01, ** p<0.05, * p<0.1.
Note: Standard errors in parentheses.
Source:  Author’s computations.

In sum, these results lead to conclusions that are essentially twofold: first, to the extent 
that the IV-approach is able to circumvent the endogeneity problem of the trade share 
measure, it establishes not only the causality running from international trade to income, 
but it also confirms the intensity of this relationship to be even stronger when the trade 
measure is not tainted with simultaneity issues. And second, by confirming the sign and 
significance of the relationship found in the OLS approach, the IV-regression salvages 
the basic conclusions about sign and statistical significance of studies adopting actual 
rather than instrumented trade shares as a measure of trade openness, although these 
estimates are biased to some extent.
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V. Conclusions

That international trade has played a crucial role in spurring income in Asia has been 
widely documented by a large body of evidence, both analytic and anecdotal. However, 
the issue of simultaneity long undermined the conclusiveness of cross-country studies 
about the causality running from trade to income, rather than vice-versa, or else the 
possibility that both variables of interest be determined by a latent or omitted force 
exerting influence  simultaneously. A major breakthrough in this regard was achieved by 
Frankel and Romer (1999), who devised an estimation approach reliant on geography 
variables as an instrument for countries’ trade share, hence overcoming the endogeneity 
problem when using actual trade data as a regressor.

This paper derived a Frankel-Romer instrument from a global trade matrix of 157 
countries over the period 1990–2007, and deployed it to assess the relationship between 
international trade and income for the case of developing Asia, compared to the world 
average. The findings from panel instrumental variable regression confirm international 
trade to have caused income to rise on average across all the trading nations, and 
particularly so for countries of developing Asia, where this effect appears to be strongest. 
By contrast, domestic trade as explained by country size was found to be less relevant a 
factor in explaining the rise in income across developing Asia.
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Appendix: Economy Coverage

Developing Asia Rest of World

Armenia
Azerbaijan
Bangladesh
Brunei Darussalam
Cambodia
China, People’s Rep. of
Fiji Islands
Georgia
India
Indonesia
Kazakhstan
Korea, Rep. of
Kyrgyz Republic
Lao People’s Dem. Rep.
Malaysia
Maldives
Mongolia
Papua New Guinea
Philippines
Samoa
Solomon Islands
Sri Lanka
Tajikistan
Thailand
Tonga
Turkmenistan
Uzbekistan
Vanuatu
Viet Nam

Albania
Algeria
Angola
Argentina
Australia
Austria
Bahrain
Barbados
Belarus
Belize
Bolivia
Bosnia-Herzegovina
Brazil
Bulgaria
Burkina Faso
Burundi
Cameroon
Canada
Cape Verde
Central American Rep.
Chad
Chile
Colombia
Comoros
Congo, Rep. of
Costa Rica
Cote d’Ivoire
Croatia
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
Ecuador
Egypt
El Salvador
Equatorial Guinea
Estonia
Ethiopia
Finland
France
Gabon

Gambia
Germany
Ghana
Greece
Grenada
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
Hungary
Iceland
Iran
Ireland
Israel
Italy
Jamaica
Japan
Jordan
Kenya
Kuwait
Latvia
Lebanon
Libya
Lithuania
Luxembourg
Macao, China
Macedonia
Madagascar
Malawi
Mali
Morocco
Mozambique
New Zealand
Nicaragua
Niger
Nigeria
Norway
Oman
Panama
Paraguay
Peru

Poland
Portugal
Qatar
Russian Federation
Rwanda
Malta
Mauritania
Mauritius
Mexico
Moldova
Sao Tome Principe
Saudi Arabia
Senegal
Seychelles
Sierra Leone
Slovak Republic
Slovenia
South Africa
Spain
St. Kitts
St. Lucia
St. Vincent-Grenadines
Sudan
Suriname
Sweden
Switzerland
Syria 
Tanzania
Togo
Trinidad Tobago
Tunisia
Turkey
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
Uruguay
Venezuela
Yemen, Rep. of
Zambia
Zimbabwe
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About the Paper
Benno Ferrarini derives a Frankel-Romer instrument from a global trade matrix of 157 
countries between 1990 and 2007. Instrumental variable regressions assess the relationship 
between international trade, domestic market potential, and income for developing Asia 
compared to the world average. The study concludes that, on average, international trade 
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