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Abstract

While trade integration is often regarded as a principal determinant of economic growth, the
empirical evidence for a causal linkage between trade and growth is ambiguous. This paper
argues that the effect of trade in dynamic panel estimations depends crucially on the
specification of trade. Both from a theoretical as well as an empirical point of view one
specification is preferred: the volume of exports and imports as a share of lagged total GDP.
For this trade measure, a positive and highly significant impact on economic growth can be
found.
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1. Introduction

The integration of countries into the world economy is often regarded as an important
determinant of differences in income and growth across countries. Economic theory has
identified the well-known channels through which trade can have an effect on growth. More
specifically, trade is believed to promote the efficient allocation of resources, allow a country
to realize economies of scale and scope, facilitate the diffusion of knowledge, foster
technological progress, and encourage competition both in domestic and international markets
that leads to an optimization of the production processes and to the development of new

products

In particular for less-developed countries, trade patterns and changes in those patterns over
time are closely associated with the transfer of technology. Also, openness to trade introduces
the possibility of an international product cycle, as the production of certain products
previously produced by advanced economies migrates to less-developed countries. This
process of “product migration” is accompanied by an increase in the trade volumes of less-
developed countries and a diffusion of more advanced production technologies, which

expands the technology available to less-advanced countries.

The effect of trade policy on income and growth is more controvér§al.the one hand,
lowering trade barriers is likely to foster international trade by reducing transaction costs,
which in turn can enhance economic growth rates. Likewise, it can be argued that developing
countries or emerging market economies that are more open to the rest of the world have a
greater ability to absorb technologies developed in more advanced nations. On the other hand,
it has been argued that some forms of protectionism, e.g., infant industry protection to
develop certain industries or sectors or a strategic trade policy in key sectors, can be

beneficial for economic development.

Not surprisingly, the empirical literature has analyzed both the impact of trade policies and
trade volume on economic growth extensively. Rodriguez and Rodrik (2001) argue that both

! See Krugman (1979), Grossman and Helpman (1991), Young (1991), Lee (1993), Rodriguez and Rodrik
(2001), Bernard et al. (2003), Obstfeld and Taylor (2003) and Bernard and Jensen (2004).

% See Krugman (1979) drawing on the idea of Vernon (1966).

% See Grossman and Helpman (1991), Rivera-Batiz and Romer (1991), Barro and Sala-i-Martin (1997) and
Edwards (1998).
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effects are related as a matter of course but pose conceptually distinct questions and have
guantitatively (or even qualitatively) different outcomes. Trade policies can be seen as
responses to market imperfections or as mechanisms of rent seeking. Trade restrictions
induced by such policies have a different impact on trade volumes than other constraints due
to transport costs or shifts in consumer preferences. The main challenge of empirically
analyzing the effect of trade policy has been to find adequate measures of trade restrictions
and trade policy. The employed measures range from (weighted) average tariff rates, the
extent of non-tariff barriers or price-distortion indexes to more complex composed indicators

that include a detailed classification of countries with respect to their degree of ogenness.

Similar to the impact of trade policy on growth rates, the empirical evidence for the trade
volume is ambiguous too, as the methodologies used as well as the robustness of the results
have been challenged (Rodriguez and Rodrik 2001, Rodriguez 2007). As a measure of the
trade volume, the overwhelming majority of papers use the trade ratio, that is, exports plus
imports as a share of GDP. As the dependent variables, these studies use either economic

growth rates or income levels.

In this paper, we will re-examine the impact of the trade volume on economic growth rates.
While we discuss (and test) various indicators for trade in empirical growth regressions, one
particular indicator emerges as our preferred choice both from a theoretical as well as an
empirical point of view: the volume of exports and imports as a share of lagged total GDP.
This trade measure avoids a potential bias due to simultaneous changes of both the nominator,
volume of exports and imports, and the denominator, total GDP. What is more, a causal and
statistically robust link between trade and growth can be established for this indicator. The

findings hold true for the sub-sample of developing countries too.

The remainder of the paper proceeds as follows: In the following section, we present the
theoretical model that builds on the augmented Solow growth model but allows technology to

differ across countries with trade as the main determinant of that difference. Building on that

* See Dollar (1992), Ben-David (1993), Sachs and Warner (1995), Edwards (1998), Warner (2003), Dollar and
Kraay (2004), Sala-i-Martin et al. (2004), Wacziarg and Welch (2008), and Manole and Spatareanu (2010).
Yanikkaya (2003) provides an extensive survey of the literature.

® See Romer and Frankel (1999) for a seminal contribution using measures of the geographic component of a
country’s trade as instruments to address the endogeneity problems involved. For more recent contributions, see
Noguer and Siscart (2005), Feyrer (2009) and Squalli and Wilson (2011).
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model, we derive an econometrically testable specification and introduce the methodological
approach. More specifically, we use the System GMM as a suitable dynamic panel model to
address various econometric challenges, including endogeneity problems. While Section 3
introduces the country sample and discusses various possibilities of specifying trade in our
empirical model, Section 4 presents the empirical findings for both the total sample and the

sub-sample of developing countries. Finally, Section 5 concludes.

2. Theoretical Model and Econometric Specification

Starting point of many analyses of differences in growth rates of output per worker across
countries is the textbook Solow (1956) model or its augmented version as used, e.g., by
Mankiw et al. (1992). In the augmented version of the Solow model, growth, measured as the
difference between the logarithm of output per worker in period t and its initial Ualye—

Iny,), is determined by the level of technology), the rate of technological progress (g), the
initial output per workery,), the saving rat€s,), the share of capital/ human capital in
output(a)/ (B), the rate of convergence to the steady gtitethe depreciation ratg), the

growth rate of the labor forgg) and investment in human capi(a},):

Iny, — lny, = —(1 — e"“)lnyo + (1 — e"“)lnAt + (1 — e"“) Fp— Z 7 Insy (1)
B p B a+p
—_ p—At At
+(1 e )1 " Blnsh (1 e )—1 p ﬁln(n+g +9)

To explain differences in output across countries it is necessary to make further assumptions
about how technology develops in each country. Mankiw et al. (1992) assume that the level of
technology at any given point in time depends on every country’s initial level of technology

(Ap) while the growth rate of technology is constanbasrall countries:

At == Aoegt (2)

However, with respect to developing countries, the assumption of a constant uniform growth

rate of technology seems inadequate. In the words of Solow:



“Nearly everyone takes it for granted that the rate of growth of TFP is the same everywhere.
The only thing that justifies this remarkable presumption is the fairly mechanical thought that
knowledge of new technology diffuses rapidly around the world. Maybe so, but productivity
performance depends on many other influences besides the content of the latest engineering
textbook” (Solow 2007, p. 10).

It can be argued that the diffusion of internationally available technology depends on country-
specific factors. International trade in goods and services is a principal channel for the
international exchange of ideas. For that reason, we believe that trade is a crucial country-
specific determinant of the differences in the diffusion of technology. To accommodate the
impact of trade a different assumption about a country-specific development of the

technology level4;;, has to be made:
Aje = Agedt e®i%Xij 3)

X;j in general captures the determinants of the development of technology, like trade, that

differ across countries (Gundlach, 2005). Inserting this assumption into the augmented Solow
model (1) yields:

Iny, —Iny, = —(1—e ™ )lny, + (1 —e ) (In4, + gt) 4)

+ (1 - e"“)%lnsk + (1 - e‘“)%

B

ST
~(-e) 15

In sy

In(n+g+68)+ (1 —e*)¢p;X;;

This model allows for a combination of the properties of the augmented Solow model with

more realistic assumptions about a country-specific development of the technology level.

The theoretical model (4) yields clear implications for the specification of a testable

regression equation:

Iny; —Inyje—1 = a+ ilny;_1 + Bolnsy e + Baln sy + B In(n; + g +6) (5)
+¢ij,it + T¢ + ni + Vi



or equivalently:

Iny;, = a+ By + DIny;—q1 + Balnsyg ;e + Pz Inspie + foIn(ny + g + 8) (6)
+¢ij,it + Tt + ni + Vi

The model includes period-specific interce@ts), accounting for period-specific effects like
changes in productivity affecting all countries, country-specific fixed-effégty and an

independent and identically distributed error term). (v

Estimating the above model, however, is plagued by some well-known difficulties. The
explanatory variables are potentially endogenous and measured with error. Some important
variables, e.g., the initial level of technology and other country-specific effects, are not
observable and omitted in the estimation. Estimating this dynamic panel data model by
ordinary least squares (OLS) or within group estimations will potentially lead to biased
results. To solve this problem, we have to follow an instrumental variable approach, that is, to
find adequate instruments that are correlated with the endogenous explanatory variable but are
not correlated with our dependent variable. As it is difficult to think of appropriate external
instruments, Bond et al. (2001) recommend the System GMM estimator suggested by
Arellano and Bover (1995) and Blundell and Bond (1998) to solve the difficulties of empirical
growth regressions. The System GMM estimator does not require any external instruments
but uses lagged levels and differences between two periods as instruments for current values
of the endogenous explanatory variables. The procedure simultaneously estimates a system of
equations that consists of both first-differences as well as levels of the estimation equation.
Taking first differences eliminates country-specific fixed-effects and solves the problem of
the potential omission of the initial level of technology and other time invariant country-
specific factors influencing growth. This approach ensures that we can concentrate on the

impact of the explanatory variables on income per capita growth and not vice versa.



3. Data and Sample

The panel dataset used in this study consists of up to 108 countries (of which 87 are
developing countries) covering the period 1971-2005 (1970-2005 for the GDP per capita
variable)® Unfortunately, data is not available for all countries for the first periods resulting in

a slightly unbalanced panel. To reduce the impact of business cycles we use a total of seven
five-year averages for all variables, 1971-1975, 1976-1980 and so on, until 2005. As
dependent variable, we use the growth rates of income calculated as the difference in the
logarithm of GDP per capita (in constant 2000 US dollars) between the last year of the
previous period and the last year of the period under consideration (the variable is labeled as
AGDPpc).’

In our model, we include the control variables of the core Solow model following the
specification of Mankiw et al. (1992). The saving r@tg) is approximated by the investment
share of real GDP per capita in current pricewdstmentShare). For the growth rate of the

labor force (n), we use the average population growth rate which is the difference between the
logarithm of total population at the beginning and the end of the period. As in Mankiw et al.
(1992), the growth rate of the world technology frontier (g) and the depreciatiof® )edee
assumed to be constant across countries. The tafm+ g + &) is calculated as the
logarithm of the population growth rate and 0.05 p.g.+¢) as a constant
(PopulationGrowth). Investment in human capitdls,) is approximated by educational
attainment, more precisely the average years of secondary schooling in the total population
over age 15 Hducation). Finally, we include the initial level of GDP per capita
(GDPpc (t-1)).

There is no unique indication in which manner trade should enter growth estimations. A
commonly used measure in the analyses of the relationship between trade and growth is total
trade volume (of both goods and services) as a share of total Te&eShare). The trade-to-

GDP ratio is often referred to as the “trade openness ratio”. The term does not necessarily

® See Appendix A for data sources and Appendix D for a list of countries included. Descriptive statistics can be
found in Appendix B and C.

" The results are not sensitive to alternatively using the difference between the first and the last year of the
current period. The Solow model suggests using GDP per worker instead of GDP per capita which might be
important if dependency ratios vary across countries. Mankiw et al. (1992) use per worker data while other
authors, e.g., Caselli et al. (1996) and Islam (1995), use per capita data. Hoeffler (2002) has found that results are
not sensitive to either choice.
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imply low tariffs or low non-tariff barriers but simply measures how much of a country’s
GDP is traded. In a dynamic panel setting, we argue that the trade-to-GDP ratio is not suitable
to measure correlation or causality between trade and growth. If trade in general has a positive
impact on growth in the sense that increasing trade (volumes) does increase GDP through the
channels described above, the “trade openness ratio” fails to adequately capture this effect
over time. Depending on the elasticity of trade on GDP, increasing the trade volume might
increase GDP in a proportionately larger, smaller or exactly equal way. Consequently, the
“trade openness ratio” can either increase, decrease or stay the same due to an increase in
trade and its corresponding changes in GDP. A positive impact of trade on GDP can lead to a
decrease in the “trade openness ratio” as an increase of the numerator might be offset by a

larger increase of the denominator.

We propose a solution to that problem by using lagged values of total GDP for the “trade
openness ratio” instead of trade volume and GDP of the same period. Using lagged values has
the same effect of normalizing trade volumes across countries but that ratio does not suffer
from biases due to simultaneous changes in both variabteseShare (GDP t-1) is
calculated as exports and imports of goods and services in current US$ divided by total GDP

in current US$ lagged by one period.

Furthermore, we use the logarithm of total trade voluimadg). This variable follows the
assumption that, abstracting from the actual size of a country, trading more may be associated
with having access to a larger pool of technology. Focusing on the growth rate of total trade
volume {TradeGrowth) assumes that it is especially the expansion of trade and its associated
access to supplementary technologies that boosts growth. Another approach for relating trade
to the size of a country is to divide trade by total population yielding a measure of trade per
capita {radePop). The intuition of that variable is not apparent straight away. In contrast to
physical capital and labor that enter the production function in per capita terms, advances in

technology can be implemented simultaneously by several individuals.

In general, System GMM estimation results are quite sensitive with respect to the treatment of
right hand side variables as predetermined, endogenous or strictly exogenous. In our model
the only variables that are strictly exogenous are the year dummies. Theory serves as a

guideline for classifying the remaining variables. The lagged GDP per capita and the

8



education variable can be treated as predetermfiihadging these variables by at least one
period yields valid instruments for the equation in differences and correspondingly their first
differences valid instruments for the equation in levels. The investment rate as a share of
GDP, the population growth rate and all different trade variables are treated as endogenous
since contemporary shocks are likely to affect both GDP per capita growth rates as well as
those explanatory variables. To obtain valid instruments for the endogenous explanatory
variables, observations lagged by at least two periods are used.

4, Empirical Results

Following the model specification and the introduction of the variables, we now turn to the
empirical results. As a benchmark, we first focus on the augmented Solow model that
explains differences in GDP per capita growth across countries and time with the initial level
of GDP per capita, the investment rate, population growth and human capital. The first three
columns of Table 1 present the estimation results of the augmented Solow model obtained by
using different estimation techniques: OLS (column 1), fixed-effects estimation (column 2)
and System GMM (columns 3 and 4). In dynamic panel data models, due to potentially
endogenous estimators the results of the OLS estimation may be biased upwards while the
results of the fixed-effects estimation may be biased downwards. The System GMM results
should be somewhere in between both biased results. The OLS estimation (column 1) yields a
relatively high coefficient of the initial level of GDP per capita while for the fixed-effects
estimation (column 2) the coefficient has considerably decreased in magnitude. The
coefficient of the initial level of GDP per capita obtained by the System GMM estimation
(column 3) lies comfortably between both albeit closer to the OLS results. For the System
GMM regression, all other variables of the augmented Solow model have the expected sign.
The investment rate as a share of GDP (InvestmentShare) has a positive and highly significant
coefficient. Increases in population growth (PopulationGrowth) have a significantly negative
effect on GDP per capita growth rates and the influence of investment in human capital

(Education) is positive and significant at the conventional 10 per cent level.

8 Education data is collected every 5 years by Barro and Lee (2010). We include the educational attainment at
the start of each period, e.g., the observation of 1970 for the period 1971-1975 in the estimation equation and
subsequently treat that variable as predetermined. This has been done in a similar form by Hoeffler (2002). A
different possibility would be to take the average of two consequent observations and treat the education variable
as either predetermined or endogenous. Our results are not sensitive to either choice.
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The Sargan/Hansen test of overidentifying restrictions confirms the joint validity of our
instruments. The p-value of the Arellano-Bond test for second-order correlation in differences
(Ar(2) Test) rejects first-order serial correlation in levels. The difference-in-Hansen tests
confirm for all variables the individual validity of the instruments. In the System GMM
regression of column 3, all realizations of the potentially endogenous explanatory variables
lagged by two periods and more have been included as instruments. In the case of the
education variable, the realization lagged by one period serves as an additional valid
instrument. As we use lagged levels and lagged differences, the number of instruments can be
quite large. Yet too many instruments can overfit the model and also weaken the power of the
Sargan/ Hansen tetThus, we reduce the size of the instrument matrix by restricting the
number of lags used. In the next step, we therefore replicate the estimation reducing the
number of instruments. In column 4 only the first available instrument has been employed.
Changing the lag-structure does not fundamentally alter our results. Only the coefficient of
the Education variable drops slightly below the 10 per cent level of confidence. All test
statistics confirm the validity of instruments for the reduced lags. Both our System GMM
regressions (column 3 and 4) are very much in line with other applications of that estimation

technique to test the augmented Solow mdYel.

° In columns 1-3 the total number of instruments is below the number of countries. However, the extensive lag-
structure limits the possibility of adding further endogenous explanatory variables that require additional
instruments and easily increases their number to a critical amount.

19We are able to replicate the basic findings of previous works, e.g., Bond et al. (2001) and Hoeffler (2002).
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Having established a valid benchmark, we subsequently include our main variable of interest:
trade. The first candidate is the widely usiddeShare variable (column 5), which is the

total trade volume divided by total GDP of the same period. Including that additional variable
does not fundamentally alter the results of the benchmark regression but the coefficient of the
trade variable is negative and not significant. As argued above, we do not believe that this

TradeShare variable adequately captures the impact of trade on GDP per capita growth.

Including our preferred measure of that influenteadeShare (GDP t-1), fundamentally
changes the regression results for the impact of trade on GDP per capita growth (column 6).
TradeShare (GDP t-1) has a positive coefficient and is significant at the 5 per cent level of
confidence. At the same time, the control variables of the augmented Solow model maintain
their expected influence and all test statistics confirm the validity of our instruments. An
increase in the volume of exports and imports divided by total GDP of the previous period,
TradeShare (GDP t-1), by one unit at the mean (106.0) is associated with an increase in GDP
per capita growth of 0.08 percentage points over a period of five years. For an interpretation
of the economic significance, it has to be taken into account thdir#deShare (GDP t-1)

variable varies considerably across countries or over time. Using our alternative trade share
variable in combination with the valid instrumentation of the System GMM estimator allows
us to establish a causal relation between trade and differences in GDP per capita growth.
Trade does have a positive impact on GDP per capita growth and our results show that it

indeed matters in which way trade enters empirical growth regressions.

TradeShare (GDP t-1) is our preferred measure of the impact of trade on GDP per capita
growth, but we also run regressions with different variations of the trade variable to be able to
compare the results. For the logarithm of total trade volUmmagle, no significant results can

be found (column 7). The average growth rate of trddagdeGrowth, has a positive and
highly significant effect (column 8). An increaseTiradeGrowth by one unit increases GDP

per capita growth by 1.16 percentage points (over 5 years). Including trade divided by a
country’s total populationJradePop, (column 9) yields a positive and significant effect as
well. The marginal effect at the mean of a one unit increa3eadePop (4565.26 US$) is an
increase in GDP per capita growth of 0.002 percentage points over a period of five years.
Employing alternative trade measures confirms the significant influence of trade on GDP per

capita growth.

12



Next, we examine whether both channels of how trade influences GDP per capita growth —
via the absolute volume of trade (or alternatively the volume divided by total GDP or
population) and its growth rate — can be substantiated even if they occur simultaneously.
Table 2 shows the regression results where we include boffradeGrowth variable and

one of our additional trade measures in the analysis. First of all, we focus on the conventional
TradeShare variable (column 1). While the growth rate of trafleadeGrowth, has a positive

and highly significant effect, the additionBladeShare variable is not significant, reflecting
13



our results from Table 1. When we include our noveldeShare (GDP t-1) variable, both
TradeGrowth and TradeShare (GDP t-1) have a positive and highly significant effect (column

2). In column 3TradeGrowth andTrade are included. The results confirm the importance of
TradeGrowth while no evidence can be found for the logarithm of total trade votime.
Finally, in column 4 bothlradeGrowth and TradePop are included which yields significant
results for both variables. The results of Table 2 once more confirm the adequateness and
robustness of oufradeShare (GDP t-1) variable. In addition, we show that both channels,

trade and the expansion of trade, have an independent impact on GDP per capita growth.

It is obvious to ask if our results for total trade hold true for imports and exports
independently as well. Table 3 repeats the exercise we have done for total trade for its two
components, showing a similar pictuteportShare (column 1) with the current realization

of total GDP as its denominator is not significant. Employing the 5 year lagged realization of
total GDP, ExportShare (GDP t-1), yields positive and significant results for the export
measure (column 2). The coefficient of the logarithm of total export voluErgorts,
(column 3)is not significant while the average growth rate of expdgsgortGrowth,
(column 4) andexportPop, (column 5) are again positive and significant. The results for the
import variables (columns 6-10) are qualitatively almost the same as for the export variables
with the exception of ImportPop (column 18j.

The evidence established so far has been for the total sample, including both developed and
developing countries. The question arises if the positive influence of trade on income growth
is robust for a sample of developing countries only. It might be argued that for the developing
countries the preconditions for the realization of a positive trade-income-growth nexus are not
in place yet. Table 4 sheds some light on this issue by showing the results for a subsample of
developing countrie§ Columns 1-3 set up the benchmark repeating the exercise of
comparing the regression results obtained by the System GMM estimator with those of the

OLS and fixed-effects estimation. As expected, the System GMM coefficient (column 3) for

™ |n this regression, however, the test statistics of the Difference-in-Hansen test cast doubt on the validity of our
instruments for the total trade volume variable.

12 Both imports and exports are highly correlated (with a correlation coefficient of 0.85 for the observations
included in our sample).

13 Al countries included are listed in Appendix D. In order to avoid a sample selection bias we focus on
countries that have been considered developing countries in 1970.The World Bank classification of countries as
low or middle income countries which are commonly considered as developing countries started in 1987 only.
We include all of those countries that were classified as low or middle income countries in that year (World
Bank 2011).
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the initial level of per capita GDP lies size wise between the OLS (column 1) and fixed-
effects estimation results (column 2). The control variables have the expected influence and
the test statistics confirm the validity of the instruments obtained by including the twice
lagged observation for all endogenous explanatory variables and the once lagged observation

for the Education variable.

Starting from a valid benchmark, we add fradeShare variable (column 4) and again do

not find significant results for that measure of trade. Including the measadeShare (GDP

t-1) (column 5) confirms the positive and significant effect of trade on GDP per capita growth
for developing countries. An increase in the volume of exports and imports divided by total
GDP of the previous periodyadeShare (GDP t-1), by one unit at the developing countries’
mean (99.96) is associated with an increase in GDP per capita growth of 0.09 percentage
points over a period of five years. ForadeGrowth (column 7), the positive and significant
impact is confirmed as well. An increase TnadeGrowth by one unit increases GDP per
capita growth by 1.14 percentage points. Fade (column 7) andiradePop (column 8), the
coefficients do not reach conventional significance level. The results show that the positive

effect of both trade and the expansion of trade can be found for developing countries as well.
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5. Conclusion

An increased integration of countries into the world economy through trade is seen as a
fundamental cause of differences in income and growth across countries. The aim of this
paper is to establish a causal linkage between trade and GDP per capita growth. To reach that
aim several specifications of trade in empirical growth estimations are discussed. In a
dynamic panel setting, it is argued that the often used trade-to-GDP or “trade openness” ratio,
which is the volume of exports and imports as a share of total GDP does not adequately
capture the impact of trade on GDP per capita growth. Assuming a causal linkage between
trade and income, changes in trade (volume) over time would always cause corresponding
changes in income. This dynamic effect is not accounted for by the “trade openness ratio”.
Due to changes in the numerator, trade volume, and the associated changes in the
denominator, GDP, the “trade openness ratio” can either increase, decrease or stay the same.
Building on these considerations, a different trade variable is preferred: the volume of exports
and imports as a share of lagged total GDP. This trade measure avoids a potential bias when

both volume of exports and imports and total GDP change simultaneously.

Using the alternative trade measure in combination with the valid instrumentation of the
System GMM estimator allows establishing a causal relation between trade and differences in
GDP per capita growth. Trade does indeed have a positive and significant impact on growth.
We find evidence that the expansion of trade, e.g., through its associated access to additional
technologies, has a significant impact on income growth as well. In addition, it can be shown
that both channels, trade and the expansion of trade, have an independent influence on GDP

per capita growth. The same results hold true for both exports and imports separately.

The positive influence of trade on income growth is also confirmed for a sample of
developing countries only. Trade has been found to be effective in fostering economic growth
in developing countries. These findings are crucial for the current discourse in the
“development community” as they underpin the importance of trade related development aid,

for example, the Aid for Trade initiative.
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Appendix A: Definition of Variables and Data Sources

Variable Definition Data source
GDPpc Real Gross Domestic Product per capita (constant 2000 World Bank (2010)
USS$, in logs)
InvestmentShare Investment share of real GDP (in logs) Heston et al. (2010)
PopulationGrowth Growth rate of total Population World Bank (2010)
Education Average years of secondary schooling in Barro and Lee
the population of age 15 and over (2010)
Exports Exports of goods and services (constant 2000 US$, in lags) World Bank (20
ExportGrowth Growth rate of exports of goods and services World Bank (2010)
ExportShare Exports of goods and services (current US$) divided by to¥alrld Bank (2010)

GDP (current US$)

ExportShare (GDP t-1)

Exports of goods and services (current US$) divided
GDP (current US$) lagged 5 years

Wiotad Bank (2010)

ExportPop Exports of goods and services (current US$) divided by [t@¥alrld Bank (2010)
population

Imports Imports of goods and services (constant 2000 US$, inlags) World Bank (20

ImportGrowth Growth rate of imports of goods and services World Bank (2010)

ImportShare Imports of goods and services (current US$) divided by tovadrld Bank (2010)

GDP (current US$)

ImportShare (GDP t-1)

Imports of goods and services (current US$) divided b
GDP (current US$) lagged 5 years

wWittdt Bank (2010)

ImportPop Imports of goods and services (current US$) divided by {to¥adrld Bank (2010)
population

Trade Sum of imports and exports of goods and services (constafarid Bank (2010)
2000 US$, in logs)

TradeGrowth Growth rate of trade of goods and services World Bank (2010)

TradeShare Sum of imports and exports of goods and services (curreWorld Bank (2010)

USS$) divided by total GDP (current US$)

TradeShare (GDP t-1)

Sum of imports and exports of goods and services (cu
US$) divided by total GDP (current US$) lagged 5 years

Véotld Bank (2010)

TradePop

Sum of imports and exports of goods and services (curr
US$) divided by total population

evWorld Bank (2010)
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Appendix B: Descriptive Statistics

Standard

Variable Observations Mean Deviation Minimum Maximum
GDPpc 852 7.64 1.63 4.44 11.15

A GDPpc 752 0.08 0.15 -0.55 0.69
InvestmentShare 752 2.67 0.60 0.16 4.09
PopulationGrowth 752 -1.00 0.18 -2.21 0.13
Education 752 0.16 0.95 -3.47 1.74
Trade 612 23.36 1.93 19.06 28.58
Trade (levels) 612 7.99E+10 2.06E+11 1.90E+08 2.59E+1]
TradeGrowth 612 0.06 0.06 -0.23 0.26
TradePop 612 7.15 1.66 3.06 11.85
TradePop (levels) 612 4565.26 10142.37 21.28 140502.7
Exports 612 22.57 2.04 17.19 27.69
Exports (levels) 612 3.97E+10 9.80E+10 2.92E+07 1.06E+1]
ExportGrowth 612 0.06 0.06 -0.21 0.32
ExportPop 612 6.36 1.78 2.19 11.23
ExportPop (levels) 612 2342.57 5423.42 8.94 75330.23
Imports 612 22.72 1.87 18.89 28.06
Imports (levels) 612 4.02E+10 1.09E+11 1.61E+08 1.53E+1]
ImportGrowth 612 0.06 0.07 -0.26 0.36
ImportPop 612 6.52 1.60 2.30 11.08
ImportPop (levels) 612 2222.69 4734.42 9.97 65172.43
TradeShare 707 4.07 0.57 1.98 5.60
TradeShare (levels) 707 68.48 38.39 7.21 269.40
TradeShare (GDP t-1) 707 4.45 0.65 2.25 6.44
TradeShare (GDP t-1) (levels) 707 106.0 74.8] 9.45 625.5
ExportShare 707 3.30 0.62 1.27 4.98
ExportShare (levels) 707 32.51 20.15 3.57 145.33
ExportShare (GDP t-1) 707 3.68 0.71 1.07 6.21
ExportShare (GDP t-1) (levels) 707 51.14 42.90 2.90 496.5]
ImportShare 707 3.43 0.56 1.29 4.84
ImportShare (levels) 707 35.98 20.36 3.64 126.23
ImportShare (GDP t-1) 707 3.82 0.64 1.88 5.55
ImportShare (GDP t-1) (levels) 707 55.59 37.53 6.54 256.42
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Appendix C: Descriptive Statistics: Developing Countries Only
Variable Observations Mean Standard Minimum | Maximum
eviation

GDPpc 692 7.12 1.33 4.44 11.15

A GDPpc 605 0.07 0.17 -0.55 0.69
InvestmentShare 605 2.54 0.59 0.16 4.09
PopulationGrowth 605 -0.96 0.17 -2.21 0.13
Education 605 -0.06 0.91 -3.47 1.51
Trade 465 22.69 1.56 19.06 27.41
Trade (levels) 465 2.44E+10 5.83E+10 1.90E+08 7.99E+l1
TradeGrowth 465 0.06 0.06 -0.23 0.26
TradePop 465 6.51 1.31 3.06 10.39
TradePop (levels) 465 1554.18 3056.78 21.28 32501.89
TradeShare 505 4.04 0.58 1.98 5.42
TradeShare (levels) 505 66.36 37.34 7.21 226.87
TradeShare (GDP t-1) 505 4.39 0.67 2.25 6.25
TradeShare (GDP t-1) (levels) 505 99.96 68.89 9.45 519.68

Appendix D: Country Sample

Algeria; Argentina; Australia; Austria;Bahrain; Bangladesh; Barbados; Belgium; Benin; Bolivia;
Botswana; Brazil; Bulgaria; Burundi; Cameroon; Canada;Central African Republic; Chile; China;
Colombia; Congo, Democratic Republic of; Congo, Republic of; Costa Rica; Cote d'lvoire; Cyprug;
Denmark;Dominican Republic; Ecuador; Egypt; El Salvador; Fiji; Finland; FranceGabon; Gambia;
Germany;Ghana; Greece; Guatemala; Guyana; Honduras; Hungaryjceland;India; Indonesia; Iran;
Ireland; Israel; Italy; Japan;Jordan; Kenya; Korea, Republic of, Kuwait; Lao PDR; Lesotho;
Luxembourg; Malawi; Malaysia; Maldives; Mali; Mauritania; Mauritius; Mexico; Morocco;

Mozambique; Namibia; Nepal; Netherlands; New Zealand\licaragua; Niger; Norway; Pakistan;
Panama; Papua New Guinea; Paraguay; Peru; Philippines; Poland; Portugal; Romania; Saufi
Arabia; Senegal; Sierra Leone; Singapore; South Africa;Spain; Sri Lanka; Sudan; Swaziland;
Sweden; Switzerlanddyrian Arab Republic; Tanzania; Thailand; Togo; Trinidad & Tobago; Tunisia;
Turkey; Uganda; United Arab Emirates; United Kingdom, United StatesiJruguay; Venezuela;
Zambia; Zimbabwe

Note: Countries ifbold are developing countries as of 1970.
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