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Abstract

Trade liberalization is supposed to have important effects on environmental
quality through both direct and indirect channels. Among these possibilities,
compositional changes in pollution emissions inducing by trade have been a
subject of numerous empirical studies. Many believe that pollution-intensive
sectors may be a subject to country’s comparative advantage as its factor en-
dowment or its environmental regulations and therefore ask whether capital-
intensive countries or/and stringent environmental policy countries will made
dirtier with trade. In this study, we introduce the role geography plays in the
determining of environmental consequences of trade and examine therefore,
whether the direct trade induced composition effect differs among regions.

The contribution of the paper is twofold: first, we investigate whether the
result of Frankel & Rose (2005), who find that there is no relationship between
degree of openness and CO2 emissions, also holds while adding up variables that
represent the interaction between trade and country’s comparative advantage
(proposed by Antweiler et al. (1998)). Second, we ask whether the trade induced
composition effect on CO2 emissions differs among regions.

∗Corresponding author, thi-thanh-xuan.tran@univ-rennes1.fr, 7 place Hoche 35000 Rennes,
France.
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1 Introduction

The recent debate over the environmental outcomes of trade openness has become
a center of interest for researchers and policy makers. In one hand, many focus on
the relationship between economic growth and the environment and use openness to
trade as an additional factor. They argue that the environmental consequences of
free trade originate due to its impact on economic activities. In another hand, some
authors focus on the direct effect of freer trade on country’s composition of industries.
They point out that some countries become ”pollution havens” while opening up to
international markets.

Our approach is a mixed specification between two empirical literature: the former
that focus on the relationship between income and environmental quality and the
latter that implies the compositional changes of environmental outcomes arising from
trade liberalization.

Earlier works of Grossman & Krueger (1991) and Grossman & Krueger (1994)
examine the relationship between income per head and environmental quality, the so
called ”Environmental Kuznets curve”. The EKC hypothesis say that at the initial
stage of economic development, growth raises pollution. Later, when country becomes
richer and adopt friendly environmental policy, an increase of income help to reduce
pollution. Graphically, the relationship between income and emissions is expected
to have the form of an inverse U. The existence of an EKC produced a fast growing
empirical works.1 Many of these studies investigate the role of open to trade in the
Kuznets relationship by adding up a measure of openness as an additional explanatory
variable. The most cited works is those of Frankel & Rose (2005), which examine the
effect of economic growth on environmental damage using the country’s income and
its degree of trade openness.

Later works of Antweiler et al. (1998) (hereafter ACT model) tend to isolate the
effect of openness on the environment into scale, technique and composition elas-
ticities. First, international trade leads to a greater scale of economic activity while
increasing the demand for productivity, transportation and also consumption of goods
and services (trade-induced scale effect, expected to be positive). Second, economic
literature usually argues that liberalized trade creates the opportunity for a coun-
try to grow, that is, trade leads to higher real income per capita. Moreover, higher
income leads country to develop cleaner production technique. Consequently, trade

1see, for example, Selden & Song (1994), Coursey & Hartwell (2000), Raymond (2004)
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openness can lower the dirtiness of production through the impact of income gains on
environmental regulation (trade-induced technique effect, expected to be negative).
Finally, liberalized trade lead countries to specialize in the industries on which it has
comparative advantage (trade-induced composition effect, expected to be positive or
negative, depend on country’s comparative advantage). 2 Using these theoretical
framework, ACT estimate how trade openness and GDP affect pollution by using
data on sulfur dioxide (SO2) concentrations. They find that an increase of real in-
come per capita tends to lower SO2 concentrations (negative technique effect), an
increase of GDP rises SO2 concentrations (positive scale effect) and finally liberal-
ized trade creates relatively small changes in pollution concentration (trade induced
composition effect). The net effect of trade-induced scale and technique effect yields
a reduction in pollution. Estimation results of ACT model are expected to be very
sensitive by pollutant 3, by concentrations or emissions, also by country 4.

The trade induced composition effect proposed by ACT is the subject of numerous
studies, which tend to identify whether composition effects are driven principally
by country’s resource abundance or its environmental policy. Hereafter we denote
KLE the effect of relative capital-labor effect and ERE the effect of environmental
regulations on country’s comparative advantage with trade liberalization. 5. These
studies usually point out that the changes on the trade-induced composition effect are
found to be relatively small compared to the trade induced scale and trade induced
technique effects.

In one hand, we employ a specification similar to Frankel & Rose (2005) that
underlying the relationship of Kuznets between per capita income and environmental
quality. In another hand, we use ACT framework and examine the effect of freer trade
on country’s mix of industries using the term of interaction between country’s degree
of openness and its comparative advantage. We also ask whether geography location
plays an important role on the compositional changes of environmental outcomes with
liberalized trade.

2if country specializes in pollution-intensive sectors, then it will made dirtier with freer trade; by
contrast, if country specializes in labor-intensive sectors, it becomes cleaner with openness to trade

3see, for example, Cole & Elliott (2003)
4see, for example, Managi et al. (2009)
5Cole & Elliott (2003) estimate the impact of trade on the emission of 4 different pollutants

(SO2, CO2, BOD and NOx) by examining whether the changes of composition output arising from
liberalized trade originate due to differences in capital/labor endowment or differences in environ-
mental policy; Managi et al. (2009) have analyzed the causal effects of trade openness on pollution
emissions (CO2, SO2 and BOD) by using data for OECD and non-OECD countries. They find that
freer trade reduces emissions in OECD countries and increases emissions in non-OECD countries
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Our results underline the role geography plays in the determining of trade-environment
composition effect: - First, the effect of liberalized trade on the compositional change
of environmental outcomes is expected to be different among continents.

- Second, the relative strength of factor abundance and environmental policy on
the determining of pollution-intensive sectors also differs among continents.

- Third, the effect of trade liberalization on country’s composition of industries in
Africa seems to very marginal compared to other parts of the world.

The remainder of the paper is organized as follows: section 2 presents data, our
empirical methodology and endogeneity problem of trade-growth-environment rela-
tionships; section 3 provides our estimations results, whilst section 4 concludes.

2 Empirical Implementation

2.1 Data

The study covers 99 countries from Asia (24), Europe (23), Africa (29), America (23)
from 1971 to 2010. Table 2.1 displays summary statistics for our sample. We obtain
data of CO2 emissions per capita from World Development Indicators - World Bank
Database. The data on trade intensity (at 2005 constant price), capital, population
and real GDP per capita (2005 US$) come from Penn World Table 8.1.

Table 2.1 shows statistics descriptive of our variables of interest. For some vari-
ables, we also report the decomposition of total variability by intra-countries variabil-
ity (within) and inter-countries variability (between). Note that ”Between” variability
captures the differences among countries while ”Within” variability relies on time ob-
servations by country. The statistics imply that in the case our variables of interest,
differences among countries (99 countries) for a given period is greater than differences
among time (40 years) for a given country.

Table 2.1 reports pairwise correlation for our variables of interest. We observe a
strong correlation between CO2 emissions per capita and real income per capita (at
76 %), a moderate correlation between CO2 emissions per capita and Trade intensity.
We also observe a greater correlation between capital-labor ratio and GDP per capita,
that is rich countries is also capital-intensive countries.

As mentionned in the introduction, this study underlines the environmental conse-
quences of economic growth and liberalized trade. First, economic literature usually
argues that income plays an important role in determining on environmental out-
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Table 1: Statistics Descriptive

Variable Mean Std. Dev. Min Max Observations
CO2 per capita overall 4.317 5.901 .016 67.416 N = 3960
(tons) between 5.549 .037 26.006 n = 99

within 2.080 -13.744 46.287 T = 40

GDP per capita overall 1.017 1.226 .016 9.796 N = 3960
($ 10k) between 1.160 .039 5.656 n = 99

within .413 -1.313 5.157 T = 40

Trade Intensity overall 68.197 48.643 3.16 433.05 N = 3960
(%) between 43.696 17.361 262.774 n = 99

within 21.809 -60.657 238.472 T = 40

Capital-labor ratio overall 2.812526 3.485915 .0283129 21.19359 N = 3960
($ 10k/worker) between 3.259171 .0581536 13.16722 n = 99

within 1.278298 -4.325838 12.82387 T = 40

Population overall 4.43e+07 1.45e+08 118880 1.33e+09 N = 3960
(person) between 1.44e+08 202721 1.13e+09 n = 99

within 2.53e+07 -2.45e+08 3.62e+08 T = 40

Area overall 310155.2 693057.7 115.8307 3601364 N = 3960
(square mile)

Democracy overall .525 .499 0 1 N = 3960
(dimensionless)

Table 2: Pairwise correlation of variables of interest

CO2 per capita GDP per capita Trade Intensity Capital-labor ratio
CO2 per capita 1.0000
GDP per capita 0.7607 1.0000
Trade Intensity 0.2857 0.2922 1.0000
Capital-labor ratio 0.7682 0.9078 0.3013 1.0000
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comes. In figure 1, we trace the relationship between log of CO2 emissions per capita
and income per capita for 99 countries in selective years.

Figure 1: CO2 emissions and per capita GDP, 99 countries, 1980-2010
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Second, recent empirical literature on the effect of economic activities on the
environment also underlying the role that freer trade plays in the determining of
environmental quality, both indirectly through its impact on economic growth, and
directly by interaction with country’s comparative advantage. Alternatively, figure 2
shows the relationship between log of CO2 emissions and trade intensity (the most
standard measure for country’s degree of openness) for our sample of countries in
selective years.
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Figure 2: CO2 emissions and Openness, 99 countries, 1980-2010
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2.2 Empirical Strategy

First, we employ a specification similar to Frankel & Rose (2005). The determining
of pollution emissions can be written as:

lnEit = α0 + α1Iit + α2I
2
it + α3Democracyit + Ψ1Tit + εit + νi, (1)

where: Eit denotes emissions per capita of country i at time t (for example, kilograms
of carbon dioxide per capita). I is per capita income and I2 is its square term. T
represents the ratio of exports and imports to GDP (trade intensity) Democracy
denotes the democracy regime dummy, where 1 indicates that country i adopt a
democracy regime at time t and 0 indicates otherwise. ε is a random disturbance. νi

captures country’s fixed effect.
Per capita income I and its quadratic I2 capture the effect of a change of real

income per capita on emissions. Empirical estimates of the relationship between
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income and environmental quality yield the Environmental Kuznets Curve (EKC).
We refer to equation 1 as Model A in our estimations. Note that, in this approach,
liberalized trade affects on environmental quality through 2 channels: first, a change
of per capita income help to lower the dirtiness of the environment (trade contributes
to this increase of income); and second, by the degree of trade itself. While the former
reflects the indirect effect of trade on emissions, the latter shows the direct effect of
liberalized trade on environmental outcomes.

As mentioned in the introduction, ACT argue that whether trade liberalization
generates a detrimental of beneficial effect on the environment depends on country’s
comparative advantage. More precisely, if country is a dirty good exporter then its will
be made dirtier with trade. By contrast, if country is a clean good exporter, pollution
will lower with liberalized trade. Greater access to international markets (degree of
openness) is mean of leading country to specialize more and more in the production
that it has comparative advantage. As a consequence, environmental outcomes of
trade should depend on the interaction between country’s degree of openness and its
comparative advantage.

The ACT model makes a distinction between the competing effects of environ-
mental regulations versus physical capital endowments on country’s comparative ad-
vantage. On the one hand, the ERE implies that country with a lower than average
level of environmental regulations will specialize in pollution-intensive sectors.

One the other hand, the KLE implies that country with a higher than average level
of physical capital endowments will specialize in capital-intensive industries, which
generate more pollution than labor-intensive industries. Note that the ERE and KLE
are expected to work in an opposite direction. While the ERE argues poor countries
(with relatively lower environmental regulations) is pollution havens, the KLE says
that rich countries (with relatively higher capital-to-labor ratio) will specialize in dirty
industries. Empirically, the coefficient Ψ1 is replaced by Ψ2 which contain a set of
variables representing country’s characteristics

Ψ2 = ψ0 + ψ1Rel.KLit + ψ2Rel.KL
2
it + ψ3Rel.Iit + ψ4Rel.I

2
it (2)

where Rel.KL is country i’s capital-to-labor ratio measured relative to the world
average, and Rel.I is country i’s real income measured relative to the world average.
First, the interaction between trade intensity and country’s relative capital-labor
ratio and its quadratic TitRel.KLit and TitRel.KL

2
it capture the KLE. Second, the
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interaction between trade openness and country’s relative income and its quadratic
TitRIit and TitRel.I

2
it (these variables capture the ERE). We refer to this amended

form of equation 1 as model B. Note that, Frankel and Rose also test whether some
countries have a ”comparative advantage” in pollution by adding up the interaction
between openness and income, also between openness and capital to labor ratio.
They estimate the ERE and the KLE separately and find no evidence that poor
or capital-abundant countries use trade to exploit a ”comparative advantage”. By
contrast, according to Cole & Elliott (2003), the pollution-intensive sectors is subject
to opposing forces of comparative advantage. That is, the ERE and the KLE should
be tested simultaneously while determining the role openness plays in the determining
of environmental quality. Finally, we ask whether the trade induced composition effect
differs among regions by conditioning Ψ2 which country’s location. Vector Ψ3 can be
written as:

Ψ3 = Ψ2 ∗ Asiai + Ψ2 ∗ Europei + Ψ3 ∗ Africai + Ψ4 ∗ America (3)

where Asiai, Europei, Africai and Americai are geography dummies that equal 1 if
country i locate respectively in Asia, Europe, Africa or America and 0 otherwise. We
refer to this slightly amended model as Model C. To summarize, the 3 models provide
different information about how open up to international market can affect on coun-
try’s emissions. First, in Model A, one measure of openness is used as an additional
variable. The standard measure of openness used in estimations is country’s trade
intensity. This model has a specification similar to Frankel & Rose (2005), which
treat the role of freer trade on emissions in the simplest way. Second, in Model B, we
use a set of variables that represent the interaction between openness and country’s
comparative advantage to examine whether countries with weak environmental reg-
ulations or capital abundance will specialize in pollution-intensive sectors. Finally,
in Model C, we test whether the trade-induced composition effect depends on which
region that country located.

2.3 Adressing Endogeneity

Endogeneity is a common problem that occurs empirical literature on the trade-
growth-environment relationship. Cole & Elliott (2003) argue that the causal direc-
tion among each pair out of these three key variables is not evident.

In this study, we use trade and income as 2 important factors on the determining
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of environmental quality. We hope to find a causal relationship between trade and
income on the environment. A simple correlation between trade and environmen-
tal outcomes, also between economic growth and the environment, however, cannot
confirm the causal direction.

On one hand, many believe that changes in per capita income will lead to higher
demand for environmental quality. Both trade and growth affect per capita income, so
environmental consequences should be an effect of openness to trade and/or economic
activities. 6.

On another hand, environmental policy, in its turn, can affect economic activities
and trade pattern. For instance, countries with stringent environmental regulations
will loss competitiveness in pollution-intensive sectors. That is, environmental policy
can affect country’s trade pattern in this case. In the case of endogeneity problem,
instrumental variables (IV) are considered as an estimation that provide consistent
parameter estimates. Note that an valid instrument should highly exogenous yet
correlated with endogenous variable and uncorrelated with the error term.

First, standard approach to construct an instrument for trade share is proposed
by Frankel & Romer (1999). These authors argue that country’ geography character-
istics (as its distance with others, its population, etc.) should have important effects
on trade and are plausibly uncorrelated with other determinants of income. Conse-
quently, geography’s component of country’s trade seems to be a good instrument of
openness to trade.

Second, to construct an instrument for income per capita, we use a set of variables
from the endogenous growth equation. Note that, trade is also endogenous in income
equation. That is, country that is rich for reason other than trade may trade more
7. By consequent, we use geography’s component of trade share as an instrument for
real trade share variable in income equation.

We report how to construct predicted trade share while using countries’ geog-
raphy characteristics, estimation results of income equation, also first stage for our
instruments in Appendix.

6see, for example, Jones & Manuelli (2001)
7see, for example, Dollar & Kraay (2004), Edwards (1997)
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3 Estimation Results

Table 3 reports our key estimation results of Model A and B. Column (1) and (2)
show respectively the within estimates and the within-IV estimates of Model A. Al-
ternatively, column (3) and (4) represent within and within-IV estimates of Model
B. Note that, in within-IV estimates, trade openness, per capita GDP and its square
term are instrumented for using predicted openness, predicted per capita GDP and
predicted its square term, respectively.

Whereas Model A replicates directly the specification of Frankel & Rose (2005),
Model B allows to additional interaction between capital abundance and income (the
direct trade induced composition effect proposed by Antweiler et al. (1998)) The IV
results are quiet similar to the OLS results, IV estimates have diminished significance
in some cases.

First, the results in 4 columns indicate a significant relationship between income
per capita and CO2 emissions. The coefficient of income per capita is positive and
significant at 0.1 %, that is CO2 emissions raises with an increase of income. The
estimated coefficient on the quadratic term of income per head is negative and also
significant at 0.1 % level, that indicates CO2 emissions will decrease with income
growth because higher income leads to a greater demand for better environment.

Our central interest is the different between Ψ1, Ψ2 and Ψ3, which measure the
direct effect of openness on CO2 emissions. As mentioned before, in Model A, the
compositional output of emission induced by trade is shown only by one measure
of openness to trade (trade intensity in this case).Our estimations results of Model
A are very similar to those of Frankel & Rose (2005), these authors argue that the
effect of openness on CO2 emissions is very moderate compared to another indicator
of environmental damage. As column (1) and (2) indicate, the parameter estimates
of the degree of openness are insignificant.

We focus on the set of variable that include trade intensity T in Model B. An
interesting point is that, the coefficient of degree of openness becomes significant
at 0.1 %. We consider therefore the effect of environmental regulation and factor
endowment on environmental outcomes of liberalized trade. The results show that,
both country’s environmental regulation and factor abundance can affect on country’s
comparative advantage with freer trade.

On one hand, the ERE implies that with trade intensity increased, a country that
has a comparative advantage in lower environmental stringency is likely to increase its
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emissions by specializing more in pollution-intensive sectors. Empirically, we obtain
negative value for T*RelI and positive value for T*RelI2 (both these coefficients are
significant at 0.1 %). That is, with liberalized trade, countries with relative weaker
environmental regulations become pollution havens while specializing in pollution-
intensive sectors. On another hand, the KLE implies that a country that has a
comparative advantage in capital-intensive industries will become pollution haven
with liberalized trade. Indeed, we observe significant (at 0.1 % and 1 %)and positive
value for T*RelK/L, that is country with relative higher capital-labor ratio should
specialize in pollution-intensive sectors. A negative value for T*RelK/L2 indicates
that after reaching a ”threshold” of capital abundance, emissions will decline with an
increase of capital-labor ratio.

We move one step forward and ask whether the compositional output of emissions
induced by liberalized trade differs among regions, holding the relation between per
capita GDP and emissions as the same for countries in our sample. Model C is
the augmented version of Model B. More precisely, trade intensity variable and its
interaction with country’s relative environmental regulation and country’s relative
capital-to-labor ratio are conditioned by country’s geography location.

Table 3 shows our estimation results of Model C. First, it appears that the relation-
ship between country’s degree of openness and emissions is not evident for all regions.
For instance, IV estimates indicate that there is no relationship between trade inten-
sity and environmental outcomes for African countries. In the case of Asian countries,
estimated coefficients of openness are significant (at 0.1 %) and positive in 5 columns.

Second, the trade induced composition effect differs among regions. For African
countries, we find that the compositional outcomes of the environment is driven by
the ERE and the KLE rather than country’s degree of openness. By contrast, in the
case of Europe, the trade-induced composition effect is determined by the degree of
openness rather than by its interaction with country’s comparative advantage.

Third, we find that the ERE dominates the KLE for Asian, African and American
countries. By contrast, it appears that the KLE dominates the ERE for European
countries. Note that, in the recent works of Managi et al. (2009), these authors
conclude that the ERE dominates the KLE both in OECD and non-OECD countries.
In this study, we suggest that the relative strength of ERE and KLE may not only
depend on country’s level of development, but also on country’s geography location.

To evaluate the effect of openness to trade on the environment, it’s indispensable
to accounting for the effect of trade intensity (T ), its interaction with country’s envi-
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Table 3: The determinants of CO2 emissions per capita, Model A and Model B

(1) (2) (3) (4)
Within Within-IV Within Within-IV

I 0.474∗∗∗ 0.674∗∗∗ 0.926∗∗∗ 1.634∗∗∗
(12.83) (4.44) (17.07) (11.16)

I2 -0.0553∗∗∗ -0.100∗∗∗ -0.109∗∗∗ -0.306∗∗∗
(-12.41) (-10.93) (-12.64) (-11.69)

T 0.000232 0.00307 0.00281∗∗∗ 0.0167∗∗∗
(0.69) (0.95) (6.65) (3.56)

T ∗RelI -0.00588∗∗∗ -0.0135∗∗∗
(-11.08) (-14.60)

T ∗RelI2 0.000735∗∗∗ 0.00239∗∗∗
(9.49) (10.04)

T ∗RelK/L 0.00157∗∗∗ 0.00215∗∗
(3.55) (2.70)

T ∗RelK/L2 -0.0000237 -0.000121
(-0.46) (-1.33)

Democracy 0.0231 -0.00813 -0.0133 -0.117∗∗∗
(1.09) (-0.33) (-0.64) (-3.66)

Intensity -0.318∗∗∗ -0.229∗∗∗ -0.305∗∗∗ -0.0797
(-11.46) (-4.39) (-11.08) (-1.03)

Constant 0.640∗∗∗ 0.205 0.335∗∗∗ -0.986∗∗
(9.28) (1.14) (4.55) (-3.24)

Obs. 3960 3960 3960 3960
R2 0.098 0.139
t statistics in parentheses
+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 4: The determinants of CO2 emissions per capita, Model C

(1) (2) (3) (4)
Within Within-IV Within Within-IV

I 0.900∗∗∗ 0.697∗∗∗ 0.864∗∗∗ 0.721∗∗∗
I2 -0.0846∗∗∗ -0.105∗∗∗ -0.0796∗∗∗ -0.115∗∗∗

Asia
T 0.0113∗∗∗ 0.0333∗∗∗ 0.0111∗∗∗ 0.0338∗∗∗
T ∗RelI -0.00773∗∗∗ -0.0150∗∗∗ -0.00749∗∗∗ -0.0154∗∗∗
T ∗RelI2 0.000683∗∗∗ 0.00154∗∗∗ 0.000647∗∗∗ 0.00163∗∗∗
T ∗RelK/L 0.00134+ 0.00123 0.00129+ 0.00138
T ∗RelK/L2 0.0000260 0.0000922 0.0000302 0.0000761

Europe
T -0.00258+ -0.0267∗∗∗ -0.00256+ -0.0251∗∗∗
T ∗RelI -0.00215∗ 0.000926 -0.00173+ 0.000558
T ∗RelI2 0.000281∗ 0.000151 0.000225+ 0.000226
T ∗RelK/L 0.000919 0.0124∗∗∗ 0.000261 0.0125∗∗∗
T ∗RelK/L2 -0.000840∗∗ -0.00230∗∗∗ -0.000701∗ -0.00230∗∗∗

Africa
T -0.00351∗∗∗ -0.00167 -0.00368∗∗∗ -0.000542
T ∗RelI 0.0251∗∗∗ 0.0439∗∗∗ 0.0247∗∗∗ 0.0437∗∗∗
T ∗RelI2 -0.00461+ -0.0102∗∗ -0.00436+ -0.0101∗∗
T ∗RelK/L 0.00537 -0.0158+ 0.00675 -0.0171+

T ∗RelK/L2 -0.000583 0.00457+ -0.000966 0.00490∗

America
T 0.00708∗∗∗ 0.0295∗∗∗ 0.00690∗∗∗ 0.0311∗∗∗
T ∗RelI -0.00106 -0.0102∗ -0.00160 -0.0103∗
T ∗RelI2 -0.000276 0.00300∗ -0.000111 0.00299∗
T ∗RelK/L -0.00120 -0.00908 -0.00104 -0.0101
T ∗RelK/L2 -0.00274+ -0.000345 -0.00277+ 0.000288
Democracy 0.0616∗∗ -0.0583+

Constant -0.384∗∗∗ -0.648∗∗∗ -0.387∗∗∗ -0.679∗∗∗
Obs. 3960 3960 3958 3958
R2 0.247 0.247
t statistics in parentheses
+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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ronmental regulations (T ∗RelI), also with country’s capital abundance (T ∗RelK/L).
Table ?? reports the elasticities of trade openness on the compositional outcomes of
CO2 emissions in different regions, using fixed effect and IV-fixed effect estimates.
They are evaluated for sample average of Asian, European, African, also American
countries. The values calculated with an average of all samples are also reported.

We obtain statistically and significant positive results for Asia and America (at
0.1 %). By contrast, statistically and significant negative elasticities are found in the
case of European countries. In the case of African countries, estimated elasticities are
very sensitive and marginal compared to other continents.

Table 5: Elasticity

Estimation Method Within Within-IV Within Within-IV Within-IV *
Additional variable democracy democracy democracy

(1) (2) (3) (4) (5)
Asia 0,194*** 0,590*** 0,149*** 0,599*** 0.593***
Europe -0,058*** -0,366*** -0,059*** -0,342*** -0.348***
America 0,092*** 0,366*** 0,089*** 0,385*** 0.409***
Africa -0,035*** 0,137 -0,039*** 0,033 0.042***
All data 0,0001 0,585*** -0,005 0,683*** 0.689***

The difference between column (4) and (5) is that, in column (5) we exclude all
insignificant variables from table 3 while estimating the direct trade induced compo-
sition elasticity. More precisely, in the case of Asia and America we do not include
the effect of KLE. By contrast, the effect of ERE are excluded in the case of Europe.
Finally, for African countries, we suggest that trade intensity may not affect by itself
on environmental outcomes and therefore exclude the coefficient of trade intensity.

In column (5), the results are very similar to elasticities in column (4), except for
Africa. We conclude that the direct trade-environment composition effect is negative
in Europe, positive in America and Asia. No evident relationship is found in the case
of Africa.
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4 Conclusion

This study focus on the direct trade induced composition effect on the environment
and ask whether country’s geography location plays an important role in this rela-
tionship.

First, the effect of trade openness on the compositional outcomes of CO2 emissions
differs among regions. The direct trade-induced composition effect on CO2 emissions
is found to be positive for Asian and American countries, negative for European
countries.

Second, it appears that in different parts of the world, pollution-intensive sectors
is subject to different forces of comparative advantage. In fact, estimations results
show that for Asian and American countries, compositional changes in pollution aris-
ing from trade liberalization originate due to differences in environmental regulations
rather than due to differences in capital-labor endowments. On the contrary, differ-
ences in capital abundance are found to lead pollution-intensive sectors in European
countries.

Third, the effect of trade liberalization is marginal for African countries compared
to the rest of the world. One possible reason is the very low share of world trade of
this continent. In fact, despite its fast growth in merchandise trade, Africa remains
a marginal player in world trade map.
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Appendix A. Gravity Equation

The Frankel and Romer version of a gravity equation was rewritten as:

ln(τij/GDPi) = β0 + β1lnDij + β2lnNi + β3lnAi + β4lnNj +5 lnAj + β6(Li + Lj)
+β7Bij+β8BijlnDij+β9BijlnNi+β10BijlnAi+β11BijlnNj+β12BijlnAj+β13Bij(Li+Lj)+σij,

(4)

Where N is their population, A is their area, L is a dummy for landlocked coun-
tries, B is a dummy for a common border between two countries. Variables from α8

to α13 represent geographical interactions between two countries whether they share
a common border. This version of gravity equation can provide more information
about bilateral trade on one hand, and on the other hand, to ensure that only coun-
try’ geographic characteristics have been used to estimate openness to trade between
two countries.

The reduced form of equation (4) is :

ln(τij/GDPi) = a′Xij + eij, (5)

Here, Xij is the vector of variables representing geographic characteristics of country
i and j.
Secondly, these authors suppose that if geography is a component of bilateral trade,
than it’s true for overall trade. The simple collection of data about geographic char-
acteristics of all countries supports enough information about the level of openness
to trade.

T̂i =
∑
i 6=j

eâ′Xij , (6)

Equation (6) examines the construction of international country’s overall trade
after obtaining the vector of coefficient α′ in equation (5). International trade’s level
of country i is simply knowing as an aggregate of its trade with each other countries
in the world.
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Table 6: Income Equation

lnIncome
L.lnIncome 0.798∗∗∗

(39.08)

lnT 0.100∗∗∗
(9.32)

lnP 0.0327
(1.44)

lnKL 0.0329+

(1.76)

lnSch -0.165∗
(-2.57)

year 0.00180∗∗
(2.69)

t statistics in parentheses
+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Appendix B. Income Equation

We use an income equation similar to Managi et al. (2009). Following the endoge-
nous growth literature, country’s income depend on its lagged values, trade openness,
capital-labor ration, population and humain capital. Income equation can be written
as:

lnIit = λ0 +λ1lnIit−1 +λ2lnTit +λ3ln(K/L)it +λ4lnPit +λ5lnSchit +λ6yeart +µit (7)

where P is the population, Sch is index of human capital based on school atten-
dance years, µ is the error term.

Table 4 shows results of the difference GMM estimation using instrumental vari-
ables for the income equation 7. As mentioned in the introduction, we treat trade
share as endogenous in the income equation and therefore use predicted value of trade
share as an instrument for real trade intensity.
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Appendix C. Quality of Instruments

Table 7: First stage of instruments

Endogenous variable I I2 T

Î 1.104*** -3.258*** 49.810***
(0.014 ) (0.172) (2.831 )

Î2 0.083*** 3.004*** -2.513***
(0.002) (0.034) (0.565)

T̂ -0.003*** -0.040*** 0.539***
(0.000) (0.005) (0.088)

Constant 0.026 1.725*** 39.656***
(0.018) (0.215) (3.533)

Democracy 0.003 0.208*** 3.553***
(0.005) (0.059) (0.976)

Intensity 0.021** -0.079 -7.941***
(0.007) (0.087) (1.429)
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