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Abstract
How trade affects environmental emissions has generated heterogeneous results over the 
years. This is due to empirical ambiguities that are endemic in the literature. In order to 
evaluate and explain the discrepancy in the literature, this paper conducts a meta-analy-
sis of 88 empirical studies published until 2018. Our results show that trade contributes 
to environmental emissions after controlling for publication bias and heterogeneity. In 
explaining the heterogeneous results across the primary studies, our findings largely sug-
gest the estimated elasticities depend systematically on the estimation characteristics, the 
choice of pollutants and the publication characteristics of the primary studies. Account-
ing for heterogeneity, the result remains robust only for CO2 emissions compared to SO2. 
Overall, the trade elasticity of emissions effect remains robust when we decompose the 
analyses for different groups of countries, however, the emissions-content of trade is more 
pronounced for developed compared to developing countries.
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1  Introduction

The trade-environmental literature has generated intense political and economic debates 
over the years mainly because of the contradictory results, especially in the empirical liter-
ature (van Bergeijk 1991). The debate is about whether the degree of exposure of a country 
in global trade or trade openness affects the level of environmental emissions. Not sur-
prising, the debate has generated several empirical studies (see, e.g., Copeland and Taylor 
2003; Rose and Stanley 2005; Managi et al. 2009; Shahbaz et al. 2017a). However, there is 
still ambiguity in the results because of the endemic heterogeneity in the empirical studies. 
The relationship between trade openness (hereafter trade) and environmental emissions is 
a sensitive global concern according to van Bergeijk (1991). This is due to the anecdo-
tal evidence that shows a simultaneous surge in trade and environmental emissions glob-
ally.1 These heightened global concerns and the anecdotal evidence have generated a keen 
research interest both from theoretical and empirical perspectives.

The traditional trade theories do not consider the welfare losses if international trade 
results in environmental emissions (hereafter emissions) (van Bergeijk 1991). However, 
Antweiler et al. (2001) provide a plausible mechanism through which trade openness can 
partially improve environmental quality. Through the positive impact of trade on income, 
in line with the popular evidence provided by Frankel and Romer (1999), Antweiler et al. 
(2001) argue a positive consequence of trade on the environment. This argument is prem-
ised on the basis that there is a higher tendency for the populace to demand more envi-
ronmentally friendly (eco) products as their income rises. This is mainly because the 
environment is considered a normal good (Copeland and Taylor 2003). In contrast, envi-
ronmentalists and economists alike have also argued that increased global trade gener-
ates increased production through economies of scale.2 The growth in production directly 
contributes to over exploitation of the environment through increased production and con-
sumption of pollution-intensive goods (Aklin 2016). The main argument is premised on the 
fact that the free market economy lacks the necessary impetus to efficiently allocate these 
environmental resources in a way that ensures the negative externalities are internalized.

Increasingly, many studies have also provided empirical evidence supporting either 
side of the theoretical positions. However, available empirical literature has deepened this 
uncertainty about the effect of trade on the environment. The uncertainty about the trade-
environment nexus was acknowledged by van Bergeijk (1991), while a number of recent 
studies such as Rose and Stanley (2005), Managi et  al. (2009) and Li et  al. (2015) also 
reiterate it. These studies acknowledge the rapidly growing literature, as well as the contra-
dictory results endemic in the empirical literature. Reviewing the past and recent literature 
confirms the uncertainty of these results. This emphasizes the fact that the trade-emissions 
debate has been lingering on for a long time without a consensus. Figure 1 highlights the 
discrepancy that is endemic in the 88 empirical studies used in our meta-analysis. The fig-
ure shows a 50-50 split between the results that the trade elasticity of emissions can either 
be positive or negative. The discrepancy also extends to the statistical significance of the 

1  According to the World Bank, world trade as a percentage of GDP has more than doubled over five dec-
ades, rising from 24 percent in 1960 to about 50 percent in 2016. Similarly, trends in global greenhouse gas 
(GhG) emissions indicate that GhG emissions are about 55% higher than in 1990 and 40% higher than in 
2000 (Olivier et al. 2017)
2  https://www.theatlantic.com/business/archive/2014/01/the-dark-side-of-globalization-why-seattles-
1999-protesters-were-right/282831/, accessed on 1 January 2020



289Trade Openness and Environmental Emissions: Evidence from…

1 3

effect as we see 55% of the studies find significant trade-emissions elasticity compared to 
45% that find insignificant results.

The opposing evidence in the empirical literature makes it necessary to re-visit the sub-
ject to critically assess the state of knowledge. From the political economy perspective, this 
may have wider implications for many governments because the trade-environment nexus 
is a sensitive and policy-relevant concern. In response to this uncertainty, the main objec-
tive of this paper is to use the tool of meta-analysis to systematically determine whether 
the increasing level of trade openness is good or bad for the environment, especially after 
accounting for publication bias and heterogeneity.

Specifically, this paper has two main objectives. First, to estimate the average effect size 
or magnitude of the trade-emissions elasticity which would provide the underlying impact 
of trade on emissions. This is important because policy-makers are particularly interested 
in knowing how changes in trade openness would affect emissions. Therefore, it is impera-
tive to identify the economic and statistical significance of these elasticities (Stanley and 
Doucouliagos 2012). For instance, Copeland and Taylor (2003) estimate that if trade lib-
eralization increases economic activity by 1%, pollution concentrations would increase 
within the range of 0.25–0.5%, while an increase in income per capita decreases pollution 
concentration by 1.25–1.5%. Using the tool of meta-analysis, we can derive the underlying 
trade-environment elasticities.

Second, the paper seeks to explain the heterogeneity of the results in previously pub-
lished empirical studies. Through a multivariate meta-regression analysis (MRA), we pro-
vide a quantitative assessment of the factors that can explain the heterogeneity of these 
studies. Thus, we can understand how the different characteristics of the studies such as 
study design, environmental indicators, sample of countries, econometric methods, and 
time period influence the results both qualitatively (sign of estimated coefficients) and 
quantitatively (size and significance of coefficients).

The next section of the paper provides a theoretical note and a brief empirical literature 
review on the relationship between trade and the environment. Section 3 discusses the data 
and the empirical strategy adopted in accordance with the Meta-Analysis of Economics 

Fig. 1   The trade-emissions elasticity reported in the studies published in 1991-2018 (N=789). Data Source: 
Based on studies for the meta-analysis



290	 S. K. Afesorgbor, B. A. Demena 

1 3

Research Network (MAER-Net) reporting guidelines. In Sect. 4, we provide and discuss 
the results. Section 5 concludes the paper and offers some policy implications and limita-
tion of the study.

2 � Relationship Between Trade and the Environment

2.1 � A Theoretical Perspective

The basic theory of comparative advantage in international economics proposes countries 
specialize in the production of different products and then trade those products among them-
selves by transporting the goods from the point of production to consumption. Through the 
channels of production and transportation, these introduce a simple complementarity rela-
tionship between trade and the environment as increases in trade contribute to increases in 
emissions. However, Grossman and Krueger (1993) who were the first to postulate the trade-
emissions nexus discard this simple linkage between trade and emissions as they analyze the 
environmental implications of the North America Free Trade Agreement (NAFTA). Follow-
ing on the works of Grossman and Krueger (1993), Copeland and Taylor (2003) use a general 
equilibrium model that decomposes the net effect into three components; scale, technique 
and composition effects. In doing so, they take into consideration the possible exogenous and 
endogenous variations that are likely to exist between trade and the environment.

According to Grossman and Krueger (1993), the scale effect measures the increase in 
emissions as a result of an increase in the value of production in the economy, holding con-
stant the mix of goods and production techniques. This scale effect is an adverse effect of 
trade on the environment as the scaling up of the endowments of the economy also expands 
the scale of production and emissions proportionately. The opening of trade could lead to 
a greater use of unemployed factors of production such as land and capital resources that 
may constitute environmental damage. The scale effect is aligned with the popular percep-
tion that more opened economies would adopt looser environmental standards for fear of 
losing competitiveness in international markets. This mechanism was confirmed by Cope-
land and Taylor (2003) in their pollution haven model of international trade in which they 
explain that trade may encourage pollution-intensive production processes to move from 
regions with high environmental standards to regions with low environmental standards.

A number of studies support this deleterious view of trade on the environment (see e.g., 
Managi et  al. 2009;  Shahbaz et  al. 2017a; Li et  al. 2015). They base their view on the 
theoretical premise that globalization leads to an increase in global demand, resulting in 
increased production that exploits the natural resources and pollutes the environment (van 
Bergeijk 1991). For instance, references are made to the Maquiladora zone established 
in Mexico with high concentration of polluting industries because of NAFTA, increased 
deforestation as result of timber trade, threats to endangered species due to international 
demand and low environmental quality in China as a result of export-led growth (Copeland 
and Taylor 2003; Aklin 2016) .

Conversely, through the technique effect, the increasing level of global trade may be 
benefical to the environment by curbing the the level of emissions. Grossman and Krue-
ger (1993) identify two main channels through which this could occur. First, improve-
ments in the production methods through increased access and the adoption of climate-
friendly technologies. Firms that want to remain competitive in the global market would 
have incentives to develop and produce environmentally friendly goods. In addition, 
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opening up for international trade could lead to a more efficient allocation of resources. 
This reduces the duplication of production processes in different locations, hence would 
reduce emissions. If every country has to produce to meet its domestic demand, this 
could result in duplication in the production process and therefore higher emissions. 
In line with the gains-from-trade hypothesis, trade can spur managerial and technical 
innovations and this can trigger the adoption of environmentally friendly technologies. 
Second, trade liberalization would also increase the availability of eco-friendly goods. 
Without international trade, consumers would have limited choices, and could be forced 
to purchase only domestic goods that may have been produced under lax environmental 
standards. In addition, Copeland and Taylor (2003) point to the fact the increasing lev-
els of income that are as a result of the gain from trade may lead the general public to 
demand less pollution-intensive products thereby lowering emissions .

Also, the WTO through its green provisions has spurred enthusiasm among its mem-
bers for environmental sustainable trade policies. Free trade agreements (FTAs), which 
are a major appendage of global trade, are also increasingly making an effort to make 
trade and environmental policies compatible. As countries seek to join FTAs, they are 
also made to simultaneously embrace environmental cooperation agreements. Accord-
ing to  the joint report by the United Nations Environment Program (UNEP) and the 
WTO (2009), the European Communities (EC), Canada and the US are all ensuring 
that their trade and environmental policies are compatible as they require environmental 
impact assessments to be carried out before any FTA is signed. These countries have 
promulgated national policies that ensure trade is environmentally sustainable. For 
example, in 1999 the Canadian government issued a directive that requires a strategic 
environmental assessment of any policy, plan, or program before it receives ministe-
rial or cabinet approval. Demonstrating how relevant the trade-environment nexus is to 
Canada, the government developed a framework in 2001 that stipulates environmental 
impact assessments are carried out before it signs any trade agreement.

Similarly, in the 1999, the EC also stipulated that environmental considerations 
should be integrated into the EC’s trade negotiations strategy. The US also through an 
executive order in 1999, committed to conduct environmental assessments of certain 
trade agreements. Most proponents of trade liberalization emphasize that restricting 
international trade may not be a panacea to reduce emissions. For instance, Paarlberg 
(2013) argues that  one of the unintended consequences of the US restriction of sugar 
imports using quotas contributed to a high domestic price of sugar for industrial use in 
the US and this led to substituting away from sugarcane ethanol to corn ethanol. How-
ever, the processing of ethanol from corn is less energy efficient and the agriculture of 
corn also depletes the land though the applications of fertilizer (Paarlberg 2013).

The composition effect measures the share of polluting goods in the total or national 
output. Depending on whether the pollution-intensive sector expands (contracts), this 
may be harmful (helpful) for the environment. The composition effect is ambiguous as 
this depends on changes in the structure of the economy. The net effect of trade on the 
environment depends on these three components and this effect can either be positive or 
negative depending on which of the effect dominates the others. Thus, we construct our 
main hypothesis taking into consideration that the effect of trade openness on emissions 
could be either positive or negative.

Hypothesis 1  An increase in trade openness leads to a significant change (i.e, increase or 
decrease) in environmental emissions.
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The level of development of a country also dictates the depth of integration of that coun-
try in global trade and emissions. Frankel and Romer (1999) provide robust evidence of 
this by stating that countries that trade more experience higher economic growth as trade 
raises income by spurring the accumulation of physical and human capital and by increas-
ing output for given levels of capital. Similarly, the level of development of a country is 
an important determinant of pollution. Copeland and Taylor (2003) argue that changes in 
per capita income will lead to an increase in the demand for lower environmental emis-
sions. Peters et al. (2011) clarify this further by differentiating the effect of international 
trade on emissions from production and consumption perspectives for both developing and 
developed countries. From the consumption perspective, they argue that although emis-
sions from developed countries have stabilized over the years, they are still largely respon-
sible for emissions generated in developing countries since developed countries are large 
importers of emission-intensive products produced in developing countries. In a sense that 
through emission transfer a country that is not directly involved in the production of pol-
lution-intensive goods can also contribute to emissions increase through its consumption 
(import) of pollution or energy-intensive products.

From the production perspective, developed countries are also specializing in knowl-
edge intensive service, research and development and high-value segments of the global 
value chains. At the same time there is reallocation of dirty or pollution-intensive produc-
tion from developed to developing countries. Thus, it is intuitive to expect a lesser pro-
duction-induced emission in developed countries compared to developing countries. This 
is important as Peters et  al. (2011) made the point that significant share of global emis-
sions are from production of internationally traded goods and services. Differentiating the 
effect of FDI on emissions for developed and developing countries, Demena and Afesorg-
bor (2020) find a pronounced reducing effect of FDI on emissions for developed coun-
tries compared to developing countries, and they explain that this could be due to stricter 
environmental regulations on emissions in developed countries than in developing coun-
tries. That notwithstanding, for manufacturing products which tend to be more capital and 
pollution-intensive, this is still more concentrated in developed countries than developing 
countries. For example, WTO (2019) indicates that among the top 10 largest exporters of 
manufacturing goods in 2018, the EU accounts for 39% , the US accounts for 9% compared 
to China which accounts for 18%. China and Mexico are the only developing countries 
among the 10 top exporters of manufacturing goods.

This therefore leads to our second hypothesis in which we hypothesize that the trade-
emission elasticity differs qualitatively and quantitatively for developed and developing 
countries. We define qualitative in terms of sign - whether the trade-emission elasticity 
is positive or negative while quantitative is define in terms of the size or magnitude of the 
trade-emission elasticity.

Hypothesis 2  The trade-emission elasticity differs qualitatively or quantitatively for devel-
oped and developing countries.

2.2 � Empirical Overview of the Literature

Since, the overall effect depends on the three effects (scale, technique and composition 
effects), this introduces an empirical uncertainty about the effect of trade on the environ-
ment. Empirically, a number of studies have tested this theoretical exposition by decompos-
ing the trade effect on the environment into the three different components. For instance, 
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Antweiler et al. (2001) confirm that the impact of trade on the environment can be positive 
or negative. Using the sulfur dioxide (SO2) concentration, they show that trade-induced 
technique effect on pollutant concentration outweighs the scale effect, while the composi-
tion effect is close to zero. Cole and Elliott (2003) also indicate that the net effect of trade 
in terms of sign and size on the environment depends to a large extent on the specific type 
of pollutant. In particular, they find that trade liberalization increases nitrogen oxide (NOx) 
and carbon dioxide (CO2) while it decreases the emissions of SO2. The distinction of the 
trade effect on a specific pollutant is important as Frankel and Rose (2005) argue that the 
effect would depend on whether a pollutant is a local or global in nature.

The negative effect of trade on the environment is similarly supported in a recent study 
by Shahbaz et al. (2017a). They indicate that trade openness increases emissions through 
significant expansions in industrial output. As a result of rapid globalization and the quest 
to be competitive in global markets, both developing and developed countries have greater 
energy utilization leading to potential emissions of CO2. Other empirical studies that find 
similar results that trade impedes air quality for both developing and developed countries 
(Li et al. 2015) and intensifies pollution in non-OECD countries compared to OECD coun-
tries (Managi et  al. 2009). Contrary to this popular view, there are also studies such as 
Eiras and Schaefer (2001), Frankel and Rose (2005) and Kohler (2013) who also claim that 
the trade appears to have a beneficial effect for certain environment pollutants.

The pollution haven hypothesis (PHH) has direct implication for the effect of trade on 
the environment as the effect would depend on the specific country or level of development 
of the country. Antweiler et al. (2001) emphasize this point by stating that it is implausible 
to only focus on how trade affects the environment, but rather suggest that trade should 
be conditioned on a country’s characteristics. In evaluating the effect of NAFTA on the 
environment, Grossman and Krueger (1993) identify a differential effect of NAFTA for 
the US and Mexico. They explain that through the mechanism of comparative advantage, 
increased trade among the NAFTA member countries would lead to an expansion of the 
labor-intensive sector in Mexico while leading to an expansion of the capital-intensive sec-
tor in the US. With labor-intensive production being a less pollution-intensive sector, emis-
sions may decline in Mexico. Conversely, the US may see an increase in emissions because 
capital-intensive production is more pollution-intensive.

This example provides the nuance of the effect of trade on the environment, explain-
ing that the effect may be conditional on a country’s level of development. Different stud-
ies focus on a specific country as a case study or use a group of countries to assess the 
impact of trade on emissions. Using a large sample of developing and developed coun-
tries, Kim et al. (2019) confirm the heterogeneous results of trade on CO2 emissions for 
different permutations of trade flows in terms of North-North, North-South, South-North 
and South-South trade. They find that for developed countries’ trade with the North or the 
South, increases in trade flows lead to a reduction in CO2 emissions. Whereas for develop-
ing countries, their trade with the North leads to an increase in emissions; however trade 
among themselves mitigates emissions. These differential results point to the fact that the 
effect of trade on emissions can be influenced by various institutional, economic and politi-
cal factors. These  factors differ for many countries and from one empirical study to the 
other as they evaluate the effect of trade on emissions using different set of countries, dif-
ferent proxies to control for institutional, economic and political factors. Thus, to effec-
tively account for this variation in the different studies, it is very important to employ a 
multivariate meta-regression technique . By so doing, we can explain how country char-
acteristics influence the effect of trade on the environment, as well as how different sets of 
control variables influence the reported results.
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These conflicting positions  in the empirical literature point to the need to synthesize 
existing knowledge in order to have a consensus about the effect of trade on the environ-
ment. The closest attempt made in the literature to derive a general consensus on the trade-
environmental linkage was done almost a decade ago by Kirkpatrick and Scrieciu (2008). 
Although Kirkpatrick and Scrieciu conclude that trade liberalization is bad for the environ-
ment, they employ a conventional narrative review that relies on simple summaries instead 
of a systematic and objective review that is possible with meta-analysis. A meta-analytical 
review is an important tool to objectively review literature and also explain the heterogene-
ity in the previous studies. By using meta-analysis, we can filter out the personal biases and 
influences of the authors by controlling for biasing factors in econometric models (Stan-
ley and Doucouliagos 2012). Apart from the methodological challenges of Kirkpatrick and 
Scrieciu (2008), the literature has also grown rapidly since their study was published in 
2008. More specifically, 94% (i.e., 83 of the 88) of the empirical studies included in our 
analysis were published after 2008.

3 � Data and Empirical Strategy

3.1 � Data

Following the MAER-Net reporting guidelines of Stanley et  al. (2013), we identify and 
collect data from empirical studies that estimate the effect of trade on the environment. 
To do this, we employ a search method from the economics, energy and environmental 
literature using a combination of keywords. Specifically, we use the Boolean connectors 
for the two keywords: Trade (OR trade openness, globalization, import, export, interna-
tional trade), AND Emissions (OR environment, pollution, CO2, SO2, NOx, climate change, 
environmental quality). The search was conducted using different bibliographic databases 
including Google Scholar, Web of Science and Scopus. Using, for instance, the keywords 
(trade and emissions) produce about 2,300 individual studies. In addition, we complement 
our search using a backward search approach by looking at the bibliographies of previ-
ous studies. Apart from the backward search, we also use forward search by checking for 
papers that have cited previous papers. The search period was between May to August 
2018, and coding of the papers was done by two independent researchers (one author and a 
research assistant) and the other author double-checked the data entry to ensure the highest 
standard of quality.

Out of the large number of studies produced from the search, we restrict the selection to 
journal articles and unpublished working papers that employed an econometric approach 
to determine the effect of trade on the environment. Through the inspection of the titles, 
abstracts, introductions and conclusions, we finally identify 88 studies that were relevant 
for our study objectives. Our final data set contains 789 observations which are estimated 
coefficients from the 88 primary studies published between 1991 and 2018. The large num-
ber of studies confirm that the trade-environment nexus is a topical issue and hence con-
ducting a meta-analysis is long overdue.

In the identification of the relevant papers, we realize that while some studies adopt an 
econometric approach, they restrict their estimations to only Granger causality tests rather 
than elasticities. Thus, we eliminate such studies from the identified sample of studies. In 
terms of publication status, about 90% of the primary studies are peer-reviewed journal 
articles (78 out of the 88 primary studies included) and the other 10 are working papers. 
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The top five outlets in which the studies are published include Energy Policy (11 studies), 
Renewable and Sustainable Energy Reviews (9 studies) , Environmental Science and Pollu-
tion Research (6 studies), Economic Modeling (5 studies) and Natural Hazards (4 studies). 
The newest primary study was published in 2018 in Natural Hazards. Although the oldest 
study was published in 1991 by the Journal of World Trade, half of our primary studies 
were published in the last three years. As a result, the median study was published in 2015, 
indicating the environmental consequences of globalization have become a more sensitive 
issue recently as concerns related to climate change grow.

Data on elasticities (coefficients), standard errors (t-statistics), sample size, econometric 
methods and empirical settings (city or country) from the identified empirical papers were 
then collected. A typical econometric model estimated by the studies from which we col-
lect the necessary statistics uses the log-log regression as specified in Eqn. (1). The model 
is estimated at country level, where i and t capture the country and time effects respec-
tively. The dependent variable is captured by emissionsit which measures the emissions of 
different environmental pollutants. Different types of environmental pollutants were used 
as the outcome variable by different studies: 66% of the studies used CO2, 19% using SO2, 
while the remaining used other pollutants. The main variable of interest is the trade open-
ness index, which produces � that captures the trade-emissions elasticity. Table  9 in the 
appendix provides information on the studies used in our meta-analysis.

The conventional approach of measuring trade openness, export(X)+import(M)

GDP
 is dominant 

in the empirical studies. The studies selected mostly measure trade using the conventional 
definition of trade openness, hence making them comparable. However, some studies com-
pute trade openness as a ratio or percentage.3 In terms of the functional form, about one-
third of the studies employ a log-linear form and thus instead estimated semi-elasticities 
rather than elasticities. With such studies, we employ the Delta method in Gujarati (2009) 
to transform these effect sizes and their standard errors from semi-elasticities into full 
elasticities using the means, thus making the estimates comparable. If semi-elasticity is 
reported in the case of a log-linear functional form where the outcome variable is speci-
fied in a log form whereas the explanatory variable is in level, we use the sample mean for 
the trade variable to convert the semi-elasticity coefficients into full elasticity coefficients 
(Iršová and Havránek 2013; Demena and Afesorgbor 2020).

In addition, different studies used different sets of control variables ( Cit ). Apart from 
including GDP per capita (pc) and its square term to test for Environmental Kuznets Curve 
(EKC) hypothesis, most studies also control for the political, economic and institutional 
characteristics of the countries. These variables can also affect environmental quality in 
line with Torras and Boyce (1998) who show that literacy, political rights, and civil liber-
ties tend to create a better environmental quality. In the case of panel regressions, the stud-
ies also control for individual country fixed effects ( �i ) and time effects ( �t ). Furthermore, 
there are also studies that employ a time series model, especially if they focused on a single 
country over longer time period. In case of the time series estimation, the estimated model 

(1)
ln(emissionsit) = �0 + �1ln(GDPpc)it + �2[ln(GDPpcit]

2 + �3ln(�)it

+ �ln
(

X +M

GDP

)

it
+ �i + �t + �it

3  Although not reported, our results remains robust when we decompose the results according to these dif-
ferent variants
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is similar to (1), but without the i dimension. Because of the similarity of the primary stud-
ies in the specification of their econometric models, our coefficients are comparable across 
different studies. Although some studies employ different control variables, this could be 
accounted for by using the multivariate MRA.

3.2 � Empirical Strategy

A meta-analysis involves collecting empirical estimates from previously published studies 
with the purpose of summarizing, integrating and synthesizing the combined effect sizes of 
the contrasting studies for a similar hypothesis, research question, and/or empirical effect 
(Stanley 2005). The combination of different studies helps to derive more precision and 
investigates the discrepancies. Stanley (2001) indicates that combining the results taken 
from individual studies would give more insight and greater explanatory power. Histori-
cally, meta-analysis has long been a standard for evidence-based research in medicines 
(Stanley and Doucouliagos 2012). Recent application of the meta-analysis approach in 
the trade literature include studies such as Afesorgbor (2017) and Cipollina and Salvatici 
(2010), which examine the effect of regional trade agreements on trade; Rose and Stanley 
(2005) which examine the effect of common currency on trade. For the environmental lit-
erature, Bel and Gradus (2016) examine the effects of unit-pricing on household waste col-
lection while Ma et al. (2015) also examine consumers’ willingness to pay for renewable 
energy. More recently, Demena and Afesorgbor (2020) also look at the effect of FDI on 
environmental emissions using 65 empirical papers.

For our empirical approach, we adopt a two-step method in line with the meta-analysis 
literature. In the first-step, we calculate the meta-average or the combined effect size using 
both unweighted and weighted averages. According to Card (2015), to avoid the erroneous 
method of giving equal weight to estimates from different studies, it is important to also 
construct weighted averages using the variance as weights. Thus, in Table 1, we compute 
the simple and weighted average effect of trade openness on environmental emissions. The 
simple average shows a negative value contradicting that of the weighted average and both 
effects are insignificant. However, in the presence of potential publication bias and hetero-
geneity, these mean values would be spurious.

Publication bias occurs largely when research papers with statistical significant results or 
consistent with the theory are preferred by editors, referees, or authors themselves, and 
thus, more likely to be accepted, and over-represented within research record (Stanley and 
Doucouliagos 2012; Havranek and Irsova 2011). To test and account for publication bias, 
we require the funnel asymmetry test (FAT) and the precision effect test (PET) analyses 

(2)�j = �0 + �1SEj

Table 1   Simple and weighted 
means of the trade-emissions 
elasticity

Note: arepresents the arithmetic mean of the trade-emissions elasticity, 
and buses inverse variance as weight

Method Effect size S.E 95% confidence 
interval

Simple average effecta − 0.020 0.019 − 0.051 0.017
Weighted average effectb 0.011 0.008 − 0.04 0.027
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which are specified in Eqn. (2), where j captures the individual studies. The FAT is used to 
test the absence of publication bias. In the FAT test, a simple regression of the effect sizes 
(�j) on standard errors ( SEj ) is conducted. A significant �1 parameter indicates the presence 
of publication bias because without publication bias, the effect sizes will be independent 
of the standard errors. Apart from an econometric approach for testing publication bias, it 
can also be examined graphically using the funnel plot (see Fig. 2). From Eqn. (2), we can 
also derive the PET which indicates whether there is any genuine effect beyond publication 
bias. The coefficient �0 captures the PET and the size of the coefficient indicates the aver-
age effect of trade on environmental emissions.

In the second-step, a meta-regression or moderator analysis is conducted to determine 
how the differences in the individual studies affect the heterogeneity of the estimates. The 
individual studies differ in various dimensions, including sampled countries, sample size, 
environmental pollutants ( CO2, SO2,NOx ), econometric models (log-log or log-linear, 
short and long-run, OLS or fixed effects), and types of data (panel or time series). These 
differences can drive the heterogeneous results in the literature. Taking stock of the lit-
erature shows substantial heterogeneity in terms of different pollutants, countries, econo-
metric methods, time period and empirical results. To do this, we augment Eqn. (2) with 
the individual study characteristics ( Xk ). Xk represents the vector of variables that captures 
the individual heterogeneity in the studies. The multivariate MRA is relevant in order to 
filter out how the individual differences in the design of each empirical study affect the 
effect sizes reported. The relevant moderator variables are categorized into data, estimation 
and publication characteristics as well as macroeconomic, emissions and trade variables. 
Table 2 provides information on the detailed variables that were used for the moderator 
analysis.

In the estimation of these equations, there are some econometric concerns. First, the 
presence of outliers that deviate from the majority of the effect sizes that are clustered 
around zero. To deal with this and identify the possible outliers, we use the Hadi (1994) 
method to filter out both the effect sizes and their standard errors. This method has been 
identified as suitable for outliers in multivariate data and commonly used in various appli-
cations of meta-analysis (for recent literature, see Havranek and Irsova (2011); Demena 
and van Bergeijk (2017)). The application of this method resulted in the availability of 688 
reported estimates from 84 studies for the analysis after excluding 101 observations (13% 
of the reported elasticities).4 Second, the presence of heteroskedasticity makes ordinary 
least squares (OLS) econometrically infeasible to estimate the meta-regressions. Stanley 
and Doucouliagos (2012) indicate that since the effect sizes are coming from different stud-
ies, the variances of the effect sizes and the error terms would vary across studies and this 
violates the classical linear regression model. Homoskedasticity is a relevant assumption in 
estimation of classical linear regression model. Thus, they strongly suggest using the 
weighted least squares (WLS) approach by dividing the equations by the standard errors of 
the effect sizes. Using the WLS approach solves the problem of heteroskedasticity as this 
makes the variance approximately constant. Mathematically, the WLS procedure means 

(3)�j = �0 + �1SEj + �k

n
∑

j=1

Xkj

4  So we excluded four studies on the basis of the Hadi (1994) approach namely; Dogan and Seker (2016), 
Kearsley and Riddel (2010), Onoja et al. (2014) and Opoku et al. (2014).
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Table 2   Definition and descriptive statistics of collected variables

The list of variables used to account for heterogeneity. Not all these potential moderator variables are 
included in our multivariate MRA. Since we adopted the G-to–S technique, insignificant variables during 
our first-regressions were dropped in the second stage. Moreover, some of the moderator variables were 
used as base/reference variables

Moderator Variables Definition Mean Std. Dev.

Outcome characteristics
 E Trade-emissions elasticity − 0.02 0.490
 SE Standard error of elasticity 0.174 0.428

Data characteristics
 Log duration of data Logarithm of the number of years of the data used 3.17 0.662
 Log observation Logarithm of number of observations 5.45 1.714
 Log number of countries Logarithm of number of countries 1.855 1.603
 Panel = 1 if data set type is panel 0.51 0 .5
 Time series = 1 if data set type is time series 0.467 0.499
 Data source = 1 if data come from international sources 0.821 0.383

Estimation Characteristics
 Short run = 1 if estimated elasticity is short-run 0.747 0.435

Long run = 1 if estimated elasticity is long-run 0.253 0.435
 OLS = 1 if estimation method is OLS 0.185 0.388
 Endogeneity = 1 if endogeneity is controlled for either using an IV 

or GMM
0.516 0.5

 Double log = 1 if the coefficient is taken from a log-log form 0.59 0.492
 Year FE = 1 if year fixed effects are included 0.359 0.48
 Country FE = 1 if country fixed effects are included 0.432 0.496
 Lag = 1 if effect size represents lagged trade variable 0.07 0.255

Macroeconomic variables
 GDP = 1 if GDP is included 0.922 0.268
 Institution = 1 if institutional variable is included 0.292 0.453
 Energy consumption = 1 if energy consumption is controlled for 0.574 0.495
 Urbanization = 1 if urbanization variable is controlled for 0.535 0.495

Emissions variables
Carbon dioxide = 1 if dependent is measured with carbon dioxide emis-

sions
0.658 0.475

Sulfur dioxide = 1 if dependent is measured with sulfur dioxide emis-
sions

0.189 0.392

Other pollutants = 1 if dependent is measured with other pollution 
measures

0.172 0.377

Trade variables
 Trade openness -value = 1 if trade measured with values of export and import 0.125 0.331
 Trade openness-ratio = 1 if trade measured at per capita level 0.642 0.48
 Trade openness -percentage = 1 if trade measured as percentage of GDP 0.233 0.423

Publication characteristics
 Log publication year Logarithm of the publication year of the study 2.198 0.494
 Published = 1 if published in a peer-reviewed journal 0.801 0.334
 Log citations Logarithm of citations in Google Scholar per age of the 

stud
1.97 1.157

 Journal impact Recursive journal impact factor from RePEc 0.081 0.203



299Trade Openness and Environmental Emissions: Evidence from…

1 3

that  Eqn. (2) is equivalently estimated using Eqn. (4). tj is the t-statistics, while 1

SEj

 is the 
precision of the effect size.

Another important empirical concern is the issue of within-study dependence which ema-
nates from the practice of collecting multiple effect sizes from each study. To guard against 
this, we cluster the standard errors at the level of the individual study to address the issue 
of within-study correlation for all the different estimators (Oczkowski and Doucouliagos 
2015). In addition, we also employ fixed effect (FE) estimation clustered at the level of 
studies to address the issue of individual within-variation. Apart from these, between-study 
dependence is also a concern as we have collected reported estimates across studies pub-
lished by the same authors. This is an important concern as reported estimates from dif-
ferent studies are likely to be correlated. Empirically, we have tested for the existence of 
between-study correlation, applying the Breusch-Pagan Langrange multiplier (BP-LM) 
method. The BP-LM revealed between-study level effect of 558.32 with p< 0.001, statisti-
cally significant at 1% level for the presence of between-study dependence. To account for 
this concern, we employ the mixed-effects multilevel (MEM) model as recommended by 
Stanley and Doucouliagos (2012). MEM is estimated using the restricted maximum likeli-
hood when there is data dependence as a result of multiple effect sizes from the same study 
and authors.5 Following this representation, therefore, estimates of trade-emissions elas-
ticities as nested within each study and the estimates are modeled to differ between studies. 
Importantly, the relevance of controlling for between-study correlation using the MEM has 
been emphasized in recent studies such as Demena and van Bergeijk (2017), Floridi et al. 
(2020) and Havranek and Irsova (2011).

(4)tj = �1 + �0
1

SEj

Table 3   Bivariate MRA for FAT-PET: publication bias and underlying effect

The dependent variables are the t-values of the associated reported elasticities. Robust standard errors clus-
tered at the level of the study are reported in the parenthesis and all estimates use the inverse variance as 
weights. The R-square for the FE model in this Table and all subsequent tables report the within R-square. 
*P < 0.1, **P< 0.05, ***P < 0.01

(1) (2) (3)
OLS FE MEM

Genuine effect (PET/Precision) 0.030*
(0.017)

0.024
(0.016)

0.021***
(0.005)

Bias (FAT/Constant) − 0.518
(0.425)

− 0.370
(0.361)

− 0.394
(0.300)

Observations 688 688 688
R squared 0.056 0.034
Number of Studies 84 84 84

5  We extend Eqn. 4 to account for data dependence using a two-level model: 
tij = �1 + �0

1

SEij

+
�kijXkij

SEij

+ �j + �ij , where the subscript i is the estimate from the j study while k refers to the 
group for each category of the moderator variable presented in Table 2. �j refers to the study-level random 
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4 � Results and Discussion

4.1 � Bivariate FAT‑PET Analysis

We present the bivariate results for the FAT-PET in Table  3. The results are estimated 
using three estimation techniques, OLS, FE and MEM, however, the MEM is our preferred 
method because it controls for both between and within heterogeneity. In all these estima-
tions, we adjust for the data by using the WLS and cluster at the individual study level. The 
results show that there is a genuine effect of trade on the environment. The positive effect 
size for the PET is consistent across the three different estimation methods. The positive 
coefficient indicates that trade openness leads to a significant increase in emissions. Put 
differently, this means that more open-economies contribute more in terms of global emis-
sions. On the basis of the MEM estimator, the size of the coefficient indicates that a 1% 
increase in trade openness contributes to about 0.02% increase in environmental emissions. 
The magnitude of meta-average is also plausible as Cole and Elliott (2003) find that 1% 
increase in trade intensity increases emissions for a median country by 0.04%. This con-
firms that increases in trade stimulate the scale of economic activity and through the scale 
effect, trade leads to an increase in emissions. Plausibly, increased global trade is mostly 
accompanied with increases in capital-intensive production techniques that have high emis-
sions intensity (Copeland and Taylor 2003). The results therefore signals that the emission-
increasing impacts of the scale and composition effects dominate the emission-reducing 
technique effect, thereby resulting in a positive net effect on emissions.

Turning to the FAT analysis, our results indicate the absence of publication bias as �1 
is statistical insignificant. This indicates that the effect sizes are independent of the stand-
ard errors. Thus, we can objectively conclude that there is no selection bias for significant 

Fig. 2   The funnel plot: relationship between precision and effect sizes. Data Source: Based on studies for 
the meta-analysis

Footnote 5 (continued)
effects (random intercepts). This modeling represents individual reported estimates, which are level 1, and 
are clustered and nested within studies, which are level 2. This representation follows closely the work of 
Doucouliagos and Stanley (2009).
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effect sizes in the literature. The FAT result is also confirmed by the funnel plot in Fig. 2. 
The figure is a scatter plot of the relationship between the effect sizes and the their preci-
sion (inverse of the standard errors). The figure is also symmetric from a pictorial point 
of view and that is in line with the assertion of Stanley and Doucouliagos (2012) that an 
asymmetric funnel is an antecedent for publication bias.

In line with the arguments of Copeland and Taylor (2003), we decompose the results for 
studies that use countries at different levels of development. We classify the countries into 
two main groups; developing and developed on the basis of the United Nations (UN) clas-
sification. Developed countries represent single country (e.g., Canada, the US and Japan) 
and multi-country (e.g., EU, OECD and groups of hing-income countries) case studies.

Similarly, developing countries also involve single country as well as multi-country 
case studies. In terms of single country studies, the countries include: Algeria, Bahrain, 
Bangladesh, Benin, Botswana, Brazil, Burkina Faso, Cameroon, China , Côte d’Ivoire, 
Egypt, Gabon, Gambia, Ghana, India , Indonesia, Iran, Ivory Coast, Jordan, Kenya, Korea, 
Kuwait, Laos, Lebanon, Malaysia, Mexico, Morocco, Myanmar, Niger, Nigeria, Oman, 
Pakistan, Philippines, Qatar, Saudi Arabia, Senegal, Sierra Leone, South Africa, Syria, 
Thailand, Togo, Tunisia, Turkey, UAE, Vietnam, and Yemen. Whereas, a group of develop-
ing countries represented as, Africa, LDCs, Middle East and North African (MENA) coun-
tries, low-income economies (LIE), emerging and developing economies. To account for 
studies that used a mix of these groups, we add another category for studies that include 
both developing and developed countries.6

Table  4 presents the FAT-PET results for different groups of countries. Consistently 
we find that trade increases emissions under the three different categories of countries. 
Although the results are similar qualitatively in terms of sign of the PET coefficient, quan-
titatively, the size or magnitude differs. We find a pronounced effect for developed coun-
tries compared to developing countries. The greater trade-emission elasticity for devel-
oped countries compared to developing countries supports the emission transfer argument 
by Peters et al. (2011) in which developed countries may not be directly involved in the 
production of pollution or energy-intensive products, but can also contribute to emission 
increase through their consumption (import) of those dirty goods. In addition, looking at 
it from consumption rather than production perspective, developed countries are more-
opened economies, and they still account for relatively larger share of import of goods and 
services produced in developing countries. Thus, emission transfer via international trade 
as argued by Peters et al. (2011) may be responsible for why developed countries still have 
a pronounced effect compared to developing countries. This may not be surprising espe-
cially when Peters et al. (2011) indicate that the level of emissions reduction in developed 
countries is far less than emission transfer via international trade.

4.2 � Multivariate Analysis

In addition to the bivariate analysis, we also conduct a multivariate or moderator analysis 
in order to account for the heterogeneity in the studies. This is important as the effect sizes 
reported in the empirical studies may have been influenced by several factors such as dif-
ferent countries, pollutants, time period, methodology and explanatory variables included 

6  The third category is the pool of both developing and developing countries in most case representing a 
global sample/cross country analysis.
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in the econometric models. Stanley and Doucouliagos (2012) highlight that if the hetero-
geneity is non-random, then the results from bivariate analysis may be biased. Econometri-
cally, we account for the heterogeneity in line with the MAER-Net guidelines by coding 
explicitly any differences in research dimensions such as data, estimation and publication 
of the empirical studies (Stanley et al. 2013).

To capture these dimensions, we use dummy variables as defined in Table 2 that could 
potentially explain the effect sizes. However, because of the high dimensionality and pos-
sible multicollinearity of the moderator variables, we employ the general-to-specific (G-to-
S) approach. The G-to-S approach begins with the inclusion of all potential moderator 

Table 5   Explaining heterogeneity in the trade-emissions elasticity for all countries

The dependent variables are the t-values of the associated reported elasticities of Eqn. (5): Robust standard 
errors clustered at the level of the study are reported in the parenthesis and all estimates use the inverse 
variance as weights. *P < 0.1, **P < 0.05, ***P < 0.01. All the covariates have been divided by the stand-
ard errors

VARIABLES (1) (2) (3)
OLS FE MEM

Genuine effect (PET/Preci-
sion)

0.146***
(0.0503)

0.117
(0.133)

0.139***
(0.0443)

Bias (FAT/Constant) −  0.273
(0.398)

0.0363
(0.185)

0.258
(0.259)

Countries 0.000319**
(0.000137)

0.000160
(0.000198)

0.000178
(0.000127)

OLS −  0.0273**
(0.0116)

−  0.0263
(0.0233)

−  0.0279***
(0.0103)

Double Log −  0.0785***
(0.0162)

−  0.0868***
(0.0207)

−  0.0857***
(0.0126)

Country FE 0.0291*
(0.0174)

0.0481**
(0.0227)

0.0407***
(0.0134)

Lag 0.0259***
(0.00865)

0.0168
(0.0136)

0.0191
(0.0137)

Trade percentage 0.0283**
(0.0133)

0.0246
(0.0247)

0.0287**
(0.0113)

Carbon dioxide 0.0147
(0.0117)

0.0115
(0.0204)

0.0159*
(0.00931)

Sulfur dioxide −  0.0831***
(0.0237)

−  0.0623**
(0.0282)

−  0.0629***
(0.0130)

Urbanization −  0.0482***
(0.0107)

−  0.0266
(0.0194)

−  0.0304***
(0.00914)

Publication year −  0.0501**
(0.0193)

−  0.0428
(0.0490)

−  0.0486***
(0.0173)

Reviewed 0.0883***
(0.0146)

0.0876**
(0.0389)

0.0863***
(0.0160)

Citations −  0.0239***
(0.00751)

−  0.0267
(0.0161)

−  0.0297***
(0.00607)

Observations 685 685 685
R-squared 0.344 0.247
Number of Studies 83 83 83
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variables in the Eqn. (3) and then removing the insignificant variable one at time until only 
statistically significant variables remain (Stanley and Doucouliagos 2012). This is in line 
with the MAER-Net reporting guidelines. The guidelines recommend the use of the G-to-S 
modeling approach to simplify the multivariate MRA. The G-to-S approach has an added 
advantage of improving the degrees- of-freedom and avoiding the situation of multicol-
linearity. Table 5 reports the results for the multivariate analysis. The moderator variables 
included in Table 2, but not in Table 5, are insignificant variables that are excluded due 
to the G-to-S approach. Thus, the following 13 moderator variables; trade openness-ratio, 
long run, year FE, endogeneity, log duration of the data, data source, institution, panel, 
time series, GDP, log of observation, journal impact, and energy consumption were 
excluded. Empirically, the joint test [F(13, 657)=0.99] of the excluded moderator variables 
did not reject the null hypothesis of a zero-joint effect (p-value: 0.459), supporting that the 
excluded variables are not only individually but also jointly insignificant.

The genuine effect of trade on the environment remains robust even after accounting for 
various dimensions of heterogeneity. The PET finds a positive and significant coefficient 
for the trade-emissions elasticity. Thus, confirming the robustness of the result that trade 
spurs environmental emissions. The result for FAT also confirms the absence of publication 
bias. Our results from the multivariate MRA also show that the different moderator vari-
ables affect the effect sizes differently. First of all, the estimation characteristics tend to have 
a significant effect on trade-emission elasticities. Based on column (3) of Table 5, studies 
that employ OLS estimation tend to report lower effect sizes by 0.0279. Conversely, includ-
ing country fixed effects in the regression models also produces a greater effect size. For 
instance, for studies that control for country fixed effects on average have emissions that are 
higher by 0.0407 compared to studies without country fixed effects. In addition, the double 
logarithmic functional form leads to less pronounced effect of trade on environmental emis-
sions by 0.0857.

Similarly, studies that define trade openness in terms of exports plus imports as a per-
centage of GDP as compared to the studies that measure trade openness with values of 
export plus imports (i.e., not weighted by GDP) find a more pronounced effect of trade 
on emissions, reporting on average 0.0287 higher emissions. Importantly, we find that the 
choice of the pollutant matters and has an underlying effect on the trade-emissions elastic-
ity. Studies that use CO2 as a pollutant find larger effects compared to studies that used 
other pollutants. For CO2 as a pollutant, reported effects increase by 0.0159, providing 
more positive trade-emissions effects as compared to other pollutants such as nitrogen 
dioxide, other volatile organic compounds or other pollutant measures. For SO2 the effect 
goes in the opposite direction, reducing emissions by 0.0629.

Studies that include urbanization as an additional control variable in explaining the vari-
ation in emissions also have a smaller effect of trade on emissions. This simply confirms 
trade and urbanization are correlated such that if urbanization is omitted this is likely to 
bias the trade-emission elasticity. Theoretically, this is expected as urbanization and trade 
can be related (Charfeddine and Khediri 2016). For instance, Ades and Glaeser (1995) and 
Krugman and Elizondo (1996) relate trade and urbanization by arguing that trade restriction 
and low levels of international trade increase the concentration of urban population while 
increasing trade liberalization would likely weaken urbanization. Empirically, Kasman 
and Duman (2015) find that there is a unidirectional causality running from energy con-
sumption, trade and urbanization to emissions. A sub-sample analysis for different groups 
of countries (developing vs. developed countries in Table 7) indicates that controlling for 
urbanization has a negative and significant effect for developing countries but insignificant 
for developed countries. Martínez-Zarzoso and Maruotti (2011) confirm the differential 
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effect of urbanization on emissions for both developing and developed countries. Most 
importantly, the pace of urbanization has been more rapid for developing countries while 
that of developed countries has remained largely the same (Yuan and Guanghua 2015).

For the publication characteristics, our results show that the year of publication has a 
negative and significant effect. This means that more recent studies tend to produce lower 
trade-emissions elasticities (on average 0.0486 lower). This finding is in line with the ‘eco-
nomics research cycle’ hypothesis (Goldfarb 1995) which suggests that seminal research 
often produces large and significant estimates. While skeptical follow-up studies become 
common and may dominate the literature and commonly exhibit a downward trend of the 
empirical effect in question. Similarly, the quality of the papers considered in our meta-
analysis as captured by the moderator variable, number of citations in Google Scholar, has 
a significant effect on the reported effect sizes. If the number of citations increases by one 
this significantly reduces the effect sizes by a magnitude of 0.0297. Apart from these, stud-
ies that have been reviewed and published in academic journals tend to report a greater 
impact (peer-reviewed studies likely to report about 0.0863 higher emissions).

4.3 � Further Analyses and Best Practice Approach

We conduct two main further investigations by running the multivariate analysis for dif-
ferent groups of countries and also for different pollutants. Table 6 presents the results for 
different groups of countries. Consistently, we find that there is a genuine underlying effect 
of trade on the environment irrespective of the country of study. From the qualitative point 

Fig. 3   The plot of the estimated coefficients and their 95% confidence intervals. Note: This is based on the 
the MEM results for Table 5 (All) and Table 6 (developing and developed countries)
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of view, the results indicate that the trade-emissions elasticity is positive and significant for 
both developing and developed economies. Quantitatively, we again find the trade-emis-
sions elasticity is more pronounced for developed countries than for developing countries. 
For studies that mix developed and developing countries (both countries), although the 
effect is positive and this is not significant. The results as to how the heterogeneity or dif-
ferences in the design of the studies explain the effect sizes are summarized in Fig. 3.

A further robustness check is the multivariate regression for different pollutants as indi-
cated in Table 7. First, we find a significant FAT which is a clear indication of publication 
bias when we disaggregate the sample by the type of pollutants. Specifically, using the 
partitions of Doucouliagos and Stanley (2013), the size of the bias for CO2 will be classi-
fied as little to modest, but substantial for SO2. This means that publication selectivity was 
only significant for studies that focused on SO2. In addition, this could be an indication 
that there was a possible offset between CO2 and SO2 when these studies are combined. 
Second, we find that the trade-emissions elasticity is positive and strongly significant when 
environmental pollutant of interest is CO2. Although the trade-emissions elasticity is posi-
tive for SO2, the effect is not statistically significant. This differential effect on CO2 and 
SO2 is in line with Frankel and Rose (2005). They argue CO2 has a free-rider problem as 
its adverse effects transcend national borders. Thus, individual countries are less commit-
ted to reduce their CO2 emissions, especially for the reason of remaining competitive in 
the global market. This differential effect for CO2 and SO2 is also supported empirically 
by Demena and Afesorgbor (2020) in which they found that the effect of FDI in reducing 
emissions was more pronounced for SO2 compared to CO2. They explain that since SO2 is 
a local pollutant, governments are more eager to clamp down on its emissions in order to 
prevent the associated health hazards for the local populace.

The inclusion of observable sources of heterogeneity provides a better estimation of 
the genuine effect (PET) of trade on the environment. However, the PET coefficient is no 
longer the measure of the underlying effect like in the case of bivariate MRA. The underly-
ing effect is obtained from the combination of the PET variable and other variables that are 
included in the multivariate MRA. With the multivariate MRA, neither publication bias 
nor the authentic effect is represented by one single moderator variable (Stanley and Dou-
couliagos 2012). They argue that there is no single variable that can be regarded as the 
authentic one, but rather a combination of selected moderator variables used to capture the 
heterogeneity. Largely, the underlying effect would depend on the professional judgment of 
the meta-analyst conditional on the selected sources of heterogeneity.7

In what follows, we explore the findings presented in Table 5 to derive the “best prac-
tice” genuine effect. We apply the ‘best practice’ approach by limiting the explanatory 
variables to a subset consisting of indicator variables for CO2, country fixed effect, dou-
ble-log and urbanization. We select these variables because they are widely used by most 
of the primary studies included in our analysis. We also consider a set of publication char-
acteristics of studies included in our analysis. Thus, a subset of the following variables; 
publication year of the study, peer-reviewed, as well as the citation of the primary stud-
ies were included. We select these variables for three reasons. First, recent studies report 
lower elasticities (as shown in Table 5) and this is consistent with the ‘economics research 
cycle’ hypothesis. Second, 80% of our samples is constructed from peer-reviewed pub-
lications. Most researchers would argue that peer-reviewed studies are of higher quality 

7  This approach is labeled as the “best practice” in Stanley and Doucouliagos (2012).
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than those that are not (Stanley and Doucouliagos 2012). Third, we also use the number 
of citations of the studies as this could be an indicator of the quality of study and the reli-
ability of the effect sizes.

For our ‘best practice’ results, we present the results based on Table 5 (the full sam-
ple) and Table 6 (for developing and developed economies data separately) to obtain the 
genuine effect conditional on observable sources of heterogeneity, using our preferred 
estimation - MEM. The results are provided in Table 8. The best practice effect produces 
an elasticity of 0.113 which is strongly statistically significant at 1% level of significance 
for the full sample. When we conduct the analysis for the sub-sample groups of devel-
oping and developed countries separately, the approach yields similar positive results, 
but different in terms of the magnitude of the effect. Specifically, we find genuine and 
significant effects of 0.097 and 0.947  for developing and developed countries, respec-
tively. In this regard, the genuine effect results suggest that trade openness contributes 
to emissions more significantly for developed countries compared to developing coun-
tries. Therefore, after correcting for publication bias, controlling for the potential mod-
erator variables and the best-practice approach, all these findings indicate that the meta 
effect is positive and significant, suggesting trade openness contributes to environmental 
emissions.

5 � Conclusion

Without doubt, the effect of trade on the environment is a controversial topic. Although 
there is a rapidly growing literature on the linkage between trade and the environment, 
there is no certainty about the underlying effect as there is a wide range of conclusions 
from similar studies. Thus, the simple question of whether trade is good or bad for the 
environment has received a great deal of attention both theoretically and empirically, how-
ever, we are far from reaching a definite conclusion or consensus.

The conflicting positions in the literature may have implications for environmental 
policies in many countries as countries may be selective of research to support their (in)
actions for the environment. Individually, many countries have also recognized the strong 
linkage between globalization and the environment, and are thus making polices to ensure 
that their quest to remain competitive globally are not achieved at the expense of the envi-
ronment. In contrast, there are also countries that have not taken the needed actions or 
designed environmental regulations to formalize their environmental commitments of 
reducing emissions. Shahbaz et al. (2017a), for instance, argue that the lack of consensus 
on the trade-environmental linkage as one of the key reasons for inaction on appropriate 

Table 8   Meta-effect based on best practices

*P < 0.1, **P < 0.05, ***P < 0.01

MEM method (1) (2) (3) (4)
Meta-effect S.E P-value 95% confidence interval

Meta-effect for full sample 0.116*** 0.031 0.000 0.054–0.178
Meta-effect for developing countries 0.113*** 0.040 0.005 0.034–0.191
Meta-effect for developed countries 0.973*** 0.352 0.006 0.284–1.662
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environmental regulation policies to curb emissions. This paper makes the first attempt to 
synthesize the trade-emissions effect size by employing the tool of meta-analysis which 
is the most objective and quantitatively rigorous approach to do a systematic review of 
empirical literature. Our main findings are as follows:

First, our results discount the presence of publication bias in the literature. This means 
that, the personal bias of researchers, reviewers and editors does not follow any systematic 
trend in the literature. After accounting for publication bias, we find that trade increases 
emissions level. Specifically, employing the bivariate FAT-PET analysis in accordance 
with the MAER-Net guidelines, we find that a 1% increase in the trade openness of a coun-
try leads to an increase in the level of emissions ranging from 0.02 to 0.06%. However, esti-
mating the corrected effect from the multivariate MRA, conditional on observable sources 
of heterogeneity, improves the size of the effect. We find that the underlying meta effect is 
0.113 and this is strongly statistically significant. This suggests trade openness has a posi-
tive and significant effect on emissions notably after controlling for publication bias and 
heterogeneity. Overall, increases in trade intensity increase environmental emissions due 
to a large scale effect that dominates the technique effect. This finding supports the view 
that globalization can result in the adoption of loose-environmental production techniques. 
The increased production coupled with increased global demand indirectly contribute to 
the exploitation of the environment and the depletion of natural resources.

In addition, the magnitude of the effect size depends on whether a country is developed 
or developing as we find a more pronounced effect for developed economies. This could 
largely be explained from the concept of emission transfer where developed countries 
although are not dominantly involved in the manufacturing of energy-intensive products, 
but still contribute to emissions through their consumption of those environmental dirty 
products produced in developing countries.

With significant heterogeneity across the empirical studies, it is imperative that 
we account for differences in the study designs. By accounting for the heterogeneity, 
we can also explain how specific differences such as data, publication, estimation and 
other variations affect the validity of the results. Using moderator regression analysis 
and the G-to-S modeling approach, we find that the positive effect of trade on environ-
mental emissions is strongly robust. For the various dimensions of the study that affect 
the effect sizes, we find that estimation techniques (OLS or FE) significantly reduce 
the trade-emissions elasticity. In addition, the functional form of the regression model, 
the inclusion of country fixed effects, the definition of trade openness as exports and 
imports as percentage of GDP, the type of pollutant, the inclusion of urbanization as 
an additional control variables, the year of publication, the number of citations and 
whether a study has been published or not all have significant effects on the effect 
sizes.

The findings of this study may have interesting policy implications, as trade could be 
used to minimize or avoid the potential adverse environmental effects and maximize the 
positive impacts of globalization on environment. Our results that trade contributes to 
increased global emissions highlight the importance of making trade policies more com-
patible with sustainable environment policies by incorporating environmental decision-
making into trade policy formulation. For instance, this emphasizes that environmental 
taxes should be aligned with a firm’s participation in global trade. This also reinforces 
the relevance of including the distribution or transportation component in the calcula-
tions of carbon taxes. The results also put the WTO in the limelight as it may be required 
that they play a directly active role in clamping down on environmental emissions. The 
WTO could use the gains associated with global trade as effective bargaining strategies 
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to demand environmental accountability from countries hoping to benefit from global 
trading systems.

In addition, regional trade agreements (RTAs) that are major appendage of the global 
trading systems could be used to effectively promote sustainable trade and environmental 
policies simultaneously. As countries seek to join RTAs, they also embrace environmental 
cooperation agreements. For instance, many countries including Canada and those in the 
EU, have developed national policies that stipulate that prior to signing any trade agree-
ment, environmental impact assessments must be carried out. That means that any country 
that signs trade agreements with those countries would also automatically sign environ-
mental cooperation deals.

In the light of our meta-analysis, future research should focus particularly on increas-
ing the number of studies as this topic has generated keen debate within policy circles and 
the literature is continuously growing. Our data collection ended in August 2018 and the 
literature on this topic has increased already from that time period. In addition, we have 
excluded some studies because of the lack of information on key variables that are required 
for conducting meta-analysis (e.g., some studies that do not report t-values and standard 
errors). Although we did make frantic effort to contact the authors of these excluded stud-
ies to obtain those missing data in their papers, the success rates are very low.

Appendix

Table 9.
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