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ABSTRACT
This paper uses the Bayesian model averaging approach to inves-
tigate the effects of trade openness on environmental quality in 64 
selected developing countries for the period of 2003–2017. We find 
no evidence of a statistically significant effect of trade openness on 
environmental pollution in our sampled developing countries; 
however, our results show weak support for the pollution haven 
hypothesis. Besides trade openness, our findings indicate that 
financial openness, renewable energy consumption, and capital 
abundance are essential drivers of environmental quality, which 
appear to reduce carbon dioxide (CO2) emissions. In contrast, 
inward foreign direct investment and income harm environmental 
quality in the context of the developing countries studied. Based on 
our overall results, this paper suggests some strong policy recom-
mendations for improving the environmental quality to achieve 
sustainable development under the background of a low-carbon 
economy in these nations.
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1. Introduction

International trade could be one of the most crucial factors explaining environmental 
quality (Antweiler et al., 2001; Liddle, 2001; Atici, 2009, 2012; Shahbaz, Nasreen, et al.,  
2016; Mutascu, 2018; etc.). Trade increases the size of the economy leading to an increase 
in pollution, and hence trade, ceteris paribus, is the principal cause of environmental 
degradation (A. Harrison, 1995; Rock, 1996; Tobey, 1990). However, Birdsall and 
Wheeler (1993), Jones and Manuelli (1995), and Lee and Roland-Holst (1997) suggest 
that environmental damage is linked to trade, but is not caused by trade. Due to the scale 
effect (through an increase in the size of the economy originating from increased trade 
volume), environmental quality could decline. However, trade could enhance the envir-
onmental quality via the technique effect and/or composition effect (i.e., as trade 
increases, income leading to environmental regulation and supervision is tightened). 
The production of pollution-intensive goods in one nation causes environmental pollu-
tion reductions while increasing pollution in other nations through international trade. 
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This composition effect is attributed to two related hypotheses: the displacement hypoth-
esis and the pollution haven hypothesis. The displacement hypothesis anticipates that 
openness or trade liberalisation may lead to the faster growth of pollution-intensive 
goods industries in poor countries as rich countries enforce stringent environmental 
regulation and supervision (A. Harrison, 1995; Rock, 1996; Tobey, 1990). The pollution 
haven hypothesis refers to the possibility that multinational enterprises with highly 
polluting operations migrate to nations with weaker environmental standards 
(Antweiler et al., 2001; Cole & Elliott, 2003). Fundamentally, there is no difference 
between these two hypotheses regarding comparative advantage in international trade. 
Given that trade relates one country with international communities, an underdeveloped 
economy could rely on technology transfer via foreign direct investment (FDI), which 
may reduce environmental pollution. Therefore, free trade has contradictory influences 
on environmental quality, both positive and negative.

So does trade liberalisation harm or benefit the environment? More specifically, does 
trade liberalisation increase or reduce carbon dioxide (CO2) emissions in the context of 
developing countries? Is the pollution haven hypothesis valid in these nations? The main 
objective of this paper is therefore to examine whether environmental pollution arising 
from trade openness in developing nations over the period 2003–2017. The contribution 
of this paper is the relevant literature in several aspects: first, differing from Antweiler 
et al. (2001), Cole and Elliott (2003), and Managi et al. (2009), we extend their works on 
control variables by considering financial openness (Aydin & Turan, 2020; Koengkan 
et al., 2019; You et al., 2015), renewable energy consumption (Bilgili et al., 2016; Jebli 
et al., 2016; Sebri & Ben-Salha, 2014; Shafiei & Salim, 2014; Zafar et al., 2020), legal 
origins (Kock & Min, 2016), and regional dummy variables. Second, there is a persistent 
scarcity of relevant studies by the inclusion of such control variables, especially in 
developing countries. Including these variables in our analysis allows us to critically 
examine the effects of trade openness on environmental quality with a special focus on 
these countries. Finally, very few studies use approaches based on Bayesian statistics and 
ignore model uncertainty, leading to over-confident inferences, “all-or-nothing” con-
straint, and the presence of omitted variable bias that generalise poorly (Chipman et al.,  
2001; Fragoso et al., 2018; Hinne et al., 2020; Hoeting et al., 1999a; Raftery, 1993; Raftery 
et al., 1997, 2005). To our best knowledge, this is the first attempt that employs a Bayesian 
Model Averaging (BMA) approach to consider model uncertainty to investigate the 
effects of trade openness on environmental quality for a sample of developing countries. 
Several seminal studies proposed this approach because of the advantages of using the 
BMA mentioned above, such as Raftery (1993), Raftery et al. (1997, 2005), and Hoeting 
et al. (1999b), etc. Therefore, this paper aims to fill this gap in the econometrics literature.

In this paper, we examine the effects of trade openness on CO2 emissions in 64 
selected developing countries over the period 2003–2017 using the BMA approach to 
account for model uncertainty issues with 21 different potential regressors. Our main 
findings point out that although the relationship between trade openness and CO2 
emissions is not found to be statistically significant, the interaction between trade open-
ness and relative capital abundance has a significant and positive effect on CO2 emis-
sions. Interestingly, in contrast to trade openness, empirical evidence indicates the 
importance of financial openness, renewable energy consumption, and capital abun-
dance in improving environmental quality, whereas income and inward FDI stock to the 
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domestic capital stock have negative effects on CO2 emissions in our sampled developing 
countries. Furthermore, our results show weak support for the pollution haven hypoth-
esis but do not confirm the existence of an EKC in the case of these nations.

The remainder of the paper is structured as follows. Section 2 includes a literature 
review. Section 3 explains the variables, methodology, and data sources used. Section 4 
reports the empirical findings and their discussions. Finally, Section 5 presents the 
conclusions and some policy suggestions.

2. Literature review

In the past few decades, several empirical studies used different statistical and econo-
metrics models to investigate the relationship between trade openness and environmen-
tal indicators (CO2 emissions, sulfur dioxide (SO2) emissions, fossil fuels, greenhouse 
gases, etc.). Nevertheless, their findings are inconsistent.

On the one hand, trade openness is a vital factor that could positively influence 
environmental quality. For instance, Antweiler et al. (2001) extend their work on 43 
countries over the period 1971–1996 and follow the scale, technique, and composition 
effects of Grossman and Krueger (1991) using SO2 emissions as a proxy variable for 
environmental degradation. For an average country in their sample, they find that the full 
effect of trade openness reduces SO2 concentrations. Atici (2009) investigates the influ-
ences of GDP, energy use, and trade openness on CO2 emissions utilising the extended 
environmental Kuznets curve (EKC) with panel data from 1980 to 2002 in the Central 
and Eastern European countries. The findings provide some evidence for the existence of 
an EKC. When GDP increases, CO2 emissions decrease over time. The author indicates 
that globalisation does not increase CO2 emission levels through the trade openness 
variable in the region. Frankel and Rose (2005) investigate the endogeneity of trade 
employing instrumental variables with exogenous geographic determinants of trade. The 
results show that trade tends to reduce air pollution statistically significantly via SO2 
emissions concentrations and moderate NO2 emissions, but lacking for particulate 
matter. However, they suggest that there is little evidence to support that trade hurts 
the environment.

On the other hand, trade openness may also have a negative effect on environmental 
quality. For example, Managi (2004) examines the relationship between trade liberal-
isation and environmental quality using a panel dataset of 63 developed and developing 
countries over the period 1960–1999. The results show that trade liberalisation has 
detrimental effects on the environment. Moreover, income expansion may attenuate 
the degradation of the environment. Ang (2009) suggests that CO2 emissions are 
negatively associated with technology transfer, research intensity, and the absorptive 
capacity to assimilate foreign technology in the Chinese economy by utilising the auto-
regressive distributed lag (ARDL) estimator. They also provide evidence that energy use, 
income, and trade openness positively affect CO2 emissions. Using cointegration tech-
niques, Chebbi et al. (2011) investigate short-run and long-run relationships between 
trade openness, capita real GDP, and CO2 emissions between 1961 and 2004 in Tunisia. 
They argue that trade openness has a positive direct effect on CO2 emissions both in the 
short-run and the long-run, but a negative indirect effect occurs at least in the long run. 
Nevertheless, the overall effect is positive both in the short-run and the long-run, which 
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suggests that trade openness contributes to environmental pollution in Tunisia. This 
highlights the importance of trade reforms along with strong environmental policies. 
Employing cross-country panel data, Le et al. (2016) investigate the link between trade 
openness and the environment by utilising particulate matter emissions as a proxy 
variable for environmental quality. According to the panel cointegration test, they 
provide significant evidence of a long-run link between particulate matter emissions 
and trade openness. In particular, increased trade openness might lead to environmental 
degradation across the global sample, but this depends on a country’s income level. Trade 
openness harms the environment in middle-income and low-income countries but has 
a benign impact in high-income countries. Applying the panel cointegration tests from 
Pedroni (1999) and Westerlund (2005), Shahbaz, Nasreen, et al. (2016) investigate the 
link between trade openness and CO2 emissions using data from 105 countries where 
they find that trade openness reduces environmental quality among countries, but the 
impact varies widely according to each group of countries.

Furthermore, several studies argue that trade openness has an effect, either positive or 
negative, on environmental quality depending on developed and less-developed econo-
mies or different environmental indicators. For example, by adopting the same metho-
dology as Antweiler et al. (2001), Cole and Elliott (2003) use data on emissions and 
pollution intensities instead of air and water pollutants data. The results provide clear 
evidence supporting both the pollution haven and factor endowment hypotheses in CO2 
emissions and SO2 emissions but not in biochemical oxygen demand (BOD) emissions 
and nitrogen oxides (NOx) emissions. For emissions data, these authors argue that trade 
liberalisation may reduce emissions per capita in BOD, but the outcome is uncertain 
regarding SO2 emissions by adding up all the effects. However, trade liberalisation and 
emissions have a positive relationship in NOx emissions and CO2 emissions. On the other 
hand, for pollution intensities data, they suggest that trade liberalisation may reduce the 
pollution intensity of the output of all four pollutants. Considering trade and income 
variables as endogenous, Managi et al. (2008) estimate the overall effect of trade openness 
on the quality of the environment utilising the instrumental variables technique. After 
the dynamic adjustment process, the authors find that the effect is large in the long term 
but small in the short term. Specifically, trade openness may benefit the environment in 
OECD countries. However, in selected non-OECD countries, it negatively affects SO2 
and CO2 emissions while reducing BOD emissions. Besides, trade openness affects 
emissions via environmental regulation and capital-labour effects. By employing 
a different estimation technique, Managi et al. (2009) re-investigate the trade – environ-
ment link for the OECD and non-OECD countries with SO2 emissions and CO2 emis-
sions. The results are similar to the findings of Cole and Elliott (2003) in that trade 
openness may benefit the environment in OECD countries. Baek et al. (2009) argue that 
trade and income positively affect environmental quality in developed economies. 
However, the results provide clear evidence that trade harms environmental quality in 
most developing economies. Dirty industry migration is causing serious concern for poor 
and less developed economies, which are growingly bearing the pollution burdens of 
consumption in rich and developed economies. Employing time series data over the 
period 1971–2006 from China, Korea, and Japan, Choi et al. (2010) consider the existence 
of the EKC by CO2 emissions and its causal links with openness and economic growth. 
The environmental consequences and the estimated EKC are inconsistent depending on 
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the national characteristics. Japan shows a U-shaped curve, while China has an N-shaped 
curve. Such dissimilarities are also found in the relationship between CO2 emissions and 
openness. In contrast, regarding the link between CO2 emissions and openness, China 
presents a U-shaped curve, while Korea and Japan show an inverted U-shaped curve. 
Using a vector autoregression and a vector error correction model, their findings provide 
evidence for large heterogeneity among variables and countries. Nasir and Rehman 
(2011) examine the links among CO2 emissions, energy consumption, income, and 
foreign trade in Pakistan from 1972 to 2008 by using the Johansen’s cointegration 
method. The authors indicate that CO2 emissions and income have a quadratic long- 
run relationship, supporting the existence of the EKC hypothesis in Pakistan. In addition, 
both foreign trade and energy consumption can positively affect emissions. However, 
they find no evidence to support the existence of the EKC hypothesis in the short run. 
Atici (2012) analyses the interaction between the environment and trade in terms of CO2 
emissions for ASEAN countries by adopting panel data over the period 1970–2006. The 
findings illustrate that CO2 emissions exhibit an inverted S-shaped curve in this region. 
In particular, exports play a crucial role in CO2 emissions in ASEAN countries, showing 
no evidence that trade positively affects environmental quality. In addition, the imports 
of Japan from the region probably do not cause pollution, while the imports of China can 
encourage pollution per capita.

Lastly, a few studies show that trade openness is not associated with environmental 
quality. For instance, Frankel (2009) investigates whether globalisation has been 
deteriorating environmental quality. Empirical evidence from cross-country data 
generally determines that trade has no damaging effects on some indicators of 
environmental degradation, such as SO2 air pollution, after controlling for income. 
Hence, globalisation and environmental quality do not necessarily lead to conflict. 
Using time-series data of 1975–2005 and the autoregressive distributed lag (ARDL) 
methodology, Jalil and Mahmud (2009) analyse the long-run relationships among 
CO2 emissions, energy consumption, real GDP, and foreign trade in China. The 
results show a quadratic relationship between CO2 emissions and real GDP, thus 
supporting the EKC hypothesis. Interestingly, there is one-way causality running from 
economic growth to CO2 emissions via Granger causality tests. The findings suggest 
that real GDP and energy consumption largely determine CO2 emissions in the long- 
run trends. Foreign trade has a positive and statistically insignificant influence on 
CO2 emissions. Kearsley and Riddel (2010) examine the EKC literature that focuses 
primarily on the role of international trade in shaping this relationship. Specifically, 
they test the pollution haven hypothesis, which argues that emission reductions 
observed among developed countries are partly the consequence of shifting dirty 
good production to developing countries with relatively lax environmental standards 
and regulations. These authors find little empirical evidence that pollution havens 
play a crucial role in shaping the EKC. This finding does not support the view that 
economic growth improves environmental quality. Using the wavelet tool, Mutascu 
(2018) examines the comovement between CO2 emissions and trade openness in 
France over the period 1960–2013. The main findings reveal that there is no comove-
ment between trade openness and gas emissions at high frequency, supporting the 
neutral hypothesis in the short term. However, the business cycle, in the long term, 
drives the interaction between CO2 emissions and trade openness.
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Generally, most of the existing literature on this issue investigates the effects of free 
trade on environmental pollution while controlling other relevant variables by using 
classical approaches based on traditional or frequentist statistics (Antweiler et al., 2001; 
Cole & Elliott, 2003; Frankel & Rose, 2005; Le et al., 2016). However, there is a lack of 
empirical studies which employ methods based on Bayesian statistics. Moreover, to our 
knowledge, very little attention has been paid to this topic to address the issue of model 
uncertainty, especially in a wide variety of competing theories and several possible 
determinants. Thus, BMA may provide a better framework to deal with such problems 
(Leamer, 1978; Madigan & Raftery, 1994; Raftery, 1988). Additionally, the obvious 
rationale for selecting developing countries for our analysis is that the increasing green-
house gases emissions are a key threat of global warming. The ongoing climate change 
has been a crucial concern to all societies over the last two decades, especially in 
developing countries facing serious challenges of environmental pollution (see 
Appendix A).

3. Methodology and data

This section briefly gives some motivations for BMA and provides an intuitive overview 
of its central ideas. We then discuss views of trade openness and its possible impact on 
environmental quality, while controlling other relevant variables. Finally, we provide 
a summary of the data sources included in our analysis.

3.1. Estimation strategy

According to Fragoso et al. (2018), the BMA methodology has been developed as an 
extension to Thomas Bayes’s Bayesian inference approach. BMA can be used not only for 
parameter uncertainty estimation via the prior distribution but also for model uncer-
tainty estimation via the posterior distribution. Therefore, it is undeniable that BMA is 
now widely accepted and increasingly being used by different fields of study as 
a principled way to take into account model uncertainty (Chipman et al., 2001; 
Fragoso et al., 2018; Hoeting et al., 1999b; Raftery et al., 1997). In addition, as argued 
convincingly by Hinne et al. (2020), there are several advantages of the BMA framework 
compared to the selection of a single model: (i) reducing the overconfidence regarding 
the emerging issue of model uncertainty ignorance; (ii) predicting optimal results under 
several loss functions (e.g., squared error, logarithmic) that these errors are alleviated by 
BMA; (iii) avoiding the “all-or-nothing” mentality relating to classical hypothesis testing, 
that whole model is either accepted or rejected; (iv) gracefully reducing the variance of 
the estimated parameter across experiments; (v) being relatively robust to model mis-
specification; (vi) substantially reducing the possibility of omitted variable bias.

The BMA methodology is conducted in the context of linear regression, e.g., in 
Hoeting et al. (1999a), Fernandez et al. (2001a,2001b), Feldkircher and Zeugner (2009), 
and Ley and Steel (2009), among others. We start from a linear regression model: 

where y denotes the CO2 emissions (metric tons per capita) over a particular period as 
a proxy measure for environmental quality; γ is the constant term in the regression; Xi is 
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a set of trade variables; Zi is a set of additional control variables; and υiis the error term, 
assumed to have homoscedastic, normally distributed disturbances. In our model, we 
have N ¼ 64 developing countries and a set of K ¼ 21potential explanatory variables.

Consider a set of K possible different models that can be denoted by 
M ¼ M1;M2; . . . ;Mkf g, where M stands for the model space. One of its regular elements 
(Mj) can be described in the following manner: 

where θjand y denote the vectors of unknown population parameters and sample 
observations for Y, respectively; p θj; y

� �
is the joint probability density function of θ 

given y in jth-order model, Mj; pðy Mj
�
� ; θjÞis the likelihood function of model Mj.

As suggested by Wasserman (2000), we use model averaging techniques that estimate 
the posterior distributions of the quantity of interest under each possible model, 
a weighted average of their posterior model probabilities. According to BMA methodol-
ogy, inference on any parameterδacross the model space takes the form: 

wherep δ yjð Þdenotes posterior distributions under models Mj ¼ 1; . . . ; 2K ;p δ Mj; y
�
�

� �
is 

posterior distributions under the assumption that Mj is the true model conditional on 
the observed data;p Mj yj

� �
is the posterior probability of model Mj.

Based on Bayes’ rule, the posterior probability of modelMjis given by: 

wherepðy Mj
�
� Þ ¼

ð

pðy Mj
�
� ; θjÞpðθj Mj

�
� Þdθjdenotes the integrated likelihood of mod-

elMj;p Mlð Þ is the model prior; and pðθj Mj
�
� Þ is the parameter prior.

Next, BMA methodology obtains the posterior inclusion probability (PIP) of each 
explanatory variable by summing the posterior model probabilities of all models across 
all models that include this particular variable. PIP can be written as: 

with mk ¼ 1 presents that the variable k is contained in the model.
This paper uses Markov Chain Monte Carlo Model Composition (MC3) algorithms to 

examine the model space stochastically, as suggested by Madigan et al. (1995). We run 
the estimation with 1,000,000 burn-ins and 3,000,000 draws of the MC3 sampler. In such 
cases, three criteria for parameter prior are utilised to select the best-fit model: (i) unit 
information prior (UIP) (Fernandez et al., 2001a, 2001b; Kass & Wasserman, 1995); (ii) 
benchmark prior (BRIC) (Fernandez et al., 2001a, 2001b); (iii) local empirical Bayes 
approach (LEB) prior (George & Foster, 2000; Liang et al., 2008). Additionally, the priors 
over the models are assumed to be uninformative in the context of its application (here 
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are the effects of trade openness on environmental quality). Further details on BMA, in 
general, can be found elsewhere, for example, Raftery et al. (1997).

As mentioned previously, the BMA approach uses all possible models to examine the 
robustness of a large set of possible determinants of environmental quality. We briefly 
outline the theories linking trade openness to environmental quality and 21 potential 
explanatory variables in what follows.

Trade openness: More openness to trade is likely the result of more competition, 
leading to the exit from the market of the less energy-efficient and less productive firms. 
However, several studies postulate that the influence of trade liberalisation on environ-
mental quality can decompose into three effects: scale (size of the economy), composition 
(specialisation), and technique (production methods) (Antweiler et al., 2001; Cole & 
Elliott, 2003). The technique effect likely brings beneficial environmental outcomes, 
while the scale effect might generate greater pollution. The composition effect is depen-
dent on the comparative advantage of a country. Therefore, the net effect of trade 
openness on environmental quality depends on each opposing force’s relative strength, 
ultimately leading to an empirical issue. As for trade openness indicator, we use the sum 
of imports and exports over GDP to measure the degree of trade openness (Ang, 2009; 
Antweiler et al., 2001; Atici, 2009; Baek et al., 2009; Chebbi et al., 2011; Choi et al., 2010; 
Cole & Elliott, 2003; Frankel, 2009; Jalil & Mahmud, 2009; Kearsley & Riddel, 2010; Le 
et al., 2016; Managi, 2004, 2008; Managi et al., 2009; Mutascu, 2018; Nasir & Rehman,  
2011; Shahbaz, Nasreen, et al., 2016).

Environmental quality: The effects of trade openness on environmental quality depend 
on different methods of pollution measurement in terms of concentrations or emissions. 
Both concentrations and emissions data have advantages and disadvantages (Cole & Elliott,  
2003). In this paper, we use the most abundant greenhouse gas, CO2, to measure environ-
mental quality (Ang, 2009; Atici, 2009, 2012; Chebbi et al., 2011; Choi et al., 2010; Frankel,  
2009; Jalil & Mahmud, 2009; Le et al., 2016; Managi et al., 2009; Mutascu, 2018; Nasir & 
Rehman, 2011; Shahbaz, Nasreen, et al., 2016). The authors choose this emissions type as 
a proxy for environmental quality because of its influence on global warming and overall 
climate change (Nordhaus, 1991) and its sufficient data in the context of developing 
countries. According to the Intergovernmental Panel on Climate Change (IPCC), “carbon 
dioxide (CO2) is the most important anthropogenic [greenhouse gas]” (IPCC, 2007, 
pp. 36). Fossil fuel combustion and emissions from industrial production are the primary 
sources of anthropogenic CO2 emissions (EPA, 2019).

● Control variables

Financial openness: Based on the pioneering contributions of Goldsmith (1969), 
McKinnon (1973), and Shaw (1973), a relationship between financial liberalisation and 
economic growth was established. In addition, trade liberalisation often accompanies 
financial liberalisation by increased FDI capital and research and development invest-
ments, which in turn can promote economic growth (Frankel & Romer, 1999), influen-
cing environmental quality (Tamazian & Rao, 2010; Tamazian et al., 2009). On the other 
hand, if trade openness and financial openness lead to financial development (Baltagi 
et al., 2007; Chinn & Ito, 2002; Rajan & Zingales, 2003), it can promote economic growth. 
Hence, it follows that trade and financial openness also affect environmental 
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performance (Aydin & Turan, 2020; Koengkan et al., 2019; You et al., 2015). Therefore, 
assessing the effects of trade and financial openness on environmental quality will 
provide a more complete picture. We use the capital account openness index 
(KAOPEN) as the proxy for financial openness by Chinn and Ito (2006) (David et al.,  
2014; Karimu & Marbuah, 2017; Law & Demetriades, 2006; Rajan & Zingales, 2003; 
Tamazian & Rao, 2010; Tamazian et al., 2009; Trabelsi & Cherif, 2017).

Inward FDI stock to domestic capital stock: Besides trade and financial openness, FDI 
as an economic openness indicator also plays a crucial role in determining environmental 
performance, and it is well-recognised in the existing literature (Atici, 2012; Cole et al.,  
2006; He, 2006). For instance, A. E. Harrison and Eskeland (2002) provide evidence that 
foreign-owned plants in four developing countries use cleaner energy than domestic- 
owned plants. In this paper, FDI intensity is the percentage of inward FDI stock relative 
to a country’s entire capital stock. FDI intensity may be associated with cleaner produc-
tion techniques (Antweiler et al., 2001; He, 2006).

Income: We use real gross national product (GNP) per capita as a proxy for income 
(Antweiler et al., 2001; Cole & Elliott, 2003). The income level may induce pollution; 
however, environmental degradation may decrease when income increases because of the 
higher level of environmental awareness and cleaner energy technologies (Antweiler 
et al., 2001; Cole & Elliott, 2003).

Renewable energy consumption: Energy is being recognised as an engine for eco-
nomic growth and development. Renewable energy consumption is positively associated 
with living standards in most countries. On the other hand, renewable energy consump-
tion is considered a sustainable solution for reducing greenhouse gases emissions, such as 
CO2, SO2, etc., while other forms of energy consumption influence the environment in 
various unfavourable ways. Thus, the relationship between renewable energy consump-
tion and economic growth and the contributions of renewable energy consumption to 
environmental emissions have become popular in theoretical and empirical literature in 
recent years. Several works find that renewable energy consumption plays a crucial role 
in improving environmental quality (Sebri & Ben-Salha, 2014, Shafiei & Salim, 2014, 
Bilgili et al., 2016, Jebli et al., 2016, Khan et al., 2020, Zafar et al., 2020).

Legal origins: Since the seminal work of Porta et al. (1998), the differences in legal 
origins and economic performance have received a great deal of attention in the literature 
(Beck, 2002; Glaeser & Shleifer, 2002; Porta et al., 2008). However, a few scholars have 
recently examined the effects of the legal origins on environmental performance (DiVita,  
2009; Kock & Min, 2016). For instance, Kock and Min (2016) provide evidence that the 
legal origins have a strong effect on CO2 emissions via the shaping of governance 
mechanisms, leading to the overall institutional logic that governs human behavior.

Other variables: Considering Antweiler et al. (2001) and Cole and Elliott (2003), we 
selected the following 13 control variables for environmental quality including capital – 
labour ratio (capital abundance) and its quadratic; the one-period lag of income and its 
quadratic; relative capital abundance; relative income; economic intensity and its quadratic; 
the interaction of trade openness with a country’s relative capital abundance; the interaction 
of trade openness with relative per capita income; the interaction of trade openness, relative 
capital abundance and relative income; the square of capital abundance; the interactive term 
between capital abundance and income, and time trend. In addition, this paper includes 
regional dummy variables to compare the levels of CO2 emissions across regions.
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Table 1 summarises the definitions of all variables.

3.2. Data sources

This paper employs panel data from 64 developing countries classified by the United 
Nations Development Programme (UNDP) between 2003 and 2017 (see Appendix B). 
Depending on data availability, data for the period 2003–2017 are the most complete for 
investigation of the effects of trade openness on environmental quality. The classification 
of the UNDP is based on the traditional multifaceted measure of the Human 
Development Index (HDI). For more details, Table 1 provides the definitions and data 
sources of the variables employed in this paper.

4. Results and discussions

This section discusses the estimated findings employing the BMA approach as described 
above. BMA allows any subset of up to our 21 determinants of environmental quality to 
enter the regressions; hence, the model space consists of 221 (=2,097,152) different 
models. The results are generated from the Markov chain simulations of 20 million 
recorded draws after 10 million burn-ins, visiting 3,954,118 models. The posterior 
expected model size is 15.321 (i.e., the average number of included regressors). The 
BRIC, the UIP, and the LEB techniques are always utilised under the assumption of 
uninformative priors over the parameters within each model. Our estimates are based on 
a sample of 64 developing countries over the period of 2003 to 2017, where the dependent 
variable is CO2 emissions (metric tons per capita) as the proxy for environmental quality.

Table 2 presents the results of the posterior estimates under uniform model priors, 
including posterior inclusion probability (PIP), posterior mean (Post mean), and poster-
ior standard deviation (Post SD). As mentioned above, the prior probability of including 
a given variable in the true model is 0.5; hence, the variables are identified as robust 
determinants of environmental quality that have PIPs higher than 0.5. On the other hand, 
the variables have PIPs of less than 0.5 under all three alternative prior structures on 
parameters, implying that they have no significant effects on environmental quality in 
developing countries.

Figure 1 demonstrates the posterior density of the coefficient on trade openness, 
confirming the positive but statistically insignificant effect of trade openness on environ-
mental quality. The results suggest that the trade openness with a PIP of 0.033 exerts an 
insignificant effect on environmental quality. This figure presents the same PIP, marginal 
densities of trade openness from BRIC in response to environmental quality, and the 
averaged point estimates (the green solid vertical line) of the corresponding regressor, as 
shown in Table 2. The red solid vertical line and the red dotted lines indicate conditional 
expected values and the double conditional standard deviation, respectively.

This paper first considers the trade variables. As presented in Table 2, the coefficient 
attached to the average trade openness implies that a 1% increase in trade openness 
increases CO2 emissions by roughly 0% with a very low PIP (0.03). The results indicate 
that an increase in trade openness is not associated with increased CO2 emissions in 
developing countries, which is consistent with empirical work by Frankel (2009), Jalil and 
Mahmud (2009) and Kearsley and Riddel (2010). This finding is inconsistent with 
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Antweiler et al. (2001), who find evidence that freer trade is good for the environment 
because of a consequence of higher demand for cleaner techniques of production. Next, 
we show that the interaction between trade openness and relative capital abundance is 
associated with the increase in the CO2 emissions. This interactive variable is not aligned 
with the prediction of Antweiler et al. (2001), Managi et al. (2009), and Cole and Elliott 
(2003) for SO2 and CO2 emissions that a country with high relative capital abundance 
will find pollution falling in response to trade openness. However, this finding is 
consistent with Cole and Elliott (2003) for NOx and BOD emissions. It means that 
a developing country with weak environmental regulation and supervision will find 
that freer trade leads to increased pollution because their comparative advantage in 
dirty production deepens. However, our results show weak support for the pollution 
haven hypothesis that rich countries with stringent regulation and supervision may lose 
the dirty industries while poor countries would get them all (Ang, 2009; Chebbi et al.,  
2011; Le et al., 2016; Managi, 2004; Managi et al., 2009; Nasir & Rehman, 2011). The 

Table 2. The effects of trade openness on environmental quality: posterior estimates under uniform 
model priors.

Variable

g = BRIC g = UIP g = LEB

PIP
Post 

mean Post SD PIP
Post 

mean Post SD PIP
Post 

mean Post SD

Financial openness 1.000 −0.081 0.011 1.000 −0.081 0.011 1.000 −0.082 0.011
Socialist legal origin dummy 1.000 0.600 0.066 1.000 0.600 0.066 1.000 0.600 0.066
Africa dummy 1.000 −0.349 0.037 1.000 −0.349 0.037 1.000 −0.349 0.037
Latin America and the Caribbean 

dummy
1.000 −0.314 0.046 1.000 −0.314 0.046 1.000 −0.314 0.046

Interaction between capital 
abundance (adjusted) and 
income

1.000 −0.112 0.009 1.000 −0.112 0.009 1.000 −0.112 0.009

Inward FDI stock to capital stock 1.000 0.102 0.016 1.000 0.102 0.016 1.000 0.102 0.016
Renewable energy consumption 1.000 −0.118 0.008 1.000 −0.118 0.008 1.000 −0.118 0.008
Time trend 1.000 −0.052 0.003 1.000 −0.052 0.003 1.000 −0.052 0.003
Interaction between trade 

openness, relative capital 
abundance and relative income

1.000 −0.048 0.008 1.000 −0.048 0.008 1.000 −0.048 0.008

Lagged income 0.997 0.311 0.065 0.997 0.311 0.065 0.997 0.311 0.065
Interaction between trade 

openness and the square of 
relative capital abundance

0.535 −18.881 85.169 0.534 −19.010 85.448 0.533 −18.421 84.171

Interaction between trade 
openness and relative capital 
abundance

0.527 37.575 170.339 0.528 37.833 170.896 0.527 36.656 168.343

The square of capital abundance 
(adjusted)

0.521 5.923 44.628 0.517 5.898 44.543 0.514 5.729 43.875

Capital abundance (adjusted) 0.507 −10.606 89.256 0.511 −10.558 89.085 0.513 −10.218 87.750
British legal origin 0.249 −0.016 0.032 0.249 −0.016 0.032 0.242 −0.016 0.032
The square of income 0.077 −0.006 0.030 0.077 −0.006 0.030 0.074 −0.006 0.029
Interaction between trade 

openness and the square of 
relative income

0.036 0.928 19.101 0.035 0.918 19.005 0.034 0.921 19.035

Interaction between trade 
openness and relative income

0.035 −1.855 38.201 0.035 −1.836 38.010 0.034 −1.841 38.070

Economic intensity 0.034 1.066 31.582 0.034 1.054 31.418 0.033 1.045 31.284
The square of economic intensity 0.034 −0.533 15.791 0.034 −0.527 15.709 0.033 −0.522 15.642
Trade openness 0.033 0.000 0.008 0.033 0.000 0.008 0.032 0.000 0.008

BRIC denotes benchmark prior; UIP denotes unit information prior; and LEB denotes local empirical Bayes approach; PIP 
denotes posterior inclusion probability. 

Source: Author’s analysis.
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paper shows a negative relationship between the square of relative capital abundance and 
CO2 emissions in response to trade openness, as Cole and Elliott (2003) suggested for 
NOx and BOD emissions. As expected, this implies that an increase in relative capital 
abundance leads to a decrease in CO2 emissions with a diminishing marginal effect. The 
paper finds no evidence that an increase in relative income leads to an increase in CO2 
emissions, and each additional increase in relative income has a diminishing impact, as 
Antweiler et al. (2001), Cole and Elliott (2003), and Managi et al. (2009) argued. There is 
a negative relationship between CO2 emissions and trade openness interacting with the 
relative capital abundance and relative income, which is inconsistent with empirical work 
by Antweiler et al. (2001) and Cole and Elliott (2003). This finding is in line with Managi 

Figure 1. Marginal densities of trade openness from BRIC. Source: Author’s analysis

JOURNAL OF APPLIED ECONOMICS 13



et al. (2009), implying that the production of capital-intensive goods in developing 
countries with higher relative income increases, and the CO2 emissions decrease. In 
other words, a developing country with relatively strict environmental regulation is likely 
to have a more comparative advantage in relative capital accumulation (e.g., technolo-
gical innovation, economies of scale) following increased trade openness, thus reducing 
CO2 emissions.

We can now turn to the non-trade variables. Interestingly, this paper finds substantial 
evidence in favour of financial openness as one of the most important determinants of 
environmental quality by reducing CO2 emissions in developing countries. This result 
indicates that financial liberalisation might increase in both FDI capital and research and 
development investments, which in turn can promote economic growth and hence 
improve environmental quality, as suggested by Tamazian et al. (2009) and Tamazian 
and Rao (2010). Compared to the French legal origin, our findings do not provide 
evidence for the significant role of the British legal origin in improving environmental 
quality, whereas the Socialist legal origin dummy mitigates the positive effects of trade 
liberalisation on environmental quality. The developing countries in Africa and Latin 
America and the Caribbean have a lower degree of environmental pollution compared to 
Asian developing countries. The paper provides evidence that an increase in capital 
abundance interacted with income improves environmental quality, as Antweiler et al. 
(2001), Cole and Elliott (2003), and Managi et al. (2009) pointed out. Regarding the 
capital abundance (adjusted), our findings demonstrate that increases in capital abun-
dance decrease CO2 emissions to a certain point, after which it starts harming environ-
mental quality. These results suggest that the capital accumulation in developing 
countries promotes the technological process, therefore adopting cleaner production 
technologies. According to the findings, there is a positive relationship between inward 
FDI stock to domestic capital stock and CO2 emissions (Antweiler et al., 2001). Notably, 
CO2 emissions have positive time trends. This finding is consistent with Managi et al. 
(2009), but it is not in line with Cole and Elliott (2003). Similar to financial openness, 
a decrease in CO2 emissions causes a higher share of renewable energy consumption 
(Bilgili et al., 2016; Jebli et al., 2016; Sebri & Ben-Salha, 2014; Shafiei & Salim, 2014; Zafar 
et al., 2020). In contrast, this paper finds no evidence to suggest that the economic 
intensity, the square of economic intensity, and the square of income are significant 
determinants of environmental pollution. Our findings are inconsistent with Antweiler 
et al. (2001) and Cole and Elliott (2003). Finally, the empirical results also reveal that an 
increase in income causes higher CO2 emissions. Our empirical results do not support for 
the EKC that an inverted-U-shaped relationship exists between per capita income and 
pollution. These results could be explained by the fact that the consequences of environ-
mental pollution depend not only on the income level, but also on the underlying source 
of economic growth because of the differentiating characteristics of developing countries 
compared to developed countries.

5. Conclusions

The environmental influence of trade openness has been vigorously debated over the past 
two decades. This paper aims to investigate the effects of trade openness on environ-
mental quality by using CO2 emissions (metric tons per capita) as an indicator of 
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environmental pollution in developing countries. The main contribution of this paper is 
the adoption of the regression model based on the BMA approach proposed by 
Fernandez et al. (2001b) to consider model uncertainty for capturing the environmental 
consequence of trade openness that previous studies have not addressed this. Another 
important contribution is the inclusions of financial openness, legal origins, and renew-
able energy consumption as key determinants of environmental quality, which are not 
considered by the seminal works of Antweiler et al. (2001) and Cole and Elliott (2003). 
Since this paper addressed this, we believe our empirical findings are more holistic than 
any other relevant studies conducted in the context of developing countries. By adopting 
the BMA approach and using data from only developing countries, we find some 
empirical results that are significantly different from those of Antweiler et al. (2001), 
Cole and Elliott (2003), and Managi et al. (2009). Therefore, this paper contributes to 
a better understanding of the characteristics of developing economies in our findings.

The empirical results of this paper additionally suggest that trade openness is not the 
significant determinant of environmental degradation in our sampled developing coun-
tries. However, we find that the pollution haven hypothesis does not have strong validity. 
The results further show an increase in relative capital abundance leading to a lower 
environmental quality in response to trade openness and increasing relative capital 
abundance has a diminishing marginal effect on CO2 emissions in response to trade 
openness. The paper provides evidence that the interaction between trade openness, 
relative capital abundance, and relative income has a negative effect on CO2 emissions. 
Besides trade variables, the paper provides strong evidence that financial openness, 
renewable energy consumption, and capital abundance play a significant role in improv-
ing environmental quality by reducing CO2 emissions, whereas income and inward FDI 
stock to domestic capital stock have negative effects on environmental quality. The 
results show that the effect of capital abundance on environmental quality as an inverted 
U-shaped curve. Lastly, we find that Asian and socialist developing countries seem to face 
more serious challenges of CO2 emissions compared to developing countries in other 
regions and legal origins, respectively.

Based on the above-mentioned main findings, this paper suggests some policy implica-
tions for developing countries, especially in Asian and socialist developing countries with 
more severe challenges in improving environmental quality. As proposed by 
O. J. Blanchard et al. (2022, 2023), we adopt a holistic approach to addressing a wide 
variety of challenges of policy-making for improving environmental quality in the context 
of developing countries. First, international trade policies should be redesigned to accom-
modate changes in environmental protection policies to alleviate environmental damage 
and climate change impacts, such as green trade and carbon trading (e.g., European Carbon 
Border Adjustment Mechanism implementations as argued convincingly by 
O. J. Blanchard et al. (2022, 2023)). Second, financial liberalisation policies should be 
considered one of the central tasks for improving environmental quality in developing 
countries, such as removing financial repression. However, the sequencing and timing of 
financial liberalisation policies and their content should be customised to meet each 
developing country’s situation. Third, developing countries’ governments continue to 
actively encourage renewable energy consumption by designing different policy tools, 
such as (i) reducing fossil fuel consumption, (ii) establishing competitive electricity mar-
kets, (iii) addressing sustainable energy transformation strategies, (iv) promoting climate 
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finance, (v) stimulating intense R&D effort, innovation, and adoption for clean energy 
technologies, (vi) promoting a low-carbon economy (e.g., carbon pricing, carbon taxation, 
carbon credits). Fourth, foreign direct investment policies might be redesigned to 
strengthen environmental protection through clean energy technology transfer and green 
foreign direct investments. Fifth, as suggested in the Paris Protocol, Kyoto Protocol and the 
UN Climate Change Conferences (or COPs), developed countries should provide financial 
assistance to support effective adaptation and mitigation actions to the adverse effects of 
climate change in developing countries. Sixth, developing countries’ governments should 
carefully design the implementation strategies of environmental regulations to ensure the 
achievement of their environmental protection goals, such as the choice between com-
mand-and-control and market-based policies. Seventh, developing countries’ governments 
need to seriously consider ways to enhance individual and public awareness of environ-
mental issues and promote environmental responsibility. Eighth, developing countries 
need to improve the effectiveness of international cooperation and learn from international 
experience in sustainable energy transition. Last but not least, developing countries should 
seek an effective balance between environmental protection and economic growth to 
achieve sustainable development, especially in fossil-fuel-driven economies.
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Appendix A. Environmental quality in developing countries over the period 
2003-2017
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Figure A1. Environmental quality in developing countries over the period 2003–2017. Source: World 
Development Indicators (WDI) and author’s calculations.

Table A1. The list of selected developing countries.
AFRICA (27 developing countries): 

Algeria, Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Central African Republic, Egypt Arab Rep., 
Gabon, Ghana, Kenya, Malawi, Mali, Mauritius, Morocco, Namibia, Niger, Rwanda, Senegal, Sierra Leone, South 
Africa, Togo, Tunisia, Uganda, United Republic of Tanzania, and Zambia.

ASIA (21 developing countries): 
Bangladesh, Cambodia, China, India, Indonesia, Iran (Islamic Rep.), Israel, Jordan, Kuwait, Malaysia, Mongolia, 
Myanmar, Nepal, Pakistan, Philippines, Singapore, Sri Lanka, Thailand, Turkey, United Arab Emirates, and Viet Nam.

LATIN AMERICA AND THE CARIBBEAN (16 developing countries): 
Barbados, Bolivia, Brazil, Chile, Colombia, Costa Rica, Dominican Republic, Ecuador, El Salvador, Guatemala, 
Honduras, Jamaica, Nicaragua, Paraguay, Peru, and Uruguay.
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