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Abstract: This paper utilises data from Asian countries from 2000–2020 (with 
consideration of the COVID-19 period) to explore the linkage between 
international trade and environmental pollution in this region. After controlling 
for heteroscedasticity and autocorrelation, results of a fixed-effect regression 
show that the export turnover, import turnover, GDP per capita, electricity 
consumption, population growth rate, and net receipt ratio of FDI to GDP have 
significantly improved the level of CO2 emission in Asia. In addition, the paper 
also confirms the existence of the environmental Kuznets curve and that 
maintaining a surplus trade balance will help reduce CO2 emissions in a 
country. These empirical insights are particularly interesting to policymakers 
since they help build sensible policies about economic growth, energy 
conservation, and foreign direct investment to improve environmental quality. 
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1 Introduction 

International trade is historically confirmed to be a significant driver of economic growth 
and poverty reduction in Asia (Deb et al., 2021). The Asian market accounts for nearly 
40% of the total value of global trade. In 2020, according to UNCTAD (2020), Asia’s 
merchandise export value reached more than 7.449 trillion USD, accounting for 42% of 
the world’s merchandise export value. Besides, Asia is also a large import area, 
accounting for nearly 38% of the total global import value. Asia can also be considered 
the world’s producer when it continuously maintains a trade balance surplus, reaching a 
surplus of 629 billion USD in 2020 (UNCTAD, 2020). 

After the COVID-19 pandemic, trade liberalisation would invigorate durable growth 
and minimise post-pandemic scarring in Asian region (Deb et al., 2021). Therefore, 
lowering trade barriers is one of the priority strategies that many countries follow to 
obtain economic gains. However, it is inevitable that international trade is a driver of 
environmental pollution in many countries (Nathaniel et al., 2021; Ren et al., 2014). Air 
pollution (as the result of trade liberalisation) in recent years has maintained a worrying 
upward trend, even during the COVID-19 pandemic. In 2022, the world CO2 
concentration reached 417.06 ppm (parts per million) (NOAA GML, 2023). Since the 
beginning of the industrial era (1850), human activities have increased CO2 
concentrations by almost 49%, which is higher than the natural increase of CO2 for 
20,000 years, from the Last Glacial Maximum to 1850, from 185 ppm to 280 ppm 
(NASA, 2021). 

The linkage between international trade and environmental pollution has been widely 
explored but the findings may vary in different contexts. For example, in developing 
countries, the expansion of trade will exacerbate air pollution because it is the first stage 
of development (Kukla-Gryz, 2009). In addition, enterprises in developed countries often 
shift their production to developing countries due to the lack of strict environmental 
policies, which causes developing countries to produce goods with high levels of 
pollution. In contrast, developed countries are more likely to choose cleaner goods 
(Chakraborty and Mukherjee, 2010), thus the international trade might have a positive 
impact in these nations (Low and Yeats, 1992; Mani and Wheeler, 1998; Managi et al., 
2009; Baek et al., 2009). 
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Previous studies often use the trade openness or total trade as proxy for international 
trade in studies investigating trade – environmental nexus (Cole, 2004; Ertugrul et al., 
2016; Hossain, 2011; Halicioglu, 2009; Ohlan, 2015; Shahbaz et al., 2013a). Fewer 
studies explore the impact of export and import separately on environmental pollution. 
Muhammad et al. (2020) found that the effect of import on CO2 emission varies across 
income groups, thus it is important to breakout the impact of trade on environmental 
pollution via impacts of import and export. Many studies exploring the relationship 
between trade and environmental pollution might not yet reached specific conclusions 
because of limitation in dealing with heterogeneity in the data sample as well as not 
separating the impact of export and import. Therefore, this study aims to investigate the 
impact of international trade on environmental pollution in selected 20 Asian countries 
for the period 2000–2020. To overcome the limitation in previous studies, this paper 
utilises the fixed effect model for panel regression analysis because FEM can capture 
unobserved time-invariant factors, which helps eliminate the influence of potential 
problems such as autocorrelation and heterogeneity in the data sample. In the context of 
countries becoming more and more cautious in the direction of economic development 
along with environmental pollution, this paper has both scientific significance – 
contributing to current knowledge of international trade and environmental pollution, and 
practical significance – as a reference basis for proposing strategies and solutions to 
mitigate the negative impacts of international trade on environmental pollution. 

In addition to trade effect, environmental quality might be affected by other factors 
including GDP per capita, energy consumption, foreign trade investment, urbanisation 
and population growth as these factors captures the differences across countries (Mohsin 
et al., 2019; Muhammad et al., 2020; Staddon et al., 2016; Võ and Lê, 2019). By 
considering the abovementioned factors, this paper has some novelties. First, it is among 
limited studies providing empirical evidence on the impact of import and export on 
environmental pollution in Asia. Second, it tests the ‘pollution haven effect’ of FDI on 
environmental pollution in the context of Asian countries. 

The paper is organised as follows: Section 2 presents the theoretical framework, 
where several hypotheses are proposed to be tested in subsequent sections. In Section 3, 
the research method will be outlined, including the data sources utilised and the model 
adopted for analysis. Section 4 presents the results and discussion of these findings, and 
Section 5 concludes. 

2 Theoretical framework and hypothesis development 

2.1 Economic growth and the environmental quality 

Grossman and Krueger (1991) found that the economic growth might lead to a 
deterioration in the environment but after reaching a certain level of growth, the 
environmental degradation starts reducing, which is called environmental Kuznets curve 
(EKC). According to this theoretical model, pollution tends to increase during the first 
stage of a country’s growth and decline when a certain income level is reached. The 
emission per capita is positively dependent on GDP per capita and there exists an 
inverted U-shape relationship between GDP and emission per capita (i.e., coefficient for 
GDP2 is negatively significant). Such findings support the EKC hypothesis in this study. 
The empirical studies of Grossman and Krueger (1991, 1995), Selden and Song (1994) 
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and Hilton and Levinson (1998) all support an inverted U-shaped relationship between 
economic growth and environmental degradation. Grossman and Krueger (1991, 1995) 
used global environmental monitoring system (GEMS) data to investigate the relationship 
between per capita income and various environmental indicators and then determine the 
actual EKC turning point. In recent studies, Halicioglu and Ketenci (2016), Thanh et al. 
(2019) and Chu et al. (2021) investigate and support the existence of EKC. Çetı̇n and 
Saygin (2019) investigated the existence of EKC hypothesis which explain the presence 
of inverted-U shaped for the period of 1960–2014 in Turkey. By utilising ARDL bounds 
test to determine the long term relationship, the study supported the relationship in an 
inverted-U shape between economic growth and CO2 emission in observed country. 
Based on the above, EKC is expected to exist with the observed sample of this study. In 
this study, we propose the hypothesis: 

H1 There is an EKC. 

2.2 Foreign direct investment and the CO2 emissions 

Antweiler et al. (2001) developed a theoretical framework for empirical research and 
proposed three mechanisms for analysing the effects of emission determinants and 
developing them into scale effects, technique effects, and composition effects. The scale 
effect refers to an increase in production on emissions; for example, GDP and FDI 
produce a positive result of increased production output because resources are allocated 
more efficiently, and economic growth reaches a higher level. However, at the same time, 
environmental pollution is more serious. The engineering/technology effect indicates the 
negative impact of income on emission intensity, referring to the effect of stricter 
environmental regulations, promoting the use of produce more environmentally friendly, 
transfer new green technologies. Besides, rising income increases the demand for a better 
environment and higher standard of living, putting pressure on the government to 
maintain or raise environmental standards. The composition effect explains how 
emissions are affected by changes in the structure of the economy, and the structure of 
industries, as determined by the degree of trade openness and comparative advantage. 
This impact can be positive or negative, depending on the country’s resource abundance 
and the strength of its environmental policy. 

Besides, the EKC also shows that developed countries have a cleaner environment, 
increasing the social costs of environmental pollution in developing countries (Jbara ‘07, 
2007). Accordingly, it may reflect the potential of the pollution haven hypothesis since 
one of the factors increasing environmental degradation in pre-industrial economies 
stems from waste streams in post-industrial countries, where environmental quality is 
improved. The pollution haven hypothesis explains that nations are the same except for 
exogenous differences in their environmental policies. Along with trade liberalisation, the 
heavy industries tend to be moved from developed countries with strict environmental 
regulations to less developed countries with looser environmental regulations. In contrast, 
clean sectors are more likely to migrate to developed countries, benefiting from the 
potential transfer of advanced technologies. Trade, due to deviations in environmental 
policy, thus creates pollution havens in poorer countries. There is extensive literature 
supporting the pollution haven hypothesis (Abdouli and Hammami, 2017; Chu et al., 
2021; Hoffmann et al., 2005; Kostakis et al., 2017; Shahbaz et al., 2018). Hoffmann et al. 
(2005) analyse the relationship between foreign direct investment (FDI) inflows and the 
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environment. Research results show that, overall, in less developed countries, there is 
much evidence to support a positive correlation between FDI and environmental 
pollution. Abdouli and Hammami (2017) concluded that FDI and trade openness were 
responsible for increasing CO2 emissions. Simultaneously, Kostakis et al. (2017), 
investigating the similarities and differences between Singapore and Brazil, also 
supported the pollution haven hypothesis in Brazil. The study of Chu et al. (2021) also 
proves the existence of the pollution haven hypothesis showing that trade openness has 
led to environmental degradation in Vietnam. Banerjee and Murshed (2020) 
reinvestigated the pollution haven hypothesis for G7 and BRICS countries for the period 
2005–2015 using the second-generation unit-root and Westerlund-Edgerton LM bootstrap 
cointegration. The result shows that a rise in FDI and GDP will lead to an increase in CO2 
emission for BRICS countries but a reduction for G7 countries. Therefore, the net impact 
of FDI on the environment is an empirical question (Spilker, 2013). In a study by Seker  
et al. (2015), the impact of the GDP and energy consumption on environmental pollution 
are quite strong while the FDI has the small positive effect on it. In this study, FDI is 
expected to impact CO2 emissions, but the specific direction has not been determined. 

H2 FDI has a relationship with CO2 emissions. 

2.3 Export turnover and CO2 emissions 

The relationship between international trade and the environment has been analysed in 
many studies. However, the findings on such relationship are still controversial. While 
environmentalists focus on the negative impact of pollution created by international trade, 
advocates of trade show it has a positive impact on the environment. Though it is not 
clear, generally, international trade has positively affected environmental pollution. 
Shafik and Bandyopadhyay (1992) find that all trade policy indicators have negligible 
effects on water shortages, sanitation, and municipal waste. However, more open 
countries tend to have lower sulphur and carbon emissions by placing less pressure on 
forest resources. Since then, many scholars have studied this topic further. Ang (2007), 
Shafik (1994) and Soytas et al. (2007) use the EKC, Copeland and Taylor (2004) and 
Kearsley and Riddel (2010) use the pollution haven hypothesis, yet they could not 
conclude whether trade opening has any impact on the environment or not. 

On the other hand, Frankel and Rose (2005) found a positive and statistically 
significant correlation between trade openness and environmental degradation (through 
the factors NO2 and SO2), while Kellenberg (2008) showed mixed evidence on the 
relationship between trade openness and four pollutants (NO2, SO2, CO2, and VOCs). 
Regarding trade policy, Low and Yeats (1992) studied that trade liberalisation has a 
negative impact on the environment in developing countries while in developed 
economies. Development and trade liberalisation to improve environmental quality. In 
this research, the impact of international trade on the environment is investigated through 
export and import turnover. 

There are many views regarding the impact of exports, a factor of international trade, 
on environmental pollution. Three influences that can explain this relationship are the 
scale effect, composition effect, and the technical effect developed by Antweiler et al. 
(2001). Helpman (1998) supports the view that international trade will help countries 
specialise in production, make resources more efficient, and reduce environmental 
pollution. However, some schools believe that specialisation leading to high efficiency 
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will make people consume natural resources more quickly; this is the point stated in 
studies by Schmalensee et al. (1998) and Copeland and Taylor (2004). Recent studies, 
such as Liddle (2018b), have found that exporting reduces CO2 emissions. Muhammad  
et al. (2020) found that increasing exports would increase CO2 emissions in low-middle 
income countries and decrease CO2 emissions in other countries. Khan et al. (2020) also 
find that exporting improves the country’s environment in the short and long terms. 
Rahman et al. (2021) explore the effects of economic growth, energy use, exports and 
human capital on the environmental quality of newly industrialised countries (NICs) over 
the period of 1979 – 2017. The results show that the energy consumption and exports 
deteriorated environmental quality in the long run. Nevertheless, some studies show that 
exporting increases CO2 emissions, as studied by Liddle (2018a) and Hossain (2011). 
Therefore, exports are expected to impact CO2 emissions in an unspecified direction. In 
this research, we propose the hypothesis: 

H3 Export turnover is related to CO2 emissions. 

2.4 Import turnover and the CO2 emissions 

Like exports, the impact of imports on CO2 emissions has not found consensus among 
researchers. Sadorsky (2012) argues that imports will reduce CO2 emissions in the 
importing country because CO2 production does not occur there. However, some 
arguments believe importing too many goods will make transportation happen more, 
thereby harming the environment. Some imported goods require much energy, such as air 
conditioners, cars, etc., which will cause the importing country to emit a lot of CO2 use 
(Sadorsky, 2012). Liddle (2018b) found that imports increased CO2 emissions in Asian 
countries from 1990 to 2013. However, in another study, Liddle (2018a) also found that 
imports reduce CO2 emissions with a sample of 102 countries for the period 1990 to 
2013. Khan et al. (2020) demonstrated a positive relationship between CO2 emissions and 
imports in both the short and long term with G7 countries. This argument is also 
supported by Muhammad et al. (2020). Therefore, the relationship between imports and 
environmental pollution is unclear, so it is only expected to have a particular relationship. 
In this article, we suggest the hypothesis: 

H4 Import turnover has a relationship with CO2 emissions. 

2.5 Energy consumption and CO2 emissions 

The process of industrialisation and economic growth create a continuous increase in 
energy consumption (Staddon et al., 2016). Moreover, humans release CO2 into the 
environment by exploiting and producing energy, causing pollution. Rai et al. (2019) 
pointed out that there is a strong joint un-directional causality running from energy 
consumption, FDI, gross domestic product, and trade openness to CO2 in India from 1978 
to 2014. Shahbaz et al. (2013b) have found that an increase in energy consumption per 
capita will increase CO2 emissions per capita in both the short and long run. Al-mulali 
and Sheau-Ting (2014), Boamah et al. (2017), Chang et al. (2018) and Muhammad et al. 
(2020) also agree with this view when they also find a similar relationship between these 
two factors. Similar finding are also revealed in the study by Çetin and Yüksel (2018) in 
the context of Turkish economy. Based on the previous studies mentioned above, the 
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amount of electricity consumed per capita is expected to affect the CO2 emission per 
capita positively. In this research, we propose: 

H5 Energy consumption per capita has a positive relationship with CO2 emissions. 

2.6 Urbanisation and CO2 emissions 

Urbanisation is also a factor with a complex relationship with CO2 emissions. The high 
rate of urbanisation leads to an increase in infrastructure and means of transport, which 
leads to a rise in CO2 emissions. However, this may only happen when urbanisation is 
early and busts infrastructure and transport activities. In the later stage of urbanisation, 
the infrastructure has been sustainably developed, accompanied by improved government 
policies, and public awareness will help reduce CO2 emissions (Sadorsky, 2014). 
Research by Mohsin et al. (2019), Muhammad et al. (2020) and Võ and Lê (2019) found 
that urbanisation has a positive impact on CO2 emissions. Mignamissi and Djeufack 
(2022) investigated the correlation between urbanisation and the intensity of CO2 
emissions in a panel comprising 48 African countries from 1980–2016 by employing an 
augmented STIRPAT model. The findings indicate that urbanisation significantly 
contributes to pollution in Africa, although the magnitude of this effect varies across 
different pollution levels. Cetin et al. (2018) examined the relationship between 
urbanisation and CO2 emissions in Turkey by using time series data over the period 
1960–2014. The study utilised the autoregressive distributed lag bounds testing approach 
to investigate the long-run relationship and showed that industrialisation and urbanisation 
process had caused a steady increase in CO2 level. However, in some studies, the authors 
also show the existence of urbanisation to reduce environmental pollution when people 
already have a high enough standard of living (Al-mulali et al., 2015; Ozturk et al., 
2016). Therefore, the urbanisation rate is expected to affect CO2 emissions per capita, but 
the specific impact direction has not been determined and we propose the hypothesis that: 

H6 Urbanisation has a relationship with CO2 emissions. 

2.7 Population growth and CO2 emissions 

Birdsall (1992) pointed out two mechanisms of population growth that can contribute to 
increased greenhouse gas emissions. First, a larger population can increase energy 
demand for industry and transportation, thus increasing fossil fuel emissions. Second, 
population growth can contribute to greenhouse gas emissions through deforestation. 
Deforestation, land-use change, and wood-burning can contribute significantly to 
greenhouse gas emissions. Mohsin et al. (2019), Muhammad et al. (2020) and Shi (2001) 
have demonstrated a positive relationship between population growth and per capita CO2 
emissions. In this study, the population growth is expected to correlate with per capita 
CO2 emissions based on these studies positively. 

H7 Population growth is positively related to CO2 emissions. 

Our empirical study investigates whether there is an EKC and Pollution haven hypothesis 
in Asian countries. We test the impact of international trade on the environment, 
including the COVID-19 period from 2019–2020, which extends the current knowledge 
and contributes to the literature. 
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3 Research method 

3.1 Data 

Following previous studies (e.g., Ertugrul et al., 2016), we choose annual data the most 
updated period from 2000–2020 of 20 Asian countries. They are Bangladesh, Brunei 
Darussalam, Cambodia, China, Hong Kong, India, Indonesia, Israel, Japan, South Korea, 
Laos, Malaysia, Nepal, Pakistan, the Philippines, Qatar, Saudi Arabia, Singapore, 
Thailand, and Vietnam. Data sources and methods of measuring variables are detailed in 
Table 1. 

It can be seen from Table 1 that the CO2 emissions (per capita) vary across Asian 
countries. On average, each person emits 7.68 ton of CO2 per year. Nepal’s CO2 
emissions in 2006 had the lowest value in the observed sample at 0.09 tons/person, while 
Qatar had the largest at 67.01 tons/person in 2001. Regarding the import – export 
statistics, Laos experiences the lowest import and export value (475.68 million USD in 
2002 for import, and 462.87 million USD in 2003 for export), while China had the largest 
import and export volume (in 2018 and 2020 respectively). 

In terms of GDP per capita in the sample, Nepal had the lowest GDPpc in 2000 with a 
value of $229.49, while the highest value belongs to Qatar at $85,075.98 in 2012.1 
Additionally, Cambodia had the lowest per capita electricity consumption in 2000, with a 
value of 38.44 kWh and Qatar consumed highest level of electricity consumption in 2019 
with a value of 16,656.46 kWh. 

Urbanisation varies across Asian countries. Singapore and Hong Kong have achieved 
100% urban population rate since 2000, whereas Nepal in 2000 was the country with the 
lowest urbanisation rate in the sample, at 13.39%. 

This study utilised panel data to examine the relationship between international trade 
and environmental pollution. The panel model’s popularity increased among researchers 
due to its several advantages over pure cross-sectional data or pure time-series data 
(Baltagi, 2013), as follows: 

1 Since panel data relates to individuals, companies, countries, etc. over time, there is 
bound to be heterogeneity within units, which often cannot be observed. Panel data 
estimation techniques can explicitly account for such heterogeneity by introducing 
subject-specific variables. 

2 By combining time series of cross-observations, panel data gives us ‘more 
informative data, higher variability, less collinearity between variables, more degrees 
of freedom and more efficiency’. 

3 By studying repeated observations of crossover units, panel data are more suitable 
for studying the time variation of these crossover units 

4 Panel data can better detect and measure effects that cannot be observed in pure time 
series or cross-sectional data. 
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Table 1 Descriptive statistics of variables used in the analysis 
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3.2 Regression model 

Consider the fitting models of the form 

it it i ity X v= + + + α β  (1) 

In this model, νi + ϵit is the error term. νi is the unit-specific error term; it differs between 
units, but for any particular unit, its value is constant. ϵit is the ‘usual’ error term with the 
usual properties (mean 0, uncorrelated with itself, uncorrelated with X, uncorrelated with 
ν, and homoskedastic). 

If (1) is true, it must also be true that: 

i i i iy X v= + + + α β  (2) 

where / , / ,i it i i it it t
y y T X X T= =   and / .i it it

T=   Subtracting (2) from (1), it 

must be equally true that: 

( ) ( ) ( )it i it i it iy y X X= +− − − β  (3) 

These three equations provide the basis for estimating β. In particular, fixed-effects 
estimator amounts to using OLS to perform the estimation of (3). Between-effects 
estimator amounts to using OLS to perform the estimation of (2). Random-effects 
estimator is a matrix weighted average of the estimates produced by the between and 
within estimators. In particular, the random-effects estimator turns out to be equivalent to 
estimation of: 

( ) ( ) ( ){ }(1 ) (1 ) iit i it i it iθ θ vy θ y X θX θ= − + + − +− − − α β  (4) 

where θ is a function of 2
vσ  and 2.σ  If 2 0,vσ =  meaning that νi is always 0, θ = 0 and (1) 

can be estimated by OLS directly. Alternatively, if 2 0,σ =  meaning that ϵit is 0, θ = 1 
and the within estimator returns all the information available. 

We follow Park (2011) in choosing an appropriate regression model. First, pooled 
regression model (POLS), random effect model (RE model), and fixed-effect model (FE 
model) are carried out to obtain the results in Table 2. The Breusch-Pagan test (LM Test) 
was used to check whether POLS is suitable. If the POLS is not supported, the Hausman 
test could be helpful to decide between FE model and RE model. 

The Hausman statistic is distributed as χ2 and is computed as 

( ) ( ) ( )1
c e c ec eH V V −′= − −−β β β β  

where 

βc is the coefficient vector from the consistent estimator 

βe is the coefficient vector from the efficient estimator 

VC is the covariance matrix of the consistent estimator 

Ve is the covariance matrix of the efficient estimator. 
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4 Results and discussion 

In this section, we will delve into the model regressions and present the corresponding 
test results, thereby providing valuable insights into the relationship within our dataset. 
Table 2 provides results of the POLS model, RE model and FE model, respectively, for 
factors associated with the CO2 emission in Asia. The Breusch-Pagan test does not 
support using POLS among three regression, whereas the Hausman test provide the 
evidence that FE model fits the given data most (see results at the end of Table 2). 
Table 2 POLS, RE model, FE model regressions and test results 

Indicator  
(1) 

POLS model  
(2) 

RE model  
(3) 

FE model  
(4) 

Export 0.7064*** –0.1117* –0.2444*** 
 (0.0633) (0.0670) (0.0703) 
Import –0.6162*** 0.0848 0.2051*** 
 (0.0629) (0.0660) (0.0689) 
GDPpc 1.3365*** 0.5649*** 0.8561*** 
 (0.1770) (0.1570) (0.1710) 
GDPpc squared –0.0586*** –0.0320*** –0.0463*** 
 (0.0095) (0.0083) (0.0088) 
Energy consumption 0.5071*** 0.6306*** 0.6085*** 
 (0.0351) (0.0465) (0.0486) 
Urbanisation –0.2977*** 0.6819*** 0.1656 
 (0.1090) (0.1580) (0.2180) 
Population growth 0.1066*** 0.0712*** 0.0633*** 
 (0.0192) (0.0170) (0.0165) 
FDI –0.0535*** 0.0296** 0.0313** 
 (0.0124) (0.0123) (0.0122) 
Intercept –9.6932*** –8.5655*** –7.6717*** 
 (0.6537) (0.5780) (0.6079) 
No. of observation 380 380 380 
R2 0.9507 Overall: 0.9103 Within: 0.7972 
F test [0.0000] F(19, 352) 61.47 
Breusch-Pagan test [0.0000] χ2 (01) 675.33 
Hausman test [0.0000] χ2 (08) 60.36 

Notes: ***, **, * indicate significance levels at 10%, 5%, 1%, respectively. 
The standard error is in parentheses ( ), and the p-value of the test is in square 
brackets [ ]. 

The next step is checking for any potential bias existing in our FE analysis result. The 
Wooldridge test for autocorrelation, the Pesaran test for cross-sectional dependence, and 
the Wald test for panel heteroskedasticity are conducted. The test results in Table 3 show 
that the model has heteroskedasticity and autocorrelation problems but does not have 
cross-sectional dependence problems, so the regression method using robust standard 
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error will be suitable for overcoming these problems (Hoechle, 2007). Therefore, we run 
the regression with consideration of robust standard error and reported in Table 2. 

From Table 2, exports have a negative impact on CO2 emissions, while imports have 
a positive effect on CO2 emissions. Specifically, when export turnover increases by 1%, 
per capita CO2 emissions will decrease by 0.24%, and when import turnovers increase by 
1%, per capita CO2 emissions will increase by 0.21%. This also implies that countries 
that maintain a trade surplus will reduce their CO2 emissions. These findings are 
consistent with ones found in Muhammad et al. (2020) in the study on the impact of 
international trade on CO2 across 65 Belt and Road Initiative (BRI) countries from 2000 
to 2016. The export is claimed to increase the CO2 emission especially in low-middle 
income countries, which is consistent with the theory of scale effect. 

To roughly evaluate the total effect of international trade on CO2 emission, one 
compares the magnitude of the effects of exports and imports on CO2 emissions. Imports 
have a more substantial effect when there is a statistically higher significance level than 
exports. The results show that promoting exports helps countries specialise in producing 
products in which they have strengths, thereby helping to avoid wasting resources in 
production and improving environmental quality. The findings are similar to such of 
Khan et al. (2020) and Liddle (2018b). In addition, import increases CO2 emissions and 
shows the need to develop an optimal logistics system to reduce emissions from the 
transportation of goods. Some imported goods with high polluting potential, such as cars 
or air conditioners are also causes of environmental pollution in the importing country. 

The Kuznets’s theory of environmental curve is supported when the slope of the 
variable GDPpc is greater than 0 and the slope of the variable GDPpc squared is smaller 
than 0 for all three regression results. The estimated turning point of the Kuznets curve 
through the derivative for result of FE model can be calculated as: 

2 0.8561 0.0926 0

9.2451

δCO pc GDPpc
δGDPpc

GDPpc

= − × =

 =
 

With GDPpc = 9.2451, we can calculate the GDP per capita at the peak with an 
approximate value of about 10,354 USD/person. 

By calculation, we have Figure 1 of the difference between the average GDP per 
capita of the countries in the period 2000–2020 and the value at the peak point, where the 
countries lying above the zero line will have the net effect of economic growth is 
inversely related to environmental pollution and vice versa; countries below the zero line 
will have a net impact of economic growth in the same direction as environmental 
pollution. 

Through observations combined with the World Bank’s ranking of economies in 
2020, most countries above the zero line are developed countries, such as Korea, Japan, 
etc., or developing countries with upper-middle income, such as Thailand and Malaysia, 
etc. and vice versa, the countries below the zero line are mainly developing countries 
with low middle-income such as Vietnam, Cambodia, etc. 

Electricity consumption is one source of CO2 emission based on the finding in  
Table 2. A 1% increase in electricity consumption per capita would increase CO2 
emissions by 0.61%. This is an entirely understandable phenomenon because humans 
leave carbon footprints in the environment, including CO2, in generating and consuming 
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electricity. This result is similar findings by Al-mulali and Sheau-Ting (2014), Boamah  
et al. (2017), Chang et al. (2018), Muhammad et al. (2020) and Shahbaz et al. (2013a). 

Urbanisation has no impact on the environment; this result may be due to the 
sample’s insufficient number of developed countries and the heterogeneous of the 
urbanisation rate among the nations. Therefore, the effect of urbanisation on the 
environment has not been observed since this effect may or may not be found depending 
on the group of countries observed (Muhammad et al., 2020). Moreover, the impact of 
urbanisation on the environment is also susceptible depending on the estimation method 
used (Sadorsky, 2014). This study supports the research by Boamah et al. (2017), in 
which the authors also found that urbanisation does not impact CO2 emissions. 

Figure 1 Difference between the average of the logarithm of GDP per capita across observed 
countries in the period 2000–2020 and the value at the Kuznets’s peak point (see online 
version for colours) 
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The result shows a positive effect of population growth on air pollution (i.e., CO2 level) 
which is consistent with previous studies by Mohsin et al. (2019) and Shi (2001). It is 
reasonable because as the population increase, the demand for energy, natural resources, 
fossil fuels would rise faster, resulting in the higher level of CO2 emission. 
Table 3 Tests for model problems 

Pesaran test Wooldridge test Wald test 
[0.3229] [0.0000] [0.0000] 
 F(1, 19) = 49.228 χ2 (20) = 17249.31 

Note: The p-value of the test is in square brackets. 

It is evident that increasing the ratio between FDI net inflows and GDP will increase 
environmental pollution in Asia as shown in this study. Specifically, when this ratio 
increases by 1%, CO2 emissions per capita will increase by 0.03%. The results of this 
study also support previous studies that prove the pollution haven hypothesis, such as 
Chakraborty and Mukherjee (2010), Hoffmann et al. (2005), Kostakis et al. (2017) and 
Võ and Lê (2019). There is not much evidence to show whether FDI provides additional 
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technical expertise, production, or technological improvements in the host country (Võ 
and Lê, 2019). Moreover, FDI inflows tend to go to countries with less stringent 
environmental protection laws to reduce environmental protection costs (Chakraborty and 
Mukherjee, 2010; Võ and Lê, 2019). 

From the results and discussions above, the conclusions of research hypotheses are 
presented in Table 4. 
Table 4 Conclusion about research hypotheses 

Hypotheses Conclusion  
(at 10% significance level) 

H1: There is an environmental Kuznets curve Accept 
H2: Foreign direct investment has a relationship with CO2 
emissions 

Accept 

H3: Export turnover is related to CO2 emissions Accept 
H4: Import turnover has a relationship with CO2 emissions Accept 
H5: Energy consumption per capita has a positive relationship 
with CO2 emissions 

Accept 

H6: Urbanisation has a relationship with CO2 emissions Not support 
H7: Population growth is positively related to CO2 emissions Accept 

5 Conclusions 

This study provides new insights on the impacts of international trade on CO2 emissions 
on the basis of export turnover and import turnover by using panel data of 20 Asian 
countries from 2000 to 2020. Empirical results show that exports have a negative impact 
on CO2 emissions, while imports have a positive impact on CO2 emissions. This also 
implies that countries that maintain a trade surplus will reduce their CO2 emissions. 
Through the regression results, the amount of electricity consumed per capita has a 
negative impact on the environment. Urbanisation has no impact on the environment; this 
result may be due to the sample’s insufficient number of developed countries and the 
uneven urbanisation rate among the nations. The population growth rate is the most 
influential factor in the estimation model, showing that population growth is the leading 
cause of increased CO2 emission and global warming. The ratio between FDI net inflows 
and GDP will increase environmental pollution. In addition, the paper also confirms the 
existence of the EKC in selected Asian countries. 

1 Several policy implications are recommended based on research findings. 

2 As import has significant positive effect on the environmental pollution, it is vital to 
consider switching from resource-incentive or energy-incentive products to greener 
imported products or patent-intensive products as suggested by Muhammad et al. 
(2020). It is because if a country continue importing energy-incentive 
goods/services, it may exacerbate the environmental pollution. 

3 The export may reduce the environmental pollution in Asia, which is consistent with 
the composition effect of international trade (Zarsky, 1999). Composition effect 
hypothesises that, exports in high income countries lower environmental pollution by 
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using environmentally friendly technologies and strong government policies. 
Whereas, low-income countries experience the negative effect of export on  
pollution because they mainly export the less pollution incentive product such as 
fruit, nuts, vegetables. Therefore, Asian countries would consider investing in the 
environmentally friendly technology in production, focus on exporting the less 
polluted goods/services. 

4 Environmental policy in FDI negotiations should be set stricter. Asian countries need 
to limit FDI projects that cause environmental pollution and prevent environmental 
incidents. Moreover, it is necessary to appraise technology before the project 
implementation process, end incentives for cheap resources, and strengthen 
supervision of FDI enterprises on compliance with environmental protection criteria, 
dust, wastewater, and noise right from the design and selection of technology to 
construction and operation. 

4 The governments of Asian countries should complete import and export policies 
toward environmental protection. Countries need to perfect their tax policies in the 
direction of combining adjustment of import-export tax policies and domestic tax 
systems to meet the requirements of integration commitments and environmental 
protection; perfecting non-tax policies on the principle of not distorting trade and 
improving the effectiveness of environmental protection; research and develop 
regulations and standards for imported products and goods, form technical barriers to 
limit and prevent the import of poor quality goods. 

Although this paper contributes to current literature related to exploring the association 
between international trade (i.e., import and export) and CO2 emission, it still has some 
limitations. First, there might exist the reverse causality between economic growth (i.e., 
GDPpc) and the CO2 emission, thus to extract the causality of trade and environmental 
pollution, addressing endogeneity is necessary. However, as we only conclude about the 
linkage (i.e., the association), the result of empirical analysis is acceptable. Future studies 
would find the way to deal with potential endogeneity such as using two stage least 
square regression analysis with instrumental variable(s). Second, although the data cover 
COVID-19 pandemic period (2020), yet when checking the variable, we do not see the 
significant difference of CO2 emission and trade between 2019 and 2020. Future research 
with more updated data should consider this issue as it may show more interesting 
findings related to the linkage between trade and environmental pollution. 
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