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Abstract

Environmental degradation is among the most pressing issues the world faces today. Air
pollution is one of the many forms of environmental degradation and can drastically
impact human health and ecosystem functioning. Research shows that rapid intervention
strategies are required to achieve the environmental targets set out by international
agreements. One strategy that has been widely accepted to combat this issue of
environmental degradation is the introduction of green products. The adoption of green
products can be increased through trade. However, knowledge of the impact of trading
these products is limited. This study examines the relationship between the trading of
green products and air quality in a case study of 33 Organization for Economic
Cooperation and Development (OECD) member countries from 2003-2016. We employ
several panel strategies, such as the Westerlund (2008) Durbin-H method for
cointegration and the Method of Moments Quantile Regression (MM-QR). The trading of
green products was proxied by the newly developed ‘Green Openness Index.’ Nitrous
oxide (NOx) and sulfur oxide (SOx) emissions served as proxies for air pollution. The
relationship between the variables was explored in the context of the Environmental
Kuznets Curve (EKC). The cointegration analysis reveals that there is a long-run
relationship among the series. Long-run estimations prove that the EKC hypothesis is
valid for the analyzed series. Additionally, the empirical findings reveal that trading
environmentally friendly products increases air quality while energy consumption
decreases. We provide several policy suggestions based on the study’s outcomes, such as
supporting the trade liberalization of green goods, reducing tariff and non-tariff barriers
for environmentally friendly products, and promoting the adoption of environmentally
friendly goods by providing subsidies and other tax incentives to consumers.
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1. Introduction

The world is witnessing a staggering decline in

the Millennium Ecosystem Assessment (MEA) and the
Intergovernmental Panel on Climate Change (IPCC)
provide annual reports on the topic, emphasizing the

environmental quality that jeopardizes the capacity of the
environment to meet social and ecological needs.
Environmental degradation is closely linked to climate
change, and its importance has gained global attention in
the past decades [1-4]. International institutions such as
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need for rapid intervention. According to the MEA [5],
almost 60% of all ecosystems are deteriorating or are
being used unsustainably. Additionally, the IPCC [6]
states that the average worldwide temperature in 2020
was already 1.2°C higher than pre-industrial levels. This
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Figure 1. NOx emissions in kg/capita for OECD countries in 2020 (Source: OECD database [7]).

situation poses severe risks to the delicate balance of the
planet’s biophysical systems [8].

The environmental degradation seen today consists of
many factors impacting the environment in different,
complex ways [9-11]. Air pollution is one of these factors.
With 99% of the global population breathing air that is
polluted beyond World Health Organization (WHO)
guidelines, it affects human health and ecosystem well-
being [12]. The quality of water bodies and soil can be
influenced by the precipitation of atmospheric pollutants
[1]. Therefore, it can cause various environmental issues,
such as acid rain, forest deterioration, photochemical
smog, and reduced atmospheric visibility [13]. The most
common air pollutants are sulfur and nitrogen-
containing compounds and dust containing heavy metals
such as lead and particulate matter (PM). The life
expectancy of these compounds varies from hours to
multiple months [1]. Many of these pollutants, such as
sulfur dioxide (SO2) and PM, travel long distances and
have transboundary effects in regions that don't possess
an emission source. Other compounds even have a
global impact through the greenhouse gas (GHG) effect
[14, 15]. Although carbon dioxide (COz) is the most widely
known greenhouse gas, other air pollutants also
contribute to the GHG effect and thus increase global
warming [16]. Examples include PM, NOx, and ozone.
Ozone traps heat when it is present at ground level or at
the top of the troposphere. Under these circumstances,
it acts as a greenhouse gas [17]. Nitrous oxides can lead
to the formation of ground-level ozone, thereby indirectly
contributing to global warming [18, 19]. Black carbonis a
component of PM that warms the earth's atmosphere by
absorbing sunlight [20]. In addition to all the
environmental issues, air pollutants can lead to various
health problems. These health issues range from direct
intoxication to Chronic Obstructive Pulmonary Disease
(COPD), asthma, bronchiolitis, and lung cancer [21].

The majority of OECD member countries have recognized
the need to reduce the emission of air pollutants for
several decades [19]. The sources of air pollution vary per
pollutant and are different across countries. Generally,
the main contributors are energy transformation, energy
consumption, and industrial processes [22-24]. The
severity of air pollution in an area is determined by
several factors, but densely populated areas, particularly,
battle high degrees of total pollution [25-27].

NOx is a group of poisonous gases that are highly
reactive. This family of gases includes compounds such
as nitrogen monoxide (NO) and nitrogen dioxide (NO).
The majority of NOx emissions consist of NO. These gases
are created when fuel is combusted at high temperatures
[18]. Therefore, the transport sector is one of the biggest
sources of NOx emissions in the OECD overall. NOx
pollutants are emitted by automobiles, trucks, boats,
planes, and alternative vehicles that run on fuels such as
gasoline and (bio)diesel. Other important sources are the
manufacturing sector and the energy sector. Industrial
facilities such as power plants, large-scale boilers,
turbines, and manufacturing machinery emit large
amounts of NOx gases [28].

The distribution of the NOx emissions per head of the
population across OECD countries is depicted in Figure 1.
The NOx emissions per capita are highest in Australia,
Iceland, Canada, New Zealand, and Norway. The
emissions are smallest in Switzerland, Colombia, Chile,
Japan, and Italy. Among other things, the emissions per
capita depend on the economic structure, total
population, and the country's energy resources. A
country with a very high total NOx emission can end up
on the lower side of the distribution if it has a sizable
population. This is the case for Japan [29]. On the
contrary, Iceland has one of the lowest total NOx
emission rates but high per capita emissions. This is due
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Figure 2. SOx emissions in kg/capita for OECD countries in 2020 (Source: OECD database [7]).

to the emissions of its large fishing fleet compared to a
small population [30].

Sulfur oxides (SOx) are formed by the oxidation of sulfur
(S), primarily through the combustion of sulfur-
containing fuels [31]. Figure 2 depicts the distribution of
SOx emissions per capita across OECD countries. In the
OECD, electricity generation is the principal source of SOx
emissions [32]. The five biggest emitters per capita are
Iceland, Australia, Turkiye, Russia, and Canada,
respectively. The countries that emit the lowest amount
of SOx per capita are Switzerland, the Netherlands,
Austria, and Luxembourg.

Although the emission of air pollutants has been
decreasing in recent years, several challenges remain
[33]. The first challenge is to further reduce local and
regional emissions. Countries generally start with
abatement activities that are relatively simple and low-
cost. For example, it was agreed in the Gothenburg
Protocol that countries with easy and affordable
abatement opportunities would abate more than others.
However, the costs of abatement increase for each
additional unit of abatement. Abatement also becomes
increasingly  difficult  technologically and more
demanding from a policy perspective [34, 35].

The second challenge is to decouple the emissions of air
pollutants from further economic growth. Decoupling is
popular among policymakers as it promises to
simultaneously achieve economic development and
environmental protection. 'Green growth' is one of the
hallmarks of the current OECD sustainability policy
course [36]. The empirical evidence on decoupling
emissions of air pollutants varies across countries,
pollutants, and time periods. However, the consensus is
that current decoupling rates are insufficient for
environmental gain [37]. The third challenge is limiting
people's exposure to polluted air. Countries often try to

achieve this through in-home

improvements [32].

city planning and

Since human activities generally form the primary source
of environmental issues, it is necessary to find ways to
reduce their detrimental impact [38-40]. In particular,
economic activities that lack knowledge and skills affect
societies as a whole [41]. Among these activities, the role
of trade is significant and has the potential to influence
environmental quality [42]. International trade has
benefited countries through economic expansion and
the introduction of foreign goods, services, and
technologies [43]. Conversely, economic growth,
increased resource use, and waste production associated
with trade can negatively affect the environment [39, 44].
The nexus between trade and the environment has been
a topic of research for several decades. However, the
scientific community has not yet reached a consensus on
it [9, 45].

Environmentally friendly or green products are designed
to minimally impact environmental quality. Therefore,
they are widely accepted as a tool to minimize
environmental degradation from human activities [46].
Generally, the primary or secondary goal of producing an
environmental good is to monitor, prevent, regulate,
remove, or even reverse environmental harm [47, 48].
Similar to some non-environmentally friendly products,
not all countries have the resources and capacity to
produce green goods domestically. Therefore,
international trade is vital to promote the further
spreading and adoption of these products [49].

The trading of environmentally friendly goods has only
recently emerged as an important field of study, and little
is known about its impact on the environment [50, 51]. In
addition, there is no consensus on what defines a green
product, and an array of definitions and accompanying
product lists can be found in the literature [52]. Many
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scholars who examine the trade-environment nexus use
the Trade Openness Index, which ignores the nature of
products and does not distinguish between green and
non-green goods. To assess the impact of trading green
products specifically, Can et al. [50] presented the Green
Openness Index (GOP) to measure the importance of
green trade in a region. However, the GOP has only been
applied to a limited number of indicators of
environmental degradation, such as the ecological
footprint.

Even though trade can play an important role in
spreading green products, which are widely accepted as
a tool to mitigate environmental degradation, most
literature ignores the nature of the traded goods. Studies
on the impact mechanisms of green trade on air quality
are limited. The studies that do address this subject use
an array of proxy indicators to assess the importance of
green products in a country. This practice complicates the
comparison of results. The Green Openness Index is a
potential solution to this issue but has not yet been
applied to air quality. Lastly, many scholars who find that
trade improves air quality mention that technology
transfer and the indirect effects of access to improved
technology play a significant part in this result. However,
to the best of our knowledge, no research has yet been
conducted on the impact of green openness on air
quality.

Therefore, this study aims to examine the impact of green
trade on air quality in a case study of 33 OECD countries
from 2003 to 2016. The Green Trade Openness Index
(GOP) is the indicator for green trade as the core variable.
This research makes several contributions to the
literature. First, to the best of our knowledge, this study
addresses the impact of green trade on air quality using
the Green Openness Index in the OECD sample.
Secondly, although there are studies in the literature that
examine the relationship between green trade and the
environment, it can be said that these studies are limited.
In this context, this study provides an opportunity to
expand the existing literature. Third, the study employs
advanced panel technical methods. The consistency of
these methods is tested by using two different
dependent variables. Fourth, it provides several policy
suggestions based on the empirical findings of green
trade openness and air pollution.

The rest of this study is organized as follows. First, Section
2 discusses the empirical findings of the research
covering trade, air quality, and green products. Section 3
introduces the EKC-based model and explains the
econometric approach. Then, the results from the
empirical analysis are reported and discussed in Section
4. Afterward, we provide policy recommendations based

on our findings in Section 5. Lastly, Section 6 concludes
the study.

2. Literature Review

The impact of trade on environmental degradation
depends on a multitude of factors. Generally, trade is
closely associated with activities such as production,
consumption, and transportation, which can cause
environmental damage. These activities can deplete
natural resources, emit greenhouse gases, and generate
waste, which in turn causes issues like ecosystem
deterioration, loss of biodiversity, and global warming
[53]. For this reason, many scholars have studied trade
and its impact on the environment. Despite decades of
research, results are conflicting, and the extent of the
impact of trade remains highly debated. The majority of
scholars focus on CO; emissions and greenhouse gases
as a proxy for environmental quality [54]. However,
environmental degradation consists of many factors, and
the relationship with trade must be unraveled before we
can understand the impact of trade on the environment.
Air quality is one of the factors that remains an important
field of study as it is closely connected to the earth's
ecosystems and climate [9, 15].

2.1. The Impact of Total Trade on Air Quality

Although the research is limited, the impact of trade on
air quality has been explored by several researchers
employing different methodologies. Most studies use
concentrations of either one or multiple of the seven
standard air pollutants as indicators for air quality. These
pollutants are carbon dioxide (CO.), sulfur dioxide (SO.),
ozone (03), nitrogen dioxide (NO2), carbon monoxide
(CO), lead (Pb), and particulate matter (PM). An
increasingly employed indicator is visibility, determined
by the density of gases and particles in the air. It is 'the
greatest distance at which an observer can see a black
object viewed against the horizon sky' [55].

Despite ongoing efforts, scholars are conflicted on the
correlation between trade openness and air quality.
Some suggest that trade openness has a beneficial effect
on air quality (e.g., Antweiler et al. [56]), while others have
concluded that trade has a detrimental effect (e.g., Li et
al. [55], Yasmeen et al. [57], and Liu et al. [58]). The
majority of research on the trade-environment nexus
does not distinguish between the trading of green
products and non-green products. Multiple researchers
have criticized this situation, as green products are widely
accepted as a tool to mitigate environmental
degradation. Therefore, their impact should be explored
separately from the total trade basket [51, 59]. A few
studies specifically explored the impact of green trade on
air quality.
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China is the subject of multiple studies on air quality and
green trade, as it is currently one of the world's major
emitters of airborne pollutants, and 30% of its emissions
are export-related [9, 60]. Trading green products
reduces China's pollution levels of PM2.5 and several
other environmental indicators, such as wastewater and
solid waste. The country's increase in green international
trade explains the recent decrease in pollution intensity,
especially in green ordinary trade compared to green
processing trade. Conversely, total trade is found to be
harmful to air quality [58].

Another study on China shows similar results. Li et al. [54]
analyzed firm-level trade data on 142 green products
from 2007 to 2016. They employed a System Generalized
Method of Moments (SYS-GMM) for their estimations. An
increase in green imports and exports significantly
improves air pollution measured in SO, while growth in
total trade is associated with decreasing air quality.
However, the correlation only applies to high-level trade
regions and is negligible for low-level trade regions.

To the best of our knowledge, only three cross-country
studies have been conducted on the nexus between
trade in environmental goods and air pollution. The first
is a cross-country study by Zugravu-Soilita [59]. It
examines the impact of trading environmental goods
(export + import in Green Products) on SOz emissions,
CO2 emissions, and biochemical oxygen demand (BOD).
This was conducted for the transition economies of
Central and Eastern Europe and the Commonwealth of
Independent States from 1995 to 2003. Their model is
constructed following the decomposition theory
introduced by Grossman and Krueger [61]. The
decomposition theory defines three pollution
determinants: scale effect, composition effect, and
technique effect. They applied a Durbin-Wu-Hausman
test, and after that, the model parameters were
estimated using a three-stage Least Squares Method
(3SLS). Trade openness is examined as the scale effect.
They found that green trade has no significant effect on
SO; emissions; however, it increases water pollution and
decreases CO2 emissions.

De Alwis [62] performed another cross-country study that
examined the impact of trade liberalization of
Environmental Goods and Services (EGS) on air pollutants
SO, NOx, and CO.. Trade liberalization was proxied by
removing tariffs on EGS and non-EGS. The research used
data from 62 countries from 2001 to 2008. The model
they employed is based on Antweiler et al. [56]. In their
research, they used Ordinary Least Squares (OLS)
regression to estimate the model parameters. The study
found that trade liberalization of EGS results in a
decrease in SOz emissions. In addition, it revealed that air

pollution does not necessarily fall with green trade
openness when a country holds a high-income level but
when a country is capital-abundant. However, the
estimated coefficient for the impact of green trade
openness on NOx emissions was insignificant.

In 2019, Zugravu-Soilita [63] conducted a follow-up study
to her 2018 research on the same topic. This study
covered 144 countries between 1996 and 2011. They
checked the impact of trading environmental goods
(import + export in Green Products) on COz and SO:
emissions through a multiple-equation Generalized
Method of Moments (GMM) estimation. They used the
same decomposition method based on Grossman and
Krueger [61] as in their earlier study of 2018. Green trade
was incorporated as the scale component. The results
showed that such trade can lead to efficiency gains in CO2
and SOz emissions per 1 US$ of GDP. Conversely, green
trade fails to provide environmental effectiveness
regarding total CO2 and SOz emissions. Therefore, the
authors conclude that trade in environmental goods
cannot  effectively  substitute = non-market-based
solutions. However, green trade can efficiently
complement other non-market-based measures to
reduce air pollution.

Although only a few studies have been conducted on the
nexus between green trade and air quality, one can
notice a difference in results compared to research on
total trade. The results on the impact of total trade
openness vary from a negative impact to a positive
impact to an insignificant impact. However, none of the
studies on green trade openness find evidence that it
increases the emission of air pollutants. The outcomes
only point to reduced emissions or the absence of
impact.

2.2. Green Openness Index and Environment

The studies that examine the impact of green trade on air
quality use an array of proxy indicators to assess the
importance of green products in a country. This practice
complicates the comparison of results across papers.
Therefore, Can et al. [50] presented the Green Openness
Index (GOP) to measure the importance of green trade in
a region. Currently, seven studies use the GOP as an
independent variable. One of these examines the impact
of green openness on human well-being [51], and
another explores the relationship between green trade
openness and economic complexity in Central and
Eastern European Union countries [64]. In total, five
studies address the green openness-environment nexus.
The following section discusses these five studies.

Most studies on GOP and the environment focus on
OECD countries, and all find that green trade benefits the
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Table 1. Definition of the variables.

Variable Symbol Description Measurement Data source
Air pollution NOx Nitrogen oxide emission Kg NOx per capita OECD Database
intensity
SOx Sulfur oxide emission intensity ~ Kg SOx per capita OECD Database
Income IPC Gross domestic product Income per capita World Bank
(constant prices 2015 US$)
Square of income IPC2 Gross domestic product Income per capita Own calculation
(constant prices 2015 US$)
Energy consumption ENPC Consumption of primary @) per capita International Energy Agency
energy (IEA)
Green openness GOP Green trade openness Index BETA Akademi Social Science

Research Lab

environment. Each scholar uses ecological footprint per
capita, which includes carbon footprint and other
components, as an indicator of environmental
degradation. However, they employ different estimation
techniques. For example, Can et al. [51] studied the
impact of green trade on environmental degradation with
panel data for 31 OECD countries from 2007 to 2017. The
study employs panel cointegration techniques, a Granger
causality test, and Pedroni (2004) based Fully Modified
Ordinary Least Squares (FMOLS) and Dynamic Ordinary
Least Squares (DOLS). They found that increased green
trade openness leads to decreased environmental
degradation. The same result was obtained by Can et al.
[65], who used a similar case study, model, and data but
applied Westerlund [66] cointegration approaches and
Augmented Mean Group (AMG), Pooled Mean Group
(PMG), and Mean Group (MG) long-run estimators. They
confirmed the previous findings presented by Can et al.
[51]. Lee et al. [67] narrowed the scope to 24 EU countries
between 2000 and 2018. They employed panel quantile
regressions (QRs) and Driscoll-Kraay fixed effect-OLS
regressions to analyze the relationships. The results
showed that both green trade and economic complexity
have a complementary synergistic beneficial impact on
environmental quality.

Currently, only one GOP study has been performed
outside the OECD group. Ahmad et al. [68] explored the
dynamic relationship between technological innovation,
green openness, financial inclusion, and CO2 emissions
for the BRICS countries (Brazil, Russia, India, China, and
South Africa) from 2004 to 2018. Westerlund's [66] panel
cointegration tests and the Continuously Updated and
Fully Modified (CUP-FM) technique were used to explore
the long-run relationship between the variables, in
addition to Dumitrescu and Hurlin's [69] causality test.
They showed that financial inclusion causes
environmental degradation in the BRICS countries.
Conversely, green openness and technological
innovation mitigate CO2 emissions.

3. Materials and Methods
3.1. Model Construction and Data

The empirical analysis aims to estimate the impact of
trading green goods on air quality for 33 OECD countries.
Due to insufficient data availability, the OECD members
Costa Rica, Mexico, Chile, Colombia, and Luxembourg
were excluded from the analysis. The studied timeframe
covers 2003-2016, as this is the time limitation of the
Green Openness Index.

Several air pollutants are commonly used as proxies for
air quality, namely SOx emission intensity, NOx emission
intensity, and PM emission intensity. This study will rely
on NOx and SOx as the main indicators of air quality
because the majority of OECD members have
consistently reported their NOx and SOx emissions for
over two decades [19]. Initial estimates in empirical
models will be applied using NOx. Then, SOx emissions
will be used to carry out a robustness check in the final
stage of the analysis. The study specifically explores the
influence of the Green Trade Openness Index on air
quality while controlling for other potential factors, such
as income and energy consumption. The different
variables, their descriptions, and respective data sources
are summarized in Table 1.

The Environmental Kuznets Curve model developed by
Grossman and Krueger [61] is used as the theoretical
framework for this analysis. Following van Hek et al. [70]
and Can et al. [51], the EKC model is constructed in
Formula 1 and 2:

NOx;t = By + B1IPC;¢ + Bo1PC2; . + B3ENPC;, (D
+B4GOP;c + €
SOx;t = Bo + B1IPCi¢ + B2IPC2; . + B3ENPC; . (2)

+B1GOP;¢ + ey

Where NOx, SOx, IPC, IPC2, ENPC, and GOP stand for
nitrogen oxide emission intensity, sulfur oxide emission
intensity, GDP income per capita, the square of GDP
income per capita, energy consumption per capita, and
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Figure 3. Methodological flowchart of the econometric analysis.

Green Openness Index, respectively. The i represents the
country, t the time in years, and e the error term. The
model parameters are the constant B, and the
coefficients B, to B,.

3.2. Econometric Methodology

The EKC literature describes various econometric
methods for estimating the coefficients in the model
equations. This research used panel cointegration
techniques to examine the relationship between green
trade openness and air pollution. The research questions
will be answered through a stepwise approach, as
depicted in Figure 3.

3.2.1. Cross-sectional Dependence Test

Cross-sectional dependence (CD) tests are employed to
check for the presence of cross-sectional dependence in
the panel data. This is important because the economies
of OECD nations are closely linked through international
agreements and policies. Therefore, events in one nation
can impact conditions in another. Additionally, the CD
test results form the basis for selecting suitable panel
unit root and cointegration procedures [71, 72]. The
Breusch and Pagan LM, Pesaran scaled LM, bias-
corrected scaled LM, and Pesaran CD tests were carried
out for all variables [72]. In these tests, the null
hypothesis states that 'there is no cross-sectional
dependence across the series,’ tested against the
alternative hypothesis that 'there is cross-sectional
dependence across the series.'

3.2.2. Unit Root Test

Unit root analysis was conducted prior to the
cointegration analysis to address the issue of biased
regression. If the series possesses a unit root, it is not
stationary but dynamic, and standard models cannot be
applied to it. The unit root must be removed from the
time series before further analysis [73]. There are two
types of unit root tests. The first considers the cross-
sections in the panel data to be independent, while the
second allows for cross-sectional dependence [74]. The
cross-sectionally augmented IPS (CIPS) unit root test
proposed by Pesaran [75] was employed because it
accounts for CD in the estimation of stationarity. The null
hypothesis states that 'the series has a unit root,
meaning the series is non-stationary. If the absolute value
of the calculated CIPS test statistic is greater than the
critical value, we can conclude that the series is
stationary.

3.2.3. Cointegration Test

Panel cointegration tests explore the long-run
relationship between the dependent and independent
variables. The estimation builds on previous stages of the
analysis, implying that the homogeneity of the
parameters and the presence of any cross-sectional
dependence must be considered [76]. Westerlund's [66]
Durbin-H method was applied, along with a second-
generation panel cointegration test that allows for cross-
sectional dependence. This test transforms the variables
by taking the difference from the cross-sectional
averages. The Westerlund test requires that the
dependent variable is I(1) and the independent variables
are 1(0) or I(1). The null hypothesis states that ‘there is no
cointegration between the variables'.

3.2.4. Long-run Estimation

After cointegration between the series was established,
the long-run coefficients were estimated using the
Method of Movement Quantile Regression (MMQR)
presented by Machado and Santos Silva [77]. This fixed
effects quantile regression technique allows individual
effects to influence the entire distribution. It is suited for
panel data where N >T (cross-sectional units are larger
than time periods). Since traditional regression methods
estimate the coefficients through average effects, they
may underestimate or overestimate the coefficients,
potentially missing important relationships. The main
advantage of this method is that it is less sensitive to
outlier observations and less susceptible to changes in
variance. It can also provide efficient results in cases of
skewness. Additionally, it captures heterogeneity across
different quantiles of the dependent variable.
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Table 2. Results of four cross-sectional dependence tests.

. Breusch- Pesaran Bias Adj.

Variable Pagan LM Prob. scaled LM Prob. scaled LM Prob. Pesaran CD Prob.
NOx 5505.7 0.0000 153.18 0.0000 151.91 0.0000 69.659 0.0000
*k* *k* *k% *k%

SOx 5456.5 0.0000 151.66 0.0000 150.39 0.0000 66.216 0.0000
*k* *k* *k* *k*

IPC 4220.8 0.0000 113.64 0.0000 112.37 0.0000 51.642 0.0000
*k* *k*k *k*k *k*k
IPC2 42171 0.0000 113.53 0.0000 112.26 0.0000 51.611 0.0000
*k* *k*k *k*k *k*k
ENPC 3956.6 0.0000 105.51 0.0000 104.24 0.0000 26.996 0.0000
*k* *k* *k% *k%

GOP 2527.3 0.0000 61.523 0.0000 60.254 0.0000 26.229 0.0000
*k% **% *k% *k%

Note: *** implies the rejection of the null hypothesis at the 1% significance level.
Table 3. Results of the CIPS unit root test.

Critical Val
Variable CIPS Statistics 1(0) CIPS Statistics 1(1) ritica’ Yalue

1% 5%
NOx 0.0000 -3.1540%** -2.43 -2.21
SOx 0.0000 -4.0130%** -2.43 -2.21
IPC 0.0000 -2.4310%** -2.43 -2.21
IPC2 0.0000 -2.3260%* -2.43 -2.21
ENPC -1.7300 -3.8710*** -2.43 -2.21
GOP 0.0000 -3.0520*** -2.43 -2.21

Note: ** and *** denote the rejection of the null hypothesis at the 5% and 1% significance levels, respectively. The CIPS test is based on
Pesaran [75].

Table 4. Results of the Durbin-H Westerlund cointegration tests.

Independent Variable Durbin-Hausman Group Statistics Prob. Durbin-Hausman Panel Statistics Prob.
NOx 5935.8%** 0.0000 10.361%** 0.0000
SOx 12.144%** 0.0000 19.969*** 0.0000

Note: *** implies the rejection of the null hypothesis at the 1% significance level. The cointegration test is based on Westerlund [66].

4. Results and Discussion
4.1. Results of Cross-sectional Dependence Test

As mentioned above, CD is a crucial step for panel
estimation. Thus, we employed different CD tests in the
first step of our analysis. We conducted the Breusch-
Pagan, Pesaran scaled LM, bias-corrected scaled LM, and
Pesaran CD tests, respectively. The results of these CD
tests are reported in Table 2. The findings provide
evidence for rejecting the null hypothesis of cross-
sectional independence. The variables are cross-
sectionally dependent at the 1% significance level.

4.2. Results of Unit Root Test

In the second step of our investigation, we checked for
unit roots among the series. The Pesaran [75] CIPS unit
root test, conducted next, is suitable for panel data with
cross-sectional dependence. The results are listed in
Table 3 and indicate that the series are non-stationary at
the level but stationary at the first difference. NOx, SOx,
IPC, IPC2, and GOP are stationary at the first difference at
the 1% significance level. Only the variable ENPC is

stationary at the first difference at the 5% significance
level.

4.3. Results of Cointegration Test

It is critical to test for the presence of cointegration
before we can perform regression on the series. We
employed the Durbin-H Westerlund cointegration test
[66] to examine the long-run relationship between the
variables. This test allows for cross-sectional dependence
and a large degree of heterogeneity. The null hypothesis
assumes no cointegration between the series. The results
are reported in Table 4. First, the test was carried out with
NOx as the dependent variable. The p-values for the
Durbin-Hausman Group Statistic and the Durbin-
Hausman Panel Statistic were both found to be 0.000.
These findings confirm the rejection of the null
hypothesis at the 1% significance level. Therefore, we can
conclude that there is a long-run relationship between
the series. The same cointegration test was performed in
the second stage with SOx as the dependent variable.
Similarly, the p-values for the Durbin-Hausman Group
Statistic and the Durbin-Hausman Panel Statistic were
both found to be 0.000 for SOx. Therefore, the null
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Table 5. Results of MM-QR regression for NOx.

Variable Low Medium High
Qo.10 Qo.20 Qo.30 Qo.40 Qo.50 Qo.60 Qo.70 Qo.s0 Qo.90
IPC 4,9892 4.9188 4.8539 4.7996 47324 4.,5944 45133 4.4517 4.3959
[0.1070] [ 0.0590] [0.0290] [0.0160] [0.0100] [0.0280] [0.0760] [0.1320] [0.1910]
* ** *%* *%* ** *
IPC2 -0.6487 -0.6416 -0.6349 -0.6295 -0.6227 -0.6087 -0.6005 -0.5942 -0.5886
[0.0720] [0.0350] [0.0140] [0.0070] [0.0040] [0.0130] [0.0430] [0.0840] [0.1330]
* wk *k * Kk ok *k *
ENPC 1.1431 1.1321 1.1219 1.1135 1.1029 1.0814 1.0687 1.0591 1.0504
[0.0000] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000]
* k% **k* *k*k **k%* **k%* *k*k **k%* *k*k **k*
GOP -0.3293 03262 03233 03209  -03179  -0.3119 10.3083 -0.3056 10.3032
[0.0050] [0.0010] [0.0000] [0.0000] [0.0000] [0.0000] [0.0010] [0.0060] [0.0170]

*k*

*k%

*k%k

*k%

*k%

*k*

*k%

*k*

**

Note: The symbols *, **, and *** indicate the significance level at 10%, 5%, and 1% levels, respectively. Each pair of rows reports the
coefficient estimate and the associated bootstrap standard error in parentheses for each quantile.

Table 6. Results of MM-QR regression for SOx.

Variable Low Medium High
Qo.10 Qo.20 Qo.30 Qo.40 Qo.s0 Qo.60 Qo.70 Qo.s0 Qo.%0
IPC 13.288 11.853 10.743 9.0701 7.1988 5.5124 3.6864 2.3602 1.0096
[0.0250] [0.0190] [0.0160] [0.0160] [0.0360] [0.1290] [0.3930] [0.6380] [0.8630]
*% *k * - *k
IPC2 -1.6796 -1.5189 -1.3946 -1.2074 -0.9979 -0.8091 -0.6047 -0.4562 -0.3049
[0.0140] [0.0090] [0.0070] [0.0050] [0.0120] [0.0540] [0.2250] [0.4300] [0.6510]
*k o o ** ** *
ENPC 2.6202 2.6918 2.7472 2.8307 2.9241 3.0083 3.0994 3.1656 3.2323
[0.0000] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000] [0.0000]
. kK *hk - - e - e o
GOP -0.6194 -0.6166 -0.6144 -0.6113 -0.6077 -0.6044 -0.6009 -0.5984 -0.5958
[0.0140] [0.0040] [0.0010] [0.0000] [0.0000] [0.0000] [0.0010] [0.0050] [0.0160]

**

*k%

*k*

*k*

*k*

*k*k

*k%

*k*k

**

Note: The symbols *, **, and *** indicate the significance level at 10%, 5%, and 1% levels, respectively. Each pair of rows reports the

coefficient estimate and the associated bootstrap standard error in parentheses for each quantile.

hypothesis was rejected at the 1% significance level for
this variable, confirming the existence of a long-run
relationship between the series. Based on these results,
we conclude that the cointegration estimation for NOx is
robust.

4.4. Results of Method of Moments Quantile Regression
(MM-QR)

Next, we estimated the coefficients of our EKC model.
This was done through the Method of Moments Quantile
Regression (MM-QR) developed by Machado and Santos
Silva [77]. The empirical results for the regression with
NOx as the independent variable are presented in Table
5. These results indicate that the real IPC and its square
coefficients are positive and negative, respectively. This
confirms that the EKC hypothesis is valid for this model.
These coefficients are statistically significant at mixed
levels (5% and 10%) in different quantiles. The IPC
estimates for the 1st, 8th, and 9th quantiles are
insignificant. For its square, the only insignificant
estimation is in the 9th quantile. The other estimations

for these variables are statistically significant at mixed
levels (1%, 5%, and 10%).

According to our results, energy consumption positively
affects NOx emissions and is significant at the 1% level in
all quantiles. This is in line with our expectations since
energy consumption is related to the process of
combusting fossil fuels, which releases NOx particles into
the air [18].

Lastly, the results show that the impact of the core
variable GOP on NOXx is significant at all quantiles. The
estimated coefficients for the first eight quantiles are
significant at the 1% level. Only the 9th quantile is
significant at the 5% level. This means that green trading
reduces NOx and thereby positively affects air quality.
This finding confirms our expectations since green
products are expected to reduce air pollution through
clean and resource-efficient technologies. Therefore, the
trade of green products can be leveraged to improve air
quality.
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To check the robustness of the estimated regression for
NOx, we performed a secondary regression with SOx as
the independent variable. These regression results are
depicted in Table 6. The real IPC and its square
coefficients are positive and negative, respectively. This
confirms that the EKC hypothesis is also valid for this
model with SOx as the independent variable. The IPC
coefficients are statistically significant at mixed levels (1%
and 5%) in the 1st, 2nd, 3rd, 4th, and 5th quantiles. The
estimations for the other quantiles are not significant. For
the variable IPC squared, the estimation is significant at
mixed levels (1%, 5%, and 10%) up to the 6th quantile. The
higher quantiles yielded results that were not significant.
Additionally, energy consumption positively affects SOx
emissions. The estimations for this variable are
significant at the 1% level in all quantiles.

Lastly, the findings show that the impact of the core
variable GOP on SOx is also significant at all quantiles.
The estimations for GOP are significant at the 1% level in
the 2nd, 3rd, 4th, 5th, 6th, 7th, and 8th quantiles. Only in
the 1st and 9th quantiles are the estimations for GOP
significant at the 5% level. Our model results for SOx
emissions are similar to our NOx emissions findings.
Based on these findings, we conclude that the estimation
for NOx is robust.

4.5, Discussion

To our knowledge, this is the first study to describe the
effect of GOP on air quality. Although similar studies are
lacking in the existing literature, a few scholars have
performed comparable research on the effect of green
trade on NOx or SOx emissions specifically.

Our results showed that trading environmental goods
can reduce NOx and SOx emissions. This outcome is in
line with the findings of de Alwis [62] for 62 countries
from 2001 to 2008. They concluded that the liberalization
of green trade decreases SOx emissions. However, this
was only the case for countries that are capital-abundant.
The majority of countries in which they made this
particular observation are OECD countries. Many of the
OECD countries are capital-abundant and possess a high
capital-to-labor ratio [78]. The estimated coefficient for
the impact of their green trade openness indicator on
NOx was not significant. This contradicts our estimations
for the GOP coefficient on NOx emissions. This variation
in results could be due to several reasons. For example,
there is a difference in the construction of the indicator
for green trade openness by de Alwis [62] and this study.

The study by Zugravu-Soilita [59] found that green trade
(imports + exports) has no significant effect on SOx
emissions. Again, this outcome contradicts our results.
Their study was performed for Central and Eastern

Europe and the Commonwealth of Independent States
from 1995 to 2003. The majority of the analyzed nations
are OECD member countries. However, the timeframe
does not overlap with our study, which could be a reason
for the difference in results. In addition, their model is not
constructed following the EKC hypothesis. They follow
the method of decomposition introduced by Grossman
and Krueger [61]. Green trade is examined as the scale
effect. Such a vast difference in the construction of the
model can cause contrasting outcomes between both
studies.

The second study by Zugravu-Soilita [63] found that
green trade does not significantly impact SOx emissions.
Green trade can lead to economic efficiency gains in
terms of abatement costs of SOx emissions. However,
green trade fails to provide environmental effectiveness
regarding total SOx discharge. They used the same
decomposition method based on Grossman and Krueger
[61] as in their earlier study of 2018. Green trade was
again incorporated as the scale component. This model
required that the parameters be estimated through
GMM. The study was performed in a timeframe similar to
ours, covering 144 countries. Therefore, the majority of
subjects are non-OECD member countries. The
difference in research outcomes can be due to variations
in subjects, models, or both.

As previously stated in the literature review, multiple
scholars have suggested that the impact of green trade
on air quality is likely to vary with the indicator,
timeframe, and country [9, 15, 60, 62]. The number of
studies that are comparable to ours is very limited. None
of the analyses exclusively cover OECD member
countries. Income or the specific economic nature of a
country can influence the outcomes. OECD members are
often high-income countries with a high capital-to-labor
ratio and a relatively large degree of green trade
openness [78]. These are all traits that some researchers
believe are correlated with a beneficial impact of trade on
air pollution [9, 15, 79].

5. Policy Recommendations

This study found that green trade openness plays a
significant role in reducing air pollution, specifically NOx
and SOx emissions. This is an important observation, as
it illustrates that it is not just trade that affects a country’s
air quality; the type of traded products also determines
how air quality is impacted.

Based on these findings, we present several policy
recommendations for policymakers in OECD countries
seeking to improve air quality. Given the wide variation
among OECD economies, it is crucial to tailor the
suggested policies to specific local circumstances. To
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achieve air quality targets, policymakers should first
formulate a long-term strategy to expand the trading of
green products. Our empirical findings support the trade
liberalization of green goods. Therefore, the most crucial
step in such a plan is to reduce tariff and non-tariff
barriers for environmentally friendly products [80]. This
policy can potentially increase green trade and decrease
the prices of green products in the market. Additionally,
policies targeting a wide range of consumers and
businesses tend to be more cost-efficient than those
aimed at only one specific product or technology [19].

Another important step is to form new international
agreements to further encourage green trade between
countries. Trade liberalization through international
cooperation and the removal of trade barriers can
expand the green trading basket. Comparative advantage
can lead to product specialization and, consequently, cost
reductions [81]. Such cost reductions can make green
goods more accessible to a larger consumer group,
thereby increasing the sales market.

Additionally, policymakers should incentivize their
country's manufacturing and adoption of green goods.
For instance, governments can support the adoption of
environmentally friendly goods by providing subsidies
and other tax incentives to consumers. Consumers are
also influenced by education and awareness campaigns.
Education can raise awareness of the importance of
green products [82]. Knowledge on this topic can
encourage consumers to purchase green products
instead of their non-green counterparts. Therefore,
education and campaigns play an important role in
expanding green trade. Another way to increase
adoption is by providing loans and subsidies to
consumers. Financial support can reduce the cost barrier
for environmentally friendly products, facilitating the
expansion of green trade and providing access to a more
diverse assortment of green goods [83].

Alongside consumers, the government should support
manufacturers and other businesses in the value chain of
green products. The manufacturing of green goods can
be assisted through financial incentives that lower total
manufacturing costs. These incentives can take various
forms, such as subsidies, grants, low-interest loans, or tax
reductions [84]. Moreover, funding should be allocated
for research and development projects. Supporting
activities that promote the further development of
environmental goods can lead to diversifying the green
trade basket [83]. Technical advancements can also
enhance the positive impact of green products on air
quality. Ultimately, a collaborative approach can drive
sustainable growth in the green economy.

Lastly, research indicates that stringent environmental
regulations expand the green trade market [85]. When
more stringent regulations are implemented, consumers
and manufacturers are compelled to comply and adjust
their practices, which increases demand for
environmental goods and drives international green
trade. Additionally, it boosts a country's specialization in
green goods. Therefore, policymakers could consider
formulating stringent green technological requirements
for production machinery or household appliances.

6. Conclusions

Environmental degradation is recognized worldwide as
one of the main contributors to climate change. A
significant aspect of environmental degradation is air
pollution. Not only does it contribute to global warming,
but it also negatively affects human health and
ecosystem functioning. In response, the international
community is developing strategies to combat this issue,
one of which is the introduction of green products. Green
trade can facilitate the increased adoption of these
products. However, knowledge about the environmental
impact of trading such products remains limited.

In this study, we estimated the impact of green trade
openness, energy consumption, and income on air
quality in 33 OECD member countries between 2003 and
2016. We employed the Environmental Kuznets Curve
(EKC) as a framework for constructing our model and
applied several panel strategies, including the
Westerlund Durbin-H method for cointegration and the
Method of Moments Quantile Regression (MM-QR). The
outcomes confirmed that the EKC hypothesis is valid for
our series. Our MM-QR estimations indicate that our core
variable, green trade openness, has a significant effect on
air quality, suggesting that it can potentially be a useful
tool in reducing air pollution.

Based on our findings, we presented several policy
recommendations to the national governments of OECD
member countries and international organizations
concerned with air pollution. The proposed policies focus
on expanding trade in green products. We believe that
policies promoting international cooperation and trade
liberalization are especially beneficial for the expansion
of green trade. Additionally, policies should aim to
remove production and adoption barriers for
manufacturers and consumers, respectively. Education
and raising awareness about the importance of
environmental goods should be integral to any chosen
policy direction.

There are various limitations to this study. First, the
analysis focuses solely on OECD countries, where major
differences exist between the economies of OECD and
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non-OECD nations. Therefore, our conclusions may not
apply to non-OECD countries, indicating a need for
further research in this area. Another limitation is that air
pollution comprises many chemical components, which
cannot be fully represented by NOx and SOx emissions
alone. Unfortunately, many other important constituents
of air pollution, such as particulate matter, have not been
consistently reported. To the best of our knowledge,
there is no comprehensive air quality index available that
could have served as an indicator in this analysis. Further
research aimed at measuring air pollutants and
constructing a robust air pollution index would greatly
benefit studies in the field of air quality.
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