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Abstract

Environmental degradation due to human over-exploitation is one of the most pressing
global issues. The ten Newly Industrialized Countries (NICs) have recently witnessed
substantial economic growth and involvement in global trade. In the discussion on
environmental degradation, trade has a crucial role. Scholars use trade openness to test
the scale effect on the environment. This research investigates the effect of non-green
trade openness, economic growth, and energy consumption on ecological footprint.
Panel estimation techniques such as cross-sectional dependence, slope homogeneity,
unit root, and cointegration analyses are applied to panel data of ten NICs between 2003
and 2016. The Fully Modified Ordinary Least Squares (FMOLS) method reveals that non-
green trade openness increases environmental degradation in the panel. Energy
consumption and economic growth are also found to increase environmental
degradation. Moreover, the Environmental Kuznets Curve (EKC) hypothesis is validated.
The research presents a few relevant policy implications. The NICs should invest in green
energy and an energy-efficient economy and focus on stimulating green trade as a
catalyst for sustainable economic development in order to improve the quality of their
environment. This can be done by introducing higher tariffs on non-green products and
investing in technological innovations for green production methods and renewable
energy. Although local environmental pollution in the European Union (EU) decreases, an
increase in pollution in the NICs threatens the global state of the environment. Therefore,
non-green trade should be approached as an international problem that has detrimental
effects on all countries in different phases of economic development.
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1. Introduction

report from the World Economic Forum (WEF) [4]
identified human-induced environmental damage as

Environmental degradation, the deterioration of natural
resources and ecosystems caused by human activities, is
a pressing issue of global concern [1, 2]. In an extensive
report, the Intergovernmental Panel on Climate Change
(IPCC) [3] found that anthropogenic greenhouse gas
(GHG) emissions are responsible for a warming of
approximately 1.1°C since 1850-1900. Furthermore, a

DOI: 10.60084/eje.v2i2.148

posing a very high likelihood and high impact risk. The
report concluded that human over-exploitation and/or
mismanagement of the environment is one of the key
drivers of natural resource scarcity. Global economic
growth since the Industrial Revolution has led to
increasing energy consumption and demand for natural
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Figure 1. GHG emissions and trade openness in the World (1970-2020).
Note: Data retrieved from Our World in Data [5].

resources. This has led to threatened ecosystems, habitat
destruction, deforestation, over-exploitation, and
biodiversity loss. Total net anthropogenic GHG emissions
have continued to rise between 2010 and 2019, and
Climate Resilient Development is already challenging at
current warming levels. It will become more limited if
global warming exceeds 1.5°C [6].

Furthermore, the threat of climate change uncovers
inequalities between countries. Whereas developed
countries could create economic prosperity using
carbon-intensive techniques and now have the means to
decarbonize, developing countries did not have these
opportunities [7]. Even though China, the United States,
and India accounted for approximately 50% of global CO-
emissions since 1960 [8], the consequences will fall
disproportionately on poor countries [9].

In 2015, the United Nations (UN) adopted the 2030
Agenda for Sustainable Development with 17
corresponding Sustainable Development Goals (SDGs) to
address various global challenges. Within these goals,
world leaders expressed their determination to protect
the planet from degradation through sustainable
production and consumption and sustainably managing
its natural resources [10]. Moreover, the Paris Climate
Agreement established ambitious targets to limit global
warming to below 2°C, above pre-industrial levels [11].
International trade is an important focus area for these
targets to be reached. Trade has often been mentioned
as a major contributor to environmental degradation. In
fact, international trade alone accounts for
approximately 20% of global CO2 emissions [12]. Figure 1
illustrates the growth of GHG emissions (billion tonnes of
CO:z equivalents) and trade openness (value of imports
and exports as a percentage of GDP) for the world

between 1970 and 2020. Despite a drop around 2008 due
to the global financial crisis and 2019 due to the COVID-
19 pandemic, both indicators show a clear increasing
trend.

The Newly Industrialized Countries (NICs) are increasingly
important in global trade and have become important
contributors to environmental degradation. Following
Sawe [13], a NICs has surpassed the economic status of
developing nations but is below that of developed
nations. They can also be classified as middle-income
nations. Brazil, China, India, Indonesia, Malaysia, Mexico,
Philippines, South Africa, Thailand, and Turkiye are
characterized by a prosperous market economy, trade
openness, increasing environmental pollution, and high
energy consumption [14]. In the past decades, the NICs
saw a large increase in output, export, import, and value-
added, highlighting their importance in global production
and trade [15]. This high economic growth, energy use,
and increase in trade openness also present a strain on
the environment in the form of natural resource demand
[16]. Furthermore, current production techniques in the
NICs are often carbon- and energy-intensive. This shows
that despite their recent economic development, the
NICs have yet to benefit from new and innovative
technologies that can help reduce pollution in the
industrial sector.

Figure 2 illustrates that, with the exception of Brazil, all
the NICs currently experience a biological deficit [17]. This
means that the ecological footprint exceeds the biological
capacity of a specific country in Global Hectares (gha) per
capita. These findings emphasize the need for an in-
depth analysis of the relationship between trade,
economic growth, energy use, and ecological footprint in
the NICs. These parameters can help to explain the
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Figure 2. Biocapacity (BC) vs. Ecological Footprint (EF) in the 10 NICs (1961-2018).
Note: Data retrieved from the Global Footprint Network [17].

decreasing trend in biocapacity and the increasing trend
in ecological footprint.

There is a general consensus in the literature that trade
can exert a threefold effect on the environment. On one
side, trade facilitates the relocation of green technologies
from developed nations to developing nations, which can
be linked to the composition effect and technique effect
[18]. In addition, trade contributes to pollution increase
through the scale effect [19]. According to the scale effect,
growth in pollution is caused by scaling up economic
activity, including both consumption and production [20].
Trade liberalization also facilitates a divide between
'clean' production in developed nations with stricter

environmental regulations and 'dirty' industries moving
to developing nations with weaker environmental
regulations [21]. In other words, this process allows for
lower and middle-income countries to become the
industrial production centers for the rest of the world.

The scale effect of trade on the environment has
generally been analyzed using trade openness as the
principal explanatory variable [22]. Trade openness
refers to the average value of a country's total exports
and imports relative to its Gross Domestic Product (GDP)
[23]. This index ignores the difference between green
trade and non-green trade, and therefore, it does not
capture the potential impact of different product groups.
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Figure 3. EKC hypothesis: income, non-green trade openness, and environmental degradation.
Note: Adapted from Miti¢ et al. [24].

Green trade openness was first proposed by Can et al.
[22] to separate these two categories in the trade basket
[25]. Paramati et al. [26] define green products as
reducing environmental damage due to increased energy
efficiency in production. This way, green trade can be a
tool to minimize environmental degradation by reducing
the use of fossil-based energy [27]. In addition, Can et al.
[22] developed the Non-green Trade Openness Index.
Non-green products are exposed to regulatory
restrictions and pollution taxes in global trade. These
goods are generally GHG intensive and are high in non-
renewable energy consumption. Therefore, they cause a
relatively high share of pollution and stimulate the use of
fossil fuels. Examples of non-green products are
pollution-intensive industries such as cement and steel
[28], textiles, electricity, and energy production [29], as
well as traditional fossil fuel vehicles [30].

In the literature, the Environmental Kuznets Curve (EKC)
serves as a common framework to investigate the impact
of various indicators on environmental deterioration. The
EKC is based on an inverted U-shape relationship
between economic growth and environmental
deterioration, which was originally developed by
Grossman & Krueger [31]. According to this hypothesis,
environmental pollution first rises with economic growth.
After a certain threshold of income is reached,
environmental degradation declines. In other words, low
and middle-income nations are expected to experience
higher levels of environmental degradation than high-
income nations. The EKC can also be linked to trade's
scale, composition, and technique dimensions. As shown
in Figure 3, scale has a dominant effect in the first phase
of economic development, and technique and

composition become more important in the second
phase of economic development [24]. The NICs are
middle-income countries with industrialized economies
and are thus situated around the threshold of the
inverted U-shape that represents the EKC hypothesis.
Therefore, it is expected that the NICs will currently
experience a dominant scale effect of (non-green) trade
and high environmental degradation.

The NICs have not yet completed their structural
economic transformation. As middle-income countries,
they are generally focused on natural resource
exploitation as the main source of income. With their
increasing economic growth and structural change, the
countries will likely pose an increasing threat to
environmental quality. Oluc et al. [32] found that
economic expansion and structural transformation
increase environmental degradation in 94 middle-income
countries. This coincided with the placement of middle-
income countries in the EKC hypothesis. Following the
EKC hypothesis, further structural change in the economy
might decrease the negative impact of the NICs on the
environment.

This study is relevant in the currently available literature
base since it is the first study that applies the novel index
of non-green trade openness to a group of developing
nations. It will give a first insight into the relationship
between the non-green trade openness of these nations
and the environmental degradation in a respective
country. Second, the EKC hypothesis will be used to
analyze the relationship between income, non-green
trade openness, and environmental degradation. Third,
advanced panel estimation techniques will be used to
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analyze the empirical results. This will be followed by
discussing the empirical model and the methodological
techniques used. Next, the results of this empirical model
will be discussed and placed into the existing theoretical
context. Finally, research and policy recommendations
will be provided based on the empirical findings.

2. Literature Review

Trade is an important parameter that can positively and
negatively affect the environment. Generally, three
different aspects of the trade are discussed in the
literature. These are the technique, composition, and
scale effect. The technique aspect of trade is often
proxied by economic complexity. It refers to the changes
in the sophistication of production methods resulting
from trade liberalization. This has a twofold effect on the
environment. New production technologies can increase
energy consumption and carbon emissions, but green
technologies can also provide opportunities to reduce
pollution and produce cleaner energy [33]. Ahmad et al.
[34], employing  Cross-sectional  Autoregressive
Distributed Lag (CS-ARDL) analysis, found that economic
complexity contributed to an expansion of the ecological
footprint in 20 emerging economies from 1984 to 2017.
By applying quantile estimation on panel data for 55
countries between 1971 and 2014, Dogan et al. [35]
found that complexity increases carbon emissions in low-
and middle-income countries and controls carbon
emissions in high-income countries. Using the Fully
Modified Ordinary Least Squares (FMOLS) method, Aluko
et al. [36] discovered that economic complexity increased
CO2 emissions in Organisation for Economic Co-
operation and Development (OECD) nations between
1971 and 2018. The researchers also validate the EKC
hypothesis. Boleti et al. [33] applied pooled OLS to a
world sample of 88 developed and developing economies
between 2002 and 2012 and found that higher levels of
economic complexity increase environmental quality.
Finally, Nguyen & Doytch [37] compare the impact of
economic complexity on the ecological footprint in 95
nations, which include low, middle, and high-income
economies, from 1995 to 2013. Using the two-step
Generalized Method of Mmoment (GMM) system, the
researchers found an inverted U-shape relationship
between economic complexity and the ecological
footprints of consumption and production. Therefore,
the general finding in the literature is that economic
complexity has a deteriorating impact on the
environment until a certain tipping point of economic
development.

Proxies such as export diversification, import
diversification, and import or export concentration are
generally used to measure the composition effect of

trade on the environment. The composition effect states
that due to trade liberalization, the industrial structure of
the economy changes as the country specializes in the
goods on which it has a comparative advantage [38]. The
dominant finding in the literature is that export
diversification and concentration tend to decrease
environmental degradation. Liu et al. [39] found that
export market diversification and export product
diversification decreased CO; emissions in a sample of
125 nations between 2000 and 2015, using the Driscoll-
Kaay estimation method. The researchers also validate
the EKC hypothesis in the sample. Shahzad et al. [40]
found similar results for export product diversification in
a world sample of 63 countries between 1971 and 2014,
using a fixed effects model and system GMM. Apergis et
al. [41] found that higher levels of export product
concentration decreased CO. emissions for 19 high-
income countries between 1962 and 2010, using panel
ARDL and fixed effects quantile regression.

Furthermore, Sharma et al. [42] found that a lower level
of export diversification increased carbon emissions in
the Brazil, Russia, India, and China (BRICS) nations
between 1990 and 2018, using the CS-ARDL estimation
method. In other words, higher export diversification is
beneficial for the environment. For lower-income
nations, Can et al. [43] found that export product
diversification enhanced carbon emissions in 84
developing nations between 1971 and 2014, using
Dynamic Ordinary Least Squares (DOLS), FMOLS and
ARDL methods. This suggests diverging impacts of export
diversification on the environment for countries in
different stages of economic development. Jiang et al.
[44] compare the impact of export and import
diversification on the ecological footprint of 17 Asia-
Pacific Economic Cooperation (APEC) nations between
1995 and 2019. Using FMOLS and DOLS techniques, the
researchers found that whereas export diversification
decreases the ecological footprint, import diversification
has the opposite effect. Considering import, the general
consensus is that import diversification or concentration
increases environmental degradation. Sharma et al. [45]
found that higher import diversification values increased
the BRICS countries' ecological footprint from 1995 to
2018, using CS-ARDL. Hu et al. [28] compare the
relationship between import diversification and
environmental degradation in 35 developed and 93
developing countries between 1995 and 2014. Using
Common Correlated Effects-Mean Group (CCE-MG) and
Augmented Mean Group (AMG) estimation methods, the
researchers found that import diversification decreases
environmental degradation in developed countries and
increases environmental degradation in developing
countries.
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The final aspect of the trade is the scale effect, which
describes that as market access increases due to trade
liberalization, a country will experience economic
development and accelerated environmental
degradation, all else being constant. Trade openness is
mainly used as a proxy to measure the relationship
between the scale of trade and environmental
degradation. Literature on trade openness and the
environment has presented different results for
countries in different phases of economic growth [22].
The dominant finding for developed countries is that
trade openness decreases environmental degradation.
Several studies found a negative relationship between
trade openness and environmental degradation for
Central and Eastern European countries (CEECs) and the
European Union (EU) [46-50]. Pata et al. [51] found
similar results in six Association of Southeast Asian
Nations (ASEAN) countries between 1995 and 2018, using
panel ARDL. Two studies found a positive connection
between trade openness and environmental degradation
in EU countries [52, 53]. The disparity in these findings
can be attributed to methodological variations and the
empirical models employed across the studies. For
developing countries, the dominant finding in the
literature is that trade openness accelerates
environmental degradation [16, 54-60]. Cole & Elliott [38]
attribute this increase in environmental pollution to trade
openness in lower-income countries to weaker
environmental regulations. Lower environmental
standards increase their comparative advantage in dirty
production. In contrast, Zafar et al. [12] found that trade
openness decreases carbon emissions for a sample of 18
emerging economies, including the NICs. The researchers
conclude that the nations in the sample have invested in
energy efficiency and environmental technologies to
improve environmental quality, which might explain this
relationship.

Trade openness is based on a trade basket with both
environmental and non-environmental products. Can et
al. [25] criticized this and presented the Green Openness
Index. Green products consume less fossil-based energy
in production, decreasing environmental degradation
[26]. Can et al. [25] found that green trade openness
decreased environmental degradation in 35 OECD
nations from 2003 to 2016, using AMG and Mean
Group/Pooled Mean Group (MG/PMG) ARDL techniques.
Can et al. [27] found similar results for 31 OECD countries
between 2007 and 2017 by using the FMOLS and DOLS
estimation techniques. Using QR and Driscoll-Kraay fixed
effect OLS, Lee et al. [61] found similar results in a
negative relationship between green trade openness and
the ecological footprint for 24 EU countries between 2000
and 2018. Other studies have also analyzed the

connection between global environmental product trade
and the environment. Ahmad et al. [62] found that green
trade openness reduced environmental deterioration in
BRICS between 2004 and 2018, using Continuously
Updated Fully Modified (CUP-FM) and Continuously
Updated Bias-Corrected (CUP-BC) techniques. Li et al.
[63] applied a different regional green trade index with
firm-level trade information on panel data between 2007
and 2016 in China. Using a SYS-GMM method, they found
that increasing green trade can improve environmental
quality by mitigating pollution emissions.

In addition to green trade openness, Can et al. [22]
further analyzed the impact of non-green product trade
on environmental degradation. The researchers
discovered that non-green trade openness decreased
environmental degradation in 25 EU member states
between 2003 and 2016, using PMG estimation. This
study will build on this finding and continue to investigate
the influence of non-green trade openness on
environmental degradation in a group of developing
nations. Following the EKC hypothesis (refer to Figure 3),
non-green trade openness is expected to increase
environmental degradation in the NICs, which will be
further explored in this research.

3. Materials and Methods
3.1. Model Specification and Data

In the discussion on environmental degradation, trade
has a crucial role and can exert both positive and
negative environmental impacts. Scholars use trade
openness to test the scale effect on the environment,
which includes green and non-green products. The non-
green trade openness index measures the total value of
non-green product exports and imports in the trade
basket as a proportion of Gross Domestic Product (GDP).
This empirical section aims to investigate the relationship
between non-green trade openness (NGOP) and
environmental degradation in a sample of developing
countries for a time period between 2003 and 2016. This
period was chosen due to a limitation in data availability
from the non-green trade openness index based on data
released by the OECD. The chosen sample consists of ten
NICs, which can also be classified as middle-income
nations. The NICs are suitable for this empirical model
since they are expected to experience high
environmental degradation due to a large industrial
sector and the dominant scale effect of trade (refer to
Figure 3). Figure 2 presents a list of the ten NICs included
in the analysis.

Based on the studies of Can et al. [22], Idroes et al. [64],
Destek et al. [49], and Lu [56], ecological footprint per
capita (EF) will be used as the dependent variable for
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Table 1. Dependent and independent variables of the empirical model.

Variable Symbol Measurement

Data Source

Ecological footprint per capita EF

Real Income per capita GDP
2015 US$)
Real Income per capita (squared)  GDP?
Energy Consumption per capita EC
Non-Green Openness Index NGOP

Ecological Footprint of Consumption (Global
Hectares per capita)
Gross Domestic Product per capita (constant

Gross Domestic Product per capita (squared)
Energy Consumption per capita (kWh)
The sum of a country’s non-green exports and ~ BETA Akademi [66]

Global Footprint Network [17]
World Development Indicators [65]

Author's own calculation
Our World in Data [5]

imports as a share of that country’'s GDP (%)

environmental degradation. A country's ecological
footprint is defined as the area of land and water
ecosystems that the population needs to generate
resources that satisfy consumption levels and assimilate
waste [67]. Using this as a proxy for environmental
degradation gives a more complete estimation of
environmental deterioration than, for example, CO:
emissions [22, 56, 68, 69]. Table 1 outlines the dependent
and independent variables and their respective data
sources. These variables were chosen based on the
model from [22]. This study also aims to validate the EKC
hypothesis in the panel. The EKC is a hypothesized
relationship between income per capita and
environmental degradation, where environmental
degradation first rises with income but decreases after a
certain point in time [70, 71]. This implies an inverted U-
shaped relationship between economic growth and
environmental  degradation. The logarithm  of
environmental degradation is typically computed as a
quadratic function of the income indicator. Therefore, to
test for the EKC hypothesis, the empirical Equations 1 and
2 are extended with GDP2.

EF = f(GDP,GDP? EC,NGOP) €))

EF;e = By + B1GDP;¢ + B,GDP?;; + B3EC; + @
B4NGOP,1 + Eit

In Equation 2, EF represents the Ecological Footprint of
Consumption (per capita) of a nation, measured by
Global Hectares (gha) per capita. This represents the
dependent variable. GDP denotes the Gross Domestic
Product, which measures real income per capita. For the
EKC hypothesis, GDP squared is added to the empirical
model to capture its inverted U-shape [19, 31]. EC
represents Energy Consumption per capita in kilowatt
per hour. NGOP represents the Non-green Trade
Openness Index as presented by Can et al. [22]. This
index is calculated by excluding green products (based on
OECD's Combined List of Environmental Goods (CLEG)
list)) from the total trade basket of a country, which
consists of 255 products. It is calculated annually from
2003 to 2016 for all nations [66].

By is the constant term, and B, to B, presents the long-
run coefficients of the independent variables.
Furthermore, i and t represent the country and the year,
respectively. Finally, ¢ represents the stochastic error
term of the empirical model. Descriptive statistics of the
variables will be provided before starting data analysis
with the empirical model. Based on the EKC hypothesis
and the findings presented in the previous section, it is
expected that g; > 0 (GDP) and B, < 0 (GDP?). For the EKC
hypothesis to be confirmed, it is required that the
coefficients for GDP and GDP? are statistically significant.
Furthermore, it is expected that energy consumption
increases the ecological footprint, in other words, B; > 0.
Finally, for the NICs, it is expected that NGOP increases
the ecological footprint, or 8, > 0.

3.2. Econometric Methodology

Panel data estimation techniques will be used for the
empirical analysis. This method was chosen mainly
because data for non-green trade openness was only
available between 2003 and 2016. This time limitation
makes panel data estimation more suitable for this
model than time series analysis [64, 72]. The empirical
analysis will be conducted according to a predefined
number of steps. The order of these steps is crucial since
the choice of several tests depends on the result of the
preceding test. Data analysis will be performed using a
combination of STATA and R. Prior to conducting the data
analysis, all variables will undergo logarithmic
transformation to account for the different units of
measurement (refer to Table 1).

3.2.1. Cross-sectional Dependence (CD) Test

First, three cross-sectional dependence tests will be
conducted to assess robustness. These are the LM test
(CDLM1) of Breusch & Pagan [73], as well as the CD tests
(CDLM2, CDLM3) developed by Pesaran [74]. These tests
aim to assess the presence of cross-sectional
dependence in the dataset. In the NICs, cross-sectional
dependence is expected since the countries trade, and
events in one country can impact another. Moreover, the
selection of the unit root test will be decided by the
outcomes of the cross-sectional dependence tests. The
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null hypothesis is 'there is no cross-sectional dependence
in the data,’ and the alternative hypothesis is 'there is
cross-sectional dependence in the data.'

3.2.2. Slope Homogeneity Test

Before conducting the empirical analysis, testing for
homogeneity of slope coefficients (8;) is relevant. When
slope coefficients are heterogeneous, the impact of an
explanatory variable on the dependent variable varies
based on the values of another variable. Not all empirical
methods are suitable for panel data with heterogeneous
slopes. The homogeneity test developed by Pesaran &
Yamagata [75] assesses whether the panel data shows
homogeneity or heterogeneity. The null hypothesis is 'the
slope coefficients are homogeneous,' and the alternative
hypothesis is 'the slope coefficients are heterogeneous.'

3.2.3. Unit Root Test

Panel data unit root analysis examines the stationarity of
the panel by assessing the presence of a unit root, which
would indicate non-stationarity. In a stationary panel, the
mean and variance remain constant over time. Two types
of unit root tests are usually employed for panel data:
first-generation and second-generation tests. Whereas
the first generation unit root test assumes independence
of cross-sectional units, the second generation unit root
test allows for cross-sectional dependence. Given the
results from the CD test and the expectation of
interrelatedness and shared economic events among the
NICs, the second-generation unit root test is more
appropriate. Therefore, the cross-sectionally augmented
Im, Pesaran, and Shin (CIPS) unit root test from Pesaran
[76] will be used to test the stationarity of the variables.
It also allows for cross-sectional dependence and
heterogeneity. For this test, the null hypothesis is 'the
variable presents a unit root, and the alternative
hypothesis is 'the variable does not present a unit root.'

3.2.4. Cointegration Test

Following the unit root analysis, cointegration analysis
will be employed to investigate the presence of a long-
run correlation between the independent and dependent
variables. The presence of cointegration shows that these
variables share a common trend. Cointegration analysis
involves running a regression model that includes the
panel data variables and their first differences to account
for non-stationarity. The Durbin-H approach by
Westerlund [77] will be primarily used for this analysis.
This approach accommodates heterogeneity and cross-
sectional dependence within the panel data. For
robustness, an additional Pedroni cointegration test is
employed [78]. For both these tests, the null hypothesis
is 'there is no cointegration between the variables', and

the alternative hypothesis is 'there is cointegration
between the variables.'

3.2.5. Long-run Estimation Techniques

After the cointegration analysis, the long-run coefficients
of the independent variables will be estimated. This
analysis shows whether the independent variables have
a negative or positive effect on the dependent variable.
First, the Fully Modified Ordinary Least Squares (FMOLS)
method by Pedroni [79] will be used. This method is an
extension of Ordinary Least Squares (OLS) and is
considered most suitable when the panel data shows
non-stationarity and cointegration [80]. The FMOLS
method is also employed to solve endogeneity and serial
correlation issues.

For robustness, the Pooled Mean Group Estimation
(PMG) by Pesaran et al. [81] will be conducted. This
method is suitable for dynamic and heterogeneous
panels. It allows for capturing heterogeneous short-run
dynamics across individual entities while simultaneously
assuming a common long-run equilibrium.

4. Results and Discussion
4.1. Descriptive Statistics

Table 2 presents each variable's relevant statistics in the
previous Equation 1. These findings are computed using
the logarithmic forms of the variables. First, EF has a
mean of 0.830 and a standard deviation of 0.465. The
distribution of this variable is slightly negatively skewed
and is platykurtic. This means the distribution has a
relatively short tail due to few outliers. Second, GDP has
a mean of 8.471 and a standard deviation of 0.670. Its
distribution is also slightly negatively skewed and
platykurtic. Third, NGOP has a mean of 3.948 and a
standard deviation of 0.566. This is the only distribution
that is slightly positively skewed, and it is also platykurtic.
Finally, EC has a mean of 9.503 and a standard deviation
of 0.705. This distribution is slightly negatively skewed
and platykurtic.

4.2. Cross-sectional Dependence (CD) Test

Cross-sectional dependence is a common feature of
panel data. Therefore, it is important to first evaluate if
the variables in the empirical model are cross-sectionally
dependent. Three different CD tests with different
approaches are employed to test the null hypothesis of
'no cross-sectional dependence' for robustness. Table 3
shows the results of this analysis. From these results for
all three tests, we can reject the null hypothesis for GDP
and NGOP at the 1% significance level. For EF and EC,
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Table 2. Descriptive statistics.

Variable Min. Max. Mean Std. dev. Skewness Kurtosis Obs.

EF -0.174 1.513 0.830 0.465 -0.643 2.087 140

GDP 6.734 9.308 8.471 0.670 -0.858 2.672 140

EC 8.152 10.524 9.503 0.705 -0.630 2.125 140

NGOP 2.845 5.225 3.948 0.566 0.361 2.678 140
Table 3. The results of cross-sectional dependence test.

Variable CDLM1 Prob. CDLM2 Prob. CDLM3 Prob.

EF 68.69 0.013** 2.49 0.006*** 1.94 0.026**

GDP 186.92 0.000%*** 14.96 0.000*** 11.32 0.000***

EC 59.92 0.067* 1.57 0.058* 2.38 0.008***

NGOP 139.78 0.000*** 9.99 0.000*** 10.09 0.000***

Note: *** ** and * indicate the rejection of the null hypothesis at the 1%, 5%, and 10% significance levels, respectively; CDLM1 test is
based on Breusch-Pagan [73], CDLM2 and CDLM3 tests are based on Pesaran [74].

Table 4. The results of the homogeneity test.

Name of the Test t-stat. Prob.

Delta 3.446 0.001***
Adjusted Delta 4.559 0.000***

Note: ***, ** and * indicate the rejection of the null hypothesis
at the 1%, 5%, and 10% significance levels, respectively,
based on the homogeneity test of slopes from Pesaran &
Yamagata [75].

Table 5. The results of unit root test.

Critical Value

Variable Level 15t Diff.

1% 5%
EF -1.87 -2.66%** -2.66 -2.37
GDP -0.70 -2.92%** -2.66 -2.37
EC -1.34 -2.92%** -2.66 -2.37
NGOP -0.77 -2.74%** -2.66 -2.37

Note: *** ** and * indicate the rejection of the null hypothesis
at the 1%, 5%, and 10% significance levels, respectively;
the CIPS test is based on Pesaran [76].

Table 6. The results of Durbin-H panel cointegration test.

Variable t-stat. Prob.
Durbin-H Group stat 2.671 0.004***
Durbin-H Panel stat 3.228 0.001***

Note: *** ** and * indicate significance levels at 1%, 5%, and
10%, respectively. Ho: No Cointegration. The cointegration
test is based on Westerlund [77].

Table 7. The results of Pedroni panel cointegration test.

Variable t-stat. Prob.

Modified Philips-Perron t 3.094 0.001#***
Phillips-Perron t -2.691 0.004***
Augmented Dickey-Fuller t -2.655 0.004***

Note: *** ** and * indicate significance levels at 1%, 5%, and
10%, respectively. The cointegration test is based on
Pedroni [78].

mixed results were found, with the rejection of the null
hypothesis at the significance levels of 1%, 5%, and 10%.

From these findings, it can be concluded that all variables
are cross-section-dependent.

4.3. Slope Homogeneity Test

In the next step, the slope homogeneity test of Pesaran &
Yamagata [75] will be applied to the panel. These tests
assess the presence of cross-sectional dependence in the
dataset. From the findings presented in Table 4, we can
reject the null hypothesis of ‘'homogeneous slopes’ at the
1% significance level. In other words, slope heterogeneity
can be assumed in the panel.

4.4. Unit Root Test

The appropriate second-generation unit root test is
chosen based on the findings from the cross-sectional
dependence tests and the slope homogeneity test. The
unit root analysis investigates the stationarity of the
series, which is the case when the variables do not vary
over time. Since the data presents cross-sectional
dependence and heterogeneity, the Im, Pesaran, and
Shin (CIPS) test by Pesaran [76] will be used. As illustrated
in Table 5, EF, GDP, EC, and NGOP present a unit root at
their level value. Furthermore, the variables become
stationary at first difference a 1% significance level. These
results show that cointegration analysis can be
performed as the subsequent step.

4.5. Cointegration Test

The next step entails cointegration analysis to examine
the existence of long-term relationships among the
variables in the empirical model. Since the previous unit
root analysis illustrated that all variables become
stationary at I(1), the cointegration analysis can be
performed. This means that the variables are correlated
and share a long-run common trend. For this purpose,
the Durbin-H panel cointegration analysis of Westerlund
[77] is used. This analysis is based on two tests: the
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Table 8. The results of FMOLS estimation.

Model: EF = f(GDP, GDP%,EC,NGOP)

Variable Coeff. t-stat. Prob.

GDP 0.130 12.14 0.000***
GDP? -0.064 -2.26 0.0252**
EC 0.569 25.60 0.000***
NGOP 0.142 9.91 0.000***

Note: *** ** and * indicate significance levels at 1%, 5%, and 10%, respectively. Panel cointegration coefficients were estimated using

FMOLS [79].

Durbin-H Group stat (assuming panel heterogeneity) and
the Durbin-H Panel stat (assuming panel homogeneity).
Based on the findings in Table 6, we reject the null
hypothesis of 'there is no cointegration' at a 1%
significance level for both test statistics. For robustness,
the panel cointegration test from Pedroni [78] was
performed to confirm the previous results. This analysis
is based on three different tests: the Modified Phillips-
Perron t, the Phillips-Perron t, and the Augmented
Dickey-Fuller t. The findings in Table 7 indicate that we
can reject the null hypothesis at a 1% significance level for
all three test statistics. This means that variables are
cointegrated. In other words, the difference between
their means remains constant in the long run. Based on
the findings from both cointegration results, it can be
confirmed that the variables in the panel have a long-run
common trend.

4.6. Long-run Estimation
4.6.1. Fully Modlified Ordinary Least Squares (FMOLS)

After finding evidence of long-run cointegration between
the variables in the model, the next step is to compute
the long-run coefficients of GDP, GDP?, EC, and NGOP. For
the main analysis, the FMOLS method is utilized [79].
Table 8 presents the results of the FMOLS regression.
These results demonstrate that the long-run coefficients
of GDP, EC, and NGOP are statistically significant at a 1%
level. Similarly, the long-run coefficient of GDP? is
statistically significant at a 5% level.

The coefficient for GDP is positive, which indicates that a
1% increase in real GDP per capita leads to a 0.130%
increase in the ecological footprint. The coefficient for
GDP? is negative (-0.064) and statistically significant, so
the EKC hypothesis can be confirmed in the panel. These
findings align with the research conducted by Zhang et al.
[14] in relation to NICs and Zafar et al. [12] in the context
of a broader sample of emerging economies. In other
words, during the initial stages of economic
development, environmental degradation tends to rise in
NICs. Once a certain threshold of economic development
is surpassed, this trend is reversed, and environmental
degradation declines.

Next, the coefficient for EC is positively significant at a 1%
level of significance. A 1% increase in energy
consumption corresponds to a 0.569% increase in the
ecological footprint. These results corroborate the
findings of studies conducted by Destek & Okumus [82]
and Kongbuamai et al. [83], which also highlight a positive
association between energy consumption and ecological
footprint within the NICs and BRICS country groups,
respectively.

Finally, the focal variable of this model is NGOP. The
coefficient of NGOP is positive and statistically significant
at a 1% significance level. This implies that a 1% increase
in non-green trade openness leads to a 0.142% increase
in the ecological footprint. Thus, more trade of non-green
products contributes to a higher ecological footprint per
capita in NICs. Since non-green products are those
subject to carbon taxes and cause relatively high
pollution, it aligns with the initial expectations that an
increased trade in non-green products increases
ecological footprint. This result complements the findings
of Can et al. [22], where the researchers found a negative
relationship between NGOP and EF in 25 EU countries. In
this context, this result is the first in the literature. The
empirical findings show that non-green trade increases
environmental degradation in the NICs country group.

4.6.2. Pooled Mean Group (PMG)

To ensure the robustness of the findings, the model is
also estimated using  the Pooled Mean
Group/Autoregressive  Distributed Lag (PMG/ARDL)
method. This approach enables the estimation of both
the long-run and short-run coefficients. The PMG/ARDL
method is chosen because it suits panel data with
heterogeneity and cross-sectional dependence. It first
estimates a separate model for each unit (country) and
then pools the individual estimates to estimate the short-
run coefficients. The ARDL method is used for the long-
run coefficients. Figure 4 visualizes the long-run results of
the estimations. Based on the results in Table 9, the long-
run coefficient of GDP is positive (8.714), and the long-run
coefficient of GDP? is negative (-1.114). Both coefficients
for GDP and GDP? are statistically significant at a 1%
significance level, confirming the panel's EKC hypothesis.
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Figure 4. Overview of Long-run estimation results.

Table 9. The results of PMG/ARDL (1,1,1,1,1) estimation.

Model: EF = f(GDP,GDP? EC,NGOP)

Variable Coeff. t-stat. Prob.
Long-run estimation

GDP 8.714 11.589 0.000***
GDP? -1.114 -11.835 0.000***
EC 0.898 47.810 0.000%**
NGOP 0.239 20.425 0.000%**
Short-run estimation

ECT -0.819 -2.858 0.006***
D(GDP) 43.757 0.648 0.519
D(GDP?) -5.469 -0.627 0.533
D(EC) -0.249 -0.843 0.402
D(NGOP) 0.015 0.337 0.737

Note: *** ** and * indicate significance levels at 1%, 5%, and 10%, respectively. Panel short-run and long-run coefficients were estimated

using the PMG [81].

This is consistent with the results from the FMOLS model.
The long-run coefficient EC (0.898) is positive and
statistically significant at a 1% significance level, which
also fits with our results from the FMOLS estimation.
Furthermore, the coefficient of NGOP (0.239) is positive
and statistically significant at a 1% significance level.
Consequently, an increase of 1% in NGOP is associated
with a long-run increase of 0.239% of the ecological
footprint.

Looking at the results from the short-run estimation in
Table 9, a negative error correction term (-0.819) is found,
which is also statistically significant at a 1% level. This
indicates that following shocks, the series reverts back to

its original long-run equilibrium within approximately 1.3
years (calculated as 1/0.819), which indicates that the
panel is stable in the long run.

5. Discussion and Policy Implications
5.1 Discussion

Trade plays a significant role in potentially influencing the
environmental conditions of a nation. In this research,
the goal was to analyze the influence of non-green trade
openness on the ecological footprint of ten NICs between
the years 2003 and 2016. The findings add to a small
literature base on green and non-green trade openness.
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For developing nations, the group in which the NICs fall,
the results suggest that economic development and
participation in global non-green trade are paired with a
problematic deteriorating effect on the environment.
First, the main finding of this research is that non-green
trade openness has a deteriorating effect on the
environment in the ten NICs measured by ecological
footprint. This result is in line with other articles that
found a positive relationship between trade openness
and environmental degradation in samples of developing
nations [55, 57, 59]. The article by Can et al. [22] was the
first to study non-green trade openness and found that
non-green trade openness decreases the ecological
footprint of 25 EU members. Comparing the results
reveals opposite environmental effects between high and
middle-income countries. Can et al. [22] suggest that the
decrease in environmental degradation due to non-green
trade can be attributed to the Pollution Haven Hypothesis
(PHH). This indicates that pollution is pushed to countries
outside the EU with weaker environmental regulations,
which mainly includes the trade of non-green products.
Combining these findings suggests that the transfer of
industrial activity for non-green trade from higher-
income countries to middle-income countries increased
the ecological footprint of the NICs.

Furthermore, the relationship between economic
development and ecological footprint in the NICs shows
a non-linear pattern, providing empirical support for the
EKC hypothesis. Zhang et al. [14] found similar results for
CO: emissions. This provides strong evidence for the EKC
hypothesis in the NICs based on different proxies for
environmental degradation. It suggests that the
increased industrialization as a form of economic growth
in the NICs increased environmental degradation. This
finding also links to the growth in output, exports,
imports, and value-added that the NICs experienced due
to high economic development [15]. The resulting
economic prosperity increases the biologically productive
area required to provide the population with the
resources it needs, thus increasing the ecological
footprint. The confirmed EKC hypothesis also suggests
that further economic growth in the NICs could
potentially decrease environmental degradation in the
future.

Third, the empirical analysis reveals a positive
relationship  between energy consumption and
environmental degradation in the NICs. This finding
builds on previous literature that discovered a positive
relationship  between energy consumption and
environmental deterioration in high- and middle-income
countries [14, 47, 53, 56]. The dominant share of energy
consumption in the NICs stems from non-renewable

sources [84]. Since non-renewable energy relies on fossil
fuels, this increases the demand for natural resources
and negatively impacts the environment. Furthermore,
increased energy consumption leads to more GHG
emissions, both in industry and household consumption.

5.2. Policy Implications

From the empirical findings of this research, it is possible
to suggest a few relevant policy implications. These
implications pertain to both governments and companies
in and outside the NICs. The nations in this sample have
experienced increased participation in global trade and
economic growth, increasing their energy consumption
and environmental degradation. All NICs, except Brazil,
are currently in a biological deficit, suggesting that their
natural resource reserves are decreasing. This indicates
that their trade and growth strategy is not sustainable in
the long run. Research showed that while non-renewable
energy use enhances the ecological footprint of emerging
economies, green energy has the opposite effect [34].
Therefore, the first policy recommendation for
policymakers and companies in the NICs is to invest in
green energy and an energy-efficient economy. By
reducing the use of fossil fuels, the countries can also
reduce their demand for natural resources, thus limiting
the biological deficit. Policymakers can discourage the
consumption of fossil fuels by subsidizing energy from
renewable sources. Renewable energy can even increase
economic growth in the short term [12]. Furthermore, the
verification of the EKC hypothesis suggests that the ten
NIC governments should still stimulate economic growth
to eventually decrease environmental degradation. This
also increases the available financial resources that can
be put into environmental protection. The empirical
findings of this research show that non-green trade has a
detrimental impact on the environment in the NICs, while
Ahmad et al. [62] found a positive impact on the
environment of green trade in Brazil, India, China, and
South Africa.

Furthermore, importing environmental goods tends to
lower carbon emissions in developing nations [85]. Thus,
NIC governments should focus on stimulating green
trade as a catalyst for sustainable economic development
in order to improve the quality of their environment. This
can be done by introducing higher tariffs on non-green
products and investing in technological innovations for
green production methods and renewable energy.

Second, the empirical results suggest policy
recommendations for the NICs and higher-income
nations and regions such as the EU. The decrease in
ecological footprint for EU countries due to non-green
trade contrasts sharply with the increase in ecological
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footprint in the NICs [22]. Although local environmental
pollution in the EU decreases, an increase in pollution in
the NICs threatens the global state of the environment.
Therefore, non-green trade should be approached as an
international problem that has detrimental effects on all
countries in different phases of economic development.
Higher-income regions can implement restrictions on the
import of non-green goods to stimulate the growth of
green production technologies in highly industrialized
regions.

Finally, it must be considered that the nations in the panel
are heterogeneous in terms of the structure of their
economy and their comparative advantages. This also
demands tailored policies. For example, while 50% of
India's exports stem from the service sector, China's
focus lies on manufacturing products [15]. The NICs have
very different positions in the global value chain, ranging
from raw material and primary product exporter,
producer of intermediates, or final assembly location.
Therefore, the trade basket of these nations consists of
different products and services, which requires different
kinds of policies for sustainable growth. For example,
primary product exporters such as Indonesia and Brazil
can focus on limiting their exports of biological resources
and finding sustainable alternatives. As a global producer
of intermediates and final products, China can, for
example, focus on implementing technological
innovations for greener production and energy efficiency.

6. Conclusions

The degradation of the environment due to human
actions poses a global hazard to the ecosystems required
to sustain life on this planet. Economic growth, increased
energy consumption, and trade liberalization have
caused many large environmental issues, such as climate
change and decreased biological diversity. All NICs are
currently experiencing a biological deficit, except for
Brazil, due to their recent economic development. An
important reason for this is their increased participation
in world trade. To analyze the net impact of trade on the
environment, it is important to differentiate between
green and non-green trade. Whereas green trade tends
to promote energy efficiency and sustainable production
methods, non-green trade is mainly fossil fuel-based and
causes a relatively high share of GHG emissions.

This study aimed to validate the EKC hypothesis and
analyze the influence of non-green trade on the
environment in the NICs between 2003 and 2016, using
various panel estimation techniques such as the Durbin-
H and Pedroni cointegration analysis, FMOLS, and PMG
methods. Income, energy consumption, and non-green
trade openness were chosen as the independent

variables, with ecological footprint as the dependent
variable. Before estimating the long-run coefficients, the
relevant cross-sectional dependence tests, slope
homogeneity tests, and unit root analysis were
completed. The coefficients of the empirical model
present a long-run relationship between the variables in
the model. The significant income and square of income
results confirm the EKC hypothesis in the panel.

Furthermore, a positive relationship between energy
consumption and ecological footprint was found. The
main finding of this study is the positive relationship
between non-green trade and ecological footprint. Non-
green products are generally fossil fuel based and are
therefore GHG intensive. The NICs experienced increased
participation in non-green trade due to the shift of
industrial production from developed to developing
countries, presenting a strain on their environment. To
mitigate the negative environmental influence of non-
green trade, the NICs need to focus on shifting to green
trade, investing in renewable energy, and conserving
their natural resources.

There are a few limitations to this research that are
important to mention. First, the data for calculating non-
green trade openness was only available between 2003
and 2016. This limited the empirical section to panel data
estimation instead of time series analysis. Second, other
variables might influence the relationship between non-
environmental trade and the environment, which were
not fully considered in this study. For example, the
strength of environmental regulations, or institutional
quality, can affect the extent to which a country engages
in non-green trade.

These limitations also present opportunities for future
research. It would, for example, be relevant to check for
the Pollution Haven Hypothesis (PHH) in the sample of
NICs to complement the small literature base on non-
green trade openness. This could reveal whether Foreign
Direct Investment (FDI) plays a role in trade and
environmental degradation in the NICs. Furthermore,
research could continue to investigate the relationship
between non-green trade openness and the environment
for different country groups and other forms of pollution.
For example, carbon emissions, local air pollution such as
sulfur dioxide, the Air Quality Index (AQI), or a broader
environmental quality index. Previous findings also
suggest creating two separate empirical models, one of
which is energy from fossil fuel sources and the other
from green energy, to assess the different effects of
environmental degradation. Investigating the impact of
institutional strength on the relationship between non-
green trade openness and ecological footprint could also
be relevant. Finally, to complement this study and
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provide better policy recommendations, the influence of
green trade imports and exports on the environment in
the NICs specifically could be investigated.

Author Contributions: Conceptualization, S.V.H.; methodology,
S.V.H.; software, S.V.H.; validation, M.C.; formal analysis, M.C,;
investigation, S.V.H. and M.C,; resources, J.B.; data curation, J.B.;
writing—original draft preparation, S.V.H.; writing—review and
editing, J.B.; visualization, M.C.; supervision, M.C.; project
administration, J.B.; All authors have read and agreed to the
published version of the manuscript.

Funding: This study does not receive external funding.

Data Availability Statement: The dataset used in this study is
available upon request.

Acknowledgments: We would like to express our gratitude to
anyone who contributed to this study in various ways.

Conflicts of Interest: All the authors declare that there are no
conflicts of interest.

References

He, Y., Wang, S., and Chen, N. (2024). Mineral Rents, Natural
Resources Depletion, and Ecological Footprint Nexus in High
Emitting Countries: Panel GLM Analysis, Resources Policy, Vol.
89, 104472. doi:10.1016/j.resourpol.2023.104472.

Maulidar, P., Fadila, S., Hafizah, 1., Zikra, N., and Idroes, G. M.
(2024). Enhancing Environmental Quality: Investigating the
Impact of Hydropower Energy Consumption on CO2 Emissions
in Indonesia, Ekonomikalia Journal of Economics, Vol. 2, No. 1,
53-65. doi:10.60084/eje.v2i1.180.

IPCC. (2021). Summary for Policymakers, from
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_A
R6_WGI_SPM.pdf.

World Economic Forum. (2021). The Global Risks Report, from
https://www.weforum.org/reports/the-global-risks-report-
2021/.

OWID. (2023). Our World in Data, from
https://ourworldindata.org/#entries.

IPCC. (2022). Climate Change: A Threat to Human Wellbeing and
Health of the Planet. Taking Action Now Can Secure Our Future,
from https://www.ipcc.ch/2022/02/28/pr-wgii-aré/.

World Bank. (2023). Climate Change Overview, from
https://www.worldbank.org/en/topic/climatechange/overview#
3.

UNCTAD. (2021). Carbon Emissions Anywhere Threaten
Development Everywhere, from
https://unctad.org/news/carbon-emissions-anywhere-
threaten-development-everywhere.

Mendelsohn, R., Dinar, A., and Williams, L. (2006). The
Distributional Impact of Climate Change on Rich and Poor
Countries, Environment and Development Economics, Vol. 11,
No. 2, 159-178. doi:10.1017/51355770X05002755.

United Nations. (2023). The 17 Goals, from
https://sdgs.un.org/goals.

UNFCCC. (2015). Adoption of the Paris Agreement, from
https://unfccc.int/resource/docs/2015/cop21/eng/109r01.pdf.

Zafar, M. W., Mirza, F. M., Zaidi, S. A. H., and Hou, F. (2019). The
Nexus of Renewable and Nonrenewable Energy Consumption,
Trade Openness, and CO2 Emissions in the Framework of EKC:
Evidence from Emerging Economies, Environmental Science
and Pollution Research, Vol. 26, No. 15, 15162-15173.
doi:10.1007/s11356-019-04912-w.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Sawe, B. E. (2017). What Is a Newly Industrialised Country?, from
https://www.worldatlas.com/articles/what-is-a-newly-
industrialized-country.html.

Zhang, S., Liu, X., and Bae, J. (2017). Does Trade Openness Affect
CO2 Emissions: Evidence from Ten Newly Industrialized
Countries?, Environmental Science and Pollution Research, Vol.
24, No. 21, 17616-17625. doi:10.1007/s11356-017-9392-8.

Boddin, D. (2016). The Role of Newly Industrialized Economies
in Global Value Chains, International Monetary Fund.

Karaduman, C. (2022). The Effects of Economic Globalization
and Productivity on Environmental Quality: Evidence from
Newly Industrialized Countries, Environmental Science and
Pollution Research, Vol. 29, No. 1,639-652. doi:10.1007/s11356-
021-15717-1.

GFN. (2023). Open Data
https://data.footprintnetwork.org/#/.

Wang, Q., and Zhang, F. (2021). Free Trade and Renewable
Energy: A Cross-Income Levels Empirical Investigation Using
Two Trade Openness Measures, Renewable Energy, Vol. 168,
1027-1039. doi:10.1016/j.renene.2020.12.065.

Platform, from

Grossman, G. M., and Krueger, A. B. (1995). Economic Growth
and the Environment, The Quarterly Journal of Economics, Vol.
110, No. 2, 353-377. d0i:10.2307/2118443.

Cole, M. A. (2004). Trade, the Pollution Haven Hypothesis and
the Environmental Kuznets Curve: Examining the Linkages,
Ecological ~ Economics, Vol. 48, No. 1, 71-81.
doi:10.1016/j.ecolecon.2003.09.007.

Benzerrouk, Z., Abid, M., and Sekrafi, H. (2021). Pollution Haven
or Halo Effect? A Comparative Analysis of Developing and
Developed Countries, £nergy Reports, Vol. 7, 4862-4871.
doi:10.1016/j.egyr.2021.07.076.

Can, M., Olug, I., Sturm, B., Guzel, |., Gavurova, B., and Popp, J.
(2022). Nexus between Trading Non-green Products and
Environment: Introducing Non-green Trade Openness Index,
Frontiers in Environmental Science, Vol. 10.
doi:10.3389/fenvs.2022.950453.

OECD. (2011). OECD Science, Technology and Industry
Scoreboard 2011: Innovation and Growth in Knowledge
Economies, Organisation for Economic Co-operation and
Development, from https://www.oecd-
ilibrary.org/docserver/sti_scoreboard-2011-

en.pdf?expires=1713865011&id=id&accname=guest&checksu
m=90075C71229AD9A11EE7232CCC6BC271.

Miti¢, P., Kresoja, M., and Minovic¢, J. (2019). A Literature Survey
of the Environmental Kuznets Curve, Economic Analysis, Vol. 52,
No. 1, 109-127. doi:10.28934/ea.19.52.12.pp109-127.

Can, M., Ahmed, Z., Mercan, M., and Kalugina, O. A. (2021). The
Role of Trading Environment-Friendly Goods in Environmental
Sustainability: Does Green Openness Matter for OECD
Countries?, Journal of Environmental Management, Vol. 295,
113038. doi:10.1016/j.jenvman.2021.113038.

Paramati, S. R, Mo, D., and Huang, R. (2021). The Role of
Financial Deepening and Green Technology on Carbon
Emissions: Evidence from Major OECD Economies, Finance
Research Letters, Vol. 41, 101794.
doi:10.1016/.frl.2020.101794.

Can, M., Ben Jebli, M., and Brusselaers, J. (2022). Can Green
Trade Save the Environment? Introducing the Green (Trade)
Openness Index, Environmental Science and Pollution
Research, Vol. 29, No. 29, 44091-44102. doi:10.1007/s11356-
022-18920-w.

Hu, G., Can, M., Paramati, S. R., Dogan, B., and Fang, J. (2020).
The Effect of Import Product Diversification on Carbon
Emissions: New Evidence for Sustainable Economic Policies,
Economic  Analysis and  Policy, Vol. 65, 198-210.
doi:10.1016/j.eap.2020.01.004.

Lin, Y., Huang, R. and Yao, X. (2021). Air Pollution and
Environmental Information Disclosure: An Empirical Study

Page | 79 .


https://doi.org/10.1016/j.resourpol.2023.104472
https://doi.org/10.60084/eje.v2i1.180
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM.pdf
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM.pdf
https://www.weforum.org/reports/the-global-risks-report-2021/
https://www.weforum.org/reports/the-global-risks-report-2021/
https://ourworldindata.org/%23entries
https://www.ipcc.ch/2022/02/28/pr-wgii-ar6/
https://www.worldbank.org/en/topic/climatechange/overview%233
https://www.worldbank.org/en/topic/climatechange/overview%233
https://unctad.org/news/carbon-emissions-anywhere-threaten-development-everywhere
https://unctad.org/news/carbon-emissions-anywhere-threaten-development-everywhere
https://doi.org/10.1017/S1355770X05002755
https://sdgs.un.org/goals
https://unfccc.int/resource/docs/2015/cop21/eng/l09r01.pdf
https://doi.org/10.1007/s11356-019-04912-w
https://www.worldatlas.com/articles/what-is-a-newly-industrialized-country.html
https://www.worldatlas.com/articles/what-is-a-newly-industrialized-country.html
https://doi.org/10.1007/s11356-017-9392-8
https://doi.org/10.1007/s11356-021-15717-1
https://doi.org/10.1007/s11356-021-15717-1
https://data.footprintnetwork.org/%23/
https://doi.org/10.1016/j.renene.2020.12.065
https://doi.org/10.2307/2118443
https://doi.org/10.1016/j.ecolecon.2003.09.007
https://doi.org/10.1016/j.egyr.2021.07.076
https://doi.org/10.3389/fenvs.2022.950453
https://www.oecd-ilibrary.org/docserver/sti_scoreboard-2011-en.pdf?expires=1713865011&id=id&accname=guest&checksum=90075C71229AD9A11EE7232CCC6BC271
https://www.oecd-ilibrary.org/docserver/sti_scoreboard-2011-en.pdf?expires=1713865011&id=id&accname=guest&checksum=90075C71229AD9A11EE7232CCC6BC271
https://www.oecd-ilibrary.org/docserver/sti_scoreboard-2011-en.pdf?expires=1713865011&id=id&accname=guest&checksum=90075C71229AD9A11EE7232CCC6BC271
https://www.oecd-ilibrary.org/docserver/sti_scoreboard-2011-en.pdf?expires=1713865011&id=id&accname=guest&checksum=90075C71229AD9A11EE7232CCC6BC271
https://doi.org/10.28934/ea.19.52.12.pp109-127
https://doi.org/10.1016/j.jenvman.2021.113038
https://doi.org/10.1016/j.frl.2020.101794
https://doi.org/10.1007/s11356-022-18920-w
https://doi.org/10.1007/s11356-022-18920-w
https://doi.org/10.1016/j.eap.2020.01.004

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

Ekonomikalia Journal of Economics, Vol. 2, No. 2, 2024

Based on Heavy Polluting Industries, Jfournal of Cleaner
Production, Vol. 278, 124313.
doi:10.1016/j.jclepro.2020.124313.

Shen, B., Cao, Y., and Xu, X. (2020). Product Line Design and
Quality Differentiation for Green and Non-green Products in a
Supply Chain, /nternational Journal of Production Research, Vol.
58, No. 1, 148-164. doi:10.1080/00207543.2019.1656843.

Grossman, G., and Krueger, A. (1991). Environmental Impacts of
a North American Free Trade Agreement, National Bureau of
Economic Research. doi:10.3386/w3914.

Olug, I., Can, M., Eronal, Y., and Saboori, B. (2024). Assessing the
Environmental Implications of Structural Change in Middle-
Income Countries: Introducing the Structural Change Index,
International Journal of Environmental Science and Technology,
Vol. 21, No. 8, 6339-6356. doi:10.1007/s13762-023-05408-4.

Boleti, E., Garas, A., Kyriakou, A., and Lapatinas, A. (2021).
Economic Complexity and Environmental Performance:
Evidence from a World Sample, Environmental Modeling &
Assessment, Vol. 26, No. 3, 251-270. doi:10.1007/s10666-021-
09750-0.

Ahmad, M., Ahmed, Z., Majeed, A., and Huang, B. (2021). An
Environmental Impact Assessment of Economic Complexity and
Energy Consumption: Does Institutional Quality Make a
Difference?, Environmental Impact Assessment Review, Vol. 89,
106603. doi:10.1016/j.eiar.2021.106603.

Dogan, B., Saboori, B., and Can, M. (2019). Does Economic
Complexity Matter for Environmental Degradation? An
Empirical Analysis for Different Stages of Development,
Environmental Science and Pollution Research, Vol. 26, No. 31,
31900-31912. doi:10.1007/s11356-019-06333-1.

Aluko, O. A., Opoku, E. E. O., and Acheampong, A. O. (2023).
Economic Complexity and Environmental Degradation:
Evidence from OECD Countries, Business Strategy and the
Environment, Vol. 32, No. 6, 2767-2788. doi:10.1002/bse.3269.

Nguyen, C. P., and Doytch, N. (2022). Does Knowledge Matter for
the Environment? Global Evidence of Economic Complexity and
Ecological Footprints, Environmental Science and Pollution
Research, Vol. 29, No. 54, 82122-82139. doi:10.1007/s11356-
022-21547-6.

Cole, M. A,, and Elliott, R. J. R. (2003). Determining the Trade-
Environment Composition Effect: The Role of Capital, Labor and
Environmental  Regulations, Journal of Environmental
Economics and Management, Vol. 46, No. 3, 363-383.
doi:10.1016/50095-0696(03)00021-4.

Liu, H., Kim, H., and Choe, J. (2019). Export Diversification, CO2
Emissions and EKC: Panel Data Analysis of 125 Countries, As/a-
Pacific Journal of Regional Science, Vol. 3, No. 2, 361-393.
doi:10.1007/s41685-018-0099-8.

Shahzad, U., Ferraz, D., Dogan, B. and Aparecida do
Nascimento Rebelatto, D. (2020). Export Product Diversification
and CO2 Emissions: Contextual Evidences from Developing and
Developed Economies, Journal of Cleaner Production, Vol. 276,
124146. doi:10.1016/j.jclepro.2020.124146.

Apergis, N., Can, M., Gozgor, G., and Lau, C. K. M. (2018). Effects
of Export Concentration on CO2 Emissions in Developed
Countries: An Empirical Analysis, Environmental Science and
Pollution Research, Vol. 25, No. 14, 14106-14116.
doi:10.1007/511356-018-1634-X.

Sharma, R., Sinha, A., and Kautish, P. (2021). Examining the
Nexus between Export Diversification and Environmental
Pollution: Evidence from BRICS Nations, £nvironmental Science
and Pollution Research, Vol. 28, No. 43, 61732-61747.
doi:10.1007/511356-021-14889-0.

Can, M., Dogan, B., and Saboori, B. (2020). Does Trade Matter
for Environmental Degradation in Developing Countries? New
Evidence in the Context of Export Product Diversification,
Environmental Science and Pollution Research, Vol. 27, No. 13,
14702-14710. d0i:10.1007/s11356-020-08000-2.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Jiang, S., Mentel, G., Shahzadi, I., Ben Jebli, M., and Igbal, N.
(2022). Renewable Energy, Trade Diversification and
Environmental Footprints: Evidence for Asia-Pacific Economic
Cooperation (APEC), Renewable Energy, Vol. 187, 874-886.
doi:10.1016/j.renene.2021.12.134.

Sharma, R., Shahbaz, M., Kautish, P., and Vo, X. V. (2023).
Diversified Imports As Catalysts for Ecological Footprint:
Examining the BRICS Experience, £nvironment, Development
and  Sustainability,  Vol. 25, No. 4, 3153-3181.
doi:10.1007/510668-022-02177-x.

Al-Mulali, U., Ozturk, 1., and Lean, H. H. (2015). The Influence of
Economic Growth, Urbanization, Trade Openness, Financial
Development, and Renewable Energy on Pollution in Europe,
Natural Hazards, Vol. 79, No. 1, 621-644. doi:10.1007/511069-
015-1865-9.

Destek, M. A., Balli, E., and Manga, M. (2016). The Relationship
between CO2 Emission, Energy Consumption, Urbanization and
Trade Openness for Selected CEECs, Research in World
Economy, Vol. 7, No. 1. doi:10.5430/rwe.v7n1p52.

Dogan, E., and Seker, F. (2016). Determinants of CO2 Emissions
in the European Union: The Role of Renewable and Non-
renewable Energy, Renewable Energy, Vol. 94, 429-439.
doi:10.1016/j.renene.2016.03.078.

Destek, M. A., Ulucak, R., and Dogan, E. (2018). Analyzing the
Environmental Kuznets Curve for the EU Countries: The Role of
Ecological Footprint, £nvironmental Science and Pollution
Research, Vol. 25, No. 29, 29387-29396. doi:10.1007/s11356-
018-2911-4.

Tachie, A. K., Xingle, L., Dauda, L., Mensah, C. N., Appiah-Twum,
F., and Adjei Mensah, 1. (2020). The Influence of Trade Openness
on Environmental Pollution in EU-18 Countries, Environmental
Science and Pollution Research, Vol. 27, No. 28, 35535-35555.
doi:10.1007/s11356-020-09718-9.

Pata, U. K., Dam, M. M., and Kaya, F. (2022). How Effective Are
Renewable Energy, Tourism, Trade Openness, and Foreign
Direct Investment on CO2 Emissions? An EKC Analysis for ASEAN
Countries, Environmental Science and Pollution Research, Vol.
30, No. 6, 14821-14837. doi:10.1007/s11356-022-23160-z.

Mongo, M., Belaid, F., and Ramdani, B. (2021). The Effects of
Environmental Innovations on CO2 Emissions: Empirical
Evidence from Europe, Environmental Science & Policy,Vol. 118,
1-9. doi:10.1016/j.envsci.2020.12.004.

Kasman, A., and Duman, Y. S. (2015). CO2 Emissions, Economic
Growth, Energy Consumption, Trade and Urbanization in New
EU Member and Candidate Countries: A Panel Data Analysis,
Economic Modelling, Vol. 44, 97-103.
doi:10.1016/j.econmod.2014.10.022.

Sharif Hossain, M. (2011). Panel Estimation for CO2 Emissions,
Energy Consumption, Economic Growth, Trade Openness and
Urbanization of Newly Industrialized Countries, £nergy Policy,
Vol. 39, No. 11, 6991-6999. doi:10.1016/j.enpol.2011.07.042.

Bernard, J.,, and Mandal, S. K. (2016). The Impact of Trade
Openness on Environmental Quality: An Empirical Analysis of
Emerging and Developing Economies, 195-208.
doi:10.2495/EID160181.

Lu, W.-C. (2020). The Interplay among Ecological Footprint, Real
Income, Energy Consumption, and Trade Openness in 13 Asian
Countries, Environmental Science and Pollution Research, Vol.
27, No. 36, 45148-45160. doi:10.1007/511356-020-10399-7.

Van Tran, N. (2020). The Environmental Effects of Trade
Openness in Developing Countries: Conflict or Cooperation?,
Environmental Science and Pollution Research, Vol. 27, No. 16,
19783-19797. d0i:10.1007/s11356-020-08352-9.

Zameer, H., Yasmeen, H., Zafar, M. W., Waheed, A., and Sinha,
A. (2020). Analyzing the Association between Innovation,
Economic Growth, and Environment: Divulging the Importance
of FDI and Trade Openness in India, Environmental Science and
Pollution  Research, Vol. 27, No. 23, 29539-29553.
doi:10.1007/s11356-020-09112-5.

Page | 80 .


https://doi.org/10.1016/j.jclepro.2020.124313
https://doi.org/10.1080/00207543.2019.1656843
https://doi.org/10.3386/w3914
https://doi.org/10.1007/s13762-023-05408-4
https://doi.org/10.1007/s10666-021-09750-0
https://doi.org/10.1007/s10666-021-09750-0
https://doi.org/10.1016/j.eiar.2021.106603
https://doi.org/10.1007/s11356-019-06333-1
https://doi.org/10.1002/bse.3269
https://doi.org/10.1007/s11356-022-21547-6
https://doi.org/10.1007/s11356-022-21547-6
https://doi.org/10.1016/S0095-0696(03)00021-4
https://doi.org/10.1007/s41685-018-0099-8
https://doi.org/10.1016/j.jclepro.2020.124146
https://doi.org/10.1007/s11356-018-1634-x
https://doi.org/10.1007/s11356-021-14889-0
https://doi.org/10.1007/s11356-020-08000-2
https://doi.org/10.1016/j.renene.2021.12.134
https://doi.org/10.1007/s10668-022-02177-x
https://doi.org/10.1007/s11069-015-1865-9
https://doi.org/10.1007/s11069-015-1865-9
https://doi.org/10.5430/rwe.v7n1p52
https://doi.org/10.1016/j.renene.2016.03.078
https://doi.org/10.1007/s11356-018-2911-4
https://doi.org/10.1007/s11356-018-2911-4
https://doi.org/10.1007/s11356-020-09718-9
https://doi.org/10.1007/s11356-022-23160-z
https://doi.org/10.1016/j.envsci.2020.12.004
https://doi.org/10.1016/j.econmod.2014.10.022
https://doi.org/10.1016/j.enpol.2011.07.042
https://doi.org/10.2495/EID160181
https://doi.org/10.1007/s11356-020-10399-7
https://doi.org/10.1007/s11356-020-08352-9
https://doi.org/10.1007/s11356-020-09112-5

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Ekonomikalia Journal of Economics, Vol. 2, No. 2, 2024

Khan, H., Weili, L., Khan, I, and Khamphengxay, S. (2021).
Renewable Energy Consumption, Trade Openness, and
Environmental Degradation: A Panel Data Analysis of
Developing and Developed Countries, Mathematical Problems
in Engineering, Vol. 2021, 1-13. doi:10.1155/2021/6691046.

Udeagha, M. C., and Ngepah, N. (2022). Does Trade Openness
Mitigate the Environmental Degradation in South Africa?,
Environmental Science and Pollution Research, Vol. 29, No. 13,
19352-19377. d0i:10.1007/511356-021-17193-Z.

Lee, C., Olasehinde-Williams, G., and Gyamfi, B. A. (2023). The
Synergistic Effect of Green Trade and Economic Complexity on
Sustainable Environment: A New Perspective on the Economic
and Ecological Components of Sustainable Development,
Sustainable  Development, Vol. 31, No. 2, 976-989.
doi:10.1002/sd.2433.

Ahmad, M., Ahmed, Z., Bai, Y., Qiao, G., Popp, J., and Olah, J.
(2022). Financial Inclusion, Technological Innovations, and
Environmental Quality: Analyzing the Role of Green Openness,
Frontiers in Environmental Science, Vol. 10.
doi:10.3389/fenvs.2022.851263.

Li, J., Dong, K., Dong, X., and Shahbaz, M. (2022). How Green
Trade Influences Pollution Emissions in China: A Provincial
Perspective,  Energy  Economics, Vol. 115, 106330.
doi:10.1016/j.eneco.2022.106330.

Idroes, G. M., Hardi, I, Hilal, I. S., Utami, R. T., Noviandy, T. R.,
and Idroes, R. (2024). Economic Growth and Environmental
Impact: Assessing the Role of Geothermal Energy in Developing
and Developed Countries, /nnovation and Green Development,
Vol. 3, No. 3, 100144. doi:10.1016/j.igd.2024.100144.

World Development Indicators. (2021). World Development
Indicators, from https://databank.worldbank.org/source/world-
development- indicators.

BETA Akademi. (2023). Non-Green Trade Openness Index, from
https://www.betaakademi.com/non-green-openness-index.

Rees, W. (2018). Ecological Footprint, Companion to
Environmental Studies, 43-48. doi:10.4324/9781315640051-10.

Idroes, G. M., Hardi, I, Rahman, M. H., Afjal, M., Noviandy, T. R.,
and Idroes, R. (2024). The Dynamic Impact of Non-renewable
and Renewable Energy on Carbon Dioxide Emissions and
Ecological Footprint in Indonesia, Carbon Research, Vol. 3, No.
1, 35. doi:10.1007/544246-024-00117-0.

Maulidar, P., Fitriyani, F., Sasmita, N. R., Hardi, I., and Idroes, G.
M. (2024). Exploring Indonesia’s CO2 Emissions: The Impact of
Agriculture, Economic Growth, Capital and Labor, Grimsa
Journal of Business and Economics Studies,Vol. 1, No. 1, 43-55.
doi:10.61975/gjbes.v1i1.22.

Stern, D. I. (2004). The Rise and Fall of the Environmental
Kuznets Curve, World Development, Vol. 32, No. 8, 1419-1439.
doi:10.1016/j.worlddev.2004.03.004.

van Ledden, A., Can, M., and Brusselaers, J. (2024). Toward a
Greener Future: Investigating the Environmental Quality of Non-
Green Trading in OECD Countries, £konomikalia Journal of
Economics, Vol. 2, No. 1, 15-28. doi:10.60084/eje.v2i1.149.

Hardi, I., Ray, S., Attari, M. U. Q., Ali, N., and Idroes, G. M. (2024).
Innovation and Economic Growth in the Top Five Southeast

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Asian Economies: A Decomposition Analysis, Ekonomikalia
Journal  of  Economics, Vol. 2, No. 1, 1-14.
doi:10.60084/eje.v2i1.145.

Breusch, T. S., and Pagan, A. R. (1980). The Lagrange Multiplier
Testand Its Applications to Model Specification in Econometrics,
The Review of Economic Studjes, Vol. 47, No. 1, 239.
doi:10.2307/2297111.

Pesaran, M. H. (2021). General Diagnostic Tests for Cross-
Sectional Dependence in Panels, Empirical Economics, Vol. 60,
No. 1, 13-50. doi:10.1007/s00181-020-01875-7.

Pesaran, M. H., and Yamagata, T. (2008). Testing Slope
Homogeneity in Large Panels, Journal of Econometrics, Vol. 142,
No. 1, 50-93. doi:10.1016/j.jeconom.2007.05.010.

Pesaran, M. H. (2007). A Simple Panel Unit Root Test in the
Presence of Cross-Section Dependence, journal of Applied
Econometrics, Vol. 22, No. 2, 265-312. doi:10.1002/jae.951.

Westerlund, J. (2008). Panel Cointegration Tests of the Fisher
Effect, Journal of Applied Econometrics, Vol. 23, No. 2, 193-233.
doi:10.1002/jae.967.

Pedroni, P. (1999). Critical Values for Cointegration Tests in
Heterogeneous Panels with Multiple Regressors, Oxford
Bulletin of Economics and Statistics, Vol. 61, No. s1, 653-670.
doi:10.1111/1468-0084.0610s1653.

Pedroni, P. (2001). Fully Modified OLS for Heterogeneous
Cointegrated Panels, 93-130. doi:10.1016/50731-
9053(00)15004-2.

Hamit-Haggar, M. (2012). Greenhouse Gas Emissions, Energy
Consumption and Economic Growth: A Panel Cointegration
Analysis from Canadian Industrial Sector Perspective, £nergy
Economics, Vol. 34, No. 1, 358-364.
doi:10.1016/j.eneco.2011.06.005.

Pesaran, M. H., Shin, Y., and Smith, R. P. (1999). Pooled Mean
Group Estimation of Dynamic Heterogeneous Panels, Journal of
the American Statistical Association, Vol. 94, No. 446, 621-634.
doi:10.1080/01621459.1999.10474156.

Destek, M. A., and Okumus, I. (2019). Does Pollution Haven
Hypothesis Hold in Newly Industrialized Countries? Evidence
from Ecological Footprint, Environmental Science and Pollution
Research, Vol. 26, No. 23, 23689-23695. doi:10.1007/s11356-
019-05614-z.

Kongbuamai, N., Bui, Q., and Nimsai, S. (2021). The Effects of
Renewable and Nonrenewable Energy Consumption on the
Ecological Footprint: The Role of Environmental Policy in BRICS
Countries, Environmental Science and Pollution Research, Vol.
28, No. 22, 27885-27899. doi:10.1007/s11356-021-12551-3.

Sinha, A., and Sengupta, T. (2019). Impact of Natural Resource
Rents on Human Development: What Is the Role of
Globalization in Asia Pacific Countries?, Resources Policy, Vol.
63, 101413. d0i:10.1016/j.resourpol.2019.101413.

Alvi, S., Ahmad, |, and Rehman, A. (2023). Trade of
Environmental versus Non-Environmental Goods and Carbon
Emissions in High and Middle-Income Countries, £Environmental
Science and Pollution Research, Vol. 30, No. 24, 65283-65295.
doi:10.1007/s11356-023-26972-9.

Page | 81 .


https://doi.org/10.1155/2021/6691046
https://doi.org/10.1007/s11356-021-17193-z
https://doi.org/10.1002/sd.2433
https://doi.org/10.3389/fenvs.2022.851263
https://doi.org/10.1016/j.eneco.2022.106330
https://doi.org/10.1016/j.igd.2024.100144
https://databank.worldbank.org/source/world-development-%20indicators
https://databank.worldbank.org/source/world-development-%20indicators
https://www.betaakademi.com/non-green-openness-index
https://doi.org/10.4324/9781315640051-10
https://doi.org/10.1007/s44246-024-00117-0
https://doi.org/10.61975/gjbes.v1i1.22
https://doi.org/10.1016/j.worlddev.2004.03.004
https://doi.org/10.60084/eje.v2i1.149
https://doi.org/10.60084/eje.v2i1.145
https://doi.org/10.2307/2297111
https://doi.org/10.1007/s00181-020-01875-7
https://doi.org/10.1016/j.jeconom.2007.05.010
https://doi.org/10.1002/jae.951
https://doi.org/10.1002/jae.967
https://doi.org/10.1111/1468-0084.0610s1653
https://doi.org/10.1016/S0731-9053(00)15004-2
https://doi.org/10.1016/S0731-9053(00)15004-2
https://doi.org/10.1016/j.eneco.2011.06.005
https://doi.org/10.1080/01621459.1999.10474156
https://doi.org/10.1007/s11356-019-05614-z
https://doi.org/10.1007/s11356-019-05614-z
https://doi.org/10.1007/s11356-021-12551-3
https://doi.org/10.1016/j.resourpol.2019.101413
https://doi.org/10.1007/s11356-023-26972-9

