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Abstract

Increasing economic growth and environmental improvement are the ways
to achieve sustainable development goals. In developing countries, increases in
military expenditures, which are part of public expenditures, and the level of foreign
trade may affect environmental quality. This study examines the impact of
economic growth, trade openness, green energy and military expenditures on
carbon emissions in E-7 countries for the period 1993-2023. The results confirm
the existence of cross-sectional dependence, slope heterogeneity and cointegration
relationship among the variables. Panel quantile regression results show that
economic growth and trade openness increase carbon emissions and decrease
environmental quality, while green energy and military expenditures reduce carbon
emissions and increase environmental quality. The results are checked for
robustness using FMOLS, DOLS, FE-OLS and Driscoll-Kraay estimators’ long-
term estimators and the results confirm the quantile regression results. These results
provide important policy insights for E7 countries, which have significant potential
in terms of the world economy. The study findings provide a broad perspective on
environmental problems.

Key words: Trade Openness, Green Energy, Economic Growth,
Military Expenditure, Carbon Emissions, Panel Quantile Regression

JEL Code: F18, F43, Q51, C33

'Assoc. Prof. Dr., Tarsus University, Tiirkiye, sefaozbek@tarsus.edu.tr, http://orcid.org/0000-0002-
1043-2056

2Assist  Prof. Dr., Mardin Artuklu University, Tiirkiye, ilyasbayar@artuklu.edu.tr,
http://orcid.org/0000-0003-1278-7309

SRes.  Assist, Mardin  Artuklu  University, Tiirkiye, aocakhanoglu@yahoo.com,
http://orcid.org/0009-0009-3374-0527

“Assist Prof. Dr., Mardin Artuklu University, Tiirkiye, islamaltun@gmail.com,
http://orcid.org/0000-0001-7419-4029


http://www.ijceas.com/

Ozbek et all. / Impact of Trade Openness, Green Energy, Economic Growth and Military
Expenditures on Carbon Emissions in E-7 Countries

www.ijceas.com

1. Introduction

Climate change, global warming, greenhouse gas emissions and similar
issues remain topical and important on a global scale. The creation of a livable
environment within the context of sustainable development is not a matter of
national or international desire; rather, it is an obligation that must be fulfilled
(Mihai et al., 2023; Tiirkes, 2024). In this context, research planned at identifying
the essence causes of environmental degeneration and at mobilizing policy makers
to address these issues is crucial (Mao & Li, 2024).

One of the most important factors affecting economic welfare is the quest
for economic growth. Economic growth is the main aim for countries and brings
with it challenges related to environmental sustainability. Human beings are in
steady pursuit of their essential needs, and the energy required to meet these needs
is a crucial component of that pursuit. However, increase in carbon emissions has a
negative impact on environmental quality. Using fossil fuels to make energy leads
to more production, which causes damage to the environment because of CO2
emissions (Bayar & Dabakoglu, 2024). The first stage of economic growth is
frequently related to carbon emissions, a consequence of heightened industrial
activity and increased energy consumption. Many studies have shown that the
energy used for industrialisation, which is often linked to economic growth, leads
to higher CO2 emissions (Sarkodie et al., 2020). Similarly, it has shown that
economic growth leads to higher energy consumption, which causes more damage
to the environment. Another factor affecting economic growth and environmental
quality is economic integration and globalisation. Environmental degradation has
increased dramatically with the rise in carbon emissions caused by industrial
expansion. (Cengiz et al., 2025).

Determining the effect of military expenditure on environmental quality is
a critical issue that must be examined. The primary objective of national defence is
to protect the sovereignty and benefits of the nation. It is crucial for armies to ensure
regional and global stability. (Ramos & De Melo, 2005). Military expenditures are
closely related to countries' threat perceptions. The enemy state's measures
regarding arms build-up, the possibility of terrorist attacks and increasing global
security concerns are driving an arms competition. Regions with less geopolitical
tension are associated with relatively modest expenditures on defence. Military
expenditure is a significant factor in protecting a nation's sovereignty. Yet it also
plays a significant role in helping to boost demand, develop infrastructure, increase
production, reduce unemployment and promote overall economic growth.
Nevertheless, it has been proven that the increased use of fossil fuels in military
spending and operations causes an increase in CO2 emissions and negatively
impacts the environment. Amidst armed conflicts, the natural world suffers radical
changes, affecting all life forms in its ecosystem. This violence against living and
non-living components of nature is a consequence of armed conflicts. During
periods of peacetime, the defence industry's expenditure and preparations for war
contribute to increased CO2 emissions (Dudley et al., 2002).

Many studies have shown a link between military spending and carbon
emissions, and a direct relationship between military spending and environmental
degradation (Gokmenoglu et al., 2020). The use of military equipment, together
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with the intensive consumption of fossil fuels, leads to the generation of significant
amounts of waste material. These materials have the potential to contaminate water
and soil with harmful substances (Jorgensen & Clark, 2009). Studies have shown
that military expenditure causes atmospheric destruction by increasing toxic
emissions and energy consumption (Zandi et al., 2019). Military forces that are
prepared for emergency situations engage in a kind of activity. The operation of
these activities has been demonstrated to result in adverse effects on the natural
environment. As Bradford (2017) points out, the existence of capital-intensive
armies has negative effects on the environment, which leads to increased carbon
emissions. This view is also supported by Jorgensen & Clark (2009), who argue
that military activities have a damaging effect on environmental sustainability. In
addition, the environmental impact of military expenditure extends beyond the issue
of emissions. For instance, Neimark emphasises the significant carbon footprint of
the military during wartime and conflict (Neimark, 2023).

The selection of the E-7 countries as the sample group in this study was a
carefully considered action. The E7 countries, with half of the world's population,
have become the key players in the global market for goods and services due to
their production factors and capacities. According to an analysis conducted by the
accounting firm Price Waterhouse Coopers (PWC) in 2011, the E7 countries were
expected to pass the G7 countries in terms of economic size by 2020. This
prediction, which was expected to be realized in 2020, came to pass sooner, with
the economies of the E7 countries surpassing those of the G7 countries. A further
analysis by the same company predicts that by 2050, the E7 countries will have a
GDP that is 25-75 per cent higher than that of the G7 countries (PWC, 2019). It is
likely that these predictions regarding the economies of these country groups will
become a reality sooner. In 2018, these countries accounted for 47% of the world's
population, 26% of global GDP and over 40% of global energy consumption. It is
estimated that the economies of the E7 countries will expand at an average annual
rate of 3.5% between 2016 and 2050, whereas the rate for the developed G7
countries is expected to be 1.6% (Aydogan & Vardar, 2020). Current projections
imply that these developing countries will exceed the purchasing power of the G7
by the year 2050. It is evident from an analysis of economic data and projections
that the E7 countries have significant economic influence on the global economy,
both in the present and with respect to future projections.

According to the Global Carbon Project 2022, China alone accounts for
11.4% of global carbon production. According to data from the same study, all E7
countries are among the top twenty countries with the highest CO> emissions. It is
anticipated that the utilisation of renewable resources in place of fossil fuels for the
purpose of energy generation will result in a reduction in the volume of carbon
emissions released into the environment. Global Carbon Project reports have shown
that fossil fuels are the largest source of carbon emissions worldwide. This is
because fossil fuels, when burned, release carbon dioxide (76% of the world's
greenhouse gases), the most important greenhouse gas (International Energy
Agency IEA, 2012). Consequently, the demand for renewable energy production
and consumption is increasing on a daily basis worldwide. The present study
analyses the effect of economic growth, trade openness, renewable energy, military
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spending and population on CO> emissions in the E7 countries. A review of the
literature shows that the correlation between military expenditures and the
environment has been analyzed for many different groups of countries (G7,
Developed and Developing Countries, African Countries, Asian Countries, etc.).
When considering the E7 countries in the studies on military expenditure and the
environment, the countries in the E7 group have been examined separately. Some
of these studies focus on Brazil (Bildirici, 2018), China (Wang et al., 2021), India
(Wang et al., 2021), Indonesia (Uddin et al., 2024), Russia (Isiksal, 2021), and
Turkey (Gokmenoglu et al., 2020). This study seems to be the first to analyse the
environmental impacts in E7 countries using the variables of economic growth,
renewable energy, trade openness, and military expenditure. The first part of the
study consists of an introduction and a literature review. The following section
provides explanatory information about the variables and empirical findings, along
with the data set.

2. Literature Review

The relationship between economic growth, trade openness, renewable
energy and carbon emissions is an important topic that has been examined
extensively in literature. In existing literature, many studies are often found that use
different methodologies to examine the relationship between these two variables
and address various countries and country groups. In the following subsections, the
relationships between economic growth and CO2, renewable energy and CO., and
trade openness and CO., which are frequently used in literature, are summarized.
The impact of military expenditure on COz is discussed in detail.

Economic growth and carbon emissions

With climate change becoming a global problem, the environmental
problem has become the center of discussions. The EKC hypothesis has been
frequently tested in the literature on the environment and economy. The essence of
this hypothesis is the relationship between GI and CO,. In the presence of an
inverted-U shaped relationship between the variables in question, it is decided that
the EKC hypothesis is valid (L1 et al., 2024; Aydin & Degirmenci, 2024). It has
been observed that time series and panel data methodologies are frequently used.
In these studies, CO> emissions are generally preferred as the variable representing
the environment. It has been determined that GDP per capita is used as the
economic growth variable (Ozbek and Ogul, 2022; Ali et al., 2024; Giiler et al.,
2025).

A considerable amount of study has been investigated on the relationship
between economic growth and carbon emissions (Saidi & Omri, 2020). Studies
examining the relationship between these variables in country groups, within the
context of the OECD (Sun et al., 2020; Ozcan et al., 2020), BRICS (Banday &
Aneja, 2020), G7 (Destek et al., 2020), Developing Countries (Sikder et al., 2022),
European Union Countries (Onofrei et al., 2022), African Countries (Namahoro et
al., 2021), ASEAN Countries and similar country groups. Similar studies have also
been conducted on E7 countries in the literature (Aydogan and Vardar, 2020;
Govdeli, 2024). According to the existing literature, the relationship between
economic growth and carbon emissions is mostly positive (Namahoro et al., 2021;
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Onoftei et al., 2022). According to the findings of the studies, economic growth
increases carbon emissions.

Renewable energy and carbon emissions

Many studies have been carried out on the correlation between renewable
energy and carbon emissions. These studies employ a variety of methodologies and
focus on different countries and country groups. Several studies on country groups
have been conducted within the scope of a specific country group. The OECD
(Perone, 2024), G7 (Xu et al., 2022), ASEAN (Pata et al., 2023), BRICS (Sadiq et
al., 2024), Developing Countries (Akram et al., 2020), European Union Countries
(Chang et al., 2022), African Countries (Ali et al., 2022), Asian Countries (Rahman
& Alam, 2022), and similar country groups. Several studies have been conducted
in E7 countries in academic literature. (Aydogan & Vardar, 2020; Simsek et al.,
2025).

The extant literature demonstrates that the impact of renewable energy on
carbon emissions is predominantly negative. However, the findings are not entirely
conclusive, as some studies report a neutral effect (Pata et al., 2023).

Trade openness and carbon emissions

The relationship between trade openness and CO; represents an significant
field of discussion that includes global sustainability and climate change. It is seen
that the studies conducted in this context have revealed various findings. Haseeb et
al. (2023) conducted a study on BRICS countries. Driscoll-Kraay standard error
analysis was used as the empirical method. The results show that increasing trade
openness increases CO2 emissions. Shahbaz et al. (2013), who investigated the
relationship between trade openness and CO> with data from South Africa for the
period 1965-2008, used the ECM model. The findings showed that trade openness
reduces CO». A similar research question was answered by Kog¢ and Bulus (2020)
for South Korea during the period 1971-2017. The results again showed that trade
openness reduced CO> emissions in the relevant period in South Korea. Sun et al.
(2020) investigated the period 1990-2014 in Sub-Saharan African countries.
FMOLS and DOLS are used as empirical methods. The results show that trade
openness reduces environmental degradation.

Similarly, the relationship between trade openness and CO: is an issue with
many aspects, which have been extensively studied in the literature. Within the
broader context of research on country groups, numerous studies have been
examined on the OECD (Go6zgor, 2017), G7 (Li & Haneklaus, 2022), developing
countries (Ertugrul et al., 2016), European Union countries (Ho & Iyke, 2019),
Asian countries (Hultberg, 2018), and African countries (Sun et al., 2020) and
similar country groups. A review of the extant literature shows that the effect of
trade openness on CO> emissions is positive (Li & Haneklaus, 2022), while some
studies find it to be negative. Ursavas (2025) investigated the relationship between
COz and trade openness using data from MIST countries for the period 1970-2021.
In the study using panel data techniques, it was concluded that trade openness
increased CO> emissions. Barkat et al. (2025) revealed the existence of direct and
indirect effects of trade openness on COzin OECD countries. Rahman (2013),
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Kander and Lindmark (2005), on the other hand, differed from other studies and
stated that there was no statistically significant relationship between the relevant
variables.

Military expenditures and carbon emissions

There are limited studies in the literature on how military spending affects
CO; emissions. However, there is increasing interest in this topic. A comprehensive
review of the existing literature reveals a variety of studies that use a variety of
methodologies to analyze the relationship between the two variables. These studies
focus on different countries and groups of countries. A significant number of the
studies have proved that military expenditures increase carbon emissions
(Jorgensen & Clark, 2009; Zandi et al., 2019; Gékmenoglu et al, 2020; Isiksal,
2021; Eregha et al, 2022; Uddin et al, 2024; Chang et al, 2023; Efayena & Olele,
2024). On the other hand, some studies have shown that military expenditures
reduce carbon emissions (Ullah et al., 2020; Konuk et al., 2023; Cutcu et al., 2024).

Jorgensen and Clark (2009) examined the structural determinants of the
ecological footprint on per person. The data set for the study comprised 5-year
periods between 1975 and 2000 (1975, 1980, 1985, 1990, 1995, 2000). A sample
of 53 developed and less developed countries was analyzed using panel data
analysis, which revealed that military expenditures are associated with an increased
ecological footprint. Bildirici (2017) analyzed the relationship between energy
consumption, economic growth, militarization, and CO> in the US. Using data for
the period 1960-2013, the study includes the results obtained from the ARDL
bounds test as well as the FMOLS, DOLS, and CCR estimators. The results of the
study show a positive correlation between military expenditure and CO2 emissions.
Bildirici (2018) employed an annual dataset covering the period 1985-2015 in their
study on G7 countries. The study examined the cointegration relationship by
employing Pedroni (1995) and panel Johansen tests. The findings, which have been
obtained from the utilisation of FMOLS and DOLS estimators, demonstrate a
positive correlation between economic growth and militarisation on the one hand,
and an increase in CO2 emissions on the other. Moreover, this increase has been
found to be statistically significant.

Zandi et al. (2019) examined the determinants of environmental degradation
in six ASEAN countries. In this context, the study used military expenditure,
corruption, and democracy variables and used a sample period from 1995 to 2017.
The FMOLS estimator and DOLS estimation method were used in the study.
Empirical findings show that military expenditure increases CO2 emissions.
Ahmed et al. carried out a study in 2020 on the Pakistani economy during the period
1971-2016. The study used the ecological footprint variable as an environmental
variable and revealed the increasing impact of military spending on CO2 emissions.
Isiksal (2021), who studied the economies of the 10 countries with the highest
military expenditure, analysed the 1993-2017 period. The study used the new
generation cointegration estimators. It concluded that military expenditure
increases CO2 emissions and reduces renewable energy consumption. In the study,
Gokmenoglu et al. (2020) investigated the relationship between CO2 emissions and
military expenditure in Turkey, using data from the 1960-2014 study period. The
findings of the study, employing the FMOLS and Toda-Yamamoto methods,
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concluded that military expenditures were associated with an increase in
environmental degradation. Conversely, it was determined that energy consumption
and economic growth led to an increase in environmental degradation, while
financial development resulted in a decrease. In the study carried out on Ghana with
data from 1971-2018, Kwakwa (2022) focused on the factors influencing CO2
emissions. In the study, ARDL bounds test was employed, utilising a combination
of industrialisation and public expenditure variables, in addition to military
expenditures. Empirical evidence has shown that military expenditures have a
negative effect on CO2 emissions. The study established a negative correlation
between public expenditure and CO2 emissions. It was concluded that population
and industrialization increased CO> emissions.

On the other hand, renewable energy use and economic growth variables
were added to the empirical model. The study investigated the period 1990-2018.
The present study uses panel cointegration and cross-sectional autoregressive
distributed lag models to explore the relationship between militarization and
environmental sustainability. The findings reveal a positive correlation between an
increase in militarization and an increase in the ecological footprint of nations.
Moreover, an increase in military capital intensity seems to worsen environmental
damage. Cutcu et al. (2024) investigated the long-term relationship between foreign
trade and military expenditures of the US economy. To this end, annual data from
1970 to 2018 were examined. Maki (2012) cointegration test, a novel method that
identifies five structural breaks, was employed to analyze the cointegration
relationship. The FMOLS, DOLS, and CCR methods were utilized to examine the
impact of independent variables on dependent variables. The study's findings
indicate that military expenditures, exports, and agricultural areas have a negative
effect on ecological footprints, while imports have a positive effect.

Literature gap

In the literature research, it was seen that CO2 emissions, which are among
the most important representatives of environmental degradation, are frequently
used. In empirical literature, the relationships between economic growth, renewable
energy, trade openness and military expenditure on CO2 emissions were examined.
It was determined that there are many studies in literature on the relationships of
relevant variables on CO», emissions. However, it has been determined that most of
these studies are single-country studies and focus on the bilateral relations of CO2
and many variables. In the literature, no study has been found on the E7 countries
that addresses the combined effects of economic growth, renewable energy, trade
openness, military expenditures and population. On the other hand, the fact that the
current period data set of 1993-2023, when the E7 countries experienced significant
structural transformations, was used in this study is another contribution of the
study to literature. Finally, the study was designed by combining current methods
and robustness tests, which distinguishes it from other studies. Thus, it is considered
that it will contribute to literature.

3. Model, Data and Methodology
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Model construction

The paper investigates the effect of economic growth (GDP), trade openness
(TO), green energy (REN), military expenditures (MEX) and population (POP) on
carbon emissions (CO2). In the literature, when calculating the impact of different
variables on environmental quality, CO> emissions are often preferred. Countries
generally supply their energy needs from fossil fuels. This can deepen
environmental degradation. However, the use of clean energy instead of fossil fuels
will contribute both to the achievement of the economic growth target and to the
formation of a clean environment in the context of sustainable development. The
reason for the inclusion of trade openness in the model is that an increase in trade
openness enables imported technologies, including environmental technologies.
This will pave the way for the international movement of technologies to reduce
environmental degradation. Thus, environmental degradation can be reduced. In the
perspective of these factors, the following model has been developed.

C02;; = f(GDPy, GE;, TO;¢, MEXP;;, POP;,) (1)
CO02; = Bo + B1GDP; + B,GE; + B3TO ;s + B4MEXP; + BsPOP; + & (2)

where 1 is the cross section of E-7 countries, t is the time series and ¢ is the error
term. COz refers to carbon emissions; GDP indicates economic growth; GE, green
energy; TO, trade openness; MEXP, military expenditures, POP, population. In the
econometric model, the natural logarithm of each variable has been taken to reduce
variability and to smooth the data.

Data sources

In the current research, E-7 countries (Brazil, China, India, Indonesia,
Mexico, Mexico, Russia and Turkey) are included as a panel group and annual data
for the period 1990-2020 are considered. The nexus between economic growth,
green energy, trade openness, military expenditures, population and carbon
emissions is analysed. The dependent variable, carbon emission, is taken as metric
tonnes per capita. Per capita reel GDP is included in the model as economic growth
variable. Green energy is expressed as renewable energy consumption (% of total
final energy consumption); trade openness as trade (% of GDP); and military
expenditure as military expenditure (US$ per capita). Table 1 lists the variables of
the model and the source of these variables.

Table 1: List of the variables

Variable Symbol Explanation Source

Carbon Emission LCO, Metric tons per capita Our World in Data

Economic Growth LGDP Gross Domestic Product per capita current 2015 US$ WDI

Green Energy LGE Renewable energy consumption (% of total final energy Our World in Data
consumption)

Trade Openness LTO Trade (% of GDP) WDI

Military LMEXP Per capita current US$ SIPRI

Expenditure
Population LPOP Population, total WDI

Source: Authors’ calculations

Econometric methodology
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There are two points of separation in the panel data methodology. In this
context, cross-section dependency (CSD) and homogeneity tests are applied first.
As a result of these tests, appropriate panel unit root test, panel cointegration test
and panel cointegration estimators are used. Chudik and Pesaran (2013) have drawn
attention to the fact that cross-sectional dependence may occur in countries forming
panel data sets along with the globalization process. It is argued that a
shock/structural change occurring in any of the cross-sectional units in the panel
data set will also affect the shock/structural change in other countries in the panel.
In this context, tests that take cross-sectional dependence into account are
considered important to avoid biased and inconsistent parameter estimates
(Kizilkaya et al., 2024). The CSD test suggested by Pesaran (2015) is applied in the
study. Afterwards, the homogeneity test is performed. After two separation points,
the CIPS unit root test, which considers heterogeneity and CSD, is applied. After
understanding that all series are I(1), the panel LM cointegration test is applied. As
a result of this test suggested by Westerlund and Edgerton (2007), the existence of
a long-term relationship is revealed. In long-term estimates, the panel quantile
regression method was first used. It is possible to examine the relationships in more
detail with the panle quantile method. This method differs from the classical panel
regression method and can reveal how the policy effects of the variables in the
model differ at low and high values. This method, which is extremely useful in this
respect, is not limited to the average effect. More clearly, empirical analyses are
carried out by separating the effects of the variables in the lower and upper segments
of the conditional distribution (Guris & Sak, 2019). Thus, more effective and
purposeful policies can be implemented. Finally, panel FMOLS, DOLS, FE-OLS
and Driscoll-Kraay methods are used as a robustness test.

CSD test

In the present study, some pre-analyses are required before proceeding to
the estimation of the model. The first of these is to test the CSD of the series.
Increasing political, cultural and economic globalisation, increasing economic
integration and decreasing foreign trade barriers have increased the degree to which
countries affect each other. In other words, a shock occurring in one country has
the potential to affect other countries as well (Tufail et al. 2022). The type of unit
root test and cointegration test to be used is also determined by the findings from
CSD tests. In this study, weakly exogenous CSD developed by Pesaran (2015) was
used to detect CSD.

N-1
CSD =

N
> c’arr,,t> 3)

I=1 K=I+1

N(N — 1)N <

Slope homojenity test

The problem of slope heterogeneity gains importance in econometric studies
conducted with panel data. The homogeneity or heterogeneity of the model also
determines the cointegration test to be used as well as the long-run coefficient
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estimation to be used. For this reason, Delta tests by Pesaran and Yamagata (2008)
are used. The equations for small samples and large samples give test results.

~ N~1$-k

A= VN (—m ) (4)
~ N™1§-E(Z;T)
Baaj= W( JVarGp) ) ()

Unit root test

There are various tests developed to test the stationarity of variables
(Maddala & Wu, 1999; Breitung, 2001; Choi, 2001; Im et al, 2003). In the empirical
literature, there are studies in which the null hypothesis indicates the presence of a
unit root or, alternatively, stationarity (Kogak & Ozbek, 2020). However, these tests
ignore the testing of problems such as CSD and slope homogeneity (SH). One of
the second-generation tests to test the stationarity of variables in the presence of
CSD and SH is the “Cross-Sectionally Augmented ADF” test proposed by Pesaran
(2007). In this test, lagged cross-sectional averages of the ADF regression are
considered. After the CADF test statistic values are calculated, CIPS statistic values
are calculated as follows:

N SN, CADF,

CIPS (N, T) = %Z__lti(N, PEEE 6)

Panel cointegration test

After assessing the stationarity of the wvariables, the cointegration
relationship between the variables is estimated with the LM bootstrap panel
cointegration test introduced by Westerlund and Edgerton (2007). The main
advantages of this approach are that it takes CSD and SH into account and gives
consistent results even in small samples. The null hypothesis Ho indicates that there
is a cointegration relationship between the variables. The form of this cointegration

test is as follows:
1 N T
LMf = NTZ ZZ ®;%sa (7)

In this equation, T indicates time; N donates to sample dimension; sizt
represents the sum of the error terms; ®; ? points to the variance of the error terms
in the long term.

Panel Quantile Regression and Robustness Tests

The ordinary least squares (OLS) method is one of the basic techniques
commonly used in econometric analyses. However, the fact that economic variables
have extreme values and deviate from the normal distribution may make it difficult
for this method to produce reliable results. Especially in the presence of non-normal
distribution of error terms and long-tailed distributions, the OLS method may be
inadequate. As an alternative to such situations, the quantile regression method was
developed by Koenker & Bassett Jr. (1978) (Waldmann, 2018; Chen et al., 2019;
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Opoku & Aluko, 2021). The quantile regression method was adapted to the panel
data structure by Koenker (2004) and in this context, a fixed effect panel quantile
regression model was developed. Panel data and quantile regression models, which
have become popular in applied empirical studies recently, have begun to become
widespread. Quantile regression models allow the researcher to account for
unobserved heterogeneity and heterogeneous covariate effects, while the
availability of panel data allows the researcher to include fixed effects to control
for some unobserved covariates (Tekin and Bastak, 2022). Recently, some
researchers have associated these two methodologies and named it Panel Quantile
Regression (Giiloglu, et al. 2016). Quantile regression model,

Yy = XiB + u, (8)
When defined as;

minge [Z 01, — Xifl + ) -0l —xp| (9
te{t:vezx/p} te{t:ve<x/B}

It is estimated by minimization calculated as. 8 in the equation indicates
different quantile levels between 0 and 1. The non-additive fixed effect panel
quantile estimation method used in the study was developed by Powell (2016). The
method includes non-additive fixed effects, unlike the additive fixed effects model,
which includes additive fixed effects separated by error terms. It provides
information about the distribution of the dependent variable Y—‘i which includes

l

cross-sectional units and time dimension. The panel quantile approach developed
by Powell (2016) produces consistent and asymptotically normal estimates even at
small T. It is stated that the method gives good results even when instrumental
variables and additive fixed effect panel quantile estimators perform poorly
(Powell, 2016). On the other hand, panel FMOLS, DOLS and FE-OLS methods,
which are frequently used in literature, were also used as robustness tests in this
study. Long-term coefficient estimators in panel data analysis are DOLS and
FMOLS methods developed by Pedroni (2000, 2001). In the FMOLS method,
deviations originating from problems such as heteroscedasticity and autocorrelation
in standard fixed effect estimators are corrected. In addition, the DOLS method has
the feature of including dynamic elements in the model and eliminating deviations
originating from endogeneity problems in static regression (Ogul, 2022). In
addition, the Fixed Effect Least Squares (FE-OLS) method, strengthened with
Driscoll and Kraay standard errors used in the study, is a reliable estimator under
the presence of autocorrelation and CSD.

4. EMPIRICAL RESULTS

This section presents empirical results. First, Table 2 presents descriptive
statistics.

According to the results in Table 2, the highest standard deviation is
observed in the military expenditure (LMEXP) variable. The mean value of
LMEXP is approximately 4.031, the minimum value is 1.440 and the maximum
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value is 6.619. The standard deviation is 1.143. When the skewness and kurtosis
coefficients were analysed, it was seen that the values of many variables were
outside the limits of + 1.5.

Table 2. Descriptive statistics

LCO2 LGDP LGE LTO LMEXP LPOP
Mean 1.177188 8.472762 2.223581 3.770540 4.099028 19.37464
Median 1.170656 8.800977 1.957773 3.845607 4.031683 19.06447
Maximum 2.533816 9.596525 3.918629 4.566286 6.619591 21.08657
Minimum -0.308560 6.333942 0.907161 2.749550 1.440666 17.89303
Std. Dev. 0.733103 0.823605 0.744880 0.354370 1.143994 1.063121
Skewness 0.171211 -0.896642 1.020379 -0.678281 -0.027608 0.574170
Kurtosis 2.227603 2.632253 3.115445 3.171549 2.322247 1.831063
Jarque-Bera 6.454387 30.29959 37.77624 24.28190 4.180842 24.28190
Probability 0.039669 0.000000 0.000000 0.000213 0.123635 0.000005
Observations 217 217 217 217 217 217

Source: Authors’ calculations

According to the results in Table 2, the highest standard deviation is
observed in the military expenditure (LMEXP) variable. The mean value of
LMEXP is approximately 4.031, the minimum value is 1.440 and the maximum
value is 6.619. The standard deviation is 1.143. When the skewness and kurtosis
coefficients were analysed, it was seen that the values of many variables were
outside the limits of + 1.5.

This finding indicates that the data do not conform to normal distribution.
The results of the Jarque-Bera normality test also support this finding and the null
hypothesis of normal distribution is rejected for all variables except military
expenditures. In empirical analyses, it is of great importance to determine the
distributional characteristics of variables, since non-normally distributed series
require the selection of appropriate estimation methods.

Table 3 shows the results regarding cross-sectional dependence.

Table 3: Outcomes of cross-sectional dependency

Variables Test statistic Probability
LCO: 13.31%* 0.000
LGDP 2291%* 0.000
LGE 12.13*% 0.000
LTO 1.96% * 0.050
LMEXP 19.38%* 0.000
LPOP 13.34* 0.000

Note: *,** respectively symbol indicate that the level of significance 1% and 5%.

Source: Authors’ calculations

Table 3 reports the results of the CSD analysis. According to the results of
the test statistics, the null hypothesis Ho ‘weak CSD is rejected. Accordingly, Hi
‘strong CSD’ is verified. In this case, second generation unit root tests should be
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used to determine the stationarity of the variables. Table 4 shows the homogeneity
results.

Table 4: Outcomes of slope heterogeneity test

Slope homogeneity tests Test Value P-value
A 15.455%* 0.000
Bgaj 17.210% 0.000

Note: *, symbol indicate that the level of significance 1%.

Source: Authors’ calculations

Table 4 presents the results of the slope homogeneity test proposed by
Pesaran and Yamagata (2008). The findings demonstrate that the slope coefficients
of the model are not homogeneous and that the slope varies across countries. It is
reported that the null hypothesis Ho, which claims that the slope coefficients are
homogeneous, is rejected at 1% significance level. Table 5 shows the panel unit
root results.

Table 5: Outcomes of panel unit root analysis

CIPS
Variable At level %1 Cricitical Value At 1st difference %1 Cricitical Value
LCO: -1.978 -3.06 -4.978* 3.1
LGDP -2.244 -3.06 -4.074* 3.1
LGE -3.552% -3.06 -6.086* 3.1
LTO -3.228* -3.06 -4.707* 3.1
LMEXP -2.679 -3.06 -5.616* -3.1
LPOP -1.980 -3.06 -3.381* -3.1

Note: *, symbol indicate that the level of significance 1%.
Source: Authors’ calculations

As shown in Table 5, the variables are not stationary at level value. First
differences of the series were taken. Thus, the series became stationary in their first

differences at 1% significance level. Table 6 presents the panel cointegration test
findings.

Table 5: Outcomes of panel cointegration analysis

Constant Constant & trend
LM-statistic Bootstrap p-value LM-statistic Bootstrap p-value
6.605 0.563 12.410 0.292

Source: Authors’ calculations

Westerlund and Edgerton (2007) panel cointegration analysis results are
tabulated in Table 6. The result indicates that the null hypothesis Ho, which states
that there is a cointegration relationship between the variables, is approved. Table
7 shows the panel quantile test findings.
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Table 6: Outcomes of panel quantile regression analysis

10th 20th 30th 40th 50th 60th 70th 80th 90th

LGDP 0.710* 0.709* 0.709* 0.708* 0.707* 0.707* 0.706* 0.706* 0.705*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
LGE 20.139%*%  0.131* 0.121* 0.116* 0.103* 20.095%  -0.090%*  -0.081*** 0068
(0.012) (0.005) (0.001) (0.001) (0.001) (0.004) 0.011) (0.062) (0.234)
LTO 20.123%*%  0.119%%  0.113* -0.109* 0.102* 0.096%  -0.094%*  -0.088** 0.079
(0.031) (0.014) (0.004) (0.002) (0.001) (0.004) (0.011) (0.050) (0.176)
LMEXP  -0.068***  -0.073**  -0.080* -0.084* -0.092* -0.098* -0.101* -0.107* 0.116*
(0.090) (0.030) (0.004) (0.001) (0.000) (0.000) (0.000) (0.001) (0.005)
LPOP 0.471% 0.506* 0.547* 0.575* 0.625* 0.662* 0.682* 0.722* 0.778*
(0.006) (0.001) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Note: * significant at 1%; ** significant at 5%;*** significant at 10%. The values in parentheses indicate the probability
value.

Source: Authors’ calculations

After identifying the long-run relationship between the variables, the study
continues with panel quantile regression. With panel quantile regression, the
coefficients of the factors affecting environmental degradation in E-7 countries in
percentages (between 10th and 90th) were evaluated. Panel quantile regression
results are reported in Table 7.

The elasticity coefficient of the LGDP coefficient is positive and statistically
significant. The positive effects of economic growth on environmental degradation
are valid for E-7 countries. The elasticity coefficient of green energy (LGE) is
negative and statistically significant. The findings indicate that green energy used
as an input in E-7 countries will reduce environmental degradation. The elasticity
parameter of the LTO variable used as an expression of trade openness is negative
and statistically significant. Increasing foreign trade improves environmental
quality by allowing the import of environmentally friendly technologies. In
addition, the elasticity parameter of military expenditures is negative and
statistically significant. The evolution of military forces consisting of human
resources to technologically intensive military equipment is seen to reduce
environmental degradation. More precisely, providing more funds for research and
development efforts in the military concept and incentives for the use of
environmentally friendly military equipment have a positive impact on
environmental quality. Population variable increases carbon emission. The findings
confirm that this is the case for the E-7 countries. Fig. 1 visualises the elasticity
coefficients obtained.

Table 8 summarises the results of robustness estimates. The evidence is like
the results of the panel quantile regression. Figure 1 Graphical reresentation of the
effect of variables on environmental degradation
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Table 8: Outcomes of robustness estimates

FMOLS Prob. DOLS Prob. FE-OLS Prob. Driscoll- Prob.
Kraay FE
LGDP 0.736* 0.0000 0.708* 0.0000 0.707* 0.0000 0.708* 0.000
LGE -0.101%** 0.0575 -0.105%* 0.0062 -0.105* 0.0001 -0.105%* 0.041
LTO -0.113%* 0.0485 -0.103%** 0.0482 -0.103* 0.0002 -0.102%** 0.075
LMEXP -0.107* 0.0017 -0.091* 0.0713 -0.091* 0.0000 -0.091%** 0.018
LPOP 0.609* 0.0004 0.617* 0.0002 0.617* 0.0000 0.618* 0.003

Note: * significant at 1%; ** significant at 5%;*** significant at 10%.

Source: Authors’ calculations

Figure 1. Summary of empirical estimates

Source: Authors’ calculations

5. CONCLUSION AND POLICY IMPLICATIONS

The E7 nations represent half of the global population. They account for
more than 40% of the world's energy consumption. This group is among the top
twenty countries with the highest CO> emissions. China, which accounts for about
12% of carbon production, is also in this group. Each of these members is a sign
that the E7 Group is facing unprecedented environmental challenges. From this
perspective, it is important to identify the macroeconomic factors that are causing
environmental degradation to worsen in this group of countries. One of those factors
is military expenditure. In this context, the present study examines the degree of
impact of economic growth, green energy, trade openness, military spending and
population on carbon emissions using annual data for the period 1990-2020. This
study employs second-generation econometric methods. The CD test of Pesaran
(2015) for CSD, and the delta tests developed by Pesaran and Yamagata (2008) to
test for slope homogeneity/heterogeneity in the data are included. Pesaran (2007)
CIPS unit root test is used to test the stationarity of the variables used in the analysis.
On the other hand, the LM bootstrap panel cointegration test developed by
Westerlund and Edgerton (2007) is used to analyze cointegration properties. The
long-run coefficients are determined by panel quantile regression technique, and
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the FMOLS, DOLS, FE-OLS and Driscoll-Kraay estimators are considered to
verify the robustness of the long-run estimates.

The initial finding of the study indicates that economic growth has a
significant positive correlation with CO» emissions across all quantiles and other
estimators. The primary factors contributing to the observed increase in growth
rates within the E-7 countries, particularly in China and India, are industrialization
and the development of foreign trade. This has led to an increase in fossil fuel
consumption, which has in turn led to increased carbon emissions because of greater
economic activity. Economic growth is a fundamental element for the development
and prosperity of societies. Energy consumption has been identified as a primary
driver of economic growth. In the process of sustainable development, it is
considered desirable to establish economic growth as a fundamental goal, while
utilising energy sources that contribute to enhancing environmental quality. In this
context, one of the main findings of the study is that green energy consumption has
a significant impact on reducing CO2 emissions across all quantiles and other
estimators.

Many studies have shown that military operations are linked to a rise in
fossil fuel consumption, which in turn leads to an increase in environmental
degradation. The findings from the panel quantile regression technique employed
in this study demonstrate that an increase in military expenditures leads to a
decrease in carbon emissions across all quantiles and estimators utilised for the
robustness assessment. In addition to the increase in technological innovation, the
production of military equipment and weapons with high technology based on R&D
appears to be a significant factor in reducing the carbon emissions associated with
military expenditures. Moreover, the utilisation of renewable energy sources in the
production of military technologies contributes to a reduction in carbon emissions.
Consequently, the use of environmentally friendly military equipment has a
beneficial effect on environmental quality.

On a global scale, there is an increasing trend of steps towards the use of
alternative and clean energy sources in the military industry. As reported by the
International Renewable Energy Agency (IRENA), China has the highest global
production of renewable energy, with a total of 1,453,701 MW. China's projection
of building its military development by increasing its investments in the field of
alternative energy is noteworthy. According to the IRENA, Brazil has been ranked
third in terms of total renewable energy installed capacity. India has been ranked
fourth, Turkey eleventh, and Russia twelfth in this regard (IRENA, 2024). This is a
significant development in the context of renewable energy production within the
E-7 group.

The necessity of security and defense, as well as the responsibility of a state
organism to undertake them, are advocated by all economic systems. Within the
framework of this understanding, military activities, being environment-oriented
and supportive of environmental quality, will contribute to security, which is a
fundamental need, and the establishment of a livable ecosystem. In this context,
public authority should support and encourage institutions and companies operating
in the military industry, in both the public and private sectors, to carry out their
production activities with a production structure that prioritizes green energy.
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Public authority also should develop rules and regulations for industries that
increase environmental damage in a way that respects the ecological balance.
Specifically, it should establish legal frameworks and economic incentives to
enhance the incorporation of green energy in production and consumption patterns.

References

Ahmed, Z., Zafar, M. W., & Mansoor, S. (2020). Analyzing the linkage between
military spending, economic growth, and ecological footprint in Pakistan:
evidence from cointegration and bootstrap causality. Environmental
Science and Pollution Research, 27, 41551-41567.
https://doi.org/10.1007/s11356-020-10076-9

Akram, R., Chen, F., Khalid, F., Ye, Z., & Majeed, M. T. (2020). Heterogeneous
Effects of Energy Efficiency and Renewable Energy On Carbon Emissions:

Evidence from Developing Countries. Journal of Cleaner Production, 247,
119122. https://doi.org/10.1016/j.jclepro.2019.119122

Ali, M., Tursoy, T., Samour, A., Moyo, D., & Konneh, A. (2022). Testing The
Impact of The Gold Price, Oil Price, and Renewable Energy on Carbon
Emissions In South Africa: Novel Evidence From Bootstrap ARDL and
NARDL Approaches. Resources Policy, 79, 102984.
https://doi.org/10.1016/j.resourpol.2022.102984

Ali, S., Gucheng, L., Ying, L., Ishaq, M., & Shah, T. (2019). The relationship
between carbon dioxide emissions, economic growth and agricultural

production in  Pakistan: an  autoregressive  distributed lag
analysis. Energies, 12(24), 4644. https://doi.org/10.3390/en12244644

Aydin, M., Degirmenci, T. (2024). The role of greenfield investment and
investment freedom on environmental quality: testing the EKC hypothesis
for EU countries. International Journal of Sustainable Development &
World Ecology 1-11, https://doi.org/10.1080/13504509.2024.2326567

Aydogan, B., & Vardar, G. (2020). Evaluating the role of renewable energy,
economic growth and agriculture on CO2 emission in E7
countries. International Journal of Sustainable Energy, 39(4), 335-348.
https://doi.org/10.1080/14786451.2019.1686380

Banday, U. J., & Aneja, R. (2020). Renewable and non-renewable energy
consumption, economic growth and carbon emission in BRICS: evidence
from bootstrap panel causality. International Journal of Energy Sector
Management, 14(1), 248-260. https://doi.org/10.1108/IJESM-02-2019-
0007

Barkat, K., Alsamara, M., Al Kwifi, O. S., & Jarallah, S. (2025). Does trade
openness mitigate environmental degradation in Organisation for Economic
Co-operation and Development (OECD) countries? Implications for
achieving sustainable development. Natural resources forum, 49(1), 677-
698). Oxford, UK: Blackwell Publishing Ltd. https://doi.org/10.1111/1477-
8947.12412

773


http://www.ijceas.com/
https://doi.org/10.1007/s11356-020-10076-9
http://dx.doi.org/10.1016/j.jclepro.2019.119122
https://doi.org/10.1016/j.resourpol.2022.102984
https://doi.org/10.3390/en12244644
https://doi.org/10.1080/13504509.2024.2326567
https://doi.org/10.1080/14786451.2019.1686380
https://doi.org/10.1108/IJESM-02-2019-0007
https://doi.org/10.1108/IJESM-02-2019-0007
https://doi.org/10.1111/1477-8947.12412
https://doi.org/10.1111/1477-8947.12412

Ozbek et all. / Impact of Trade Openness, Green Energy, Economic Growth and Military
Expenditures on Carbon Emissions in E-7 Countries

www.ijceas.com

Bayar, 1., & Dabakoglu, M. (2024). How do economic growth, trade openness, and
non-renewable and renewable energy affect environmental quality in
VISTA Countries?. Economic Journal of Emerging Markets, 63-76.
https://doi.org/10.20885/ejem.vol16.iss1.art6

Bildirici, M. (2017). The effects of militarization on biofuel consumption and CO2
emission. Journal of Cleaner Production, 152, 420-428.
https://doi.org/10.1016/j.jclepro.2017.03.103

Bildirici, M. (2018). Impact of military on biofuels consumption and GHG
emissions: the evidence from G7 countries. Environmental Science and
Pollution Research, 25, 13560-13568. https://doi.org/10.1007/s11356-018-
1545-x

Bradford, J. (2017). The Treadmill of Destruction In Comparative Perspective: A
Panel Study of Military Spending and Carbon Emissions, 1960-2014.
Journal of World-Systems Research, 23(2), 298-325.
https://doi.org/10.5195/Jwsr.2017.688

Breitung, J. (2001). The Local Power of Some Unit Root Tests for Panel Data. In
B. Baltagi, Et Al. (Eds.), Advances In Econometrics: Nonstationary Panels,
Panels Cointegration and Dynamic Panels (Vol. 15, Pp. 161-178).
https://doi.org/10.5195/jwsr.2017.688

Cengiz, O., Baktemur, F. 1., & Canoglu, M. (2025). Estimating the role of economic
globalization, technological development and household consumption on
ecological footprint in visegrad countries. Problemy Ekorozwoju, 20(1),
143-158. https://doi.org/10.35784/preko.6609

Chang, L., Saydaliev, H. B., Meo, M. S., & Mohsin, M. (2022). How Renewable
Energy Matter for Environmental Sustainability: Evidence From Top-10
Wind Energy Consumer Countries of European Union. Sustainable Energy,
Grids and Networks, 31, 100716.
https://doi.org/10.1016/j.segan.2022.100716

Chang, S., Chen, B., & Song, Y. (2023). Militarization, renewable energy
utilization, and ecological footprints: Evidence from RCEP

economies. Journal of Cleaner Production, 391, 136298.
https://doi.org/10.1016/].jclepro.2023.136298

Chen, L. (2019). Nonparametric quantile regressions for panel data models with
large T. arXiv preprint arXiv:1911.01824.
https://doi.org/10.48550/arXiv.1911.01824

Chot, L. (2001). Unit Root Tests for Panel Data. Journal of International Money and
Banking, 20(2), 249-272 https://doi.org/10.1016/S0261-5606(00)00048-6

Chudik, A., & Pesaran, M. H. (2013). Econometric analysis of high dimensional
VARs featuring a dominant unit. Econometric Reviews, 32(5-6), 592-649.
https://doi.org/10.1080/07474938.2012.740374

Cutcu, L., Eren, M. V., Cil, D., Karis, C., & Kocak, S. (2024). What is the long-run
relationship between military expenditures, foreign trade and ecological
footprint? Evidence from method of Maki cointegration test. Environment,

774


http://www.ijceas.com/
https://doi.org/10.20885/ejem.vol16.iss1.art6
https://doi.org/10.1016/j.jclepro.2017.03.103
https://doi.org/10.1007/s11356-018-1545-x
https://doi.org/10.1007/s11356-018-1545-x
https://doi.org/10.5195/Jwsr.2017.688
https://doi.org/10.5195/jwsr.2017.688
https://doi.org/10.1007/s11356-017-9392-8
http://doi.org/10.1016/j.segan.2022.100716
https://doi.org/10.1016/j.jclepro.2023.136298
https://doi.org/10.1016/S0261-5606(00)00048-6
https://doi.org/10.1007/s11356-017-9392-8

)

International Journal of Contemporary Economics and
N o e . .
' Administrative Sciences

IJCEAS ISSN: 1925 — 4423

Volume: XV, Issue: 2, Year: 2025, pp.757-781

()

Development and Sustainability, 1-31. https://doi.org/10.1007/s10668-024-
04647-w

Destek, M. A., Shahbaz, M., Okumus, 1., Hammoudeh, S., & Sinha, A. (2020). The
relationship between economic growth and carbon emissions in G-7
countries: evidence from time-varying parameters with a long
history. Environmental Science and Pollution Research, 27, 29100-29117.
https://doi.org/10.1007/s11356-020-09189-y

Dudley, J. P., Ginsberg, J. R., Plumptre, A. J., Hart, J. A., & Campos, L. C. (2002).
Effects of war and civil strife on wildlife and wildlife habitats. Conservation
Biology, 16(2), 319-329. https://doi.org/10.1046/j.1523-
1739.2002.00306.x

Efayena, O. O., & Olele, E. H. (2024). Environmental sustainability, terrorism, and
military expenditure in Sub-Saharan Africa: Evidence from panel quantile

ARDL regression and panel causality. Sustainable Futures, 7, 100214.
https://doi.org/10.1016/].sftr.2024.100214

Eregha, P. B., Vo, X. V., & Nathaniel, S. P. (2022). Military spending, financial
development, and ecological footprint in a developing country: insights
from bootstrap causality and Maki cointegration. Environmental Science
and Pollution Research, 29(55), 83945-83955.
https://doi.org/10.1007/s11356-022-21728-3

Ertugrul, H. M., Cetin, M., Seker, F., & Dogan, E. (2016). The Impact of Trade
Openness On Global Carbon Dioxide Emissions: Evidence From The Top
Ten Emitters Among Developing Countries. Ecological Indicators, 67, 543-
555. https://doi.org/10.1016/j.ecolind.2016.03.027

Gokmenoglu, K., Tagpmar, N., & Rahman, M. (2020). Military Expenditure,
Financial Development and Environmental Degradation In Turkey: A
Comparison of CO2 Emissions and Ecological Footprint. International
Journal of Finance & Economics, 26(1), 986-997.
https://doi.Org/10.1002/Ijfe.1831

Govdeli, T. (2024). The Nexus Between Economic Growth, Health Expenditure,
Environmental Quality: A Comparative Study for E7 Countries. Reviews on
Environmental Health, 39(3), 551-560. https://doi.org/10.1515/reveh-2022-
0246

Gozgor, G. (2017). Does Trade Matter for Carbon Emissions In OECD Countries?
Evidence From A New Trade Openness Measure. Environmental Science
and Pollution Research, 24(36), 27813-27821.
https://doi.org/10.1007/s11356-017-0361-z

Giiler, 1., Naimoglu, M., Simsek, O., Adali, Z., & Ozbek, S. (2025). Analyzing the
impact of economic growth and FDI on sustainable development goals in
China: insights from ecological footprints and load capacity
factors. Frontiers in Environmental Science 13: 1513158,
https://doi.org/10.3389/fenvs.2025.1513158

775


http://www.ijceas.com/
https://doi.org/10.1007/s10668-024-04647-w
https://doi.org/10.1007/s10668-024-04647-w
https://doi.org/10.1007/s11356-020-09189-y
https://doi.org/10.1046/j.1523-1739.2002.00306.x
https://doi.org/10.1046/j.1523-1739.2002.00306.x
https://doi.org/10.1016/j.sftr.2024.100214
https://doi.org/10.1007/s11356-022-21728-3
https://doi.org/10.1016/j.ecolind.2016.03.027
https://doi.org/10.1515/reveh-2022-0246
https://doi.org/10.1515/reveh-2022-0246
https://doi.org/10.3389/fenvs.2025.1513158

Ozbek et all. / Impact of Trade Openness, Green Energy, Economic Growth and Military
Expenditures on Carbon Emissions in E-7 Countries

www.ijceas.com

Guloglu, B., Kangalli Uyar, S. G. ve Uyar, U. (2016). Dynamic quantile panel data
analysis of stock returns predictability. International Journal of Economics
and Finance, 8(2), 115- 126. https://doi.org/10.5539/ijef.v8n2p115

Guris, S., & Sak, N. (2019). Cevresel Kuznets egrisi hipotezinin toplamsal olmayan
sabit etkili panel kantil yontemiyle incelenmesi. Business and Economics
Research Journal, 10(2), 327-340. https://doi.org/10.20409/berj.2019.171

Haseeb, A., Xia, E., Saud, S., Usman, M., & Quddoos, M. U. (2023). Unveiling the
liaison between human capital, trade openness, and environmental
sustainability for BRICS economies: Robust panel-data estimation. Natural
Resources Forum, 47(2), 229-256. Oxford, UK: Blackwell Publishing Ltd.
https://doi.org/10.1111/1477-8947.12277

Ho, S. Y., & Iyke, B. N. (2019). Trade Openness and Carbon Emissions: Evidence
from Central and Eastern European Countries. Review of Economics, 70(1),
41-67. https://doi.org/10.1515/roe-2018-0001

Hultberg, P. (2018). Trade Openness, Economic Growth, and Environmental
Degradation In Asian Developing Countries. Journal of Applied Business
and Economics, 20(5), 61. https://doi.org/10.33423/jabe.v20i5.361

Im, K. S., Pesaran, H. M., & Shin, Y. (2003). Testing for Unit Roots in
Heterogeneous Panels. Journal of Econometrics, 115(1), 53-74.
https://doi.org/10.1016/S0304-4076(03)00092-7

IRENA (2024). Renewable Energy Statistics 2024. https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2024/Jul/IRENA_Renewable En
ergy Statistics 2024.pdf (20.02.2025).

Isiksal, A. Z. (2021). Testing the effect of sustainable energy and military expenses
on environmental degradation: evidence from the states with the highest
military expenses. Environmental Science and Pollution Research, 28(16),
20487-20498. https://doi.org/10.1007/s11356-020-11735-7

Jorgensen, A. K., & Clark, B. (2009). The economy, military, and ecologically
unequal exchange relationships in comparative perspective: A panel study
of the ecological footprints of nations, 1975-2000. Social Problems, 56,
621-646. https://doi.org/10.1525/sp.2009.56.4.621

Kander, A. & Lindmark, M. (2005). Foreign trade and declining pollution in
Sweden: adecomposition analysis of long- term structural and technical
effects. Energy Policy, 34(13), 1590-1599.
https://doi.org/10.1016/j.enpol.2004.12.007

Khan, M. B., Saleem, H., Shabbir, M. S., & Huobao, X. (2022). The effects of
globalization, energy consumption and economic growth on carbon dioxide
emissions in South Asian countries. Energy & Environment, 33(1), 107-
134. https://doi.org/10.1177/0958305X20986896

Kizilkaya O., Kizilkaya O., Akar G., & Mike F., (2024) The role of energy
consumption and economic growth on human development in emerging
(E-7) countries: fresh evidence from second-generation panel data

776


http://www.ijceas.com/
https://doi.org/10.1007/s11356-017-9392-8
https://doi.org/10.1007/s11356-017-9392-8
https://doi.org/10.1515/roe-2018-0001
https://doi.org/10.33423/jabe.v20i5.361
https://doi.org/10.1016/S0304-4076(03)00092-7
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2024/Jul/IRENA_Renewable_Energy_Statistics_2024.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2024/Jul/IRENA_Renewable_Energy_Statistics_2024.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2024/Jul/IRENA_Renewable_Energy_Statistics_2024.pdf
https://doi.org/10.1007/s11356-020-11735-7
https://doi.org/10.1525/sp.2009.56.4.621
https://doi.org/10.1016/j.enpol.2004.12.007
https://doi.org/10.1177/0958305X20986896

)

International Journal of Contemporary Economics and
N o e . .
' Administrative Sciences

IJCEAS ISSN: 1925 — 4423

Volume: XV, Issue: 2, Year: 2025, pp.757-781

()

analyses, Problemy Ekorozwoju/ Problems of Sustainable Development,
19(2):186-202. https://doi.org/10.35784/preko.5798

Koc, S., Bulus, G.C. (2020). Testing validity of the EKC Hypothesis in South
Korea: role of renewable energy and trade openness. Environ. Sci. Pollut.
Res. 27, 29043-29054. https://doi.org/10.1007/s11356-020- 09172-7

Kogak, 1., & Ozbek, S. (2020). Satin alma giicii paritesinin gecerliligi: duraganlik
ve birim kok testlerinden yeni kanitlar. Uluslararast Ticaret ve Ekonomi
Aragtirmalar1 Dergisi, 4(1), 22-31. https://doi.org/10.30711/utead.704902

Koenker, R. (2004). Quantile regression for longitudinal data. Journal of
Multivariate Analysis, 91, 74-89.
https://doi.org/10.1016/j.jmva.2004.05.006

Koenker, R. ve Bassett Jr., G. (1978). Regression Quantiles. Econometrica, 46(1),
33-50. https://doi.org/10.2307/1913643

Konuk, F., Kaya, E., Akpinar, S., & Yildiz, $. (2023). The Relationship Between
Military Expenditures, Financial Development and Environmental Pollution
In G7 Countries. Journal of the Knowledge Economy, 1-16.
https://doi.org/10.1007/s13132-023-01122-1

Kwakwa, P. A. (2022). The effect of industrialization, militarization, and
government  expenditure on  carbon  dioxide emissions in
Ghana. Environmental Science and Pollution Research, 29(56), 85229-
85242. https://doi.org/10.1007/s11356-022-21187-w

Li, B., & Haneklaus, N. (2022). Reducing CO2 Emissions in G7 Countries: The
Role Of Clean Energy Consumption, Trade Openness and Urbanization.
Energy Reports, 8, 704-713. https://doi.org/10.1016/j.egyr.2022.01.238

Li, R., Wang, Q., & Guo, J. (2024). Revisiting the environmental Kuznets curve
(EKC) hypothesis of carbon emissions: exploring the impact of geopolitical
risks, natural resource rents, corrupt governance, and energy intensity.
Journal of  Environmental Management 351: 119663,
https://doi.org/10.1016/].jenvman.2023.119663

Liu, S.-T. (2021). China’s Use of Military Propaganda Technology. T.-Y. S.-M.
Hung icinde, 2021 Report on the Defense Technology Trend Assessment—
Assessment of the New Generation of Chinese Communist Party’s Military
Technology (s. 151-159).
https://indsr.org.tw/en/respublicationcon?uid=16&resid=1893&pid=2344
&typeid=1 (08.02.2025).

Maddala, G. S., & Wu, S. (1999). A Comparative Study of Unit Root Tests With
Panel Data and A New Simple Test. Oxford Bulletin Of Economics and
Statistics, Special Issue, 631-652.  https://doi.org/10.1111/1468-

0084.0610s1631
Maki, D. (2012). Tests for cointegration allowing for an unknown number of
breaks. Economic Modelling, 29(5), 2011-2015.

https://doi.org/10.1016/j.econmod.2012.04.022

777


http://www.ijceas.com/
https://doi.org/10.1007/s11356-017-9392-8
https://doi.org/10.1007/s11356-020-%2009172-7
https://doi.org/10.1007/s11356-022-21187-w
https://doi.org/10.1016/j.egyr.2022.01.238
https://doi.org/10.1016/j.jenvman.2023.119663
https://indsr.org.tw/en/respublicationcon?uid=16&resid=1893&pid=2344&typeid=1
https://indsr.org.tw/en/respublicationcon?uid=16&resid=1893&pid=2344&typeid=1
https://doi.org/10.1111/1468-0084.0610s1631
https://doi.org/10.1111/1468-0084.0610s1631
https://doi.org/10.1016/j.econmod.2012.04.022

Ozbek et all. / Impact of Trade Openness, Green Energy, Economic Growth and Military
Expenditures on Carbon Emissions in E-7 Countries

www.ijceas.com

Mao, T., & Li, Q. (2024). The Impact of Sustainable Development and Spatial
Rationality Planning of Urban Buildings Under the Guidance of Local
Government Policies: Environmental Policy and Green Building Design
Principles. Lex localis-Journal of Local Self-Government, 22(1), 197-216.
https://doi.org/10.52152/22.1.197-216(2024)

Mihai, D. M., Doran, M. D., Puiu, S., Doran, N. M., Jianu, E., & Cojocaru, T. M.
(2023). Managing Environmental Policy Stringency to Ensure Sustainable
Development in OECD Countries. Sustainability, 15(21), 15427.
https://doi.org/10.3390/su152115427.

Namabhoro, J. P., Wu, Q., Zhou, N., & Xue, S. (2021). Impact of energy intensity,
renewable energy, and economic growth on CO2 emissions: Evidence from

Africa across regions and income levels. Renewable and Sustainable Energy
Reviews, 147, 111233. https://doi.org/10.1016/j.rser.2021.111233.

Neimark, B. (2023). Concrete Impacts: Blast Walls, Wartime Emissions, and the
Us Occupation of  Iraq. Antipode, 56(3), 983-1005.
https://doi.org/10.1111/Anti.13006

Ogul, B. (2022). BRICS-T iilkelerinde déviz kuru gegis etkisi: panel esbiitiinlesme
testi. Antalya Bilim Universitesi Uluslararasi Sosyal Bilimler Dergisi, 3(1),
83-92. https://doi.org/10.54969/abuijss. 1087251

Onofrei, M., Vatamanu, A. F., & Cigu, E. (2022). The Relationship Between
Economic Growth and CO2 Emissions In EU Countries: A Cointegration

Analysis. Frontiers In Environmental Science, 10, 934885. https://doi:
10.3389/fenvs.2022.934885

Opoku, E. E. O., & Aluko, O. A. (2021). Heterogeneous effects of industrialization
on the environment: Evidence from panel quantile regression. Structural
Change and Economic Dynamics, 59, 174-184.
https://doi.org/10.1016/j.strueco.2021.08.015

Ozbek, S., & Ogul, B. (2022). Finansal Kuznets Egrisi Hipotezinin Gegerliligi:
Tiirkiye Ekonomisi Uzerine Kisa ve Uzun Dénemli Zaman Serisi Bulgulari.
Dokuz Eyliil Universitesi Isletme Fakiiltesi Dergisi, 23(1), 81-97.
https://doi.org/10.24889/ifede.1052625

Ozcan, B., Tzeremes, P. G., & Tzeremes, N. G. (2020). Energy consumption,
economic growth and environmental degradation in OECD
countries. Economic Modelling, 84, 203-213.
https://doi.org/10.1016/j.econmod.2019.04.010

Pata, U. K., Dam, M. M., & Kaya, F. (2023). 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, 30(6), 14821-14837.
https://doi.org/10.1007/s11356-022-23160-z

Perone, G. (2024). The Relationship Between Renewable Energy Production and
CO2 Emissions In 27 OECD Countries: A Panel Cointegration and Granger
Non-Causality Approach. Journal of Cleaner Production, 434, 139655.
https://doi.org/10.1007/s11356-022-23160-z

778


http://www.ijceas.com/
https://doi.org/10.52152/22.1.197-216(2024)
https://doi.org/10.1016/j.rser.2021.111233
https://doi.org/10.1111/Anti.13006
https://doi.org/10.1007/s11356-017-9392-8
https://doi.org/10.24889/ifede.1052625
https://doi.org/10.1016/j.econmod.2019.04.010
http://doi.org/10.1007/s11356-022-23160-z

—_ | International Journal of Contemporary Economics and
' B Administrative Sciences
[ UCEAS ISSN: 1925 — 4423

Volume: XV, Issue: 2, Year: 2025, pp.757-781

Pesaran, M. H. (2007). A Simple Panel Unit Root Test In The Presence of Cross-
Section Dependence. Journal of Applied Econometrics, 22(2), 265-
312. https://doi.org/10.1002/jae.951

Pesaran, M. H. (2015). Testing Weak Cross-Sectional Dependence in Large Panels.
Econometric Reviews, 34(6-10), 1089-1117.
https://doi.org/10.1080/07474938.2014.956623

Pesaran, M. H., & Yamagata, T. (2008). Testing Slope Homogeneity in Large
Panels. Journal of Econometrics, 142(1), 50-93.
https://doi.org/10.1016/j.jeconom.2007.05.010

Powell, D. (2016). Quantile regression with nonadditive fixed effects. Unpublished
paper. https:// works.bepress.com/david_powell/1/ (10.03.2025).

PWC. (2019). Banking in 2050: How big will the emerging markets get? Please
contact Frances Lilley on 0207212 6917. The original ‘world in 2050’ report
on the projected future size of the E7 economies is available to download
from https://www.pwc.com/world2050 (15.02.2025).

Rahman M. Z. (2013). Relationship between Trade Openness and Carbon
Emission: A Case of Bangladesh. Journal of Empirical Economics, 1(4),
126-134.

Rahman, M. M., & Alam, K. (2022). Effects of Corruption, Technological
Innovation, Globalisation, and Renewable Energy on Carbon Emissions In
Asian Countries. Utilities Policy, 79, 101448.
https://doi.org/10.1016/j.jup.2022.101448

Ramos, T. B., & De Melo, J. J. (2005). Environmental Management Practices in
The Defence Sector: Assessment of The Portuguese Military's
Environmental Profile. Journal of Cleaner Production, 13(12), 1117-1130.
https://doi.org/10.1016/j.jclepro.2004.05.003

Sadiq, M., Chau, K. Y., Ha, N. T. T., Phan, T. T. H., Ngo, T. Q., & Huy, P. Q.
(2024). The Impact of Green Finance, Eco-Innovation, Renewable Energy
and Carbon Taxes On CO2 Emissions In BRICS Countries: Evidence From
CS ARDL Estimation. Geoscience Frontiers, 15(4), 101689.
https://doi.org/10.1016/j.gs£.2023.101689

Saidi, K., & Omri, A. (2020). The impact of renewable energy on carbon emissions
and economic growth in 15 major renewable energy-consuming
countries. Environmental Research. 186, 109567.
https://doi.org/10.1016/j.envres.2020.109567

Sarkodie, S., Owusu, P., & Leirvik, T. (2020). Global Effect of Urban Sprawl,
Industrialization, Trade and Economic Development On Carbon Dioxide
Emissions.  Environmental = Research  Letters, 15(3), 034049.
https://doi.Org/10.1088/1748-9326/Ab7640

Shahbaz, M., Tiwari, A.K., Nasir, M., 2013. The effects of financial development,
economic growth, coal consumption and trade openness on CO2 emissions

779


http://www.ijceas.com/
https://doi.org/10.1002/jae.951
https://doi.org/10.1080/07474938.2014.956623
https://doi.org/10.1007/s11356-017-9392-8
https://www.pwc.com/world2050
https://doi.org/10.1016/j.jup.2022.101448
https://doi.org/10.1016/j.jclepro.2004.05.003
https://doi.org/10.1016/j.gsf.2023.101689
https://doi.org/10.1016/j.envres.2020.109567
https://doi.org/10.1088/1748-9326/Ab7640

Ozbek et all. / Impact of Trade Openness, Green Energy, Economic Growth and Military
Expenditures on Carbon Emissions in E-7 Countries

www.ijceas.com

in South Africa. Energy Pol. 61, 1452-1459.
https://doi.org/10.1016/1.enpol.2013.07.006

Sikder, M., Wang, C., Yao, X., Huai, X., Wu, L., KwameYeboah, F., ... & Dou, X.
(2022). The integrated impact of GDP growth, industrialization, energy use,
and urbanization on CO2 emissions in developing countries: evidence from
the panel ARDL approach. Science of the Total Environment, 837, 155795.
https://doi.org/10.1016/].scitotenv.2022.155795

Simsek, O., Giiler, 1., Ozbek, S., Adali, Z., & Naimoglu, M. Exploring the impact
of globalization, economic complexity, urbanization, and real income on

environmental degradation in E-7 countries. Ege Academic Review, 25(1),
201-220. https://doi.org/10.21121/eab.20250113

SIPRI 2025, https://www.sipri.org/databases (07.02.2025).

Sun, H., Enna, L., Monney, A., Tran, D. K., Rasoulinezhad, E., & Taghizadeh-
Hesary, F. (2020). The Long-Run Effects of Trade Openness on Carbon
Emissions In Sub-Saharan African Countries. Energies, 13(20),
5295. https://doi.org/10.3390/en13205295

Tekin, B., & Bastak, S. N. (2022). Panel kantil regresyon yaklasimi ile getiriyi
etkileyen icsel faktorlerin modellenmesi: BIST 100 6rnegi. Karamanoglu
Mehmetbey Universitesi Sosyal ve Ekonomik Arastirmalar Dergisi, 24(42),
194-208. https:// dergipark.org.tr/tr/download/article-file/1985360

Toda, H. Y., & Yamamoto, T. (1995). Statistical inference in vector autoregressions
with possibly integrated processes. Journal of econometrics, 66(1-2), 225-
250. https://doi.org/10.1016/0304-4076(94)01616-8

Tufail, M., Song, L., Umut, A., Ismailova, N., & Kuldasheva, Z. (2022). Does
Financial Inclusion Promote A Green Economic System? Evaluating The
Role of Energy Efficiency. Economic Research-Ekonomska Istrazivanja,
35(1), 6780-6800. https://doi.org/10.1080/1331677X.2022.2053363

Tirkes, M. (2024). The role of sustainability and sustainable development in
climate change mitigation and adaptation. Sustainable Social Development,
2(1). https://doi.org/10.54517/ssd.v211.2407

Uddin, M., Rashid, M. H. U., Ahamad, S., & Ehigiamusoe, K. U. (2024). Impact of
militarization, energy consumption, and ICT on CO2 emissions in G20

countries. Environment, Development and Sustainability, 26(5), 11771-
11793. https://doi.org/10.1007/s10668-023-03483-8

Ullah, A., Zhao, X., Kamal, M. A., & Zheng, J. (2020). Modeling the relationship
between military spending and stock market development (a) symmetrically
in China: An empirical analysis via the NARDL approach. Physica A:
Statistical Mechanics and  its Applications, 554, 124106.
https://doi.org/10.1016/j.physa.2019.124106

Ursavag, N. (2025). Dogal Kaynak Geliri, Ticari Agiklik, Ekonomik Biiyiime ve
Cevresel Bozulma liskisi: Mist Ulkelerinden Bulgular. Omer Halisdemir
Universitesi Iktisadi ve Idari Bilimler Fakiiltesi Dergisi, 18(1), 84-102.
https://doi.org/10.25287/ohuiibf. 1493159

780


http://www.ijceas.com/
https://doi.org/10.1016/j.enpol.2013.07.006
https://doi.org/10.1016/j.scitotenv.2022.155795
https://doi.org/10.21121/eab.20250113
https://www.sipri.org/databases
https://doi.org/10.3390/en13205295
https://doi.org/10.1007/s11356-017-9392-8
https://doi.org/10.1016/0304-4076(94)01616-8
https://doi.org/10.54517/ssd.v2i1.2407
https://doi.org/10.1007/s10668-023-03483-8
https://doi.org/10.1016/j.physa.2019.124106
https://doi.org/10.25287/ohuiibf.1493159

International Journal of Contemporary Economics and

“
' B Administrative Sciences
[ UCEAS ISSN: 1925 — 4423

Volume: XV, Issue: 2, Year: 2025, pp.757-781

Waldmann, E. (2018). Quantile regression: A short story on how and why.
Statistical Modelling, 18(3-4), 203-2018.
https://doi.org/10.1177/1471082X18759142

Wang, Z., Jebli, M. B., Madaleno, M., Dogan, B., & Shahzad, U. (2021). Does
Export Product Quality and Renewable Energy Induce Carbon Dioxide
Emissions: Evidence From Leading Complex and Renewable Energy
Economies. Renewable Energy, 171, 360-370.
https://doi.org/10.1016/j.renene.2021.02.066

WDI (2025), https://databank.worldbank.org/source/world-development-indicators

(07.02.2025).
Westerlund, J., & Edgerton, D. L. (2007). A Panel Bootstrap Cointegration Test.
Economics Letters, 97(3), 185-190.

https://doi.org/10.1016/j.econlet.2007.03.003

Xu, D., Sheraz, M., Hassan, A., Sinha, A., & Ullah, S. (2022). Financial
Development, Renewable Energy and CO2 Emission In G7 Countries: New
Evidence From Non-Linear and Asymmetric Analysis. Energy Economics,
109, 105994. https://doi.org/10.1016/j.eneco.2022.105994

781


http://www.ijceas.com/
https://doi.org/10.1016/j.renene.2021.02.066
https://doi.org/10.1016/j.econlet.2007.03.003
https://doi.org/10.1016/j.eneco.2022.105994

