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Abstract
This research formulates a theoretical framework to investigate the impacts of trade on consumption-based carbon emissions
(CCO2) and also takes into account the influence of financial development and renewable energy use utilizing panel data for
Mexico, Indonesia, Nigeria, and Turkey (MINT) nations between 1990 and 2017. The study utilizes a series of second-generation
techniques such as Westerlund cointegration, cross-sectional augmented autoregressive distributed lag (CS-ARDL), and aug-
mented mean group (AMG) tests to capture the linkage between CCO2 emissions and the independent variables. The study aims
to answer the following questions: (a) can exports and imports determine CCO2 emissions in the MINT nations? (b) Is there a
long-run association among the variables under investigation? The results of the Westerlund cointegration reveal a long-run
association among the variables. The CS-ARDL outcomes indicate that imports and economic growth increase CCO2 emissions,
while renewable energy use and exports decrease CCO2 emissions. Moreover, the outcomes of the AMG test also give credence
to the CS-ARDL results. Our key policy recommendations are that initiatives, rules, and regulatory mechanisms should be
implemented that promote the transformation toward renewable energy.
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Introduction

For decades, the global environment has been threatened by
global warming and climate change (Adebayo 2020; Sarkodie
et al. 2020). According to environmental experts, carbon di-
oxide (CO2) levels have risen dramatically as a result of un-
regulated human competition for energy, which they claim is a
significant cause of global warming (Bekun et al. 2020;

Adebayo and Kirikkaleli 2021; He et al. 2018; Zhao et al.
2020). CO2 emissions levels seem to have reached a high-
risk point according to recent trends (Khan et al. 2020a).
Nevertheless, addressing growing CO2 emissions without
obstructing growth has proven to be a difficult task (Rjoub
et al. 2021). Nevertheless, there is a widespread agreement
that a significant decrease in CO2 emissions in the modern
era should be a key component of environmental policy
(Intergovernmental Panel on Climate Change [IPCC 2018).

The extent of international trade has been rising for many
years; however, between 2005 and 2015, the volume of inter-
national trade rose significantly by nearly 62%. The ratio of
international trade to overall gross domestic product (GDP)
has also risen to a new high, from 23% in 1960 to 58% in 2017
(World Bank 2020). The single most significant factor linking
international trade to rising carbon emissions is the growth of
international trade. On a larger scale, although trade is thought
to improve global efficiency, some critics see international
trade as a tool used by rich countries to reduce their carbon
emissions. Such decreases in pollution, on the other hand, are
likely to be compensated by an increase in pollution in the
region(s) where services and goods are exchanged, a
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phenomenon identified as carbon leakage (Khan et al. 2020b;
Bekun et al. 2021; Ali et al. 2020).

Alternatively, the “Pollution Haven Hypothesis” claims
that international trade pushes highly polluting sectors to
low-income countries with less strict pollution legislation
(Cole, 2004). While pollutants emitted beyond a nation’s ter-
ritorial boundaries, i.e., production- or territory-based emis-
sions, continue to receive publicity, consumption-based car-
bon emissions, which are adjusted for international trade, re-
ceive less attention (He et al. 2021; Hasanov et al. 2021; Khan
et al. 2020b; Kirikkaleli and Adebayo 2021). Nonetheless, it is
claimed that previous carbon dioxide measures are inaccurate.
For example, they ignore the reality that developed economies
concentrate on services and knowledge-based industries,
which emit less CO2 than industrial- and agriculture-based
economies (Jiborn et al. 2018; Khan et al. 2020a; Khan et al.
b). Likewise, emerging nations manufacture products that are
used by wealthier countries, but the carbon emissions associ-
ated with this production are traced to the emerging nations
(Peters and Hertwich 2008).

As a result, industrialized countries seem to be reducing their
carbon emissions, as reported by the widely contested inverted
U-shaped environmental Kuznets curve (Stern et al. 1996).
Nonetheless, they do satisfy the growing demand from emerg-
ing nations (Sarkodie et al. 2020; Usman et al. 2020). Since
such pollution (consumption-based emissions) cannot be distin-
guished from increasing levels of income, which facilitates the
trade volume and intensity of emissions across the world, the
truth of the argument that with a certain point of income, the
emissions level falls, is called into question. As a result, a
consumption-based strategy is potentiallymore suitable for cov-
ering the whole pollution chain, creating carbon stock respon-
sibility, and understanding the feasibility of global attempts to
reduce increasing emission levels (Knight and Schor 2014).
Furthermore, comparative research indicates that trade has a
substantial influence on consumption-based emissions, while
no effect is observed regarding territory-based emissions (He
et al. 2021; Hasanov et al. 2021; Khan et al. 2020b).

Previous research on trade and carbon emissions has most-
ly concentrated on production-based emissions, overlooking
consumption-based emissions. Furthermore, recent research
has focused on the fundamental connection in aggregated
trade contexts, ignoring the disaggregated impact of trade or
how imports and exports influence carbon emissions indepen-
dently. However, CCO2 emissions and exports are negatively
related, while CCO2 emissions and imports are positively con-
nected (e.g., Hasanov et al. 2021; He et al. 2021; Kirikkaleli
and Adebayo 2021; Liddle 2018). Consequently, existing
trade and carbon emissions analyses have taken into account
a variety of panels of nations, including the oil-exporting na-
tions (Hasanov et al. 2021); Mexico, Indonesia, Nigeria, and
Turkey (MINT) nations (Awosusi et al. 2021); and a combi-
nation of emerging and advanced nations (Pata and Caglar

2021; Rahman et al. 2020; Dauda et al. 2021; Hdom and
Fuinhas 2020). Nevertheless, in the case of the MINT coun-
tries, scholars have neglected the trade–carbon emissions con-
nection. To the best of our understanding, no prior studies
have investigated these connections utilizing the MINT coun-
tries as a case study.

The “MINT” nations (Mexico, Indonesia, Nigeria, and
Turkey) were recognized in 2013 as new emerging markets
that would act as a focal point for an economic community
that would play a major role in global economic relations
(Durotoye 2014). The MINT nations share common features,
as revealed in Fig. 1, including a young and growing popula-
tion along with their advantageous geographic location, which
places them close to advanced markets. For example,
Indonesia and China are near neighbors, Turkey is on the
European Union’s frontier, Mexico has a land border with
the United States, and Nigeria serves as Africa’s economic
rallying point (Asongu et al. 2018). As shown in Fig. 2, the
GDP per capita values of Mexico, Indonesia, Nigeria, and
Turkey were US$10385, US$4284.685825, US$2383, and
US$15190, respectively, in 2019 (World Bank 2020).
Furthermore, out of the four MINT nations, only Nigeria is
not yet a part of the G20 community, which includes both
emerging and developed nations. Nigeria, on the other hand,
has a competitive edge due to its ample natural resources,
particularly crude oil. Despite the abundance of resources in
the MINT nations, the economic development of the four
countries has been impacted by various obstacles, such as an
increase in energy demand and emissions.

As previously mentioned, the primary goal of this research
is to investigate the effect of trade on CCO2 pollution in the
MINT countries. Mexico, Indonesia, Nigeria, and Turkey are
among the countries represented on our panel. For a variety of
factors, this study examines the effect of trade on carbon emis-
sions in MINT nations. The first is that, to the best of the
researchers’ knowledge, no previous research has assessed
consumption-based carbon emissions in the MINT countries.
The MINT nations are a relatively young community of
emerging market economies that has gained little recognition
thus far. Second, MINT nations are characterized as prime
investment destinations and the second wave of fast-growing
emerging nations (Odugbesan and Rjoub 2020; Khan et al.
2020b). With a population of about 700 million people, in-
cluding a substantial number of young workers, the nations
have the capacity for strong economic growth, a geographic
advantage that allows access to large markets, and policies
that promote the private sector. Third, these nations have a
bad track record when it comes to emissions. Based on these
factors, theMINT nations are an excellent sample for studying
the effect of trade on CCO2 emissions.

The remainder of this research is compiled as follows: the
empirical and theoretical frameworks are depicted in
“Empirical review” and “Theoretical framework,”
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respectively. The data and methodology are illustrated in
“Data, model, and methodology.” The data analysis and dis-
cussion are portrayed in “Methodology,” and the conclusion is
presented in the “Conclusion” section.

Empirical review

In this segment, we examine three types of studies: those that
assessed carbon emissions (CO2) in MINT nations, those that

investigated carbon emissions (CO2) around the world, and
those that explored consumption-based carbon emissions
(CCO2).

Synopsis of studies on the determinants of CO2

emissions in the MINT countries

Recently, several studies (e.g., Aziz et al. 2021; Odugbesan
and Rjoub 2020; Dogan et al.2019; Scherer et al. 2019; Öztürk
and YILDIRIM 2015) have been conducted regarding the
determinants of carbon emissions (CO2) in the MINT nations
(Mexico, Indonesia, Nigeria, and Turkey). Nonetheless, their
findings are mixed. For instance, Aziz et al. (2021) assessed
the dynamics among real growth, utilization of energy, urban
population, and CO2 emissions in the MINT countries be-
tween 1993 and 2017. The authors utilized the autoregressive
distributed lag (ARDL) and Granger causality approaches to
explore these interconnections, and their outcomes revealed a
long-run association between the variables of interest.
Furthermore, they found proof of a feedback causal linkage
between real growth and energy usage in Mexico and Turkey.
Moreover, in Nigeria and Indonesia, the energy-induced
growth hypothesis was supported. The study of Shao et al.
(2019) assessed the pollution haven and pollution halo hy-
potheses in the MINT nations from 1982 to 2014 using the
panel vector error correction model approach. The empirical
outcomes from this study revealed that foreign direct
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Fig. 2 MINT GDP per capita trend between 1990 and 2018

Fig. 1 Location of the MINT nations in the world map
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investment (FDI) inflows lead to an upsurge in environmental
degradation, which illustrates that the pollution haven hypoth-
esis does not hold. Furthermore, they identified a feedback
causality from FDI inflows to CO2 emissions in the MINT
nations. Likewise, using the Granger causality and ARDL
bound test, the study of Odugbesan and Rjoub (2020) ex-
plored the dynamics among CO2 emissions, real output, ur-
banization, and energy use in the MINT nations from 1993 to
2017. The outcome from this study indicated that in Nigeria
and Indonesia, the energy-growth hypothesis was validated,
while they found proof of a feedback causal linkage between
energy use and economic growth in Mexico and Turkey.
Furthermore, in all the countries (Mexico, Indonesia,
Nigeria, and Turkey), there was evidence of a unidirectional
causal linkage from CO2 emissions to energy use. Using the
fully modified ordinary least square (FMOLS) and dynamic
ordinary least square (DOLS) in the MINT nations, the study
of Balsalobre-Lorente et al. (2019) examined the pollution
haven hypothesis (PHH) for the period between 1990 and
2013, and their outcomes showed an inverted U relationship
between FDI and environmental degradation. Moreover, the
study validated the environmental Kuznets curve (EKC) hy-
pothesis in the MINT nations. In order to verify the EKC
hypothesis in the MINT nations, Öztürk and Yildirim (2015)
used a dataset stretching from 1960 to 2010, and their
outcomes validated the EKC hypothesis in the studied
nations. The study of Dogan et al. (2019) on the association
among real growth, CO2, and energy usage between 1971 and
2013 revealed that exports, energy use, and real GDP are the
major causes of environmental deterioration in the MINT
countries.

Synopsis of studies on determinants of CO2 emissions

Using seven OECD countries, Ahmad et al. (2021) assessed
the linkage between CO2 emissions and GDP. The investiga-
tors applied pooled mean group (PMG)-ARDL and
Dumitrescu and Hurlin (DH) causality to examine this asso-
ciation, and the findings indicated that economic growth ex-
erts a positive impact on CO2 emissions, which implies that an
economic expansion leads to a decrease in environmental sus-
tainability. The DH causality test also showed a one-way
causal linkage from GDP to CO2. The research of Zhang
et al. (2021) in Malaysia using the novel wavelet and
gradual shift causality found that energy use, gross capital
formation, and GDP growth exert a positive impact
influence on CO2 emissions, which infers that an upsurge in
GDP, energy use, and gross capital formation will lead to a
decrease in environmental sustainability in Malaysia.
Likewise, the study of Kirikkaleli and Adebayo (2021) on
the interconnection among real GDP, renewable energy use,
and CO2 emissions in India using data from the period 1992 to
2015 determined that an upsurge in GDP and energy use leads

to a decrease in environmental sustainability, while an up-
surge in renewable energy increases environmental sustain-
ability. Furthermore, they found evidence of one-way causal-
ity from GDP, energy use, and renewable energy to CO2

emissions, which implies that GDP, renewable energy use,
and energy use can predict significant variations in
environmental sustainability in India. Moreover, the study of
Adams et al. (2021) in countries with high geopolitical risk
identified that real growth and energy use decrease
environmental sustainability, while the DH causality test
results showed a feedback causality between GDP and CO2

emissions. The study of Adedoyin et al. (2020) in Brazil,
Russia, India, China, and South Africa (BRICS) nations also
revealed a positive association between CO2 emissions and
economic expansion, while they found evidence of a negative
linkage between CO2 emissions and renewable energy use.
Using six regions, Al-mulali and Sheau-Ting 2014) explored
the association among exports, imports, and CO2 pollution
from 1990–2011. The investigators applied panel econometric
techniques, and their findings showed that real growth,
exports, and imports increase the degradation of the
environment. The study of Liu (2020) on the determinants
of CO2 emissions in China between 1965 and 2016 revealed
that real GDP and energy usage lead to an upsurge in
degradation of the environment, while an upsurge in
renewable energy consumption leads to a decrease in
environmental degradation. Jebli et al. (2019) assessed the
linkage among renewable energy usage, GDP growth, tour-
ism, and FDI inflows between 1995 and 2010 in 22 Central
and South American nations. The outcomes disclosed that
renewable energy usage and FDI inflows decrease environ-
mental degradation, while an upsurge in GDP growth leads to
a decrease in CO2 pollution.

Synopsis of studies on determinants of consumption-
based carbon emissions

This sub-\section presents a summary of studies that have
explored consumption-based carbon emissions (CCO2).
Kirikkaleli and Adebayo (2021) examined the determinants
of CCO2 emissions in India utilizing data from 1992 Q1 and
2016 Q4. The outcomes from the FMOLS and DOLS
revealed that GDP growth triggers degradation of the
environment, while it is improved by technological
innovation and renewable energy usage. Furthermore, the
frequency domain causality test revealed that real output,
technological innovation, and GDP growth can predict
CCO2 emissions. In Mexico, He et al. (2021) assessed the
dynamics among CCO2 emissions, financial development,
growth, and energy usage between 1990 and 2017. The inves-
tigators utilized the dual approach technique, and the out-
comes revealed a long-run connection between all the vari-
ables. Moreover, the ARDL outcomes illustrated that an
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upsurge in GDP and energy usage leads to an upsurge in
CCO2 emissions, while the frequency domain causality test
revealed that financial development, energy usage, and GDP
can predict CCO2 emissions. Adebayo et al. (2021) assessed
the linkage among renewable energy usage, CCO2 emissions,
and technological innovation in Chile between 1990 and
2018. The investigators utilized the novel NARDL to explore
this interconnection, and the findings revealed that an increase
and decrease in GDP growth lead to an upsurge in CCO2

emissions. In addition, an increase in renewable energy usage
decreases CCO2 emissions in Chile. Using data from the pe-
riod between 1990 and 2018 for nine oil-exporting nations,
the study of Khan et al. (2020a) revealed that an upsurge in
imports and GDP growth leads to an upsurge in CCO2

emissions, while an upsurge in exports leads to an upsurge
in CCO2 emissions. The study of Khan et al. (2020b) on the
determinants of CCO2 emissions in G7 nations between 1990
and 2017 disclosed that exports, renewable energy usage, and
environmental innovation decrease CCO2 emissions, while
imports and GDP growth increase CCO2 emissions in the
G7 nations. In the E-7 nations, Safi et al. (2021) investigated
the dynamics among CCO2 emissions, GDP, imports, and
exports; and their empirical outcomes showed that imports
and economic growth lead to an upsurge in CCO2 emissions,
while exports and financial instability lead to a decrease in
CCO2 emissions.

Theoretical framework

This section explains the theoretical framework by which im-
ports and exports and GDP influence CCO2 emissions.
Consumption-based carbon emissions (CCO2) include all
government and household final domestic consumption de-
mand, inventory adjustments, gross fixed capital formation,
and purchases made overseas by citizens (Hasanov et al.
2021). This calculation is trade-adjusted, spanning the whole
carbon chain, and aids in identifying the generation of carbon
dioxide in one nation and its use in others (Hasanov et al.
2021; Peters et al., 2012; Khan et al. 2020a). As a result, the
impact of foreign trade in this analysis is calculated by sepa-
rating imports and exports. According to the theory, an in-
crease in exports provides more products and services for
destination nations to use while leaving fewer for domestic
use. Exports include products and services produced in the
country of origin and used in the recipient state. As a result,
CO2 emissions from exports must be emitted in the receiving
nation. Imports, on the other hand, cover products and ser-
vices foreign nations produced and domestically utilized by
recipient nations which lead to the emission of CO2 in the
recipient nation.

It is anticipated that rising exports will decrease CCO2

emissions in the host nation, while an increase in imports will

raise CCO2 emissions in the recipient nation. Aside from im-
ports and exports, CO2 emissions from the manufacturing
sector are retained in the host nation (He et al. 2021;
Adebayo et al. 2021; Hasanov et al. 2021; Kirikkaleli and
Adebayo 2021). From a theoretical standpoint, an increase
in the level of imports of services and goods is associated with
increased consumption since it is regarded as one of the main
components of any country’s overall consumption level,
which is particularly valid in the case of the MINT nations.
The MINT nations are mainly emerging nations, and their
imports provide a significant portion of the final and
intermediate goods and services consumed by the host
nations. Hasanov et al. (2021) and Khan et al. (2020b) directly
identified this phenomenon. Likewise, gross domestic product
(GDP) is an indicator of the economy’s well-being, which
includes various elements such as government expenditure,
consumption, investment, and net exports. Since consumption
accounts for the majority of GDP, increasing consumption is
highly associated with CCO2 emissions (Hasanov et al. 2021;
Omri and Kahouli 2014; Kirikkaleli and Adebayo 2021).
Furthermore, when income levels rise in the MINT nations,
which are emerging nations, there is a chance that not only the
nation but also households and businesses will consume more
with a strong marginal tendency to consume, thus increasing
CO2 emissions (Adebayo et al. 2020; Khan et al. 2020b).

Data, model, and methodology

Data and model

The present research assesses the connection between
consumption-based emissions (CCO2) and trade (import
[IMP] and export [EXP]) while taking into account the effect
of financial development (FD), income (GDP), and renewable
energy consumption (REC) in the MINT nations (Mexico,
Indonesia, Nigeria, and Turkey). This study utilizes data cov-
ering the period between 1990 and 2018. Table 1 presents
information on the variables utilized. The analysis flow is
presented in Fig. 3. The present research follows the studies
of Khan et al., 2020c, d) and Hasanov et al. 2021) by incor-
porating financial development into the model. The research
function and model are presented in Eqs. 1 and 2:

CC02i;t ¼ f GDPi;t;EXPi;t; IMPi;t;RECi;t;FDi;t
� � ð1Þ

CC02i;t ¼ θ1GDPi;t þ θ1EXPi;t þ θ1IMPi;t þ θ1RECi;t

þ θ1FDi;t þ εi;t ð2Þ

In Eq. 2, CCO2, EXP, IMP, REC, and FD signify
consumption-based carbon emissions, exports, imports, re-
newable energy use, and financial development, respectively.
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The time period is depicted by t, such as between 1990 and
2018; the parameters are θ1, θ2, θ3, θ4, and θ5; and the error
term is illustrated by ε. The cross sections are illustrated via i,
i.e., Mexico, Indonesia, Nigeria, and Turkey. In this empirical
research, all the variables of interest are converted to their
logarithm form. In the empirical literature, various different
studies have been conducted to assess this connection(e.g.,
Joshua et al. 2020; Oluwajana et al. 2021; Sarkodie et al.
2020; Kirikkaleli and Adebayo, 2020; Bekun et al. 2020;
Rjoub et al. 2021; Adebayo et al. 2021; Khan et al. 2021;
Wang et al. 2021; Adebayo and Kirikkaleli 2021; Ozturk
et al. 2021). However, few studies have considered CCO2

emissions as a proxy of environmental degradation.

Following the theoretical foundation, the reason for incor-
porating the variables of interest is illustrated here. The mas-
sive growth in global output presents a significant threat to the
atmosphere, and billions of human lives are resultantly at sig-
nificant risk. Constant economic output expansion has culmi-
nated in a rise in GDP, which contributes to increased energy
demand and therefore CO2 emissions (Zhang et al.
2021; Kirikkaleli et al. 2020; Orhan et al. 2021; Udemba
et al. 2021; Bekun et al. 2020; Baloch et al. 2021; Deng
et al. 2021; Yuan et al. 2021). Furthermore, increased produc-
tivity is linked with a country’s ecological footprint owing to
the continued exploitation of natural resources. As a result,
industrial value added is projected, and GDP is anticipated

to impact CO2 emissions positively θ1 ¼ βCCO2

βGDP > 0
� �

.

Furthermore, exports are expected to impact CO2 emissions
positively. The reason for this linkage is that CO2 emissions
from exports are emitted in the receiving nation. As a result,
based on these arguments, exports are expected to decrease

CCO2 emissions θ1 ¼ βCCO2

βEXP <0
� �

. On the other hand, CO2

emissions and imports are positively connected because im-
ports of energy-intensive goods boost the consumption of en-
ergy, resulting in higher consumption-based emissions (Khan
et al., 2020c, d; Sadorsky 2012; Hasanov et al. 2021). Thus,
based on the theoretical argument, imports are expected to

increase CCO2 emissions θ3 ¼ βCCO2

βIMP > 0
� �

. Furthermore,

the use of renewable energy plays an important role in

Cross-Sectional 

dependence

Cross-Sectional dependence is analyzed by 

applying the Pesaran (2015) test

Empirical Methods Empirical Contents

Slope Heterogeneity Test

Second-Generation 

Cointegration

Second-Generation Unit 

Root Test

Slope heterogeneity test is analyzed by 

applying Pesaran and Yamagata (2008)

The integration order is tested by applying 

the CIPS unit root test

Cointegration among the variables is 

analyzed by applying Westerlund (2007) Test

Robustness of the estimate is tested by 

applying AMG

Second-Generation Long 

and Short Run Estimator

Robustness Check

Long and short-run relationship is tested by 

applying CS-ARDL

Fig. 3 Analysis flow

Table 1 Data description

Sign Variables Source Source

CCO2 Consumption-based
carbon emissions

Million tons of CO2

(MtCO2)
Global

Carbon
Atlas
(2019)

GDP Economic growth GDP per capita constant
US$2010

WDI

EXP Export Percentage of GDP WDI

IMP Import Percentage of GDP WDI

REN Renewable energy use Percentage of the total
energy consumption

WDI

FD Financial
development index

A broad measure of
financial development

IMF
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lowering CO2 emissions. The theoretical basis for the negative
association between CO2 pollution and renewable energy use
is that green energy production uses safer and clean energy
sources that are sustainable and meet existing and potential
future requirements (Adedoyin et al. 2020; Sarkodie et al.
2020). As a result of the previous arguments, renewable ener-
gy use is predicted to have a detrimental effect on CCO2

emissions θ4 ¼ βCCO2

βREC <0
� �

. Some studies (e.g., Shahbaz

et al. 2018; Mishkin 2009) have claimed that financial devel-
opment raises CO2 emissions because it decreases credit lim-
itations in the nation and raises GDP, thus causingCO2

emissions to rise. As Oluwajana et al. (2021) explained, finan-
cial development reduces the costs of finance and enhances
the liquidity of firms, allowing them to raise productivity,
thereby stimulating CO2 emissions and the utilization of en-
ergy. Contrarily, some studies (e.g., He et al. 2021; Sadorsky
2012) have claimed that financial development reduces CO2

emissions because it stimulates investments in cutting-edge
technologies that can minimize carbon emissions. Hence,
based on the arguments, it is predicted that financial develop-
ment will trigger CCO2 emissions if it is not eco-friendly

θ5 ¼ βCCO2

βFD > 0
� �

, otherwise θ5 ¼ βCCO2

βFD <0
� �

if it is eco-

friendly.

Methodology

Cross-sectional dependence and slope heterogeneity
tests

Cross-sectional dependence in panel data analysis is more
likely to arise in the current era, with rising international glob-
alization and lower trade restriction. Disregarding the problem
of cross-sectional dependence and assuming independence
between cross sections can lead to inaccurate, biased, and
unreliable estimates (Wang et al. 2021; Grossman and
Krueger 1995). In this study, the Pesaran (2015) test is utilized
to test for cross-sectional dependence. Likewise, assuming a
homogeneous slope coefficient without testing for a heteroge-
neous slope coefficient would provide deceptive estimator
outcomes (Adedoyin et al. 2020; Wang et al. 2021). As a
result, Pesaran and Yamagata (2008) designed an adjusted
variant of Swamy’s (1970) test to assess cross-sectional slope
heterogeneity. Prior to capturing the stationarity features of
panel data, it is important to firstly verify the existence of
cross-sectional dependence and slope homogeneity. The slope
homogeneity test equations are depicted as follows:

eΔSH ¼ Nð Þ12 2kð Þ−1
2

1

N
eS−k� �

ð3Þ

eΔASH ¼ Nð Þ12
2k

�
T−k−1

T þ 1

0
@

1
A

−1
2

1

N
eS−2k� �

ð4Þ

where adjusted delta tilde and delta tilde are depicted byeΔASH and eΔSH ; respectively.

Panel unit root tests

The study proceeds by utilizing the cross-sectional augmented
Im–Pesaran–Shin (CIPS) test. In addition, the paper relies on
the cross-sectional augmented IPS and augmented Dickey–
Fuller (ADF) tests initiated by Pesaran (2007), which are also
recognized as the CADF and CIPS tests. The CADF test equa-
tion is depicted as follows:

ΔY i;t ¼ γi þ γiY i;t−1 þ γiX t−1 þ ∑
p

l¼0
γilΔY t−l

þ ∑
p

l¼1
γilΔY i;t−l þ εit ð5Þ

where Y t−1 and ΔY t−l denote the lagged and first differ-
ences averages, respectively. Further, Eq. 6 shows the CIPS
test statistic obtained by taking the average of each CADF.

dCIPS ¼ 1

N
∑
n

i¼1
CADFi ð6Þ

where the CIPS in Eq. 6 is obtained from Eq. 5. These
second-generation unit root tests have been used recently
since the first-generation unit root tests produce unreliable
outcomes, specifically if there is an existence of cross-
sectional dependence in the data.

Panel cointegration test

If there is evidence of breaks in the series and a cross-sectional
heterogeneous slope coefficient, the conventional panel
cointegration tests such as Pedroni (2004) and McCoskey and
Kao (1998) tests will present spurious outcomes. Therefore, this
research employs the Westerlund (2007) cointegration tech-
nique to assess the linkages among consumption-based carbon
emissions (CCO2), economic growth, renewable energy, finan-
cial development, exports, and imports in theMINT nations. As
stated by Kapetanios et al. (2011), this test is more reliable and
stable when the error terms are cross-sectionally dependent.
The test is depicted as follows:

αi Lð ÞΔyit ¼ y2it þ βi yit−1−άixitð Þ þ λi Lð Þvit þ ηi ð7Þ

where δ1i ¼ βi 1ð Þbϑ21−βiλ1i þ βi
bϑ2i and y2i ¼ −βiλ2i

The test statistics of the Westerlund cointegration are given
as follows:
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Gt ¼ 1

N
∑
N

i−1

άi
SE άið Þ ð8Þ

Gα ¼ 1

N
∑
N

i−1

Tάi
άi 1ð Þ ð9Þ

PT ¼ ά
SE άð Þ ð10Þ

Pα ¼ Tά ð11Þ

where Eqs. 7 and 8 portray the group means statistics,
including Ga and Gt. Equations 9 and 10 stand for panel sta-
tistics including Pa and Pt. It has both null and alternative
hypotheses of “no cointegration” and “cointegration,”
respectively.

Cross-sectional augmented autoregressive
distributed lag (CS-ARDL) test

For the long and short-run estimations, this study employs the
CS-ARDL test proposed by Chudik and Pesaran (2016).
Compared to other techniques such as mean group (MG),
pooled mean group (PMG), common correlated effect mean
group (CCMG), and augmented mean group (AMG), this test
is more robust and performs more efficiently (Wang et al.
2021). This method addresses the issues of heterogeneous
slope coefficients, cross-sectional dependence, unobserved
common factors and nonstationarity (mixed integration or-
der), and endogeneity. This is because overlooking unob-
served common factors will cause inaccurate estimation out-
comes (Khan et al. 2020b). The CS-ARDL general equation is
represented as follows:

Y it ¼ ∑
py

i¼1
πitY i;t þ ∑

pz

i¼0
θιi1Zi;t−1 þ ∑

pT

i¼0
ϕι
i1Zi;t−1 þ eit ð12Þ

In the previous equation, X −
t−1 ¼ Y −

t−1; Z
−
t−1ι

� �
ι. The aver-

age cross sections are depicted by Y t and Zt, respectively. In
addition, X −

t−1 represents the averages of both independent and
dependent variables. Equations 19 and 20 represent the long-
run and mean group coefficients, which are depicted as fol-
lows:

bϑCS−ARDL;i ¼
∑
pz

i¼0

bθιiI
1− ∑

py

I¼1
bπiI

ð13Þ

bϑmeangroup MGð Þ ¼ 1

N
∑
N

i¼1

bϑi ð14Þ

This research further employs the augmented mean group
(AMG) developed by Eberhardt (2012) as a robustness check
for the CS-ARDL long-run estimation.

Findings and Discussion

The findings of the econometric estimations and testing are
presented in this section. The study commenced by presenting
the slope heterogeneity and cross-sectional dependence
(CSD) tests. The outcomes of both cross-sectional depen-
dence and slope heterogeneity tests are depicted in Table 2.
The cross-sectional dependence outcomes reject the null hy-
pothesis of no cross-sectional dependence in units, indicating
that our indicators are not independent of one another across
sections, i.e., nations. Furthermore, the null hypothesis of ho-
mogeneity, which illustrates that slope coefficients for each
cross section are heterogeneous, is rejected as revealed by the
Pesaran andYamagata (2008) test. The present study proceeds
by investigating the panel data stationarity features. This is
done by employing the Pesaran (2007) unit root test, the re-
sults of which are presented in Table 3. The outcomes of the
Pesaran (2007) unit root test reveal that all the indicators are
non-stationary at level i.eI(0), with the exemption of renew-
able energy consumption, which is stationary at a level I(0) at
a significance level of 1%. However, after the series’ first
difference was taken, all the indicators are found to be
stationary.

Table 2 CSD and slope
heterogeneity tests Variables Test statistics

CSD test

CCO2 13.170*

GDP 13.189*

REC 12.471*

FD 12.741*

IMP 13.137*

EXP 13.107*

Slope heterogeneity test

Delta_tilde 10.381*

Delta_tilde adjusted 11.473*

Note: 0.01 significance level is illustrated
by *

Table 3 Pesaran (2007)
test (constant with trend) Variable Level First difference

CCO2 −2.777 −5.885*
GDP −1.907 −4.044*
REC −3.050* −5.894*
FD −2.312 −4.896*
IMP −1.819 −5.723*
EXP −1.494 −5.640*

Note: 0.01 rejection levels are depicted by
*
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In order to assess the cointegration among the series, the
present study employs both first- and second-generation
cointegration tests. The study utilizes the Westerlund
cointegration tests proposed by Westerlund (2007). If there
is evidence of structural breaks and cross-sectional heteroge-
neous slope coefficient, the conventional panel cointegration
tests such as Pedroni (2004) and McCoskey and Kao (1998)
tests will yield misleading outcomes. Thus, the study employs
theWesterlund cointegration test to overcome these problems.
The outcomes of the Westerlund cointegration test, which are
presented in Table 4, reject the null hypothesis of “no
cointegration.” Thus, there is cointegration among the vari-
ables of interest. As a robustness check, the study employs
first-generation tests (Kao and Pedroni cointegration). The
outcomes of the Kao and Pedroni cointegration tests presented
in Table 5 reject the null hypothesis of “no cointegration
among the series.” This implies that there is evidence of
cointegration among the variables of interest. Therefore, the
present study concludes that there is a long-run association
among CCO2 emissions and imports, exports, economic
growth, renewable energy, and financial development.

Table 6 provides the outcomes of the CS-ARDL. The out-
comes show a positive interconnection between GDP growth
and CCO2 emissions as revealed by the positive coefficient of
1.1499 which illustrates that an upsurge of 1% in GDP leads
to a 1.149% increase in CCO2 emissions in the MINT nations.
Likewise, GDP is an indicator of an economy’s well-being
that includes consumption, government spending, investment,
and net exports, among other things. Consumption accounts
for the majority of GDP, and rising consumption is favorably
correlated with consumption-based carbon emissions (Bekun
et al. 2020; Soylu et al. 2021; Alola et al. 2020; Tufail et al.
2021; Dogan et al. 2019). Furthermore, as income levels rise
in MINT countries, it is possible that not only the country but
also businesses and families, will consume more, therefore
increasing carbon emissions (He et al. 2021; Khan et al.
2020b). This outcome corroborates the findings of Adebayo
et al. (2021) for Chile, Khan et al. (2021) for oil-exporting
nations, and Hasanov et al. (2021) for the BRICS nations,
who established a positive linkage between CCO2 emissions
and GDP. Likewise, imports positively influence CCO2 emis-
sions as illustrated by the positive coefficient of 1.1499, which
illustrates that an upsurge of 1% in imports leads to a 1.149%
increase in CCO2 emissions in the MINT nations. From a
theoretical standpoint, an increase in the imports of goods
and services is linked to rising consumption since they are
one of the most important elements of every nation’s overall
consumption volume, which is particularly valid in the case of
the MINT nations. The MINT nations consume a large vol-
ume of intermediate and final goods and services because they
are emerging nations. Increased imports imply increased do-
mestic demand and, as a result, increased CO2 emissions.

Table 4 Westerlund
cointegration outcomes Statistic Value Z value p value

Gt −4.076* −3.000 0.001

Ga −8.485 1.575 0.942

Pt −8.642* −3.605 0.000

Pa −7.114 1.008 0.843

Note: 0.01 is depicted by *

Table 5 Kao and Pedroni cointegration outcomes

Kao cointegration outcomes

T-statistic Prob.

ADF −2.2375** 0.0126

Residual variance 0.0017

HAC variance 0.0006

Pedroni cointegration outcomes

Weighted

Statistic Prob. Statistic Prob.

Panel v-statistic −1.4879 0.9316 −1.4232 0.9227

Panel rho-statistic 1.2000 0.8849 0.2553 0.6008

Panel PP-statistic −3.2261* 0.0006 −4.0294* 0.0000

Panel ADF-statistic −4.1767* 0.0000 −2.4802* 0.0066

Group rho-statistic 1.0480 0.8527

Group PP-statistic −4.4974* 0.0000

Group ADF-statistic −2.6246* 0.0043

Note: 1% level of significance is depicted by *

Table 6 CS-ARDL short and long-run outcomes

Regressors Coefficient Std. err. z statistics p value

Panel A: short-run results

ECM (−1) −0.7710 0.1584 −4.87 0.000

GDP 0.6593 0.3374 3.41 0.001

EXP −0.1640 0 .1733 −1.77 0.077

FD 0.1049 0.21365 0.49 0.623

IMP 0.1257 0.1053 1.93 0.042

REC −0.0177 0.74690 1.81 0.070

Panel B: long-run results

GDP 1.1499 0.1794 3.68 0.000

EXP −0.3062 0.0869 −1.89 0.059

FD 0.0524 0.1082 0.49 0.628

IMP 0.1698 0.0720 1.75 0.081

REC −0.4072 0.3835 −1.94 0.041

Note: 0.01, 0.05, and 0.10 rejection levels are depicted by *, **, and ***,
respectively
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Imports contribute to the national consumption level consid-
erably. For instance, the imports of Mexico, Indonesia,
Nigeria, and Turkey were US$484 billion, US$259 billion,
US$62 billion, and US$259 billion, respectively, in 2019
(World Bank, 2021). This outcome is consistent with the find-
ings of Khan et al. (2021) for oil-exporting nations and
Hasanov et al. (2021) for the BRICS nations who established
a positive linkage between CCO2 emissions and imports.

On the other hand, exports negatively affect consumption-
based carbon emissions, as revealed by the negative coeffi-
cient of 0.3062, which illustrates that an upsurge of 1% in
exports leads to a 0.306% decrease in CCO2 emissions in
the MINT nations. From a theoretical perspective, export
growth provides more services and goods for the recipient
nations to consume and leaves less for domestic consumption.
Our findings comply with the studies of Khan et al. (2021) for
oil-exporting nations, Hasanov et al. (2021) for the BRICS,
and Fernández-Amador et al. (2017) for a global panel of
developed and developing countries. Likewise, renewable en-
ergy usage affects consumption-based carbon emissions, as
revealed by the negative coefficient of 0.4072, which illus-
trates that an upsurge of 1% in renewable energy use leads
to a 0.4072% decrease in CCO2 emissions in the MINT na-
tions. This outcome concurs with the findings of Kirikkaleli
and Adebayo (2021) for India and Khan et al. (202b) for the
G7 countries. Renewable energy technology is a means of
reducing consumption-based emissions since it uses pure
and safer forms of energy that are affordable and meet existing
and potential demands. Finally, there is no significant linkage
between CCO2 emissions and financial development in the
MINT nations. The probable reason for this insignificant con-
nection is that financial development does not increase envi-
ronmental quality in developing countries like the MINT na-
tions (Mexico, Indonesia, Nigeria, and Turkey), where the
structural transformation of the financial sector is still in its
early stages.

Table 6 presents the outcomes of the short-run CS-ARDL
test. The empirical outcomes reveal that both imports and
GDP growth trigger CCO2 emissions in the MINT nations.
Furthermore, both renewable energy usage and exports impact
CCO2 emissions negatively, while there is no proof of a sig-
nificant interconnection between CCO2 emissions and finan-
cial development. The speed of adjustment represented by
ECM (−1) is −0.77, showing that the adjustment toward equi-
librium is 77% for the CS-ARDL model. The long-run coef-
ficients are larger than the short-run coefficients because these
surveyed nations are emerging nations that are still expanding,
certainly in terms of economic expansion, which has a posi-
tive impact on CO2 emissions.

To verify the consistency of the CS-ARDL, the present
study employs the AMG test as a robustness check. The out-
comes of the AMG are depicted in Table 7. The outcomes
show that both economic expansion and imports exert a

positive impact on CCO2 emissions. This outcome complies
with the CS-ARDL outcomes. Furthermore, both renewable
energy use and exports mitigate CCO2 emissions, which com-
plies with the CS-ARDL outcomes. Lastly, there is no proof of
a linkage between CCO2 emissions and financial develop-
ment. This outcome also corroborates the CS-ARDL long-
run outcomes.

Conclusion

This research explores the impact of trade on consumption-
based CO2 and also takes into account the influence of renew-
able energy use, financial development, and economic growth
for MINT nations, utilizing data covering the period between
1990 and 2018. We established a theoretical basis for this
study in contrast to other researchers who have used variables
in their CO2 analysis in an ad-hoc manner. In the estimations,
we have also taken into consideration the panel data’s integra-
tion, cointegration, heterogeneity, and cross-country interde-
pendence. As a consequence, our findings are reliable, and our
policy recommendations are robust. The study found that the
previous variables are crucial determinants of consumption-
based CO2 in theMINT nations in both the long and short run.
The current study found that the use of renewable energy and
exports reduces CCO2 emissions, whereas increasing eco-
nomic activity and imports increases CCO2 emissions.

The results of this study will be helpful for policymakers
when formulating clean energy policies, financial develop-
ment policies, and trade policies to reduce CO2 emissions. It
is widely known that using green energies is good for the
environment. As a result, MINT policymakers can maintain
their enthusiasm for the expansion of renewable energy use.
Our observational findings revealed that using green energy in
the MINT countries would substantially reduce CO2 emis-
sions. As a result, decision makers are recommended to regard
renewable energy usage as a critical component of their coun-
tries’ clean energy transformations. Furthermore, the re-
searchers discovered that when income or economic activity
rises, emissions rise accordingly. Therefore, decision makers

Table 7 AMG test outcomes

Regressors Coefficient z statistics p value

GDP 1.0218* 5.88 0.000

EXP −0.2403** −2.14 0.032

FD 0.0721 −1.07 0.286

IMP 0.0346 *** 1.82 0.069

REC −0.3367* −5.80 0.000

Note: 1%, 5%, and 10% levels of significance are depicted by *, **, and
***, respectively
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are encouraged to implement certain steps and regulations to
prepare for this. Carbon pricing (CP) is one of the most im-
portant pollution control strategies in this respect since it of-
fers many benefits over other options. As a result, global or-
ganizations including the International Energy Agency,
United Nations, and the World Bank (WB) advise govern-
ments around the world to take this move.

Consequently, in terms of foreign trade-related emission
policies for the MINT countries, policy initiatives that pro-
mote the exports of more CO2-containing goods and services
and discourage imports can be recommended. Again, policy
interventions can be implemented and aimed at raising exports
of products and services that contain CO2 emissions. These
can be viewed as important environmental emission reduction
initiatives in the MINT countries. However, since environ-
mental pollution is a worldwide problem, these interventions
will not be productive because they lead to increased CO2

emissions in consuming nations and, as a result, increased
global emissions. Furthermore, such interventions do not
seem to be effective in the coming years, as nations may
increasingly introduce CO2 border adjustment initiatives in
their international trade policies. As a result, the enforcement
of initiatives, rules, and the development of regulatory mech-
anisms that facilitate the shift to sustainable energy through
technical advancements will be our key policy suggestions.

Finally, the current study has two research shortcomings
that can lead to further research opportunities. Due to the
unavailability of data beyond the period of study, the research
ended in 2018. Therefore, future analysis should take into
account more recent data. Second, other studies can use vari-
ous groups or areas as case studies to investigate other deter-
minants of CCO2 emissions.
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