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ABSTRACT
The nexus between economic growth (EG) and carbon emission
has been examined extensively, specifically in consumption-based
CO2. However, the role of human capital, green energy, and sus-
tainable economic growth in determining the carbon emission is
yet to be explored specifically from emerging economies. This
study aimed to examine the impact of human capital index, green
energy, EG in terms of GDP, and square of GDP on carbon emis-
sion for long-short run with the help of CS-ARDL. The data for
study variables was collected from 1995 to 2018. The study find-
ings confirmed that there exists CSD, cointegration, and slope
heterogeneity among the study variables. In contrast, the output
through CS-ARDL indicated that the main reason for higher car-
bon emission in the targeted economies are economic growth
under long-short run estimation. Additionally, the role of green
energy and human capital index is also constructive in lowering
the environmental degradation for both long-run and short-run
estimation. Finally, some policy implications are also convassed at
the end of the research.
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1. Introduction

For achieving positive environmental outcomes, the titles like green growth and sus-
tainable economic growth have gained much attention in recent years(€Ozer et al.,
2020). Several scholars argued that attaining economic growth (EG) with environ-
mental sustainability is also considered an important nexus in front of various policy-
makers, specifically in the field of sustainable environment (Chien et al., 2021;
Corr�as-Arias, 2020; Sadiq, Nonthapot et al., 2021). Having said that, to attain that
economic growth with lower environmental impact, the dependability of conventional
energy sources like fossil fuel is much needed, although adverse consequences for the
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environment can be seen over a longer time. Meanwhile, the promotion of green
growth in any economy also depends on the utilisation of those energy sources which
are clean or also known as renewable (Bruneckiene et al., 2020; Castillo-Vergara
et al., 2021; W. Li et al., 2021). Renewable energy sources would provide the out-
comes in the form of green energy, efficient generation and utilisation of different
energy sources, conservation of natural resources like coal and oil, and finally lower-
ing the amount of carbon emissions (Suki et al., 2022).Withal the ongoing demand
for energy, specifically from traditional sources, has some serious environmental chal-
lenges. For this reason, the usage of clean technologies to combat such challenges
needs some time for both developing and developed economies (Hao et al., 2021;
Klju�cnikov et al., 2020; Tsunga et al., 2020).

Sharif et al. (2020), Sadiq, Hsu, et al. (2021) argued that the increased energy
demand surely poses some serious threats and challenges (Sohag et al., 2019).
Thereby, cleaner technologies are needed to combat the said challenges and promote
CO2 emission reduction. A pile of studies suggest that cleaner energy should be pro-
moted to reduce the dependence on non-renewable energy (Bhattacharya et al., 2016;
Chien et al., 2021). In addition, using energy sources which are environment-friendly
are crucial when it comes to CO2 emission (Danielle, 2020; Kirikkaleli & Sowah, 2020;
Xiang et al., 2021). Furthermore, the use of sustainable and green energy sources goes
side by side in economies with lower reliability on traditional energy sources. However,
one of the key points that is widely ignored in the literature is that economic growth
from a sustainable perspective is only possible if there is a regular checkup of environ-
mental degradation. This would justify the sustainability of natural capital stock along
with the usage of some renewable energy sources so that both economic growth and
environmental sustainability side by side can provide positive outcomes (Dadelo, 2020;
Daniel, 2021; Z. Liu et al., 2021; Shair et al., 2021; Sharif et al., 2021). Turning towards
the energy consumption (EC) pattern in E7 economies, it was found that China has
been on the top of the ranking for the last many decades. However, an increasing trend
for energy consumption is also observed among other member states such as Russia,
India, Mexico, Brazil, Indonesia, and Turkey, as shown in Figure 1 of the study.

The prime purpose of the current study is to scrutinise the impact of EG, green
energy utilisation, and human capital index on the carbon emission of E7 economies
from 1995 to 2018. The reason to select the E7 economies sample is that they are
among those emerging markets that have their growing economic growth in terms of
GDP. Meanwhile, the consumption of energy in all these economies is showing an
increasing trend over the last many decades, which specifies a higher level of environ-
mental degradation. However, various steps have been taken by the government in
these economies to control CO2 emission from different sources. More specifically,
the growing trend of EC and greenhouse gas emissions in China is higher compared
to the rest of the sample economies. These facts have provided a reasonable justifica-
tion to conduct an empirical investigation. The study sample of E7 is observed as
non-homogenous based on the EC, EG, ecological innovation, and, more specifically,
the investment towards human capital. For this reason, the findings of this study may
guide the stakeholders, specifically those responsible for the polices in terms of envir-
onmental sustainability.
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The contribution of our study in the present body of literature can be viewed from
a variety of perspectives. Firstly, the investigation was conducted while taking the role
of green energy, human capital index, and EG in dealing with CO2 emissions, specif-
ically from the context of E7 economies. Secondly, this study has considered a range
of methodological contributions while analyzing the CSD, unit root properties, coin-
tegration among the study variables, and checking for the heterogeneity.
Furthermore, this research has implemented the CSR-ARDL as a methodological tool
to explore whether long and short run are associated or not. The structure of the
remaining paper is given as follows. Discussion related to theoretical and empirical
literature is conducted under Section 2. A comprehensive description of the study
variables along with the methods is provided under Section 3. The analysis and dis-
cussion part of the study is provided under Section 4. Finally, the 5th section covers
the conclusion along with some policy implications.

2. Literature review

Earlier researchers presented both theoretical and empirical literature covering the
various determinants of CO2 emissions in developed and emerging economies. For
this purpose, different studies have used other variables such as environmental deter-
minants and macroeconomics. At the same time, a range of measures has been pre-
sented to justify the title of environmental degradation. However, one of the most
cited measured is known as CO2 emissions. For instance Hao et al. (2021) and Sharif,
Afshan, Chrea, Amel, and Khan et al. (2020) have investigated green growth and low
carbon emissions for the G7 economies. In addition, environmental taxes and human
capital index role were also observed and the CS-ARDL approach was used. The find-
ing of the study validated that elements like green growth, human capital, and energy

Figure 1. Energy Consumption in E7 Economies from 1965 to 2017.
Source: Tong et al. (2020)
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from several renewable sources played a significant role in reducing carbon emissions
in the natural surroundings. Bano et al. (2018) and Sharif et al. (2017) and have scru-
tinised the relationship of human capital with carbon emission in Pakistan’s economy
from the period of 1971 to 2014. They have employed ARDL model to investigate the
“cointegration effect” and causality association between the study variables. The
authors’ study resulted in a long-run association between human capital and carbon
emission. Furthermore, the improvement in the value of human capital will decrease
the co2 Pakistan economy. The study also helped in policy formulation for dealing
with environmental sustainability through human capital investment. Researches done
by Sarkodie et al. (2020) and Sharif et al. (2019) considered the China economy for
mitigating environmental degradation through human capital and renewable energy.
It was stated that the complexity of the human capital in dealing with carbon emis-
sion and fossil fuel utilisation is underscored in China. For testing the correlation
among chosen established constructs, dynamic ARDL simulation with support of
some robust standard errors from 1961 to 2016 was performed. It was observed that
EC, along with human capital, are playing their role as conducive catalysts for climate
change. Furthermore, their study has also proved the presence of EKC.

Gu and Zhou (2020) and Wu et al. (2021) have stated that investment in such
infrastructure where there is more achievement in the form of sustainable development
are needed. In this regard, China has made a significant amount of investment in terms
of Belt and Road Initiative and the development of renewable energy projects. Their
study collected the data for renewable energy projects and examined the carbon emission
generated through different sources. Based on the solar energy projects, it is believed
that there is a reasonable decline in the value of carbon emission. K. H. Nguyen and
Kakinaka (2019) have tested the role of renewable EC, carbon emission along with the
development stages by using panel cointegration analysis. They have collected data from
107 countries from the time period of 1990 to 2013. The study results validated the clear
difference among low and high-income countries based on the EC and carbon emission.
More specifically, mixed results have been found when we talk about EC and carbon
emission. However, under high-income economies the said relation shows the negative
impact. Shuai et al. (2019) and Huang, Sadiq, and Chien et al. (2021) have tested for EG
decoupling from the carbon emission for 133 countries. To check for the carbon emis-
sion in targeted economies, they have considered carbon emission per capita, total car-
bon emission, and carbon intensity. Furthermore, their study has tested the global
decoupling of economic growth, where the study findings confirmed that EG is
decoupled from carbon intensity, carbon per capita, and total carbon.

A class of literature also indicated that human capital is an effective tool to cut down
CO2 via increased efficiency of production process (Hsu et al., 2021; Huang et al., 2020;
Sharif et al., 2017). Therefore, human resources are recommended to be employed so
that new pollution free methods and technologies could be adopted in specific sector.
Scholars argued that organisations that possess huge chunk of human capital, may have
the tendency to decrease environmental costs in significant manner (Sharif et al., 2019).

Although there is a vast body of literature covering the title of carbon emission
and its determinants like clean and renewable energy and EG (Chien et al., 2021;
Nundkumar & Subban, 2020), however, one of the key gaps as observed in the
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present literature is in exploring the effect of the human capital index and related
investment in combating environmental pollutions. Furthermore, studies examining
the role of green energy in determining carbon emission are also scant. Finally, the
literature work specifically from the context of E7 economies is also inadequate. Very
few studies have been found covering the theoretical as well as empirical role of clean
energy, economic growth, and human capital index in E7 countries.

3. Research methods

The starting method implemented under the present study dealt with the CSD, which
is quite important while checking for the cointegration association between the varia-
bles of interest. Various authors have provided the significance for studying the CSD
because of the significance of long and short run estimations. This would justify the
argument that different factors which are normally macro have their direct and indir-
ect role in determining the CSD between the constructs under observation.
Meanwhile, if the issue of CSD is ignored, the findings through ARDL would no lon-
ger be acceptable due to biasness in the study coefficients. Additionally, spurious
results may be experienced if the issue of CSD is ignored. Therefore, our study has
applied the Chudik and Pesaran (2015) test for checking the CSD under the first step
of the analysis. Secondly, we have examined stationarity for the panel data which was
collected for the E7 economies. Various researchers successfully managed to deal
non-stationarity issues in the panel data (Gar�ın-Mun, 2006; Kennedy et al., 2020;
Pothen & Welsch, 2019). More specifically, the issue of non-stationarity in the panel
is divided into three broad categories: 1st generation panel unit root, 2nd generation
panel unit root, and finally 3rd generation panel unit root tests. This study followed
Bai & Carrion-I-Silvestre (2009) and Pesaran (2007) methodologies in order to get
rid of non-stationarity issues. After checking for the unit root, we applied the
Swamy’s test, which will help us to check for the heterogeneity in the slope coeffi-
cients. This would justify that slope coefficients are not homogenous, which is
assumed as null hypothesis under the present study. Due to non-stationarity and het-
erogeneity issues among study constructs, the study applied Westerlund and Edgerton
(2008) and Banerjee and Carrion-i-Silvestre (2017) methodologies, which help to
tackle the issue of structural breaks and existence of cointegration.

Chudik and Pesaran (2015) argued that the ARDL model is one of the most
“heterogeneous panel data estimators.” Still, the model typically did not find success
to address CSD errors. In addition, various factors play a notable role in ascertaining
the CSD, which may lead to some misleading output. In this regard, the methods
entitled as CS-ARDL are feasible to apply whenever there is a presence of heterogen-
eity and the CSD among the variables of interest. Chudik and Pesaran (2015) argued
that CS-ARDL model basically grounds the ARDL model with the element of linear
combination of average CSD. The reason is to capture CSD in error term. One of the
key benefits in applying the CS-ARDL approach is that it deals with dynamic corre-
lated effect estimator for various issues as expressed by Topcu and Çoban (2017).
The traditional approach to define CS-ARDL can be presented with the help of
Equation 1 below.
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CarEM, it ¼ d1it þ d2itHCIit þ d3itGENitþ
d4itGDPit þ d4itGDP2it þ @iþ uit

Equation 1

The above Equation 1 can be modified in the following ways, as shown under
Equation 2 of the study

Wi, t ¼
XPw

I¼0

cI, iWi, t�1 þ
XPz

I¼0

bI, i, t�1 þ ei, t Equation 2

The above Equation 2 is expressed as the ARDL model. To add more value to this
model, we have taken into account Equation 3, an extended form of Equation 2
which considers the CS averages for each of the study explanatory variables.

Wi, t ¼
XPw

I¼0

cI, iWi, t�1 þ
XPz

I¼0

bI, i, t�1 þ ei, t: þ
XPx

I¼0

@i, I�Xt�1, Equation 3

Where, in the above Equation, different notations have been used. For example,
�Xt�1 ¼ ð �Wi, t�1, �Zi, t�1Þ indicates the average scores for both study dependent and
independent variables, which are under consideration, whereas Pw, Pz, and Px are show-
ing the lagged score for each of the study variables. Meanwhile, Wi,t shows the main
dependent variable, which is entitled as carbon emission or CarEM, measured in terms
of per capita during the study period. Additionally, �X indicates the cross-sectional aver-
ages to overcome the spill-over effect. Meanwhile, Equation 3 can be expressed with the
help of Equation 4 through CS-ARDL to monitor for the long-run estimation between
the variables of interest.

PCs�ARDL, i ¼
XPz

i¼0

Bi, iPW=1�
X

1¼0 c
I, i Equation 4

The mean group is described with the help of following Equation 5

PMG ¼ 1=N
XN

i¼1

pi Equation 5

For the estimation of short-run coefficients, the following equation 5 is under
observation

DWi, t ¼ #i½Wi, t�1�piZi, t�
XPw�1

I¼1

cI, iDIWi, t�1 þ
XPz

I¼0

B1, iDIZi, t

þ
XPx

I¼0

@i, IX þ ei, t

Equation 6
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Where, in the above Equation the titles are

s_ i ¼ �ð1�
Xpw

I¼1

cI, iÞ Equation 7

Pi ¼
Xpz

1¼0

BI, i Equation 8

PMG ¼ I=N
XN

i¼1

Pi Equation 9

Furthermore, for CS-ARDL model, the title like ECM(-1) shows the “adjustment
speed” taken up by any economy to hunt the equilibrium level. Finally, our study has
also conducted a robustness analysis with slope heterogeneity and CSD presence.
However, with CSD presence, the study has adopted AGM Eberhardt and Teal (2010)
and CCEMG Pesaran and Yamagata (2008). However, AMG and CCEMG, both were
predicted as a better estimator with the non-stationarity common factors and unob-
served mean group analysis. Nevertheless, CCEMG is an alternative tool for the analysis
compared to AMG, which caters heterogeneity issue, CSD, and structural breaks along
with the dummies in the data set because it checks for unobserved factors. Besides, the
literature justification for using AMG and CCEMG can be examined from the research
contribution as provided by Paramati and Roca (2019), Xia et al. (2021), Nketia et al.
(2018), Atasoy (2017), Gu and Zhou (2020), and Sarkodie et al. (2020).

4. Results and discussion

Under panel data setting, the titles like CSD and slope heterogeneity were the main
problems that need to be addressed. For this purpose, Table 1 reports the outcomes
for the CSD for the study variables entitled (carbon emission, human capital index,
green energy, GDP, and square of GDP (GDP2)). The null hypothesis under Table 1
assumes “no CSD” among the study variables, whereas the alternative claims it is not.
The findings validated CSD presence among the study variables as all the t-stats were
significant at 1%.

Table 2 provides the outcome for the unit root test with and without structural
break consideration (Pesaran, 2007). For a better understanding, Carrion-i-Silvestre
et al. (2005) study finding helped in explaining the null and alternative hypotheses:

Table 1. CSD analysis.
Constructs Test Statistics (Sig.)

CE 34.246��� (0.000)
HCI 20.028��� (0.000)
GEN 25.135��� (0.000)
GDP 31.039��� (0.000)
GDP2 40.357��� (0.000)

Note: Sig.level at 1%.
Source: Authors estimation.
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supporting the non-stationarity and non-stationarity issue respectively. The findings
under Table 2 for CIPS and M-CIPS were found to be statistically significant at either
1% or 5% significance level. In addition, the empirical outcomes from the studies of
Bai & Carrion-I-Silvestre (2009) and also observed the problem of structural breaks
and the CSD in the study data. The study’s findings of Bai & Carrion-I-Silvestre
(2009) and Chien et al. (2021) have provided significant results for Z, Pm, and P as
shown in Table 2. Our study findings have rejected the null and accepted the alterna-
tive hypothesis of the unit root or stationarity for all the variables when CSD, struc-
tural breaks, and heterogeneity. This findings would justify the argument that all the
variables under the present study such as carbon emission, human capital index,
green energy, GDP, and GDP2 are stationarity at first difference or integrated at I(1).

The findings under Table 3 has provided the outcomes as generated through a
modified version of Swamy (1970) slope homogeneity test as suggested by Pesaran
and Yamagata (2008). One of the key benefits of applying this test is that it checks
whether heterogenous or homogenous slope coefficients are present. This is because
homogenous slope coefficients in the study coefficients may lead to some misleading
results for which the inference will not be justified. For this purpose, both hypotheses
(null and alternative) were tested where the null shows the presence of homogenous
slope coefficients, and the alternative specifies heterogenous slope coefficients. The
findings under Table 3 suggest that both Delta tilde and Delta tilde adjusted were sig-
nificant 1%. Therefore, the alternative hypothesis is justified under Table 3.

Table 4 presents the findings for Westerlund and Edgerton (2008) panel cointegra-
tion. The null hypothesis stipulates no integration among the study variables when
CSD, structural breaks, and slope heterogeneity are present, whereas the alternative
specifies that cointegration existence among variables. The findings under Table 4
confirmed the presence of cointegration between the study variables at no break,
mean shift, and regime shift. This confirmed the cointegration association between
carbon emission, human capital index, green energy, GDP, and GDP2.

Table 5 presents the cointegration analysis for Banerjee and Carrion-i-Silvestre
(2017), where the main dependent variable is carbon emission. The study findings
have confirmed the existence of cointegration association between clean energy,

Table 2. URT Pesaran (2007).
Level I(0) First Difference I(1)

Constructs CIPS M-CIPS CIPS M-CIPS

CE �4.021��� �5.011�� – –
HCI �5.010��� �6.010�� – –
GEN �3.031��� �4.001�� – –
GDP �5.012��� �6.020�� – –
GDP2 �4.016��� �5.035�� – –

Bai & Carrion-I-Silvestre (2009)

Z Pm P Z Pm P

CE 0.147 0.109 17.021 �3.010��� 4.021��� 88.023���
HCI 0.360 0.201 21.032 �5.015��� 6.010��� 63.010���
GEN 0.241 0.110 19.051 �4.002��� 5.024��� 79.031���
GDP 0.435 0.303 23.017 �6.021��� 7.012��� 57.037���
GDP2 0.202 0.100 18.028 �3.035��� 4.042��� 66.016���
Note: The sig level at 1%,5% and 10%.
Source: Authors estimation.
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human capital index, GDP, and GDP2. Furthermore, the findings for the selected
economies like Brazil, China, India, Indonesia, Mexico, Russia, and Turkey also
observe a cointegration association between the study variables. More specifically, the
cointegration linkage by Westerlund and Edgerton (2008) and Banerjee and Carrion-
i-Silvestre (2017) have provided enough evidence for moving towards the long-run
estimation while taking into account the study variables.

Finally, the findings under Table 6 provide evidence for the cross-sectional autore-
gressive distributed lags models for the long-run estimation. The empirical findings
assured the claim with evidence that higher level of human capital index is consid-
ered to be crucial in reducing co2 emission. More specifically, for every single unit
increase in HCI value, there is a downward shift of �0.310 in the value of carbon
emission. Study done by Hao et al. (2021) have also provided similar proposition,
hence giving more authentication. This would justify the argument that improving
the quality of human capital with the help of education and similar other investment
may increase community awareness towards the usage of those technologies and
energy sources that have lower environmental impact. Consequently, these technolo-
gies can help in reducing the CO2 emission. Various other studies like Bano et al.
(2018), Saleem & Shujah-Ur-Rahman (2019), and Chien et al. (2021) have also justi-
fied the above-stated impact of human capital index specifically from the context of
Pakistan and for the BRICS economies.

Table 3. SH Analysis.
Carbon Emission (DV)

Statistics Test value (Sig.)

DT 64.246��� (0.000)
DTA 53.139��� (0.000)

Note: significance level at 1%, 5%, and 10%.
Source: Authors estimation.

Table 4. PC analysis.
Test No break Mean shift Regime shift

EFP (DV)
Zu(N) �4.024��� �3.035��� �5.011���
Pvalue 0.000 0.000 0.000
Zs(N) �3.057��� �3.010��� �4.010���
Pvalue 0.000 0.000 0.000

Note: ���, ��, and � explain the level of significance at 1%, 5%, and 10%, respectively.
Source: Authors estimation.

Table 5. Cointegration analysis.
States No deterministic specification With constant With trend

Carbon emission (DV)
Full Sample �4.041��� �3.010��� �5.001���
Brazil �5.013��� �4.014��� �6.011���
China �3.021��� �3.001��� �4.010���
India �6.010��� �5.011��� �7.013���
Indonesia �4.011��� �3.017��� �5.013���
Mexico �7.023��� �6.024��� �8.001���
Russia �5.051��� �4.012��� �6.010���
Turkey �3.033��� �3.003��� �4.014���
Source: Authors estimation.
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In addition, the impact of GEN on CO2 emissions was negatively significant, which
justified that the higher usage of green energy like those from renewable sources are
very useful in combating environmental degradation. This relationship was confirmed
as the beta coefficient is �0.679 and a t-value is �5.451. A bulk of empirical contri-
bution is available to explain the constructive impact of green energy on co2. For
example, F. Liu et al. (2020), have supported the argument that higher usage of clean
energy or environmentally friendly energy may provide fruitful results. This fact is
also supported by Yi (2015), who have confirmed that clean energy policies from the
US government impact carbon emissions negatively. Moreover, table 6 depicts the
long-run association between the GDP and carbon emission. The findings of CS-
ARDL analysis confirmed that more economic growth in the targeted economies
leads to higher carbon emissions. More specifically, every single unit increase in GDP
value caused a shift of 0.214% in carbon emissions value for the selected economies.
This relationship is widely supported in the recent and past literature by G. Li and
Wei (2021), Wang and Zhang (2021), Yang et al. (2021), and Apeaning (2021). This
is because for running any economy, the production of goods and services is an
ongoing activity that depends significantly upon the energy sources, specifically from
the non-renewable ones. In this regard, higher EC creates more environmental threats
in the form of carbon emission and environmental degradation.

Besides, the findings for the long-run CS-ARDL also depict GDP2 influences car-
bon emission for the selected economies. The study finding confirms that GDP2 is
significantly and negatively associated with CO2 emission in the selected economies.
More specifically, a decline of �0.079 CO2 value was observed due to unit change in
the GDP2 value. In the present literature, the association between GDP2 and carbon
emission was also empirically tested. For example, Anser et al. (2020) have tested the
impact of GDP2 on carbon emission and found it negatively significant. Similarly, the
research contribution as provided by Hao et al. (2021) has also provided evidence
that GDP2 is one of the crucial factors when it comes to determine carbon emission
for G7 economies. Besides, some other studies had similar outputs, like Rabbi et al.
(2015), Dogan and Turkekul (2016), and Nosheen et al. (2021).

Finally, the findings in Table 7 cover the short-run estimation through the CS-
ARDL approach. It was observed that the human capital index is negatively and sig-
nificantly impacting the carbon emission, hence justifying that more investment on
the community members for better knowledge and education will increase awareness
regarding carbon emissions. Under the long-run estimation, the impact of HCI on
carbon emission is accepted towards reducing environmental degradation and dealing
with sustainability issues. In this regard, research work conducted by Khan et al.

Table 6. CS-Autoregressive distributed lag analysis for long-run.
Constructs Beta-coeff t-statistics Sig.value

HCI �0.3010��� �4.013 0.000
GEN �0.679��� �5.451 0.000
GDP 0.214��� 3.058 0.000
GDP2 �0.079��� �4.010 0.000
CSD-Statistics – 0.089 0.346

Note: Sig.level at 1%, 5% and 10% respectively.
Source: Authors estimation.
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(2021) confirmed that there is a one-way effect of human capital on carbon emission.
Sarkodie et al. (2020) have also claimed that the increase in human capital value is
conducive in dealing with environmental degradation and escalation of the emissions
specifically from the context of China. Besides, some other studies like Bano et al.
(2018), Haini (2021), Chien et al. (2021) and Sheraz et al. (2021) also probed the rela-
tion of human capital with carbon emission.

In addition, it can be seen that green energy impacts carbon emission negatively
under the short-run estimation. More specifically, for every single unit increase in
renewable or green energy sources, there was a decline of 0.079% in CO2 emission.
This relationship has been widely justified in the existing literature. In contrast, Nawaz
et al. (2021) have provided evidence that there is a huge impact of renewable energy
production on environmental health. Research contributions by Dogan and Seker
(2016), Long et al. (2015), Adams and Acheampong (2019), and Khan et al. (2020)
have also justified the significant impact of renewable energy sources in dealing with
environmental degradation. Furthermore, under short-run estimation, the GDP has
shown significant and positive impact while GDP2 played a constructive role in reduc-
ing the carbon emission for the selected economies. This means that higher economic
growth in the targeted economies is leading towards higher environmental degradation
like carbon emission but not GDP2. In this regard, the nexus between GDP-carbon
emission has been justified by earlier studies (Dong et al., 2020; Nathaniel et al., 2021;
T. T. Nguyen et al., 2020; Saidi & Omri, 2020; Wang & Zhang, 2021).

Finally, the study findings in Table 8 cover the robustness check through AMG
and CCEMG while considering carbon emissions as the main dependent variable and
the human capital index, green energy, GDP, and GDP2square as key explanatory
variables. The study findings through AMG have confirmed that HCI, GEN, and
GDP2 were significantly playing their role in reducing the carbon emission. In con-
trast, economic growth in terms of GDP was causing more emissions in selected
countries. Similar output was observed under the common correlated effect mean
group (CCEMC) where HCI, GEN, and GDP2 were reducing the environmental deg-
radation except GDP.

5. Conclusion and policy implications

The present study analyzed the impact of human capital index, green energy, eco-
nomic growth through GDP, and GDP2 on the carbon emission in seven emerging
countries. The study applied the Chudik and Pesaran (2015) test to examine the CSD
along with the cointegration analyses as suggested by Westerlund and Edgerton

Table 7. CS-autoregressive distributed lag analysis for long-run.
Constructs Beta-Coeff t-stats Sig.Value

HCI �0.031��� �7.254 0.000
GEN �0.079��� �5.127 0.000
GDP 0.050��� �3.013 0.000
GDP2 �0.036��� �5.448 0.000
ECT(-1) �0.293��� �3.651 0.000

Note: Sig.level at 1%, 5% and 10%, respectively.
Source: Authors estimation.
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(2008) and Banerjee and Carrion-i-Silvestre (2017). Furthermore, this study has
focussed on checking for the slope heterogeneity analysis as suggested by Swamy
(1970) and Pesaran and Yamagata (2008). Finally, the long-run and short-run cointe-
gration relationship between the study variables were tested through the CS-ARDL
approach. The study results confirmed that factors human capital index, green and
clean energy, and square of economic growth are playing a significant role in combat-
ing environmental pollution like CO2 emission under long-run estimation.
Additionally, the impact from GDP was found to be a core factor for increasing the
carbon emissions under the long-run findings. For the short-run estimation, the study
outcomes confirmed the findings, similar to the long-run estimation. Finally, the
robust outcome under the present study has also justified the direct effect of eco-
nomic growth for promoting natural degradation and constructive role of the human
capital index and green energy along with the GDP2 in reducing environmental pol-
lution (e.g., carbon emissions).

Based on the study findings, it is recommended that to reduce the impact of EG
towards increasing carbon emission, domestic consumption level in all the targeted
economies should be taken into consideration, specifically for those where there is a
higher level of carbon emission because of traditional energy consumption and its
usage for the production of goods and services. In this regard, emission-oriented con-
sumption should be controlled through some immediate environmental reforms like
carbon taxes and more eco-friendly innovations. Besides, the economic activities and
transportation of goods in these economies are mainly depending upon consump-
tion-based carbon emissions which needs to be replaced through hybrid technologies.
Furthermore, more investment in the form of human capital for promoting awareness
among general public can also generate some meaningful results as negative impact
from HCI on carbon emission was found. This negative impact would justify the
argument that community awareness is a key factor in reducing environmental pollu-
tions among selected countries. Similar is suggested for the usage of green energy like
those from renewable sources. This way, policies related to carbon emission and their
nexus with governmental strategies also need a strong alignment as macro-level tac-
tical planning can generate some fertile outcomes. Moreover, this study is also
insightful for policy makers and environmentalists. After all, the revelation of study
indicates that the green growth in energy and eco-innovation might shift the para-
digm of industries from non-renewable to renewable resources, which further would
be helpful to reduce CO2 emissions.

Table 8. AMG and CCEMG for Robustness Check.

CE (DV)

AMG CCEMC

Beta-Coeff t-stats Sig.value Coeff t-stats Sig.value

HCI �0.372��� �4.652 0.000 0.368��� �4.445 0.000
GEN �0.141��� �5.119 0.000 �0.221��� �5.871 0.000
GDP 0.201��� 3.008 0.000 0.418��� 3.356 0.000
GDP2 �0.123��� �5.337 0.000 �0.282��� �8.661 0.000
Wald test – 92.37 0.000 – 67.09 0.000

Note: ���, ��, and � explain the level of significance at 1%, 5%, and 10%, respectively.
Source: Authors estimation.
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