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ABSTRACT
This study evaluates the relevancy of economic globalization,
financial development, and clean energy, in strengthening the
environmental sustainability of the next 11 economies over a
time period pertaining to 1995–2018. In order to achieve the
objective of this study, the advanced panel estimation techniques
of unit root testing, and the cointegration analysis have been
applied due to the presence of the cross-sectional-dependence
and heterogeneity of the slope parameters in the panel data. The
long-run output coefficients have been estimated through the
Cross-Sectional Autoregressive Distributive Lag Model (CS-ARDL).
Moreover, the causality test for a heterogeneous panel has also
been employed in order to determine the causal relationships
among the variables that are under study. Our empirical findings
of these tests indicate that financial development and economic
globalization tend to contribute to the deterioration of environ-
mental quality, but clean energy is productive for its improve-
ment. The bi-directional causal relationship is recognized to exist
between CO2 emission and all the variables. Based on these find-
ings, the study recommends adopting economic growth policies
that are aligned with the defined environmental regulations, thus
promoting the use of more clean energy resources. These include
resources such as renewable energy and incorporating the envir-
onmental welfare goals into financial development plans in
N11 economies.
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1. Introduction

Over the last few decades, environmental issues have received a great amount of
attention (Anwar et al., 2021; Bibi et al., 2021; Ji et al., 2021; Umar, Ji, Kirikkaleli, &
Xu, 2020). In this regard, ensured economic growth, and the protection of the envir-
onment simultaneously have become a major development priority around the world
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(Umar, Ji, Kirikkaleli, Shahbaz, et al., 2020; K.-H. Wang et al., 2021; Xu et al., 2020;
J. Zhang et al., 2021). The Next 11 (N11) countries are no exemption in this regard.
The N11 countries, and the BRICs countries are among the fastest-growing econo-
mies of the world1. Although N11 is not qualified to be a competitor of the BRIC’s
anytime in the short run, their GDP is expected to reach to the G7 levels by the year
2050 (Goldman, 2007). It is noteworthy that the N11 countries accounted for 9 per-
cent of the global GDP in 2016 (Group, 2016). Hence, the N11 countries have been
anticipated to experience a significant level of economic growth, which can further
harm the environment in these very countries (Nathaniel, 2021). Moreover, the extant
of industrialization in the N11 countries is responsible for deteriorating the level of
environmental degradation (Pata & Yilanci, 2021). Therefore, these countries need to
match their economic growth plans with the environmental welfare goals (Naqvi
et al., 2021; Su, Khan, et al., 2021; Su, Yuan, et al., 2021). Hence, understanding and
addressing the causal factors of environmental degradation is vital for the N11
nations (Nathaniel, 2021).

There are several variables that are considered to be responsible for the environ-
mental deterioration in general. These variables need to be taken into close account
by the N11 economies during the development process. One such variable from this
list is that of financial development. For numerous reasons, the expanding part of
financial development, in increasing the carbon dioxide emissions, has been amplified
in an economic entity with the continuously deepening financial sectors. First, foreign
direct investment (FDI) is attracted through financial development, in order to boost
the economic production and CO2 emissions (Frankel & Romer, 1999). Second, suc-
cessful and effective financial development appears to be favourable to the consumers’
accessibility to loans, thus making it simpler for them to purchase expensive items
such as refrigerators, automobiles, housing property, washing machines, air condi-
tioners, and so on, and therefore contribute towards the generation of more CO2

(Sadorsky, 2010). Furthermore, the development of the stock market assists publicly
traded companies in lowering the costs of financing, expanding financing channels,
and optimizing structures of assets and liabilities. This allows them to gain access to
investments in advanced and new projects, and also to buy more installations, thereby
increasing the consumption of energy and carbon emissions (Su et al., 2020;
Taghizadeh-Hesary et al., 2021; Q.-S. Wang et al., 2021; Yan et al., 2021).

However, several authors disagree with the points that have been presented above.
For instance, (Tamazian et al., 2009) argue that financial development helps the firms
to promote technology advancements, adopt new strategies for efficiency in energy
consumption, and promote development with low carbon emissions. As a result, the
intensity of CO2 emissions have the potential to experience colossal reductions.
Furthermore, Claessens and Feijen (2007) also discovered that firms with improved
governance are more likely to consider development with reduced carbon. Hence,
financial development can enhance enterprise functioning, thus resulting in lower
consumption of energy and CO2 emissions (Y.-J. Zhang, 2011).

Similarly, energy is another factor considered as a key driver of the growth of an
economy, in both advanced, as well as emerging/developing countries (Taghizadeh-
Hesary & Yoshino, 2020; Umar, Ji, Kirikkaleli, et al., 2021; Umar, Ji, Mirza, et al.,
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2021). The energy demand is considerably high for it to realistically achieve sustain-
able growth, which poses many environmental stability threats (e.g. deforestation, air
pollution, global warming, and water contamination). However, unfortunately, in
order to meet this demand, energy is still mostly produced from traditional energy
sources, including gas, coal, and oil. These traditional fuels produce massive amounts
of GHG (greenhouse gases), which are the primary contributing factors towards glo-
bal warming and climate change in the recent decades (Cai et al., 2018; Nawaz et al.,
2021). Environmental policymakers frequently expect that the expansion of clean
energy sources, such as solar energy and renewable energy (hydro, solar, biomass,
geothermal, and wind), will help to decouple economic growth from carbon emis-
sions (Baloch et al., 2021; Mohsin et al., 2021; Piłatowska & Geise, 2021; Sun et al.,
2021; Razzaq et al. 2021b). Hence, it can be asserted that clean energy can potentially
reduce energy dependence, and also improve energy security, while also improving
the environmental quality. Moreover, clean energy provides a solution to ecological
concerns, such as global warming, acid rain, biodiversity loss, climate change, air, and
water pollution, by reducing carbon and other pollutant gas emissions (Apergis &
Payne, 2012; Georgescu et al., 2011; Nawaz et al., 2021; Ullah et al., 2020; B. Zhang
et al., 2017). Furthermore, clean energy can also help to promote long-term economic
growth by enhancing agricultural, industrial, and service expansion. As a result, clean
energy can generate employment opportunities, and also raise the standards of living
by improving economic conditions, and reducing poverty in developing countries (Z.
Wang, 2019). As a result, it is not surprising that the mounting prices of fossil fuels,
macro-level instability, energy security, and emissions have elevated the importance
of clean energy in larger scaled energy issues and environmental discussions (Usman
et al., 2020; Zhuang et al., 2021).

Regardless of the increasing level of globalization, the importance of the sustain-
ability of the environment, particularly the influence of economic globalization on
global climate change, has been vastly underestimated. Through capital movements,
open trading, and many other channels, economic globalization improved the well-
being of many countries and unveiled a more contented approach to life (Gozgor
et al., 2020). Many scholars have presented diverse perspectives on economic global-
ization’s role in climatic changes, divided into two groups. Some belief in the
‘Pollution Haven Hypothesis’, which claims that industrialized countries with strict
environmental rules typically move polluting or energy-demanding processes of pro-
duction to countries having less stringent environmental controls (Destek & Okumus,
2019; Copeland & Taylor, 2004). FDI and commercial flows, according to proponents,
are abandoning environment quality in emerging economies (Ghosh, 2010). Indeed,
some countries are being compelled to compromise their environmental standards to
magnetize more international investment due to the demands of expanding economic
globalization. Economic activities and more energy inputs in many emerging coun-
tries contribute to environmental damage (Gozgor & Can, 2017). Excessive consump-
tion of resources is incompatible with the aim of sustainable economic development.

In contrast, the other group supports that industry, money movements, technology
innovation, and globalization support the bearer of ‘green growth’ and are key factors
for dealing with pollution and climate changes (Chien, Kamran, et al., 2021; Chien,
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Sadiq, et al., 2021; Shahbaz et al., 2016). Countries having fewer environmental
restrictions might gain access to modern environment protection technology through
the cross-regional movement of the factors of production, FDI, and patent transfers
because of the multinational firms’ practices and experiences that are helpful for the
betterment of the environmental quality. In order to address this contentious issue,
the study identifies economic globalization as one of the vital elements influencing
emissions in N11 countries in order to substantiate this claim and make policy rec-
ommendations (Yang et al., 2021).

The primary goal of our work is to examine whether the development of the finan-
cial sector, economic growth, clean energy, and economic globalization help
strengthen environmental prevention over the period 1995–2018. The study’s focus
group is N11 countries, including Egypt, Bangladesh, Indonesia, Mexico, Iran,
Philippines, South Korea, Pakistan, Turkey, Nigeria, and Vietnam, as the included
variables are understudied in these economies. The study is going to add to the
already existing empirical researches in two ways. (i) like Ampofo et al. (2021) and
Nathaniel (2021), this study also analyzes the environmental impacts of economic
growth and financial development in N11 economies but also takes clean energy and
economic globalization into consideration as these two variables also have significant
influences on environmental quality (ii) Ampofo et al. (2021) disregard the structure
breaks in data that we are considering in our analysis. Bai and Carrion-I-Silvestre
(2009) approach is applied in our study to overcome this issue. In addition, we
employed the Westerlund and Edgerton (2008) as well as the Banerjee and Carrion-i-
Silvestre (2017) techniques, where the earlier takes the breaks at the structure with
cointegration into consideration. The empirical results of our study imply that finan-
cial development, economic growth, and economic globalization decline the environ-
mental quality. However, clean energy helps to improve it. Nonetheless, in the long
run, the coefficients of the variables are greater than in the short run, indicating that
these variables’ environmental effects transmit more significantly in the long term.
Finally, the DH panel causality analysis indicates that bi-directional causality existed
between the explanatory variables and CO2 emission.

The remaining study is ordered as follows. Reviews of the existing literature are
given in section 2. Section 3 describes and data and specification of the model and
estimation strategy. The empirical findings and their discussion is provided in section
4. Finally, section 5 provides the conclusion and policy recommendations of
the study

2. Literature review

As a result of rapid economic development, globalization, and financial development,
CO2 emissions have become a significant issue globally, as globalization helps fulfil
the growing demand for goods and services across borders. Environmental pollution
is the subject matter of a large number of researches. For instance, Kirikkaleli and
Adebayo (2021) explored the influence of financial development, technological innov-
ation, renewable energy, and growth on CO2 emission globally over the period of
185–2017. Using the econometric techniques of Fully Modified Least Square, dynamic

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 5017



OLS, Canonical Cointegrating Regression, and Frequency Domain Causality Tests,
the authors confirmed the presence of the long-term relationship among the variables.
It was also found that renewable energy consumption and the development of the
financial sector negatively affected CO2 emission, whereas economic growth influ-
enced CO2 emission positively in the global framework (Kirikkaleli &
Adebayo, 2021).

Rafique et al. (2021) inspected the nexus between financial development, economic
growth, trade liberalization, use of energy, and carbon dioxide emissions from 1980
to 2016 in Bangladesh. Using the ARDL bound technique, the results showed that
energy usage significantly impacted carbon dioxide emissions. Economic growth was
found to have a significant effect only in the long run and had no significant effect in
the short run. The effect of openness of trade and financial development was negative
but insignificant in both time periods. The study suggested adopting strategies to sub-
stitute energy sources that do not release significant carbon emissions (Rafique
et al., 2021).

Likewise, €Ozsoy and Ozpolat (n.d.) tried to estimate how clean energy, GDP per
capita, and technological development affected per capita CO2 emission in Turkey
for the 1990–2014 period. For this purpose, the study used ARDL bound test on
parameters and VECM Granger causality analysis. ARDL results indicated that tech-
nology development was affecting carbon emissions significantly and positively,
whereas cleaner energy had an adverse impact on emissions. Clean energy was proved
to be more efficient than technology development in reducing CO2 emission in the
long run. Both clean energy and technological development had a negative impact on
carbon emissions in the short run. Moreover, the incidence of the EKC curve was
confirmed by short and long-run results in Turkey (€Ozsoy & Ozpolat, n.d.).

Murshed et al. (2021) evaluated the influences of clean energy, urbanization, trade
liberalization, and GDP on carbon footprint in Bangladesh over the 1975–2016
period, and FMOLS and Vector Autoregressive model results indicated that consump-
tion of total energy, fossil fuel energy, and natural gas increased the carbon footprint.
In contrast, the consumption of non-fossil fuel and hydroelectricity decreased the car-
bon footprint. International trade and economic growth were evidenced to be a
source of an increase in the carbon footprints. The study’s findings suggested that a
transition to clean energy could be a solution to the aggravating environmental prob-
lems of the country (Murshed et al., 2021). Kalayci (2019) investigated how trade lib-
eralization and economic globalization affected CO2 emissions in NAFTA countries
using annual data over the 1990–2015 period. The findings revealed a positive rela-
tionship between trade liberalization economic growth and economic globalization
and emissions. The validation of the Environmental Kuznets Curve was also tested
for the targeted countries, and the researchers identified a positive relationship of lin-
ear and squared GDP with CO2 emissions (Kalayci, 2019).

You and Lv (2018) analyzed how economic globalization affected carbon dioxide
emissions for a panel of eighty-three countries from 1985 to 2013. The estimation
results of the spatial panel estimation technique proved the presence of spatial corre-
lations in CO2 emissions among countries. It was found that economic globalization
had a considerable adverse impact on CO2 emissions despite the direct positive effect,
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implying a large and significant total effect. Finally, a piece of strong evidence was
found for the EKC relationship between income and CO2 emissions (You &
Lv, 2018).

A study by X. Yao et al. (2021) compared the BRICS and the Next 11 economies
from 1995 to 2014 in energy efficiency, financial development, corruption control,
and ecological footprint. The GMM results revealed that if corruption were managed,
financial development, resource rents, and technology innovations would enhance
energy efficiency and environment stability by decreasing ecological footprints. The
feedback hypothesis linking ecological footprint, energy efficiency, corruption control,
financial development, technical innovation, natural resource rent, trade was high-
lighted by the result of causality, and these findings are confirmed by some other
studies in the literature as well (Li et al., 2021; Shair et al., 2021; X. Yao et al., 2021).

According to the findings, Yang et al. (2021) studied the effect of population aging
and economic globalization on CO2 emissions in OECD countries, and economic
globalization and ageing reduced long-term CO2 emissions. The existence of the EKC
in countries was verified by the inverted U-shaped link between growth and environ-
mental degradation. The study also found a unidirectional causal relationship between
globalization and the aging population to CO2 emissions (Yang et al., 2021).

Over the period 1972–2013, Ampofo et al. (2021) examined the causal relation-
ships and asymmetric cointegration between carbon emissions, economic growth, and
energy consumption in N11 countries. Applying the NARDL bounds approach and
Non-Pragmatic Granger Causality tests affirmed that non-linear cointegration existed
among all variables in Turkey, Iran, Bangladesh, and Vietnam. It was indicated that a
boom in economic growth increased the CO2 emission significantly in Turkey but
declined it in Vietnam. Furthermore, an increase in energy consumption raised CO2
emissions in Iran, Bangladesh, and Turkey but reduced emissions in Vietnam.
Bidirectional causality existed between CO2 emission and economic growth in
Turkey and Bangladesh, and a unidirectional causality between growth and CO2
emission in South Korea and Egypt (Ampofo et al., 2021). Likewise, Nawaz et al.
(2021) found a positive impact of energy consumption and economic growth on car-
bon emissions using quantile regression estimation in the context of BRICS and
OECD regions.

Far Eastern countries (Anwar et al., 2020) investigated the primary factors influ-
encing CO2 emissions from 1980 to 2017. Applying the Fixed Effect model, the study
found that economic growth, urbanization, and trade liberalization determined CO2
emission significantly in these countries (Anwar et al., 2020). Nathaniel (2021) probed
into globalization, financial development, natural resources, human well-being, and
ecological footprint linkage in N11 countries by applying the latest estimation techni-
ques well-suited with cross-sectional dependence and endogeneity across countries.
The results indicated that biocapacity and financial development increased the eco-
logical footprints, whereas globalization and natural resources were found to reduce
it. Human well-being was observed to increase the ecological footprint in all the
countries except Egypt. According to the study, strong institutions could assist in
minimizing trade-offs and make it easier to achieve both environmental protection
and greater human well-being at the same time (Nathaniel, 2021).
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Cai et al. (2018) used the newly introduced bootstrap ARDL bounds test with
breaks at the structure to analyze the relationship between economic development,
use of renewable energy, and carbon dioxide emissions in G7 countries. In Canada,
France, Italy, the United States, and the United Kingdom, no correlation was found
between real per capita GDP, consumption of clean energy, and carbon emissions.
However, cointegration existed in Japan and Germany. According to the causality test
results, clean energy use was found to cause real per capita GDP in Germany,
Canada, and the United States. In contrast, CO2 emissions caused clean energy con-
sumption in Germany. The Study suggested energy efficiency as a strategy to reduce
CO2 emissions in G 7 economies (Cai et al., 2018).

It has been derived from the literature mentioned above that the bulk of the stud-
ies focused on CO2 emissions, financial growth, clean energy, economic globalization,
and economic growth in the recent time period. These studies either considered the
individual countries or different panels of the countries. For instance, Rafique et al.
(2021), A. G. Khan et al. (2021), and Murshed et al. (2021) studied these determi-
nants of CO2 emission in individual economies, whereas Cai et al. (2018), Anwar
et al. (2020), Kalayci, (2019), and You and Lv (2018) in different panels of the coun-
tries. However, except Ampofo et al. (2021) and Nathaniel (2021), none of the previ-
ous studies analyzed the effect of financial development and economic growth in a
panel of N11 countries. Like the previous studies, we also look at the impact of finan-
cial development, clean energy, economic globalization, and economic growth on
CO2 emission in N11 countries.

Nonetheless, we investigate the problem using some novel ways. The structural
breaks in the data were ignored by the study of Ampofo et al. (2021), and the envir-
onmental impact of economic growth was measured by ecological footprints in the
study of Nathaniel (2021). Considering these issues, this study is proceeding to meas-
ure the environmental effects of the variables in terms of CO2 emission by applying
more advanced second-generation econometric techniques. We can construct a robust
relationship in the presence of structural breaks by using robust second-generation
econometric tools.

3. Data and model specification

On the basis of the support from the existing empirical findings, CO2 emission is used
as the dependent variable, and clean energy, financial development, economic globaliza-
tion, and economic growth as independent variables in the study. The data for CO2
emissions and clean energy (renewable energy) is taken from British Petroleum
Website (BP, 2021). Data on economic globalization is taken from KOF Swiss
Economic Institute, whereas data for financial development and GDP are gained from
The World Bank (Bank, 2021). The model is specified in its general form as below:

CO2it ¼ f FDit, GDPit, CLEANit, EGLOitð Þ (1)

Where ‘i’ denotes the cross-sections, ‘i.e. Egypt, Bangladesh, Indonesia, Mexico, Iran,
Philippines, South Korea, Pakistan, Turkey, Nigeria, and Vietnam, while t stands for
time-period from 1995 to 2018’. Eq. (1) in its regression form is given as follows:
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CO2it ¼ a0 þ b1FDit þ b2GDPit þ b3CLEANit þ b4EGLOit þ eit (2)

Where CO2 is the carbon dioxide emission measured as million tons of carbon diox-
ide, GDPit is a gross domestic product with constant US dollar unit for a given
period, 2010. FDit is the financial development measured as domestic credit to the
private sector (percentage of GDP). EGLO is the economic globalization measured as
the index based on actual flows of FDI, trade, portfolio investments, and restrictions,
e.g. tariffs, import barriers, and taxes, and CLEANitx is the clean energy measured as
renewable energy tetra watt-hours.

3.1. Estimation techniques

3.1.1. Cross-sectional dependence (CSD) testing
Our empirical analysis begins with cross-sectional dependence (CSD) testing between
the cross-sectional units. Testing CSD is beneficial to select appropriate tests for sta-
tionarity/unit root from different generation tests that treat the issue of CSD. Various
elements drive CSD, including economic and financial integrations, residual inter-
dependence, shocks in oil prices, the global economic crisis, unobserved and observed
omitted common factors, and globalization. There is no way to ignore the issue of
CSD, as its ignorance can lead to spurious findings, biased stationarity, and cointegra-
tion. Pesaran et al. (2004) CSD test is used to determine whether CSD problems exist
in our data or not. (H0¼ no CSD and H1¼ CSD)

The CSD test is given as:

CD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2T
N N � 1ð Þ

s XN�1

i¼1

XN
j¼iþ1

q̂ij

0@ 1A � N 0, 1ð Þi, j (a)

CD ¼ 1, 2, 3, 4 . . . . . . . . . 10 . . . . . . . . .N (b)

M ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2T
NðN � 1Þ

s XN�1

i¼1

XN

j¼iþ1
q̂ij

 !
T � kð Þ q̂2

ij �EðT�kÞq̂2
ij

VarðT � kÞq̂2
ij

(c)

q̂2
ij Shows the coefficient of residual pair-wise correlation of the Least Square resid-

uals. In this situation, the null hypothesis is accepted if the panel data does not show
any cross-sectional dependency.

3.1.2. Unit root tests
After getting the estimates for the CSD test, the second step is the unit root testing
for the panel data. Panel data literature classifies non-stationarity in data into three
generation categories of tests for unit root that can further be defined based on the
issues that each strategy addresses. Choi (2001), Levin et al. (2002), and Maddala and
Wu (1999) address the problem of homogenous panel non-stationarity and Im et al.
(2003) of the heterogeneous panel. It is imperative to note that the tests of the second
generation for panel data unit root established by Pesaran (2007), Moon and Perron

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 5021



(2012), and Choi (2006) address the parameter heterogeneity and solve the issue of
CSD between cross-sectional units. However, when structural breaks in the series
occur as a result of global or local circumstances, both the second and first-
generation tests fail to function well. Third-generation panel tests deal with struc-
tural breaks in data and CSD and heterogeneity issues if structural breaks are present
in data (Bai & Carrion-I-Silvestre, 2009). Because the presence of CSD makes it
inappropriate to apply first-generation stationary tests, the study adopts Bai and
Carrion-I-Silvestre (2009) and Pesaran (2007) techniques to address the stationarity
in the presence of CSD (Jalil, 2014).

The Pesaran (2007) test statistics are given as follows:

DWi, t ¼ ;i þ ;iZi, t�1 þ ;iZt�1 þ
Xp
l¼0

;ilDWt�1 þ
Xp
l¼0

;ilDWi, t�1 þ lit (d)

Where W shows the average cross-section and is represented as:

Wi, t ¼ ;1 FD
i, t þ ;2 GDP

i, t þ ;3CLEANi, t ¼ ;4EGLOi, t (e)

The CIPS test statistics is stated as

dCIPS ¼ N�1
Xn
i¼1

CADFi (f)

3.1.3. Slope homogeneity and cointegration tests
After verifying the stationarity or unit root in data, we applied (Pesaran & Yamagata,
2008) test to determine whether the slope is homogeneous or heterogeneous. The
null hypothesis assumes that slopes are homogenous, and the alternative hypothesis
assumes that slopes are heterogeneous.

The model of the test is given below:

�DSH¼ NÞ12 2KÞ�1=2 1
N

� S � k

� ���
(d)

�DASH¼ NÞ12 2k T � k� 1ð Þ
T þ 1

Þ�1
2

1
N

� S � k

� �  
(e)

Where � S ¼ Swamy test statistic and k¼number of explanatory variables
The first generation cointegration techniques of Westerlund (2005), Pedroni (2004),

Larsson et al. (2001), and McCoskey and Kao (1998) do not offer good predictions because
of size parameters distortion arising because of the existence of CSD. We apply heteroge-
neous estimating approaches such as Westerlund and Edgerton (2008) and Banerjee and
Carrion-i-Silvestre (2017) in CSD, heterogeneity of slope parameters non-stationarity prob-
lems in the data. These approaches address the difficulties mentioned earlier and spot
structural breaks when cointegration is present. Westerlund (2005) considers the problems
of slope heterogeneity and CSD but neglects the impact of probable structural breaks,
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which may lead to accepting the H0 of no cointegration. However, Westerlund and
Edgerton (2008), unlike other tests, handle the problems of CSD, heterogeneous slopes,
and serially correlated errors as well as probable structural breaks at various positions for
every cross-section. Banerjee and Carrion-i-Silvestre (2017) created a similar approach
which is based on CCEMG. This approach is employed in the study to examine the cointe-
gration among variables. This technique is best in dealing with CSD, non-stationarity, and
parameters constantly estimated in the specious regression framework.

3.1.4. CS-ARDL analysis
A number of causes create common shocks, such as rising oil- prices and the world-
wide economic crisis that can lead to CSD. If unknown factors are associated with
independent variables in the model, this might lead to misleading results. CS-ARDL
model is appropriate to apply in the case of the problem of slope heterogeneity and
CSD. These problems can be overcome with the help of the CS- ARDL common cor-
related dynamic effects estimator (Y. Yao et al., 2019). The following is the beginning
point for CS-ARDL as shown in Eq. (f):

Wit ¼
Xpw
l¼0

cl:iwi, t�l þ
Xpz
l¼0

bl, iZi, t�l þ eit (f)

Equation (f) is Autoregressive Distributed Lags (ARDL) model. In the presence of
CSD, following Eq. (j) leads to misleading results. Eq. (g) is an expanded version of
Eq. (f) that uses the cross-section mean of every regressor to avoid the unsatisfying
inference generated by CSD about the existence of the threshold effect.

Wit ¼
Xpw
l¼0

cl:iwi, t�l þ
Xpz
l¼0

bl, iZi, t�l þ
Xpx
l¼0

a'iIXt�l þ eit (g)

Where, Xt�l ¼ Wit�l, Zit�l are the mean of the explained and explanatory variables
under consideration, px, pw, pz, denotes lags of every variable. Further, Wit is the
dependent variable which is CO2 emission, and Zit includes all the independent varia-
bles such as FD, CLEAN, GDP, and EGLO. X represents cross-sectional means (not
only including time dummy variables and trends) in order to avoid CSD originated
by spillover impacts (Liddle, 2018). The long-run coefficients are estimated from
short-run coefficients in the CS-ARDL process. The MG estimation and long-run
coefficient are represented as below:

p̂CS�ARDLi ¼
Ppz

l¼0
b̂
pw
li

1�P l ¼ 0
ĉli (h)

The mean group is provided in Eq. (i)

p̂MG ¼ 1
N

XN
i¼1

p̂i (i)
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Short-run coefficients are given as:

DWit ¼ #i Wit � piZitð Þ �
XPw�1

l¼1

cli DlWit�1 þ
Xpz
l¼0

bliDl Zit þ
Xpx
l¼0

a'i IXt þ �it (j)

Where DI ¼ t–(t–1)

ŝi ¼ �ð1�
Xpw
l¼1

ĉliÞ (k)

p̂i ¼
Ppz

l¼0
b̂l, i

ŝi
(l)

p̂MG ¼ 1
N

XN
i¼1

p̂i (m)

ECM shows the adjustment speed towards equilibrium or the period of time an
economy requires to attain the equilibrium level similar to the pooled mean group.

3.1.5. Heterogeneous panel causality test
Dumitrescu and Hurlin (2012) state that ‘If each individual in the sample has a differ-
ent economic behaviour than the rest, a homogenous specification of the relationship
between the variables x and y makes it impossible to evaluate causality relationships’.
As a result, they suggest a mean Wald statistic that tests the H0 of no causal associ-
ation for any of the cross-sections, (H0 ¼bi¼ 0, (i¼ 1 to N)) contrary to the H1 of
one subgroup (at least) of the panel having causal relationships (H1 ¼bi¼ 0, (i¼ 1 to
N1); bi 6¼ 0, i ¼ N1þ 1, N1þ 2, . . . . . . ,Nð Þ: when N1¼ 0, rejecting H0 means that
x granger causes y for all ‘i’, whereas when N1> 0, rejecting H0 shows that the causal
relationships and model differ from one sample or individual to another. In case of
these conditions, the mean of the Wald statistic given by Dumitrescu and Hurlin
(2012) is as the following:

WHnc
NT ¼ 1

N

XN
i¼1

WiT (n)

where WiT shows the Wald statistic ith cross-section.

4. Empirical findings and discussion

The empirical result of the CSD test is given in Table 1. CSD in the data must be
addressed. Otherwise, spurious unit root and cointegration analyses may result. Based
on empirical findings, we rejected the H0 of no CSD for all our variables, i.e. FD,
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EGLO, GDP CLEAN, at a 1% significance level. This evidences the presence of CSD
in the panel data.

In the context of CSD, structural breaks, and slope heterogeneity, we used Bai and
Carrion-I-Silvestre (2009) and Pesaran (2007) tests for panel unit root to assess the
variable’s stationarity features.

The empirical results of both tests are presented in Table 2. These tests results that
consider the structural breaks, CSD, and heterogeneity reject the H0 of unit root at
the level. Bai and Carrion-I-Silvestre (2009) Results were the only ones that accept
the H0 of non-stationarity or unit root even after accounting for possible structural
breaks. All the variables are stationary at the level in the Pesaran (2007) test. That is
why bai and carrion I Silvestre test is applied at first difference. All the variables such
as FD, EGLO, CLEAN, and GDP are confirmed to be stationary at 1st difference.

After using these tests, Pesaran and Yamagata (2008) devise using an advanced
version of Swamy (1970) estimation for homogeneity of the slopes. As the assumption
of slope homogeneity would produce deceptive estimation results, this approach
checks for heterogeneous or homogeneous slope coefficients (Alam et al., 2018). It
assumes homogenous slope coefficients for the H0 and reverses for the H1. Table 3
provides the test results, which show that H0 is rejected at a 1 percent signifi-
cance level.

The empirical results of Westerlund and Edgerton (2008) with H0 of no long-run
cointegrating association between the variables are presented in Table 5. The empir-
ical findings refute the H0 without a break at the mean and regime shift. The results
confirm that cointegration exists between EGLO, CLEAN, GDP, and FD.

Table 5 summarizes the empirical findings of Banerjee and Carrion-i-Silvestre
(2017) technique and confirms that a cointegrating link exists between EGLO,
CLEAN, GDP and FD for the whole sample and individual countries: Egypt,
Bangladesh, Indonesia, Mexico, Iran, Philippines, South Korea, Pakistan, Turkey,
Nigeria, and Vietnam.,.

The empirical results of the CS-ARDL model are summarized in Table 6.
Economic growth is found to affect CO2 emissions positively, having a significant
coefficient of 1%.

This denotes that for a 1 unit rise in GDP, CO2 emissions increase by 0.467 units.
GDP measures a country’s health, including government expenditures, investment,
consumption, net exports, etc. Consumption is a major component of GDP, and an
increase in consumption is linked to rising carbon emissions. When income levels
rise, government, businesses, and households may consume more, causing more CO2
emissions (Hasanov et al., 2018). This finding is not surprising, given that emerging

Table 1. CSD test results.
Variable Test statistics (p-values)

CO2 28.010��� (0.000)
FD 17.024��� (0.000)
EGLO 39.822��� (0.000)
CLEAN 16.140��� (0.000)
GDP 24.526��� (0.000)
�, �� & ��� shows significance at 10, 5, and 1% levels, respectively, whereas P values are given in parentheses.
Source: author estimation.

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 5025



countries, like the N11, focus on achieving economic growth in the preliminary stages
of their development and tend to disregard the deteriorating environmental quality.
The N11 countries are currently in the growth stage, integrating their economic

Table 2. Results of unit root test: With and without structural break (Pesaran, 2007).
I(0) I(1)

Variables CIPS M-CIPS CIPS M-CIPS

CO2 �4.518��� �5.350�� – –
FD �6.010��� �7.011�� – –
EGLO �3.064��� �4.955�� – –
CLEAN �5.709��� �6.705�� – –
GDP �3.232��� �4.631�� – –
(Bai & Carrion-I-Silvestre, 2009)

Z Pm P Z Pm P

CO2 0.201 0.145 19.001 �3.010��� 4.010��� 78.019���
FD 0.050 0.041 16.010 �5.011��� 6.011��� 59.014���
EGLO 0.304 0.202 20.101 �3.021��� 4.019��� 91.016���
CLEAN 0.075 0.060 18.103 �6.002��� 7.013��� 67.010���
GDP 0.316 0.265 21.012 �3.101��� 4.001��� 82.018���
�, �� and ��� shows the significance at 10, 5, and 1% levels.
(Bai & Carrion-I-Silvestre, 2009): for Z and Pm statistics, the critical values 2.326, 1.645, and 1.282 for 1, 5, and 10%
significance level respectively, whereas for P, critical values are 56.06, 48.60, and 44.90, separately.
Source: author estimation.

Table 3. Slope heterogeneity test results.
Test statistics Test value /Pvalues

Delta tilde 51.047��� (0.000)
Adjusted Delta tilde 73.039��� (0.000)

Where, ���, �� & � shows significance at 1, 5 and 10% level, whereas parantheses contain P-value.
Source: author estimation.

Table 4. Westerlund and Edgerton (2008) Panel cointegration results.
Test Without break Mean shift Regime shift

Explained variable: CO2
Zu(N) �4.135��� �3.108��� �5.025���
Pvalue 0.000 0.000 0.000
Zs(N) �3.117��� �3.944��� �4.483���
Pvalue 0.000 0.000 0.000

Where �, �� and ��� respectively denote 10%, 5%, and 1% significance level, and parentheses contain P-value.
Source: author estimation.

Table 5. Banerjee and Carrion-i-Silvestre (2017) results.
Economies No deterministic–specification With constant With trend

Whole Sample �4.010��� �3.332��� �5.651���
Bangladesh �6.046��� �5.011��� �7.783���
Egypt �3.192��� �3.213��� �4.671���
Indonesia �5.870��� �4.010��� �6.012���
Iran �3.041��� �3.786��� �4.022���
Mexico �7.621��� �6.021��� �8.972���
Nigeria �4.021��� �3.030��� �5.215���
Pakistan �6.016��� �5.014��� �7.902���
Philippines �3.512��� �3.412��� �4.016���
South Korea �5.818��� �4.642��� �6.114���
Turkey �3.231��� �3.891��� �4.030���
Vietnam �7.021��� �6.115��� �8.061���
With constant, CV (critical value) at 10%� and 5%�� is �2.18 and �2.32, whereas trend CV is �2.82. and �2.92.
Source: author estimation.
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expansion with poor environmental quality. This means that these countries have yet
to reach the growth threshold beyond which there will be no such trade-off. A similar
finding is provided by Sinha and Shahbaz (2018), Mikayilov et al. (2018), Li et al.
(2021), and Ampofo et al. (2021).

Similarly, financial development is also positively related to carbon dioxide emis-
sions. It is indicated from the findings that a one-unit rise in the development of the
financial sector leads to a rise of 0.196 units in CO2 emissions. Our findings corrob-
orate that bank loans help businesses acquire external financing and expand their
scale of investment. This improves economic growth and accelerates CO2 emissions,
both of which are dependent on bank asset growth (Y.-J. Zhang, 2011). Business
firms and households both benefit from increased access to financial capital as a
result of financial development. This raises demand for machines, automobiles, and
other goods, which boosts manufacturing and transportation activity. As energy use
rises, it leads to more emissions of CO2 into the atmosphere and pollutants into the
water (Shahzad et al., 2017). This result has been noticed before by Nathaniel (2021),
Boutabba (2014), Y.-J. Zhang (2011), and Shahzad et al. (2017).

Like financial development and GDP, economic globalization is also observed to
increase CO2 emissions in N11 economies. An increase of 1 unit in economic global-
ization causes CO2 emission to increase by 0.235 units. One explanation of the find-
ing is that with economic globalization, it becomes easier for multinational
corporations to transfer their dirty manufacturing operations to lower-income coun-
tries to give lower wages and take advantage of easy environmental regulations,
resulting in environmental deterioration (Ahmed et al., 2021). The use of dirty tech-
nologies and low-cost production strategies by foreign investors exploit the natural
resources. Moreover, an increase in energy intensity following an increase in the rate
of globalization, including increased transportation, human activities, and industrial
output, fuels the positive relationship between globalization and CO2emissions. Our
results support the results of Kirikkaleli and Adebayo (2021), Kalayci (2019), and
Nguyen and Le (2020).

Last, unlike other variables, clean energy is found to affect CO2 emissions nega-
tively in our empirical analysis. If clean energy increases by one unit, it causes CO2
emissions to reduce by 0.25 units. To put it another way, using clean energy helps to
enhance the environment by decreasing energy dependency and energy security as
clean energy provide alternative resources of energy that are less polluting (e.g. bio-
mass, geothermal, hydropower, wind, nuclear, biofuels, solar, respectively) (Usman
et al., 2020). Clean energy, as state-of-the-art acknowledges, helps to minimize CO2
emissions as countries use more renewable energy and emit lesser CO2 in the

Table 6. Long run CS-ARDL results.
Variables Coeff t stat p values

FD 0.196��� 3.010 0.000
EGLO 0.235��� 5.329 0.000
CLEAN �0.215��� �4.571 0.000
GDP 0.467��� 7.692 0.000
CSD-Statistics – 0.046 0.312

Where, �, �� and ��� denotes significance at 10%, 5% and 1% respectively.
Source: author estimation.
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environment. The finding of our study seconds the findings of Dogan and Seker
(2016), Murshed et al. (2021), and Usman et al. (2020).

The short-run CS-ARDL results are provided in Table 7, and a favourable relation-
ship was observed between GDP, FD, EGLO, and CO2 emissions. Contrarily, CLEAN
energy affects CO2 emissions negatively in the short run. The ECM shows the CS-
ARDL’s adjustment pace toward equilibrium which is �0.234%. FD, EGLO, CLEAN,
and GDP have short-run coefficients of 0.039, 0.024, 0.103, and 0.051. Coefficients in
the short run are lower than long-run coefficients. This is primarily because these
economies are developing ones that are currently growing, particularly having more
industrial growth, which affects CO2 emissions positively (Umar, Su, Rizvi,
et al., 2021).

Last, the (Dumitrescu & Hurlin, 2012) test of panel causality results is given in
Table 8. All the test statistics are highly significant, indicating that co2 emissions and
variables have a bi-directional causal relationship. For N11 countries, a causality rela-
tionship exists from FD to CO2 and CO2 to FD, from EGLO to CO2 and CO2 to
EGLO, from CLEAN to CO2 and CO2 to CLEAN, and last, from GDP to CO2 and
CO2 to GDP.

5. Concluding remarks and policy recommendations

Ensured economic growth and protection of the environment simultaneously have
become a major development priority around the world. Energy is the factor that is
considered the key driver of the growth of an economy in both advanced and emerg-
ing/developing countries. However, energy is also the cause of the imbalance situation
between economics and the environment. On the other hand, due to globalization
which undoubtedly contributes significantly to the global economic and financial
development, however, it has also been reported as the strategy by which the devel-
oped countries shifts their environment polluting industries to the countries that are
having least on no enforcement of ecology and environment protection laws and reg-
ulations. The case of N-11 countries are extremely crucial because of being account
for 9 percent of global GDP in 2016 and are also anticipated to experience significant
economic growth, which can further harm the environment in these countries.

Hence the present study evaluated the role of economic globalization, clean energy,
financial development, and economic growth in climate prevention for a panel of
N11 nations, namely, Egypt, Bangladesh, Indonesia, Mexico, Iran, South Korea,
Pakistan, Philippines, Turkey, Vietnam and Nigeria throughout 1995–2018. Pesaran
et al. (2004) test for CSD estimation and tests of Pesaran (2007) and Bai and

Table 7. CS-ARDL analysis results (Short-run).
Variables Coeff t stat P values

FD 0.039��� 5.516 0.000
EGLO 0.024��� 6.381 0.000
CLEAN �0.103��� �4.244 0.000
GDP 0.051��� �5.829 0.000
ECT(-1) �0.234��� �7.589 0.000

Where, �, �� and ��� represent significance at 10%, 5% and 1% level respectively.
Source: author estimation.
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Carrion-I-Silvestre (2009) for unit root are applied to the data. In addition, the
Pesaran and Yamagata (2008) technique was used to evaluate slope homogeneity in
this study while relying on Westerlund and Edgerton (2008) and Banerjee and
Carrion-i-Silvestre (2017) approaches to estimate the long term association among all
the variables. All the variables are found to have a long-run association in cointegra-
tion test results. The coefficients estimated through the CS-ARDL test established that
economic growth, financial development, economic globalization positively impacted,
while clean energy negatively impacted CO2 emissions for the Next 11 countries.

Moreover, the magnitude of all the long-run coefficients is higher than the magni-
tude of the short-run coefficients. This is mainly because these countries are growing
in industrial terms that have a high impact on CO2 emission. Last, (Dumitrescu &
Hurlin, 2012) test for panel causality is applied, and the bidirectional relationship
between dependent and explanatory variables is found.

5.1. Policy recommendations

The study’s findings are robust to various policy recommendations for the policymakers
and governments in N11 countries. The study recommends that economic growth poli-
cies be adopted that can accelerate economic growth, but these policies must be aligned
with achieving environmental sustainability targets. These policies will be helpful to
reduce the trade-off between economic expansion and environmental sustainability in
the earlier stages of growth. Moreover, consumption levels must be targeted to minim-
ize the impact of growth on CO2 emission, particularly in more energy-intensive sec-
tors, resulting in higher carbon emissions. Secondly, the N11 countries must move
away from their conventional reliance on fossil fuels for energy. The long-run incen-
tives must be provided, and the governments must pursue the policies, which are help-
ful to the production of clean energy. The economies should gradually integrate
renewable energy resources into their energy systems to improve the overall quality of
the environment. The policymakers must pay sufficient attention to make the public
aware of clean energy and its role in the green and clean economy.

Third, the N11 countries should strengthen their financial development strategies
by incorporating environmental welfare goals into financial development plans. It is
recommended that the considerably cleaner industries operating inside the N11 coun-
tries receive a bigger proportion of total domestic credit provided to the private sec-
tor. Simultaneously, governments must support credits used to invest in ecologically
sustainable initiatives, which would help to mitigate the negative environmental

Table 8. Dumitrescu and Hurlin (2012) panel causality test results.
H0 Stats Prob.

FD doesn’t homogenously cause CO2 11.854 0.000
CO2 doesn’t homogenously cause FD 29.210 0.000
EGLO doesn’t homogenously cause CO2 21.448 0.000
CO2 doesn’t homogenously cause EGLO 7.587 0.000
CLEAN doesn’t homogenously cause CO2 17.082 0.000
CO2 doesn’t homogenously cause CLEAN 39.712 0.000
GDP doesn’t homogenously cause CO2 10.696 0.000
CO2 doesn’t homogenously cause GDP 16.842 0.000

Source: Author Estimation.
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effects of financial development. Governments should also introduce green bonds to
incentivize borrowers to have an investment in ecologically sustainable initiatives. As
a result, financial growth in these countries should preferably make green funding
schemes more accessible. Finally, we propose that governments utilize appropriate
and efficient policy coordination to reduce globalization’s environmental costs. Given
the negative environmental implications of globalization, we believe that when devel-
oping a significant and long environmental policy framework in N11 countries, poli-
cymakers should consider the role that globalization plays in the trends of CO2
emissions. We also propose that policymakers consider globalization as a significant
economic factor in the framework of economic policies to improve long-term envir-
onmental quality. Aside from that, there is a need to improve research related to
energy and consider the broader globalization role in the demand for energy
and emission.

5.2. Limitations and future recommendations

Similar to other researchers, the present research also comprises certain limitations
that provide an avenue for the researchers to explore further. Firstly, the present
study is based on the panel research methodology, whereas there is a possibility that
the focused countries from this panel may behave differently from each other.
Therefore, it is suggested to explore the similar phenomena country-wise individually.
Secondly, the current study is based on the panel data of N-11 countries only. More
exploration in terms of better understanding the pollution needs to be done in higher
polluting countries.

Moreover, a comparison between developed countries and developing countries
can also significantly contribute to the existing literature. Statistically, the application
of CS-ARDL is based on integrating the average of the independent variable with the
dependent variables. However, there is a possibility that the data behaves differently
at different quantiles. For that purpose, applying the quantiles-based estimation tech-
nique can also lead to an in-depth understanding of the findings. Lastly, the employ-
ment of regulation oriented phenomena is also suggested to evaluate compliance to
the environmental rules and regulations among the economies for environment pres-
ervation and protection.

Note

1. Goldman Sachs Group (2007) defined the N11 countries as the next BRICs.
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