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This study investigates the dynamic relationships between carbon emission, urbanization,
energy consumption, and economic growth in a panel of 42 Asian countries for the period
2000–2014 using dynamic common correlated effects panel data modeling. This study
employs second generation cross-sectional Pesaran (J. Appl. Econom., 2007, 22(2), 265-
312) panel unit root, Westerlund panel cointegration tests (Econom. Stat., 2007, 69(6), 709-
748), and Pesaran’s (Econometrica, 2006, 74(4), 967-1012) common correlated effects
mean group estimation technique. These approaches allow for cross-sectional
dependence, and are robust to the presence of common factors, serial correlation, and
slope heterogeneity. TheCommonCorrelated EffectMeanGroup test reveals a high average
coefficient of 0.602 between carbon emission and energy consumption while low
coefficients of 0.114 and 0.184 for the pairs of carbon emission-urbanization and
carbon emission-GDP, respectively for the panel as a whole, suggesting a cointegration
between carbon emission, urbanization, energy consumption, and economic growth. The
results indicate that there is relatively high carbon emission especially for highly populated
and geopolitical risk Asian countries in the short run. Findings reveal long run relationships
between the variables, which is attributed to the on-going carbon taxation and energy prices.
Our results are robust to PMG-ARDL estimator. Overall, these findings cast important
implications on renewable energy policy and urban planning insights for the policymakers.

Keywords: cross-sectional dependence, Westerlund panel cointegration, common correlated effects mean group,
economic growth, carbon emissions, urbanization, energy consumption

INTRODUCTION

As the debate surrounds anthropogenic carbon emissions and climate change typifies sustainable
development dilemma, the global climate effort put forward by the Paris Agreement advocates urgent
attention towards carbon mitigation and adaptation strategies. While economic development is
crucial for the emerging markets, it is noteworthy to assess the nexus between energy consumption,
urbanization, and carbon emission, especially from the Asian countries’ perspective. Carbon
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emissions have been highly and widely researched in energy,
finance, and economics literature. Carbon emissions have been
linked to economic growth (Gao and Zhang, 2014; Arvin et al.,
2015; Bekun et al., 2019; Mahembe and Odhiambo, 2019;
Adedoyin et al., 2020), financial development (Al-Mulali et al.,
2015; Shahbaz et al., 2020), urbanization (Muhammad et al.,
2020), trade openness (Farhani et al., 2013; Essandoh et al., 2020),
energy consumption (Bekun et al., 2019; Yang et al., 2020),
environmental pressures (Gingrich et al., 2011; Al-Mulali and
Ozturk, 2015), and renewable energy (O’Ryan et al., 2020).

Countries with high carbon emissions that are described to be
highly technologically inclined and are among high-income
countries, can reduce carbon emissions while developing
regions and low-income countries with increasing volume and
speed of emission do not have the sound financial system to curtail
carbon emissions (Chen and Lee, 2020; Dong et al., 2020). The
incessant and long-run crises rocking some countries, contribute
to the rate of carbon emissions (Oreskes and Conway, 2008;
Gingrich et al., 2011; Zou et al., 2016). Thus, the relationship
between carbon emissions and other economic variables is
constrained by per-capital income, economic development,
technology advancement, geographical, and regional features
(Al-Mulali and Ozturk, 2015; Li et al., 2020; Tirkaso and Gren,
2020). Continental and regional issues are important to devise
regional energy programs and improve strategies on rapid
urbanization growth especially in Asia, where the continent
receives the largest tourist arrivals with an increasing level of
industrialization (Farzaneh, 2019; International Energy Agency,
2019). Such energy strategies including secure, affordable, and
sustainable energy, reduction in the importation of fossil fuels, and
energy efficiency are formulated and implemented to improve
social welfare and quality of life for its citizens. The energy-
environment spectrum for regional energy efficiency in Asia is
important for policymakers, researchers, and respective
governments to understand which strategy would foster the
reduction in environmental impacts of carbon emissions on
economic activities, perhaps with the goals of low carbon
emissions, and urbanization sustainability.

Our knowledge on energy consumption, urbanization, and
economic growth and their effects on carbon emission in Asia
is sorely lacking in terms of their interaction outcomes and possible
policy implications both in the number of related studies and
regional context (Maddock, 1995; Ng et al., 2016). Asian countries
provide a unique phenomenon in which to better understand the
long-run cointegration and causality between energy consumption,
urbanization, carbon emission, and economic growth because of
the increasing economic development and investment in green and
renewable energy (Kannan et al., 2007; Balamurugan et al., 2012;
Ali et al., 2017). Therefore, regional and geographical differences
may call for heterogeneous investigation into the energy-
environment-growth phenomenon. Heterogeneous investigation
into the relationship between carbon emissions, energy
consumption, urbanization, and economic growth may be
important for the formulation and implementation of dynamic
carbon emission reduction policies across countries, suggesting
that dynamic panel estimation modeling techniques may be
appropriate in this context.

Reliable and econometrically robust quantitative techniques
are valid to analyze the heterogeneous individual effects and
regional interconnectedness of energy-environment-growth
nexus. Past findings on the relationship between carbon
emissions, energy consumption, urbanization, and economic
growth have been mixed. One major limitation is the used of
first-generation panel unit roots and cointegration tests that
assume that error terms are not correlated, therefore they fail
to address the issue of cross-sectional dependence across
countries. First-generation panel cointegration tests suffer from
size distortions and fail to account for cross-sectional
dependence, which often result in biased conclusions as to
whether a long-run relationship exists between the variables
(Bai and Kao, 2006). Andrews (2005) posit that common
shocks (i.e. geopolitical risk and currency crisis) across
countries may induce cross-sectional dependence among
individual countries in the panel, in which the impacts vary
across the cross-section units or countries. The increasing level of
interconnectedness, financial integration, trade, and capital
mobility accounts for cross section dependence across
countries (Munir et al., 2020). In the presence of cross-
sectional dependence and slope heterogeneity in the series, the
use of fixed effect, random effect, DOLS, and FMOLS estimators
may give biased and inconsistent results (Murthy and Ketenci,
2020). Thus, it requires the application of second-generation
panel unit root (i.e. cross-sectional panel unit root),
cointegration, and dynamic common correlated effects panel
modeling.

We contextualize our study in the Asian countries,
longitudinally assessing the relationship between energy
consumption, carbon emission, urbanization, and economic
growth which presents an interesting setting whereby Asian
countries face increasing economic development and
investment in green and renewable energy. As such, the
unique factors of geopolitical risk, war, economic growth,
population, and economic growth programmes among the
Asian countries may account for new evidence that differs
from prior studies. Past studies find significant differences in
the relationships between energy consumption, urbanization,
carbon emissions, and economic growth in the MENA context
(Al-Mulali et al., 2013; Farhani et al., 2013; Al-Mulali and Ozturk,
2015) compared to regions such as Sub-Saharan Africa (Gao and
Zhang, 2014; Salahuddin et al., 2019), North America and G-20
countries (Arvin et al., 2015; Usman et al., 2020), Europe (Al-
Mulali et al., 2015; Kasman and Duman, 2015), and BRICS
(Wang et al., 2016; Adedoyin et al., 2020). Regional context
matters as a failure to address the regional interconnectedness
that influences institutional and stakeholders’ policies on
urbanization, energy consumption, and carbon emissions may
result in poor and ineffective energy solutions.

Accordingly, this study seeks to provide answers to the
questions: Do long-run relationships exist between urbanization,
energy consumption, carbon emissions, and economic growth in
Asian countries? and to what extent do these variables interact in
individual Asian countries?

Data from World Bank development indicators were
employed. Findings reveal that a high average coefficient of
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0.602 between carbon emission and energy consumption while
low coefficients of 0.114 and 0.184 for the pairs of carbon
emission-urbanization and carbon emission-GDP, respectively
for the panel as a whole, suggesting a cointegration between
carbon emission, urbanization, energy consumption, and
economic growth. Our findings also reveal that there are
considerable differences in the long-run relationships between
urbanization, energy consumption, and carbon emissions across
individual Asian countries. We link these relationship differences
to the rise in rural-urban migration, concentration of industrial,
commercial, and corporate industries and sectors in urban cities,
population growth, and presence of geopolitical risks. These
results depart from past studies on the relationships between
urbanization, energy consumption, carbon emissions, and
economic growth to income groups and distribution such as
in the MENA context.

This study contributes to energy literature, first, by employing
second generation cross-sectional Pesaran (2007), Westerlund
(2007), and Pesaran’s (2006) common correlated effects mean
group estimation technique. These techniques are important to
model the long-run relationships between variables and across
panel observations that account for cross-sectional dependence
which are robust to serial correlation and slope heterogeneity.
Second, we compare our results with first generation estimation
techniques i.e. DOLS and FMOLS to establish the differences
between the first- and second-generation estimators. The
positive and negative coefficients between carbon emission
and GDP may suggest the phase or stage of EKC hypothesis
across Asian countries, evidence shows that UAE, Bangladesh,
China, India, Malaysia, Philippines and Singapore have negative
carbon emissions-GDP coefficients, suggesting that these
countries benefit from increased economic growth following
carbon emissions reduction policies.

The remainder of the study is structured as follows. Section
data methodology describes the model specification and panel
data estimators. Section empirical results shows the estimation
outputs of the panel data estimators. Discussion on findings and
implications with conclusion are provided in Section discussions
and conclusion.

DATA METHODOLOGY

Model Specification
This paper investigates the relationship between energy
consumption, urbanization, carbon emissions and economic
growth. This study utilizes the panel co-integration and
dynamic common correlated effects mean group (CCEMG)
techniques to achieve this objective. The panel data for this
study consists of a sample period 2000–2014 of cross-country
observations for 42 countries in Asia. The sample period is due to
the availability of data. The data on the variables of this study are
sourced from the World Development Indicators (WDI). The
model controls for economic growth to avoid omitted variable
bias (OVB) and to find evidence of an initial stage of the EKC
hypothesis in the Asian context. The empirical model is as
follows:

CO2EMSit � f (ENERGYCONit,URBANit,GDPit) (1)

ENERGYCONit � f (CO2EMSit,URBANit,GDPit) (2)

URBANit � f (CO2EMSit,ENERGYCONit,GDPit) (3)

Urbanization (URBAN) is expressed in terms of population.
Carbon emissions (CO2EMS) are expressed in millions of metric
tons. Energy consumption (ENERGYCON) is the kg of oil
equivalent, measured in per $1,000 GDP (constant 2005 PPP).
Economic growth (GDP) is expressed in real gross domestic
product. Equations (1) to (3) were further written in their VECM
and matrix structure as suggested in Pradhan and Arvin (2015)
and Mahembe and Odhiambo (2019).

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
ΔCO2EMSit

ΔENERGYCONit

ΔURBANit

ΔGDPit

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ �
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
α1j

α2j

α3j

α4j

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

+∑q−1
k�1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
c11ik(L)c12ik(L)c13ik(L)
c21ik(L)c22ik(L)c23ik(L)
c31ik(L)c32ik(L)c33ik(L)
c41ik(L)c42ik(L)c43ik(L)

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
Δ

ΔCO2EMSit−k
ENERGYCONit−k
ΔURBANit−k
ΔGDPit−k

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

+
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
λ1jECTit−1
λ2jECTit−1
λ3jECTit−1
λ4jECTit−1

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ +
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
ε1it

ε2it

ε3it
ε4it

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ (4)

where CO2EMS, ENERGYCON, URBAN, and GDP which are
individual dependent variables in the roles. Symbol Δ describes
the first difference operator (I − L); i � 1, 2, 3, . . . , N; t � 1, 2, 3,
. . . , T; α1j to α4j, c11ik to c43ik, and λ1j to λ4j are the system
parameters to be estimated; ε1it to ε4it are the error terms; ECTit−1
represent the lagged values of the error correction terms from the
system co-integration regressions. Symbols λ1j to λ4j also
represent the speed of adjustment along the long-run
equilibrium path. Short-run causality is usually inferred from
the lagged dynamic variables of the independent variables (c11ik
to c43ik) by using partial χ2Wald test as suggested byWald (1943).
The long-run causality is tested through the lagged co-integrating
vectors ECTt−j ( λ1j to λ4j).

Panel Unit Roots
The first step in a panel cointegration test is to first examine the
stationarity of the series. Several studies have used panel unit root
to test for the stationarity of data series (Zhu et al., 2012; Al-
Mmulali et al., 2013). The unit root examines the order of
integration in the panel series. This study adopts four different
first generation panel unit root tests, namely Levin et al. (2002)
and Im et al. (2003), ADF-Fisher, and PP-Fisher. While LLC and
IPS assume homogeneous unit root, ADF and PP-Fisher assume
heterogeneous unit root (Baltagi, 2013). The IPS is advantageous
because it caters for individual observation (i.e. country)
heterogeneity (Mahembe and Odhiambo, 2019), however, we
conduct three other tests as robustness unit root tests. The goal is
to focus on unit root processes as a cointegrated process. We
expect to see a stationary series at its first difference, d � 1 i.e. I(1)
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process to enable us to perform the Pedroni cointegration test.
For example, the principle of ADF-fisher is presented as follows:

Δyi,t � ρiyi, t−1 + ∑Pi
L�1

θiLΔyi, t−L + ∝ midmt + εi, t ,m � 1, 2, 3 (4)

where dmt is the vector of the deterministic variables; ρi is the
lag-order and it is allowed to vary across observations which
are determined by selecting a ρmax and thereafter using a
t-stat of θiL; εi, t is assumed not to correlate with the regressors
and is permitted to be independently distributed across
observations (i � 1, 2, 3, . . . , N) and time-series (t � 1,
2,3, . . . T). The results of the unit-roots are expected that the
series must be stationary at their first difference [i.e. d � I(1)],
which will inform the panel causality test and meet the
requirement of the panel VECM Granger causality tests.
The null hypothesis is written as: H0 : αi � 0, for all the
observations, i. The assumption is that if πi describes the
p-value form, any unit test estimated for cross-section will
be I.

−2∑N
i�1

log(πi)→ x22N

Choi (2001) shows that:

Z � 1				
Ni�1

√ ∑N
i�1

Φ−1(πi)→N(0, 1)

where Φ−1 describes the inverse of the standard normal
cumulative distribution function.

Panel Cross-Sectional Dependency (CSD)
Tests and Determination of Optimal Lags
One of the estimation procedures in panel granger causality tests
is to test for cross-sectional dependency. A shock in an
observation (i.e. a country) may affect other observations in a
sample due to the level of interconnectedness through culture and
increased globalization (Muye and Muye, 2017; Mahembe and
Odhiambo, 2019). There is considerable evidence that a shock to
a country would affect other countries in Asia. For instance, the
Asian currency crises of 1997–1998 (Ito and Hashimoto, 2005;
Azad, 2009; Chang et al., 2009), the transnational transmission of
the global financial crisis (Liu and Arunkumar, 2019), and the
ASEAN-Indochina and Rohingya crises (MacLean, 2019;
Weatherbee, 2019).

Although the Breusch-Pagan (1980) test for the panel
cross-sectional dependency is valid for a panel with small
N and large T (Pesaran, 2004), this study uses four different
tests to confirm the consistency of CSD results; Breusch-Pagan
LM, Pesaran scaled LM, Bias- corrected scaled LM, and
Pesaran CD. The null hypothesis of CSD is that CSD does
not exist in residuals and the test statistics are standard normal
i.e. asymptotically distributed (Tekin, 2012). Optimal lag
length is important in panel granger causality estimations

(Tekin, 2012). This study uses the Schwarz information
criterion (SIC) (Schwarz, 1978) method of lag length
selection. This is because SIC performs better than other
lag length selection methods in the VECM framework
(Wang and Liu, 2006). The SIC method is better than the
Akaike information criterion (AIC) (Akaike, 1974) because
the latter gives higher lag lengths.

Panel Cointegration
The significance of the panel cointegration can be seen in its
use when examining the long-run and short-run causality
among variables in economics and finance studies due to its
estimation power. A lack of cointegration would suggest that a
panel VAR should be estimated for casualty since it indicates
that a long-run relation does not exist (Granger, 1988). Several
panel cointegration tests are used to test for long-run
relationships such as Kao (1999) test and Pedroni (1999),
Pedroni (2004) panel cointegration tests. The Kao test
assumes a common-integrating vector while the Pedroni
test caters for heterogeneity because it combines the
residual-based Lagrange multiplier (LM) tests, ADF, and PP
principles (Mahembe and Odhiambo, 2019). Thus, this study
utilizes the Pedroni cointegration test. This study uses the
Pedroni cointegration test to examine the bi-directional long-
run relationship between energy consumption, urbanization,
carbon emission, and economic growth. Meanwhile, if the bi-
directional relationship between the four variables is
cointegrated, then the Granger causality test using the
vector error correction model (VECM) would be performed.
The goal of the granger causality-VECM is to investigate the
bi-directional causal relationships (both short and long run)
between energy consumption, urbanization, carbon emission,
and economic growth. One of the benefits of the Pedroni
cointegration is that it allows for heterogeneous intercepts
and trend coefficients across sections. For robustness, the
study also performs the Kao cointegration test. The
regression pattern of Pedroni cointegration is presented as
follows:

yit � αi + δit + c1ix1i,t + c2ix2i,t + c3ix3i,t + c4ix4i,t + . . .

+ cNixNi,t + ei,t

where y is the dependent variable, x is the independent variable,
and xN is the number of explanatory variables in the regression
model. The intercept or constant across each observation or
cross-section of the model is αi while c1i . . . cNi are the
coefficients or slopes of the regression model. The residual
term is represented as ei,t in the model. The rule of thumb is
that the null hypothesis of no cointegration for the residual term
is that it is ei,t � I(1) while the alternative hypothesis of
cointegration is that ei,t � I(0). The equation below presents
the regression of each observation to establish whether the
residuals are I(1).

eit � ρieit−1 + μit
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The two alternative hypotheses of Pedroni cointegration are:

H1a (Homogenous alternative cointegration)
� panel statistics or within − dimension test

H1b (Heterogenous alternative cointegration)
� group statistics or between − dimension test

Panel Causality and Panel Dynamic
Estimation Tests
This study conducts a panel data causality after establishing a panel
cointegration. Evidence has shown that the panel cointegration is a
preconditioning test for dynamic panel causality test (Engle and
Granger, 1987; Granger, 1988; Stock and Watson, 1993). The
presence of panel cointegration infers the estimation of a panel
VECM granger causality, otherwise, no cointegration will lead to
the estimation of a panel VAR causality. While a panel VECM
Granger causality test will estimate both the long-run and short-
run coefficients, a panel VAR causality test estimates only the
short-run coefficients. This is because the panel VAR equation
does not include the error correction component that addresses the
long-run causality. A panel VECM can be estimated using the
Granger causality test. The long run, short run, and error
correction terms for the panel and individual countries can also
be inferred from the pooled mean group estimation.

This study estimates the first-generation panel dynamic Fully
modified OLS (FMOLS) and dynamic OLS (DOLS) should the
models be cointegrated. DOLS models are used to establish either
negative or positive long-run relationships between variables in
the cointegration system. DOLS models required the use of lags
and leads that results in a cointegration equation error term
(Pedroni, 2001). The cointegration equation error term should be
orthogonal to the entire history of the stochastics regressor
innovations (Al-Mulali et al., 2013). By adding the lags and
leads of the different regressors, it will eliminate the long run
correlations between the residuals. The limitation of the DOLS is
that it does not produce efficient estimates like the Fully Modified
Ordinary Least Square (FMOLS) (Phillips and Hansen, 1990).
Phillips and Hansen (1990) initiated the FMOLS to deal with the
problems of asymptotic bias and nuisance parameter dependency
associated with cointegrating vector estimates in the conventional

single equation case but it is not robust to endogeneity bias and
serial correlation in dynamic panels. Pedroni (2001) developed
the heterogeneous FMOLS estimator to adjust for endogeneity
bias and serial correlation. FMOLS is appropriate and suitable for
panel heterogeneous cointegration.

Empirical Results
Table 1 shows the descriptive statistics of the variables under
review. It is to ascertain the basic measure of central tendency
and dispersion of the variables for the period 2000–2014. As
shown in Table 1, the minimum value of carbon dioxide is
19,546 kt, with a maximum value of 29,934 kt over the period
2000–2014. Real gross domestic product has a minimum value
of $19,866 and a maximum value of $29,980. The variables are
positively skewed. Energy consumption and GDP are not
normally distributed as the null hypothesis of normality is
rejected. Carbon emissions and urbanization are normally
distributed, supporting the summary statistic reported on
carbon dioxide by Bekun et al. (2019). The total sample size
for the panel is 630 observations.

Table 2 shows the correlation matrix analysis to examine the
association between carbon emissions, urbanization, energy
consumption and economic growth. Carbon emission has a
positive association with economic growth, as expected.
Urbanization also has positive association with economic
growth. However, the correlation coefficient for CO2EMS-
GDP is higher than the correlation coefficient for Urban-GDP.
This supports the EKC hypothesis that at the first phase of the
theory, countries benefit from increased real income through
environmental degradation. Energy consumption has negative
association on economic growth. The results also show that for
every kt of carbon dioxide emitted, urbanization contributes to
about 79.5% while energy consumption contributes about 5.5%.
Since correlation matrix analysis cannot explain long-run
relationships between the variables, Table 3 presents the panel
unit root tests as the first step to cointegration analysis.

Table 3 shows the results of the first-generation panel unit
root tests. The series is required to be stationary at their first
difference in the phases of panel Granger causality estimation.
The absence of non-stationarity in the series may infer a spurious
regression as suggested by Gujarati and Porter (2009) and Baltagi
(2013). Four different panel unit root tests were tested, and results
presented with the null hypothesis that there is no stationarity in
the variable (i.e. the variable contains a unit root). Table 3
includes t-statistics at intercept and intercept and trend. This
study considers the presence of stationarity at the 1% level of
significance.

TABLE 1 | Descriptive statistics for 42 Asian countries.

LNCO2EMS LNURBAN LNENERGYCON LNGDP

Mean 24.451 16.581 1.779 24.618
Median 24.707 16.644 1.706 24.582
Maximum 29.934 21.034 3.554 29.980
Minimum 19.546 12.540 0.135 19.866
Std. Dev. 2.191 1.925 0.517 2.113
Skewness 0.012 0.123 0.549 0.159
Kurtosis 2.544 2.768 4.132 2.448
Jarque Bera 5.434 2.997 65.310 10.670
Probability 0.066 0.224 0.000 0.005
Observation 630 630 630 630

Source: Authors’ computation.

TABLE 2 | Correlation matrix analysis.

1 2 3 4

1. Carbon emissions (CO2EMS) 1.000
2. Urbanization (Urban) 0.795 1.000
3. Energy consumption (ENERGYCON) 0.055 −0.004 1.000
4. Economic growth (GDP) 0.794 0.560 −0.046 1.000

Source: Authors’ computation.

Frontiers in Energy Research | www.frontiersin.org February 2021 | Volume 8 | Article 6105775

Adeneye et al. Environmental Degradation and Economic Growth

https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles#articles


Estimating the first-generation panel unit root tests, the results
demonstrate that CO2EMS is not significant at intercept for LLC,
IPS, ADF, and PP at levels. At levels, ENERGYCON also depicts
significance for all the four panel unit roots except IPS. URBAN is
not significant at levels for LLC, IPS, and PP both at intercept and
with intercept and trend. GDP is also insignificant at the level but
significant at the 1% level and consistent at its first difference.
However, at the first differences of the variables, there is
considerable acceptance for the series being stationary at their
first differences across the four panel unit-roots. As compared to
their levels using IPS where all the variables are insignificantly
mixed both at intercept and with intercept and trend, the results
reveal that the variables are all significant at their first difference.
IPS unit root test seems to have better results than other panel

unit root tests. This is because IPS caters to individual observation
(i.e. country) heterogeneity (Im et al., 2003). Thus, the results
depict that the four panel variables are stationary at their first
difference i.e. I(1).

The Pedroni (2004) cointegration test was adopted, with the
null hypothesis that there is no cointegration. The results of the
panel cointegration test are shown in Table 4. This is to confirm
whether a long-run equilibrium relationship exists between the
variables. In each cointegrating regression, one variable is the
dependent variable while the other variables are the independent
and vice versa.

The results for the first generation Pedroni cointegration test
show that six out of the eleven Pedroni statistics reject the null
hypothesis of a no cointegration for the four models (CO2EMS,

TABLE 3 | Panel unit root test results.

Level [I(0)] First Difference [I(1)]

Intercept Intercept and
trend

Intercept Intercept and
trend

Levin, Lin & Chu CO2EMS 2.613 −3.727*** −16.896*** −16.7095***
ENERGYCON −5.554*** −2.755*** −16.104*** −17.153***
URBAN 0.564 1.582 1.018 −57.381***
GDP 11.699 −6.361*** −13.405*** −16.909***

Im, Pesaran and Shin CO2EMS 7.418 −1.788 −14.970*** −11.731***
ENERGYCON −1.018 −1.125 −13.537*** −11.520***
URBAN 9.408 1.408 −0.613 −32.892***
GDP 15.307 −1.622 −9.375*** −6.746***

ADF-Fisher CO2EMS 29.993 122.565*** 358.698*** 281.918***
ENERGYCON 129.191*** 111.57 335.881*** 275.71***
URBAN 160.668*** 135.105*** 141.194*** 433.431***
GDP 7.591 108.999† 248.417*** 203.427***

PP-Fisher CO2EMS 29.669 136.668*** 439.589*** 388.868***
ENERGYCON 172.32*** 133.533*** 417.793*** 381.166***
URBAN 111.916 73.055 79.097 73.3054†

GDP 4.543 189.895*** 315.618*** 309.487***

***denotes significance at the 1% level of significance.
†denotes significance at the 5% level of significance. CO2EMS � carbon emissions, ENERGYCON � energy consumption, URBAN � urbanization, GDP � gross domestic product.

TABLE 4 | Pedroni cointegration test results.

Statistic Dependent variable

CO2EMS model ENERGYCON model URBAN model GDP model

Alternative hypothesis: common AR coeffs (within-dimension)
Panel v-Statistic −1.509 −0.323 2.467a 0.836
Panel rho-Statistic 1.826 1.106 2.492 1.771
Panel PP-Statistic −5.669a −5.578a 0.189 −2.914a
Panel ADF-Statistic −6.234a −7.306a −0.386 −3.639a
Panel v-Statistic (weighted statistic) −2.989 −2.645 1.984** 0.504
Panel rho-Statistic (weighted statistic) 1.060 1.467 2.477 1.365
Panel PP-Statistic (weighted statistic) −9.192a −6.913a −1.481* −4.770a
Panel ADF-Statistic (weighted statistic) −9.290a −8.672a −2.024** −5.854a

Alternative hypothesis: individual AR coeffs (between-dimension)
Group rho-Statistic 4.212 4.307 5.221 4.182
Group PP-Statistic −11.744a −10.605a −2.733a −6.899a
Group ADF-Statistic −9.642a −10.023a −3.574a −7.231a

Alternative Cointegration tests
Kao (1999) Residual −4.6358a −3.6819a −2.0944** −6.1455a

adenotes significant at the 1% level of significance. CO2EMS � carbon emissions, URBAN � urbanization, and ENERGYCON � energy consumption, GDP � gross domestic product.
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ENERGYCON, URBAN, and GDP). The results for the Pedroni
cointegration test were also robust to the Kao (1999)
cointegration test. Therefore, there is evidence of a long-run
equilibrium between the four variables.

Table 5 shows the results for dynamic OLS (DOLS) test. The
significance of the relationships between urbanization, energy
consumption, carbon emission, and economic growth varies
across countries based on different reasons. This may be due to
the level of development in the countries, the level of investments
in renewable and non-renewable energies. It can be based on the
country’s law on urbanization, population, and energy
consumption bills. There is a long-run relationship between
energy consumption, urbanization, and carbon emissions.
There is considerable evidence of a positive long-run

relationship between energy consumption and carbon
emissions in Afghanistan, Kuwait, Myanmar, Mongolia,
Thailand, Tajikistan, and the Yemen Republic. This may be
due to the long-term geopolitical risk, war, and other incessant
regional crises in these countries. Evidence has it that incessant
war contributes to carbon emission (Oreskes and Conway, 2008;
Gingrich et al., 2011; Zou et al., 2016). However, energy
consumption shows a negative long-run relationship with
urbanization in countries like China, India, Bangladesh,
Bahrain, Georgia, Indonesia, Saudi Arabia, Singapore, and
Turkey. For example, In Singapore, the investment in
renewable solar energy and other distributed renewable sources
has reduced greenhouse gas emissions considerably, resulting in a
growing urban-tourist destination (Kannan et al., 2007;

TABLE 5 | Estimation of Long-run elasticity [Panel Ordinary Least Square (DOLS)].

LNCO2EM LNENERGYCON LNURBAN

LNENERGYCON LNURBAN LNGDP LNCO2EMS LNURBAN LNGDP LNENERGYCON LNCO2EMS LNGDP

Panel 0.782*** 0.981** −0.129*** 0.484*** 7.315*** 0.278*** 0.087*** 0.062*** 0.013**
Afghanistan 1.284* 4.569*** −0.279 1.473*** −7.493** −0.590* −0.386*** 0.232*** 0.043*
UAE 3.599** 0.416** 0.153* 1.470*** −1.166*** 0.223*** 0.089*** 1.440*** 0.079***
Armenia −0.694 22.192** 0.800*** 0.435*** 9.855*** 0.123*** −0.001 −0.024 −0.020
Azerbaijan 0.040 2.467** 0.046 0.423** 5.123*** −0.778*** −0.102*** 0.361*** −0.024***
Bangladesh 0.642* 8.637*** −0.121 1.731*** −10.709*** −0.216*** −0.425*** 0.073 0.027
Bahrain 1.511*** 2.197 −0.335* 0.447* −1.148* 0.243* −0.223 0.306*** 0.304***
Brunei Darussalam 0.735* −4.708** 0.757*** −0.093 1.741 −0.203* −0.183** 0.154*** 0.079***
Bhutan −11.269*** −5.084*** 15.736*** −0.022* 0.795** −0.426*** 0.438 0.002 0.263
China 1.522*** 1.661*** 0.595*** 0.859*** −6.000*** −0.319*** −0.076*** 0.063*** −0.013***
Georgia 3.304*** 70.173*** 3.065*** −0.517*** 1.423 0.163 −0.027* −0.067** −0.004
Indonesia 0.632 10.634*** −0.440*** 0.327 2.327 −0.522** −0.070** −0.069*** 0.099***
India 1.659*** 7.042*** −0.011 0.568*** −4.812*** 0.070*** 0.014** 0.213*** 0.008***
Iran, Islamic Rep. 0.520*** 2.109*** 0.196*** −1.664 9.514* −0.214*** −0.247*** 0.496*** −0.057***
Iraq 6.573*** 8.787*** 0.488*** 1.275*** −3.126*** 0.135*** −0.495*** 0.388*** 0.020**
Israel 1.464*** 6.576*** −0.924*** 0.155* −4.654*** 0.808*** −0.544*** 0.287** 0.062**
Japan 1.112*** −1.706** −0.611*** 1.414** 3.315 0.053 −0.002 0.019* 0.008**
Kazakhstan 0.321 −0.550 0.263*** 0.487 −2.369** −0.001 −0.597*** 0.187** −0.010
Kyrgyz Republic 0.874** −6.532*** 0.790*** 0.421 12.589** −0.999 −0.013 0.210** −0.002
Cambodia 0.774*** −3.704*** 1.376*** 1.950*** 0.894 −1.794*** 0.439*** −0.657*** 0.762***
Kuwait 0.314*** 0.509*** 0.158*** 1.282 −0.178 −0.334** 0.770*** 0.369*** 0.177**
Lao PDR 10.687*** 90.183*** −4.099*** −0.049 −9.861*** 0.542*** 0.127*** −0.025*** 0.149***
Lebanon 1.155*** −5.680*** 2.830*** 0.039 4.366*** −1.928*** 2.436 −2.963 1.996*
Maldives 0.407* 0.433 0.489** −0.745*** 6.070*** −0.761*** 0.658*** 0.616*** −0.144***
Myanmar 12.352*** 12.069*** −1.385*** −3.997*** 19.237*** −0.327*** −0.066*** 0.040*** −0.001
Mongolia 12.328*** 9.552*** −1.191*** 0.860** 7.610 0.199 −0.188*** 0.028*** 0.049***
Malaysia 7.677*** −5.696*** 0.527*** −1.033** 4.975*** −0.096*** −0.119*** 0.297*** 0.034***
Nepal −0.102 5.675** 0.639 0.250** −0.943 0.114 −0.375** −0.068*** 0.052**
Pakistan 6.745*** 7.816*** 0.189*** 0.363*** −1.197*** −0.145*** −1.194*** 0.067** 0.018*
Philippines 4.971 13.656 −0.499* 0.102 −2.531*** 0.129** −0.183*** 0.129*** 0.072***
Papua New Guinea 1.251*** 2.707*** 0.094*** 0.703*** −2.235*** −0.047*** −0.180*** 0.179*** 0.040***
Qatar −0.116 0.707*** −0.185** 0.282** −0.112** −0.128*** −0.807*** 1.552*** −0.088**
Russian Federation 0.251 8.897** 0.229*** 0.679*** 1.057 −0.179*** 0.065** 0.100** −0.003
Saudi Arabia 2.644* 1.166 0.037 −2.832*** 4.535*** 0.033 −0.028 0.829*** −0.097**
Singapore 5.918*** −61.719*** 17.023*** 0.510** 13.197*** −3.633*** −0.117** 0.090*** 0.147***
Syrian Arab Republic −3.378*** 0.780 −0.033*** −1.026** 0.862* −0.029** −0.466 0.588*** −0.001
Thailand 1.758*** 7.309** −0.142** 0.720*** −8.013*** 0.137** −0.210*** 0.174*** 0.004*
Tajikistan 2.609** −0.391 0.417* 0.405*** 0.714 −0.010 −0.266** 0.071* 0.002
Turkmenistan 1.609*** −3.325*** 0.271*** −0.052 5.424*** −0.130*** −0.112*** 0.288*** −0.014*
Turkey 0.169 1.210* 0.248** −1.756*** 9.662*** −0.375*** 0.251*** 0.238*** 0.030***
Uzbekistan −0.056 −2.090*** 0.099* −1.706** 0.169 −0.600*** −1.012 −0.505 −0.392
Vietnam 4.233*** −0.283 0.984*** 0.690*** −3.254*** −0.414*** 0.113 0.018 0.074***
Yemen, Rep. 1.905** 0.339 0.313 0.810*** −2.093** −0.013 −0.602*** 0.153*** 0.191***

*, **, and *** are significant at the 10%, 5%, and 1% levels, respectively.
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TABLE 6 | Estimation of Long-run elasticity [Fully Modified Ordinary Least Square (FMOLS)].

LNCO2EMS LNENERGYCON LNURBAN LNGDP

LNENERGYCON LNURBAN LNGDP LNCO2EMS LNURBAN LNGDP LNENERGYCON LNCO2EMS LNGDP LNURBAN LNENERGYCON LNCO2EMS

Panel 0.451*** 0.910*** 0.217*** 0.192*** −0.025*** −0.183*** −0.055*** 0.176*** 0.043*** 1.140*** −1.836*** 0.902***
Afghanistan 1.745*** 3.294*** −0.107*** 0.547*** −1.698*** 0.065*** −0.456*** 0.275*** 0.026*** 17.957*** 12.324*** −6.410***
UAE −0.185*** 0.562*** 0.038*** −0.083*** 0.777*** −0.471*** 0.784*** −0.045 0.768*** 1.318*** −0.894*** 0.031***
Armenia 0.595*** 6.862*** 0.633*** 0.805*** −5.032*** −0.607*** −0.022 0.060*** −0.054*** −12.749*** −0.903*** 1.358***
Azerbaijan 0.508*** −1.056*** 0.361*** 0.659*** 2.363*** −0.653*** 0.110*** −0.062*** 0.110*** 5.072*** −1.361*** 0.978***
Bangladesh 1.333*** 3.122*** 0.461*** 0.497*** −1.610*** −0.258*** −0.382*** 0.274*** −0.107*** −4.990*** −2.932*** 1.814***
Bahrain 0.242*** 0.184*** 0.476*** 0.029*** −0.440*** 0.140*** −0.470*** −0.006 0.479*** 1.793*** 0.605*** 0.190***
Brunei Darussalam 0.924*** 2.283** 0.070 0.363*** −2.454*** 0.415*** −0.146** 0.083** 0.129*** 5.263*** 0.740*** 0.016
Bhutan 7.368*** 13.038*** 2.149*** 0.017*** −1.389*** −0.270*** −0.476*** 0.009** −0.090*** −2.827*** −3.073*** 0.056***
China 1.270*** 10.899*** 0.336*** 0.732*** −7.613*** −0.267*** −0.091*** 0.075*** −0.019*** −18.583*** −3.140*** 2.277***
Georgia 1.136*** −2.375 0.577*** 0.500*** 1.493 −0.360*** −0.016 −0.011 −0.042* −6.049 −1.731*** 0.922***
Indonesia −0.834*** −3.791*** 0.558*** −0.067*** −2.020*** 0.020*** −0.209*** −0.039** 0.064*** 8.880*** 0.264*** 0.609***
India 1.893*** 5.851*** 0.175** 0.222*** −1.786*** −0.095*** −0.276*** 0.107*** 0.013*** 3.460 −1.769** 0.401
Iran, Islamic Rep. 0.238*** 2.015*** 0.118*** 1.387*** −1.638*** −0.234*** −0.053 0.394*** −0.032** −8.714*** −2.049*** 6.031***
Iraq 0.795*** 2.116*** −0.062*** 0.357*** −0.793*** 0.090*** −0.274** 0.363*** 0.010 2.797*** 4.632*** −1.440***
Israel 0.850*** 0.212*** 0.319*** 0.846*** −0.395*** −0.286*** −0.257 0.141 0.144* 1.305*** −1.525*** 1.696***
Japan −0.098 1.961 −0.188 −0.303 −5.036 −0.316*** 0.005 −0.010 0.005 9.811 −0.637*** −0.631
Kazakhstan 0.069*** −1.228*** 0.371*** 0.133** −1.135*** −0.004 −0.113*** −0.263*** 0.132*** 4.185*** −0.001 2.516***
Kyrgyz Republic 0.915*** 1.011 0.364*** 0.796*** −0.493 −0.318*** −0.009 0.062 0.060** 3.361* −1.531*** 1.525***
Cambodia 0.345*** −1.005*** 1.005*** 1.913*** 4.762*** −2.405*** 0.039*** −0.048*** 0.184*** 2.744*** −0.302*** 0.697***
Kuwait 0.487*** 0.194*** 0.307*** 1.340*** −0.047*** −0.487*** −0.188 1.533** −0.222 −0.225*** −1.648*** 2.862***
Lao PDR 3.592*** 15.358*** 0.183*** 0.075*** −2.078*** −0.213*** −0.171*** 0.027*** 0.022*** 2.295*** −1.936*** 0.032***
Lebanon 0.781*** 0.002 0.584*** 1.108*** −0.049** −0.663*** −0.014 −0.075 0.369* 0.319*** −1.187*** 1.483***
Maldives 0.839*** 0.218*** 0.497*** 0.833*** 0.182 −0.492*** 0.098 0.192 0.104 0.700*** −1.466*** 1.510***
Myanmar 1.167*** 14.621*** 0.119*** 0.239*** −7.932*** −0.182*** −0.080*** 0.029*** −0.001 1.369 −1.958*** 0.199**
Mongolia 0.816 6.575*** 0.112 0.037 −1.864*** 0.029 −0.145*** 0.024*** 0.047*** 13.212*** 0.497 0.103
Malaysia 0.664*** 2.161*** 0.112*** 0.498*** −0.864** −0.140** −0.097*** 0.200*** 0.078*** 4.317*** −0.764*** 0.440***
Nepal 0.009 −11.646*** 1.640*** −0.002 0.021 −0.157*** 0.018 −0.067*** 0.131*** 5.565*** −1.496*** 0.435***
Pakistan 2.928*** 1.478*** 0.504*** 0.115*** −0.570*** −0.068*** −1.026*** 0.110*** 0.037*** 0.886*** −2.710*** 0.828***
Philippines 1.947*** 4.298*** 0.220*** 0.399*** −2.260*** −0.077*** −0.384*** 0.150*** −0.007 −1.376*** −2.477*** 1.388***
Papua New Guinea 0.914*** 4.628*** −0.207*** 0.856*** −4.134*** 0.172*** −0.150*** 0.159*** 0.065*** 11.687*** 1.208*** −1.363***
Qatar 0.487*** 0.484*** 0.154*** 0.681*** −0.482*** −0.108*** −0.362*** 0.564*** 0.314*** 1.194*** −0.360*** 0.716***
Russian Federation 0.764*** −2.168*** 0.179*** 0.843*** 4.229*** −0.193*** 0.149*** −0.093*** 0.023*** 11.692*** −4.549*** 4.558***
Saudi Arabia 0.490*** 1.242*** 0.119*** 0.281*** 0.470*** −0.226*** 0.101*** 0.234*** 0.140*** 3.395*** −1.302*** 0.394***
Singapore −0.493** 9.875*** −2.319*** −0.078 0.174 −0.441** 0.010* 0.055*** 0.228*** 4.117*** −0.175* −0.219***
Syrian Arab Republic 0.933*** 1.702*** −0.030*** 0.521*** −0.553*** −0.025*** −0.178 0.282*** 0.033*** 13.752*** −2.652*** −1.744***
Thailand 0.612*** 8.310*** −0.152*** 0.341*** 0.302 −0.104** −0.014* 0.081*** 0.030*** 25.652*** −0.715** −1.344***
Tajikistan 2.282*** 7.381*** 0.208*** 0.296*** −2.637*** −0.128*** −0.230*** 0.086*** 0.010 −2.786 −3.212** 0.723
Turkmenistan 0.534*** 3.491*** 0.110*** 1.251*** −6.282*** −0.088*** −0.128*** 0.163*** 0.001 −2.501 −1.305 3.759***
Turkey 0.155*** 1.560*** 0.186*** 0.386*** −1.509*** −0.032*** −0.125** 0.296*** −0.003 −0.608*** −0.199*** 2.866***
Uzbekistan 0.517*** 2.187*** −0.028*** 1.032*** −4.054*** −0.038*** −0.192*** 0.201*** 0.014*** 6.174*** −0.625*** −0.738***
Vietnam 1.931*** 5.694*** 0.172*** 0.247*** −1.478*** −0.044*** −0.071*** 0.035*** 0.049*** 12.253*** −0.518*** 0.261***
Yemen, Rep. 1.280*** −0.893*** 0.378*** 0.560*** 0.443*** −0.177*** 0.119* −0.112** 0.263*** 3.779*** −0.513*** 0.478***

*, **, and *** are significant at the 10%, 5%, and 1% levels, respectively.
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Balamurugan et al., 2012; Ali et al., 2017). On the other hand, the
majority of the Asian countries show a significant long-run
relationship between urbanization and carbon emissions. For
the results of the dependent variable, URBAN, carbon
emissions show a significant positive long-run impact on
urbanization across the majority of the Asian countries.

At the 1% level of significance, the positive long-run impact of
urbanization on carbon emissions is severe in some of the
populous Asian countries including India, Indonesia, Pakistan,
and Bangladesh with coefficients of 7.042, 10.634, 7.816, and
8.637, respectively. Concerning the positive long-run impact of
carbon emissions on urbanization, the effect is highest in Qatar,
UAE, Saudi Arabia, and the Maldives with coefficients of 1.552,
1.440, 0.829, and 0.616, respectively at the 1% level of significance.
Although the DOLS estimator has been used in past studies,
however, due to its weakness when compared with FMOLS
estimator, the study also estimates the FMOLS and the results
are presented in Table 6.

Table 6 presents the results of the long-run relationships
between carbon emission, energy consumption, urbanization,
and economic growth, with each as a dependent variable
based on individual countries and panel FMOLS tests. As
shown in Table 6, the study finds positive long-run effects of
energy consumption, urbanization, and GDP on carbon
emissions for the 42 Asian countries- group (panel). Results
also reveal that energy consumption reduces urbanization and
GDP in the long run. Meanwhile, GDP and energy consumption
have negative bi-directional long-run relationships. This may
be due to carbon taxation and appropriate energy pricing. The
negative effect of energy consumption in reducing urbanization
may also be due to a feedback loop for urban development, and
countries may not benefit from increased productivity, which is in
support of Munir et al. (2020). It is an indication that more and
better policies to improve environmental quality in such a way
that countries can benefit from increasing urbanization without
affecting is the amount of urban carbon emission is needed. The
panel FMOLS test revealed that there is long-run elasticity of
Urbanization to carbon emissions and from carbon emissions to
Urbanization but the coefficient for Urbanization to carbon
emissions is stronger than the coefficient for carbon emissions
to Urbanization. The results of the FMOLS are more consistent
compared with DOLS. The panel FMOLS results indicate that a
1% increase in urbanization results in a 0.025% decrease in energy
consumption, suggesting that the alternative energy use,
adoptions of solar panels in cities, transport planning, and
compact urban form are yielding better results in rapidly
urbanizing Asia.

The results show that energy consumption, urbanization, and
GDP contribute positively to carbon emissions in the long run to
highly populated countries in Asia including China, Bangladesh,
India, Iran, Pakistan, The Philippines, and Turkey. However,
Indonesia’s economic growth (GDP) will benefit positively from
the combined effect of urbanization, energy consumption, and
carbon emissions. This may be due to Indonesia’s green bond and
green Sukuk initiative (a shariah-compliant bond) where 100% of
the proceeds exclusive go to finance or refinance green projects
that contribute to mitigating and adapting climate change as well
as preserving biodiversity. In Singapore, while urbanization has a
positive long-run relationship with carbon emissions at a 9.87%
change, it, however, increases GDP at the 4.117% change,
suggesting that the country should pursue and maintain a
balance in urban-carbon emission ratio policy that will reduce
carbon emissions and at the same time increase GDP. The results
for the Panel showed that a percentage increase in economic
growth (GDP) increases carbon emissions and urbanization by
0.217% and 0.043%, respectively, but it reduces energy
consumption by 0.183%. Asian countries’ economic growth
benefits more from carbon emissions than GDP contributes to
the amount of carbon emissions. Eight out of the 42 Asian
countries (Armenia, Bangladesh, Bhutan, China, Iran, Kuwait,
The Philippines, and Turkey) experience long-run negative
effects of urbanization and energy consumption on economic
growth while carbon emissions contribute to economic growth.

After estimating the DOLS and FMOLS, we proceed to
estimate the panel cross-sectional dependence (CD) to
ascertain whether there is cross-sectional dependence among
the sampled countries and the need to adjust for regional
interconnectedness. Table 7 presents the results for CD test.

Using four differentmethods to test for cross-sectional dependence,
the results show that there is evidence of correlations in the variables at
the statistics are all significant at the 1% level of significance. The results
are expected since we expected that increasing Urban growth causes an
increase in carbon emissions and Urban also increases energy
consumption, and at the same time increasing energy consumption
contributes to an increase in carbon emissions, and in turn impacts
economic growth. Our panel CD results are in support of Munir et al.
(2020) that also find the presence of cross-sectional dependence among
ASEANcountries, which are among theAsian panel used in this paper.
The increasing development in infrastructure and high level of tourists
in Asia countries may also facilitate the relationships between the
variables. The presence of integration and stationarity leads to the
estimation of the second-generation panel cointegration test. First, we
need to estimate a second-generation panel unit root using the
Pesaran’s CIPS panel unit root test. Second, estimate the

TABLE 7 | Panel cross-sectional dependence test.

Variables Test Statistic Probability

CO2EMS/ENERGYCON/URBAN/GDP Breusch–Pagan LM 2,563.903*** 0.000
Pesaran scaled LM 40.0246*** 0.000
Bias-corrected scaled LM 38.5246*** 0.000
Pesaran CD 3.5747*** 0.000

***denotes significance at the 1% level of significance. CO2EMS � carbon emissions, ENERGYCON � energy consumption, URBAN � urbanization, GDP � gross domestic product.
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cointegration test using Westerlund (2007) cointegration approach.
The results for the Pesaran’s CIPS panel unit root test are shown in
Table 8.

Table 8 shows the Pesaran’s panel unit root using the CIPS
test. The results show that the null hypothesis of a unit root is not
rejected at the 1% level of significance, suggesting that the
variables/series are integrated at their first difference, i.e. I(1).
Thus, it requires the computation of the Westerlund (2007) as
shown in Table 9 below.

The study used the bootstrapped approach of Westerlund
(2007) to allow for cross-sectional dependence and report
bootstrapped p-values. As shown in Table 9, the Westerlund

(2007) cointegration test revealed mixed findings, a few results fail
to reject the null hypothesis of no cointegration between carbon
emissions and energy consumption due to insignificant statistics.
Only the statistic of Pa is significant for the cointegration between
carbon emissions and GDP. Both the statistics of Gt and Pt are
significant for the cointegration between carbon emissions and
urbanization and between energy consumption and urbanization.

TABLE 8 | Pesaran’s panel unit root Pesaran (2007) test.

Variable CIPS (No trend) CIPS (with trend) Determination

CO2EMS −0.994 −2.073 I(1)
URBAN 1.413 −2.176 I(1)
ENERGYCON −0.550 −2.631 I(1)
GDP −1.546 −2.779 I(1)

We restricted the lags and leads to 1 due to our 15 years or 15 observations. Stata
command ‘xtwest’ requires at least 21 observations for 3 lags and 3 leads. Notes: H0:
homogeneous non-stationary; lag criterion decision: general to particular based on F joint
test; critical values, CIPS with constant: 10% (–2.03), 5% (–2.11), 1% (–2.25); critical
values CIPS with constant and trend: 10% (–2.54), 5% (2.62), 1% (–2.76).
*indicates significance at the 1% level.

TABLE 9 | Westerlund error-correction-based panel cointegration test results.

Stat. Z-value p-value Robust p-value

CO2EMS vs. GDP
Gt −2.019 −1.742 0.041 0.193
Ga −5.648 1.778 0.962 0.260
Pt −10.269 −0.893 0.186 0.200
Pa −5.330 −1.605 0.054 0.058

CO2EMS vs. Urban
Gt −3.011 −8.900 0.000 0.000
Ga −2.522 5.500 1.000 0.948
Pt −12.465 −3.101 0.001 0.000
Pa −4.273 −0.062 0.475 0.285

CO2EMS vs. Energycon
Gt 1.518 1.876 0.970 0.675
Ga −2.185 5.901 1.000 0.995
Pt −7.617 1.775 0.962 0.493
Pa −2.097 3.114 0.999 0.768

Urban vs. GDP
Gt −2.795 −7.340 0.000 0.000
Ga −7.348 −0.245 0.403 0.037
Pt −21.774 −12.464 0.000 0.000
Pa −8.209 −5.808 0.000 0.018

Energycon vs. GDP
Gt −2.192 −2.991 0.001 0.100
Ga −5.784 1.617 0.947 0.128
Pt −11.128 −1.757 0.039 0.085
Pa −5.766 −2.242 0.013 0.018

Energycon vs. Urban
Gt −3.109 −9.604 0.000 0.000
Ga −1.993 6.131 1.000 0.935
Pt −8.724 0.662 0.746 0.030
Pa −1.822 3.516 1.000 0.875

TABLE 10 | Results of CCEMG estimation.

1. Panel estimation

CCEMG

Urban Energy GDP

Estimated Beta 0.114 0.602 0.184
Diagnostic measures
RMSE 0.047
CD 0.540

2. Individual countries estimation

CCE CCE CCE

Afghanistan −0.195 0.910 −0.757
UAE −0.555 −0.167 −0.708
Armenia −2.880 1.406 0.721
Azerbaijan −8.036 −0.123 0.660
Bangladesh −1.528 1.314 −0.171
Bahrain −1.811 −0.430 0.212
Brunei Darussalam −1.814 0.306 −0.360
Bhutan −24.148 2.911 1.709
China 15.509 0.899 −0.099
Georgia −27.062 2.020 0.046
Indonesia 620.94 −1.520 0.289
India −3.843 1.152 −0.116
Iran, Islamic Rep. 22.785 0.132 0.057
Iraq −30.007 −0.942 0.038
Israel −6.309 0.881 0.144
Japan −11.613 0.029 0.284
Kazakhstan −2.103 0.153 0.284
Kyrgyz Republic −3.824 0.872 0.671
Cambodia 2.893 0.408 0.563
Kuwait −0.136 0.568 0.259
Lao PDR 71.944 3.815 −0.680
Lebanon −3.108 0.897 0.827
Maldives −0.871 1.138 0.495
Myanmar −111.610 −2.621 0.255
Mongolia 16.155 −0.756 1.098
Malaysia 4.572 0.654 −0.288
Nepal −7.110 1.715 0.140
Pakistan 10.685 0.707 0.401
Philippines −7.663 1.143 −0.142
Papua New Guinea 62.349 1.796 0.126
Qatar 0.346 0.910 0.033
Russian Federation 2.017 0.545 0.256
Saudi Arabia −9.962 0.665 0.533
Singapore 6.400 −0.390 −1.822
Syrian Arab Republic 3.222 −0.339 0.011
Thailand 13.912 0.139 0.166
Tajikistan 55.637 −0.374 1.230
Turkmenistan 8.143 0.708 0.075
Turkey 18.000 0.491 0.079
Uzbekistan −1.325 1.098 0.208
Vietnam −72.642 1.377 −0.157
Yemen, Rep. 13.211 1.021 0.577

*, **, and *** are significant at the 10%, 5%, and 1% levels.
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Meanwhile, the statistics of Gt, Pa, and Pt are significant for the
cointegration between energy consumption and GDP. The null
hypothesis of no cointegration between urbanization and GDP is
rejected as the statistics for Gt, Ga, Pt, and Pa are all significant.
Substantially, there is evidence of cointegration between carbon
emissions, urbanization, energy consumption, and GDP,
suggesting that there is a long-run equilibrium relationship
between the variables when we consider cross-dependence in
the panel except for the long-run equilibrium relationship
between carbon emissions and energy consumption. In
conclusion, the results of the bootstrapped Westerlund (2007)
test provide consistent and strong evidence of cointegration
relationship between the pairs of Urban-GDP and Energycon-
GDP; moderate evidence of cointegration relationship between
the pairs of CO2EMS-Urban and Energycon-Urban, and weak
evidence of cointegration relationship between CO2EMS and
GDP. However, it finds no evidence of a cointegration
relationship between CO2EMS and Energycon.

As stated, this study uses the CCEMG estimator to measure
the relationship between carbon emissions, energy consumption,
urbanization, and GDP in the panel and individual countries.
Table 10 presents the empirical results of the panel estimators
that take into consideration common factors, cross-sectional
dependence, and slope heterogeneity. The carbon emissions-
Urban coefficient is 0.114 and its significant difference from
1.000 indicates a relatively high degree of urbanization
contributing to carbon emissions in the short-run among the
panel countries. This suggests that in the long-run, the problem of
urbanization is addressed, as the panel countries formulate and
implement carbon reduction goals.

Concerning the EKC hypothesis of Grossman and Krueger
(1995), the CCEMG results showed that there is evidence of the

initial stage of the EKC hypothesis i.e. higher GDP does results in
higher carbon emissions in Indonesia, Japan, Kuwait, Pakistan,
Qatar, Saudi Arabia, Thailand, and Turkey. The formulation and
implementation of energy and carbon emission reduction policies
are still on-going in these countries, with slow improvement in
economic development, a cleaner environment, and better life
quality.

Robustness Test Using Pooled Mean
Group-ARDL (PMG-ARDL)
This study further uses the Panel Pooled Mean Group-
Autoregressive Distributive Lag (PMG-ARDL) estimator to
establish the magnitude of cointegration as shown in Table 11.

As shown in Table 11, long-run relationship is inferred from
the ECT coefficient values, confirming the presence of
convergence speeds. The results depict that there is a long-run
relationship between carbon emissions, energy consumption,
urbanization, and economic growth. Our results are in line
with Al-Mulali et al. (2013) who found long run relationships
between carbon emissions, energy consumption, and
urbanization. The long-run coefficient is the same across all
the groups that make up the panel. In the long run,
urbanization, energy consumption, and economic growth
(GDP) granger cause carbon emissions at the 1% level. For the
urbanizationmodel, carbon emissions has significant relationship
with economic growth positively while energy consumption and
urbanization are negatively related in the long run at the 1% level.
The error correction term (ECT) shows that there is cointegration
among the variables across the different models in the panel and
long run relationship. Thus, there is a long-run relationship at the
1% level for the carbon emissions model, energy consumption

TABLE 11 | Panel Pooled Mean Group-Autoregressive Distributed Lag (PMG-ARDL) – Long run relationship

Equilibrium
relationship

Dependent variable ΔCO2EMS ΔURBAN ΔENERGYCON ΔGDP ECT (−1)

ΔCO2EMS − 0.1955*** (0.0271) 0.4777*** (0.0251) 0.2982*** (0.0114) −0.4841*** (0.0671)
ΔURBAN 0.2426*** (0.0498) − −0.3781*** (0.0698) 0.4501*** (0.0238) −0.0151 (0.0104)
ΔENERGYCON 0.1085*** (0.0306) 0.1360*** (0.0378) − −0.0564*** (0.0139) −0.3291*** (0.0637)
ΔGDP 1.2282*** (0.0582) 0.7471*** (0.0919) −1.8768*** (0.0689) − −0.2742*** (0.0395)

***denotes significance at the 1% level of significance. For the short run, the values in brackets are p-values while the values in brackets for the long run are t-values.
†we are less concerned with this since the cointegration test confirms a low indication of a long-run relationship for the energy consumption model.

TABLE 12 | Panel pooled mean group-autoregressive distributed lag (PMG-ARDL)—Short run relationship.

Equilibrium
relationship

Dependent variable ΔCO2EMS ΔURBAN ΔENERGYCON ΔGDP ECT (−1)

ΔCO2EMS − 0.2900 (5.2475) 0.5014*** (0.1298) 0.0609 (0.0646) −0.4841*** (0.0671)
ΔURBAN −0.0045 (0.0068) − −0.3781*** (0.0077) −0.0072 (0.0084) −0.0151 (0.0104)
ΔENERGYCON 0.3233*** (0.0567) −3.4715 (3.0639) − −0.1095** (0.0547) −0.3291*** (0.0637)
ΔGDP 0.2132 (0.1946) −15.5346** (7.6659) 0.0031 (0.2696) − −0.2742*** (0.0395)

***denotes significance at the 1% level of significance. For the short run, the values in brackets are p-values while the values in brackets for the long run are t-values.
†we are less concerned with this since the cointegration test confirms a low indication of a long-run relationship for the energy consumption model.
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model, and economic growth (GDP) model. It suggests that any
deviations from long-run equilibrium are corrected at the
adjustment speeds of 48.41% for the carbon emissions model,
32.91% for the energy consumption model, and 27.42% for the
economic growth (GDP) model. It suggests that the variables are
characterizing a mean reversion behavior and appear to have self-
correcting mechanisms. This indicates that the individual
variables tend to converge in the long-run equilibrium in
response to the changes in other variables. The results for the

short-run relationship using the PMG-ARDL estimator are
presented in Table 12.

Using the PMG-ARDL, the results for short run relationship
in group panel show that energy consumption and carbon
emission positively significantly related in the short run with a
coefficient of 0.5014 at the 1% level. In relation to Urban model,
energy consumption has a significant negative relationship with
urbanization in the short run at the rate of 37.81%. For energy
consumption model, both carbon emission and GDP have

TABLE 13 | Short-Run Relationships for Individual Countries.

CO2 emissions model
(short run cointegration)

ENERGYCON model
(short run cointegration)

GDP model
(short run cointegration)

Countries ECT Energycon Urban GDP ECT CO2ems Urban GDP ECT CO2ems Energycon Urban

Afghanistan −0.013 1.131*** −8.736* −0.114*** 0.051 0.687*** 2.660 0.087*** −0.215*** −5.283*** 7.448*** −24.584
UAE −1.266*** 0.107 0.158 −0.219 −0.978*** −0.259** −0.610* −0.197* −0.669*** −0.479* −0.055 −0.134
Armenia −0.512*** 0.775*** 8.362*** 0.423*** −0.258*** 0.453*** −4.488** −0.290*** −0.127 0.982*** −0.688 −8.373**
Azerbaijan −2.013*** −1.141*** −2.701 −0.094 −0.132** 0.655*** −9.659 −0.320*** −0.757*** 0.182 0.394 −8.073
Bangladesh −0.089 1.266*** −7.238* −0.079 −0.106 0.472*** 3.420 0.005 −0.617** −0.111 0.562 14.865
Bahrain −0.435 −0.438 −0.576 0.472 −0.167 −0.049 0.351 0.174 −0.056 0.204 0.709 1.202
Brunei
Darussalam

−0.975*** −0.426 −33.464*** −0.020 −0.646*** 0.053 −29.705*** 0.218 −0.288* −0.037 0.790*** −18.498

Bhutan 0.104 2.820 −9.093 1.326 0.013 0.038 −1.991 −0.317*** 0.059* 0.177** −2.236*** −2.904
China −0.172 0.770*** −34.245 0.193 0.079 0.712*** −12.470 −0.293** −0.544*** −0.252 0.073 −58.333***
Georgia −0.276** 2.157*** −8.738 0.458*** −0.139** 0.251*** 4.558* −0.211*** −0.734*** −0.441* 0.319 16.128***
Indonesia −0.535*** −1.650** 141.487 −0.210 0.035 −0.105* 34.073 −0.058 −0.315 −0.053 −0.401 −200.482
India −0.602*** 1.070*** −46.202*** −0.026 −0.164 0.257 9.434 −0.118** −0.475* 0.552 −1.931* 17.776*
Iran,
Islamic Rep.

−0.042 0.146 9.209 0.088** −0.921*** 1.036** −37.380* −0.365*** −0.218*** 1.011 0.176 −138.803***

Iraq −0.334** −0.559 6.847 −0.018 −0.042 0.046 2.361 0.101*** −0.551*** −0.098 5.557*** 8.270
Israel −0.879*** 0.577*** −4.274* −0.277*** 0.232** 0.808*** 4.450 0.091 −0.026 0.046 0.039 −22.160**
Japan −0.403** −0.360 2.678 −0.107 −0.002 0.013 8.733 0.011 −0.080 0.186 0.340 −0.971
Kazakhstan −1.199*** −0.222* 1.051 0.110 −1.048*** 0.012 3.487** 0.292*** −0.016 0.994*** 0.474 −3.234
Kyrgyz
Republic

−0.738** 0.402 18.080** 0.240 −0.579*** 0.521*** 3.850 −0.077 −0.052 0.641** −0.438 −6.894

Cambodia −0.016 0.232 −5.594 0.423 −0.381*** 0.044 16.093 −2.099*** −0.053 0.005 −0.222*** −2.354
Kuwait −0.888*** 0.109 −0.166 −0.031 0.049 1.364*** 0.916 −0.294*** −0.547** 2.319*** −1.462*** 6.050***
Lao PDR −0.646* 1.536 −110.690 0.336 0.034 0.102*** −18.148* 0.024 −0.308*** −0.297*** 0.864* 86.346***
Lebanon −0.492** 0.508*** 1.216** 0.570** −0.111 0.803*** 0.553 −0.280 −0.108 0.274 −0.001 −0.818*
Maldives −0.199 0.837*** 2.654 0.397** −0.764*** 0.480*** 0.655 −0.283** −0.581*** 0.257 −0.113 2.715
Myanmar −0.862** 1.561** −44.537 −0.163 −0.151*** 0.016 39.255*** 0.097* −0.442** −0.387* 0.210 −47.274
Mongolia −0.936*** −0.544 57.769*** −0.365 −0.710** 0.034 −16.138** 0.030 0.119 0.275 −0.908 −8.116
Malaysia −0.797*** 0.140 −15.652** 0.105 −0.825*** 0.179 12.439*** −0.041 −0.382* 0.399 −0.359 −9.925
Nepal −0.373* 0.355 −19.912*** 0.126 −1.120*** −0.116** 13.572*** 0.054 0.108 0.213 −0.099 1.262
Pakistan −0.172 0.773 4.457 0.224** −0.405*** 0.272*** 21.006*** 0.018 −0.694*** 0.108 −0.192 −16.391
Philippines −0.351 1.179*** −6.550 −0.120 −0.218*** 0.126 15.231** 0.053 −0.492** −0.157 0.284 −7.016
Papua New
Guinea

−0.309** 1.184*** −8.363 −0.074 0.231*** 0.632*** −10.250* 0.016 −0.272 0.192 −1.038 57.066

Qatar −1.231*** 0.526 0.741 −0.218** −0.070 0.147 −1.117*** −0.040 −0.063 0.063 −0.796 0.565
Russian
Federation

−0.093 0.670*** −3.913 0.213*** −0.072 0.726*** 0.175 −0.202*** −0.116 3.328*** −2.830*** 18.477

Saudi Arabia −0.633*** 0.601** 29.465*** 0.004 −0.620** 0.357*** −10.275 −0.081 −0.284* 0.010 −0.266 27.609
Singapore −0.443* 0.014 4.402 −1.829** −0.212 −0.030 −2.188 −0.218 0.044 −0.096 −0.080 1.351
Syrian Arab
Republic

−0.065 0.097 3.761** −0.028 −1.136*** −0.141 2.769** 0.055*** −0.400 −1.699 −0.685 −1.865

Thailand −0.271 0.126 6.835 −0.074 −0.677** 0.187 −7.300 0.034 −0.498*** −0.822** 1.381*** −76.731***
Tajikistan 0.124 1.736** 19.001 0.308 −0.751*** 0.061 −75.188*** 0.224** −0.020 0.093 0.509 −23.294**
Turkmenistan −0.379** 0.579*** 8.533*** 0.122* −0.450*** 0.795*** −32.242*** −0.054 −0.197* 2.032*** −1.700*** −12.009*
Turkey −0.259 −0.134 3.365 0.160 0.589 0.327 −20.476*** −0.122 −0.183 1.935*** 0.136 −10.018
Uzbekistan −0.079*** 0.987*** −2.082*** 0.092*** 0.027*** 0.944*** 1.546** −0.082*** −0.456*** 2.489** −2.543** 13.989***
Vietnam −0.195*** 0.890** 7.156 0.126 −0.538*** 0.232** −18.005 −0.151 0.193 0.202 −1.174** −130.648***
Yemen, Rep. −0.389* 0.674*** 47.678* 0.111 −0.773*** 0.435*** −39.764* 0.009 −0.208 −0.004 0.087 −86.224

*, **, and *** are significant at the 10%, 5%, and 1% level.
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positive and negative relationships respectively, on energy
consumption in the short run. Urbanization reduces GDP in
the short run at the panel level. Although PMG estimator assumes
common long run relationships between variables, however, the
short run dynamics vary across countries. So, relying on grouped
or panel short run estimates as shown in Table 12 may be
misleading. Table 13 addresses individual countries’ short run
relationships.

Table 13 shows the short-run relationship between carbon
emissions, urbanization, energy consumption, and economic
growth for individual countries using the PMG-ARDL
estimator. It also shows that each country has a different error
correction term, indicating the extent to which deviations from
the long-run is corrected at the individual country level. The
results show unidirectional relationship from GDP to energy
consumption for China, UAE, and Russia. The unidirectional
relationship is found from GDP to carbon emissions for
Pakistan, Qatar, Singapore, Israel, Lebanon, and the Maldives.
Unidirectional relationship is found from energy consumption to
carbon emission in India, Kazakhstan, Myanmar, and the
Philippines. However, bi-directional relationship (i.e. feedback
hypothesis) is found from carbon emission to GDP in Russia,
Georgia, Turkmenistan, Afghanistan, Armenia, and Uzbekistan
in the short run.

DISCUSSIONS AND CONCLUSION

The upsurge in economic development, income level, and
perhaps the geopolitical risk and war situations have
influenced the link between energy consumption,
urbanization, carbon emissions, and economic growth.
The relationships between these variables informed the
objective of this study. This study utilizes the second
generation cross-sectional Pesaran (2007), Westerlund
(2007), and Pesaran’s (2006) common correlated effects
mean group estimation technique to examine the
relationships between energy consumption, urbanization,
carbon emissions, and economic growth in 42 Asian
countries for the period 2000–2014. The Pedroni
cointegration estimation results showed that urbanization
and carbon emissions were cointegrated but the no
cointegration when the energy consumption model is
considered. Results for CCEMG estimator showed that
there are long run relationships between urbanization,

carbon emissions, energy consumption, and economic
growth. The results show that carbon emissions play a
significant role in increasing urbanization for countries
experiencing civil and political war such as Afghanistan,
Iraq, Turkey, and Vietnam. It suggests that war in these
countries are mostly in the rural, boundaries and resources
areas, influencing rural-urban migration, and thus,
contributing to the high rate of urbanization. The level of
energy consumption also increases the rate of urbanization
in countries like the United Arab Emirates, the Russian
Federation, and Saudi Arabia. It indicates that most
industrial, commercial, and household use of energy are
highly concentrated in the urban areas because as
governments of these countries reduce unemployment,
seekers of job opportunities focus on industrial,
commercial, and corporate sectors. Thus, increasing urban
employment cycle and destination change. China along with
Bahrain, Indian, Malaysia, The Philippines, Saudi Arabia,
Singapore, Thailand, and Vietnam contributes to carbon
emissions through their number of urban destinations.
Policy-wise, the government should shift investments to
rural destinations to reduce rural-urban migration.
Although for some high-income countries, like China,
Malaysia, and Saudi Arabia where a large percentage of
their investments and revenue generation is concentrated
in commercial cities, shifting investment to local
communities may discourage foreign investors. However,
continued investments into the conservation and efficiency
of energy may reduce future carbon emissions but the rural-
tourism destination programs must be fostered to reduce
further urban migration to sustain the energy efficiency
programs for reduced carbon emissions while at the same
time not influencing a further increase in urbanization.
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