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South Asia is the most polluted region in the world and is struggling to deal with the effects of growing CO4
emissions and the ecological impact it has left. The region needs to identify the variables that are most effective
in reducing pollution in order to achieve long-term sustainable growth. The current study aims to investigate the
environmental impacts of the current and projected urbanization rate, the service sector, and the availability of
natural resources to test the environmental Kuznets-curve (EKC) theory in six South Asian countries (SAARC).
With cross-sectional dependence present, this research examines panel data from 1972 to 2021 using the newly
developed Driscoll Kraay Standard Error (DKSE) approach. To check the robustness of DKSE estimation, the
study employs a novel Cross Sectional Autoregressive Distributive Lag (CS-ARDL) method. The results of DKSE
show that GDP significantly minimizes CO, emissions in both the short and long run. At the same time, GDP?,
urbanization, and the service sector increase CO, emissions in the South Asian region. The DKSE estimator also
shows that industrialization and abundant natural resources have insignificant impacts on CO, emissions.
Inconsistent with the EKC hypothesis, the findings show that higher economic growth leads to increased envi-
ronmental pollution and CO; levels. Meanwhile, the CS-ARDL analysis found that GDP and industrialization
reduce CO, emissions, while urbanization, GDP?, and natural resource availability increase CO5 emissions. This
research emphasizes the need for establishing appropriate industrialization and urbanization strategies and
promoting cleaner energy adoption to reduce COz emissions.

energy usage was estimated to rise by 2.1 % in 2017, up from 0.9 % in
2016 to 1.1 % during the previous five years (IEA, 2017). In 1990,

1. Introduction

The South Asian Association for Regional Cooperation (SAARC)
countries have transformed and advanced significantly as a result of
economic growth, urbanization, industrialization, abundant natural re-
sources, and the flourishing service sectors. Our research aims to
investigate whether such progress affects carbon dioxide (CO3) emis-
sions. Environmental degradation is a pressing issue as it affects not only
the economy but also the public health (Raihan et al., 2022). The pri-
mary cause of environmental degradation is the rising CO2 emissions
globally from increasing energy use (Voumik et al., 2024). Worldwide
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approximately 20,625,273 kilotons of CO, were emitted into the at-
mosphere, while by 2019, this amount had risen to roughly 34,344,006
kilotons (World Bank, 2020). This trend has driven environmental and
climate changes (Rahman, 2017). UN research (2017) suggests that the
objectives of the 2015 Paris Agreement to reduce global disasters to
pre-industrial levels may not be attained unless there is a significant
reduction in CO; emissions, below 2 °C and ultimately below 1.5 °C. The
impact of not being able to reach the carbon reduction goal will result in
severe social and economic consequences.
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The South Asian region is impacted by climate change in multiple
ways, as it is home to a diverse range of ecological zones. The region’s
CO4 emissions continue to increase, with India and Pakistan being the
most significant contributors (Gunarathne et al. 2020). This trend is
driven by economic factors, including energy use, industrialization,
urbanization, globalization, and transportation (Bakhsh et al., 2017;
Gupta & Garg, 2020; Nocera et al., 2012; Wang et al., 2020). The con-
sequences of environmental changes in the region include global
warming, altered rainfall patterns, rising sea levels, and more frequent
cyclones and floods (Chauhan et al., 2020). These changes may also
affect the region’s geophysics and demographics, posing threats to the
safety of its billions of residents (Hasnat et al., 2018). The study of
development and environmental economics highlights the importance
determining the contributors of CO5 emissions.

The Environmental Kuznets Curve (EKC) hypothesis proposes a
relationship between environmental pollution and GDP per capita,
which was first observed by Kuznets (Kuznets, 1963, 1955). At the early
stages of economic growth, an economy tends to produce more pollution
and degrade the environment. As it matures, this trend reverses, forming
an inverse U-shaped pattern (Grossman & Krueger, 1991). This concept
is widely used to explain the connection between income and pollution
(Chen et al., 2019). Policymakers and academics have been concerned
about this relationship in recent years. Grossman and Krueger (Gross-
man & Krueger, 1991) demonstrated that environmental quality tends to
decrease during the initial stages of economic expansion in a country
and improve as the country’s financial situation improves. Studies on
energy and the environment in Asia have provided much empirical ev-
idence for EKC. The SAARC region economy and population have been
growing rapidly (Rehman & Rashid, 2017). Despite focusing on eco-
nomic growth, several member countries, such as Bangladesh, India,
Pakistan, and Nepal, have embraced the Kyoto Protocol’s objective of
limiting CO5 emissions. However, the increasing energy consumption in
SAARC nations, fueled by rapid economic growth and a surging popu-
lation, has offset these efforts. Since 2000, energy consumption in South
Asia has risen by more than 50 % (World Bank Blogs, 2022). Addi-
tionally, coal as a major energy source in the region contributes signif-
icantly to the increased CO» emissions (Akhmat, 2014). With the
economic shift from low to middle-income status, SAARC countries must
assess the relationship between economic development, energy con-
sumption, and pollution. For example, despite the growth, financial
resources to improve environmental quality may be limited for adopting
sustainable environmental policies as they often require contemporary
technologies, renewable energy sources, green urban planning concepts,
and eco-friendly industrialization practices.

Countries in the SAARC region are predicted to remain the primary
users of nonrenewable energy to fuel their rapid economic expansion
and consequently the biggest carbon emitters among emerging econo-
mies (Ul-Haq, 2020). Analysts predict that energy consumption will
continue to rise in SAARC economies in the coming decades along with
the environmental challenges. In particular, India, Bangladesh, Sri
Lanka, and Pakistan have shown significant economic growth, as well as
a substantial increase in COy emissions. Aside from industrial growth,
this increase has been driven by a variety of factors, including a rapidly
growing population (Rahman et al., 2020). These countries must allo-
cate much spending on energy imports to support rapid economic
growth since they have limited sources of alternative energy. This makes
them vulnerable to fluctuations in the prices of oil, which can impact
their financial and political stability. These factors underscore the
complexity of the decision-making regarding energy, economic growth,
and sustainable development. Consequently, it is imperative to investi-
gate the correlation between GDP growth and CO; emissions in the
SAARC economies.

In addition, industrialization, urbanization, and services have
increased rapidly in SAARC countries in recent decades. Industrializa-
tion can have negative impacts on environmental quality. It increases
resource consumption to maintain production, pushing aside
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environmental concerns (Liu & Bae, 2018), depletes mineral resources,
negatively affecting population well-being and natural resources (Rah-
man & Majumder, 2020), and degrades air, water, and land quality (Li &
Lin, 2015). Likewise, large urban populations may result in increased
energy demand, transportation pollution, waste disposal, and CO5
emissions. South Asia witnessed a 130 million increase in urban popu-
lation between 2001 and 2011, with an additional 250 million expected
by 2030, potentially resulting in a surge in CO5 emissions (World Bank,
2020). However, as proposed by the compact city theory, the provision
of public infrastructure, such as water supply, waste facilities, and
transportation systems, may increase environmental quality (Hao &
Cho, 2022). In other words, implementing environmentally friendly
industrial policies and embracing green urban concepts could signifi-
cantly benefit the region’s ecosystem. Urbanization and industrializa-
tion may lead to lower CO; emissions, as cities offer opportunities for
more efficient transportation systems, stricter environmental policies,
economies of scale in energy use, and the adoption of cleaner technol-
ogies. Nonetheless, further research is necessary to explore the in-
terconnections between urbanization, industrialization, and the
environment in the SAARC region. Fig. 1 illustrates the relationship
between CO2 emissions (InCO2) and three variables: Urbanization, GDP
(InGDP), and resource rents (RES) in SAARC (1972 to 2021), with the
connection between CO2 and GDP and urbanization showing a positive
correlation.

The overarching goal of our study is to provide insight into how CO»
emissions are attributed to urbanization, economic progress, industri-
alization, service, and natural resource use within the context of the
SAARC region. This investigation aims to scrutinize the presence of the
EKC by applying several novel estimators as the DKSE and the CS-ARDL
to the SAARC nations. The increasing GDP, reliance on natural re-
sources, urbanization, and industrialization in the SAARC region may
have severe environmental consequences (Waqih & Ullah, 2019; Rani,
2022). Therefore, it is crucial to understand the factors contributing to
environmental degradation and find more sustainable ways of managing
the environment, energy use, urbanization, industrialization, and eco-
nomic development. The SAARC nations share deep connections
through trade, tourism, faith, and culture. Recognizing this interde-
pendence, our research employs the CSD test to analyze the complex
dynamics within this interconnected framework. While previous as-
sessments may have overlooked these interconnected issues (Waqih &
Ullah, 2019; Rani, 2022; Kiani, 2022), our study aims to address them
comprehensively. In addition to the CSD test, we utilize advanced
methodologies such as the 2nd generation unit root test and the West-
erland cointegration approach to provide a robust analysis of the rela-
tionship between the variables. Furthermore, we employ DKSE
estimation to examine the long-term interactions between these vari-
ables, offering a refined understanding of the dynamics at play within
the SAARC region. Through these rigorous analytical techniques, we aim
to unveil the relationships underlying the socio-economic landscape of
the SAARC nations.

This study contributes to the literature of EKC in several ways. First,
we provide new evidence on the EKC hypothesis in the context of the
SAARC countries by applying DKSE and the CS-ARDL approach. This
technique allows for a more accurate estimation of the EKC model,
reducing potential sources of bias. Second, we approximate the eco-
nomic transformation experienced by SAARC economies by including
the role of industrialization, service sector growth, and urbanization.
Few studies have looked into the impact of secondary and tertiary ac-
tivities on environmental quality in the SAARC region (Kiani, 2022).
Urbanization rates in SAARC countries have increased over time,
together with industrialization, economic growth, and an increase in the
service sector. Such expansion is likely linked to a spike in energy de-
mand, resulting in CO, emissions. Third, we incorporate the role of
natural resource rents into the model, an aspect that has been over-
looked in earlier studies (Rehman & Rashid, 2017; Akhmat, 2014;
Rahman et al., 2020; World Bank, 2020). While natural resource rents
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Fig. 1. CO; emissions (InCO3), Urbanization (In total urban population), GDP (InGDP), resources rents (RES, percentage of GDP) SAARC (1972 to 2021).

can provide opportunities for environmental conservation and sustain-
able development, they can also pose significant challenges if not
managed carefully. Effective governance, transparent management
practices, and strategic investments in environmental protection are
essential to mitigate the negative impacts of resource exploitation and
ensure long-term environmental sustainability. Fourth, while numerous
studies have been conducted in the individual countries, such as India
(Gopakumar et al., 2022), Pakistan (Bakhsh et al., 2017; Zhang et al.,
2017), Bangladesh (Rahman, 2021), and Sri Lanka (Gunarathne et al.,
2020), fewer studies have examined the SAARC region as a whole in a
model as ours, despite its high level of interrelation (Rehman & Rashid,
2017; Akhmat, 2014; Rahman et al., 2020; World Bank, 2020; Waqih &
Ullah, 2019).

The literature on EKC and the research gap as it pertains to the
SAARC countries are summarized in Section 2 of this article. Section 3
outlines the data, conceptual, and empirical contexts. Section 4 presents
the results of the experiments. Section 5 discusses the findings. Sections
6 and 7 respectively outline the conclusions and policy implications.
Section 8 describes the limitations and suggestions for further study.

2. Literature Review

The EKC hypothesis is a well-known principle in environmental
economics, which posits that environmental degradation initially
worsens and then improves as the economy grows (Kuznets, 1955). This
idea has been extensively examined and debated since its introduction in
the 1990 s, with most studies validating the EKC theory. Waqih et al.
(2019) observed that EKC persisted in the short run in the SAARC area,
but they could not validate its long-term existence. Rani et al. (2022)
ascertained the influence of remittances and nonrenewable energies on
the environment in the SAARC region and supported the EKC theory in
the SAARC area. Similarly, Rehman and Rashid (2017) scrutinized the
association between energy use, economic expansion, and environ-
mental damage in the SAARC region. Adopting the DOLS and FMOLS
approaches, they detected the presence of EKC throughout the SAARC
region. Additionally, Kiani et al. (2022) conducted a study in the ASEAN
and SAARC regions and confirmed the EKC hypothesis in both areas.
Several studies have used time series data to confirm the existence of the
EKC hypothesis. For instance, using the quantile regression method,
Purwono et al. (2024) examined the EKC hypothesis in a sample of 77

countries from 2008 to 2019 and found evidence of its existence.
Similarly, Gopakumar et al. (2022) analyzed the validity of the EKC in
India from 1991 to 2018 using the ARDL method and confirmed the
theory. Zhang et al. (2017) investigated the prevalence of the EKC in
Pakistan from 1970 to 2012 using the ARDL bound testing method, also
confirming its validity. Likewise, Ali et al. (2021) confirmed the EKC
hypothesis in Pakistan from 1975 to 2014 using the ARDL estimation
method.

Destek and Sinha (2020) and Muhammad et al. (2020) used the
FMOLS and two-stage least squares regressions approaches, respec-
tively, to analyze the relationship between economic growth and CO,
emissions. The results supported the U-shaped association predicted by
the EKC theory in high- and upper-middle-income economies. Sarkodie
and Ozturk (2020) also found evidence supporting the EKC theory in
Kenya using the ARDL approach. Similarly, Suki et al. (2020) found an
inverse U-shaped relationship between the economy and environmental
pollution in the Malaysian economy. The majority of research also
agrees that the EKC exists in high-income and upper-middle-income
countries such as Canada (Hamit-Haggar, 2012), the United States
(Plassmann & Khanna, 2006), Turkey (Bolilkk & Mert, 2015), and
Malaysia (Lau et al., 2014).

Nonetheless, several other studies fail to support the EKC theory. In
their analysis of SAARC nations, Yousef et al. (2016) used both closed
and open economy models and the FMOLS approach with panel data
from 1972 to 2015, concluding that there is no evidence of EKC in the
region. Firoj et al. (2022) surveyed Bangladesh using the ARDL method
and data from 1986 to 2018, and their results also refuted the presence
of EKC. Itoo and Ali (2023) conducted a study in India using the EKC
framework, ARDL, FMOLS, and DOLS estimates, and found no evidence
of the theory. Mehmood et al. (2022) investigated the influence of
tourism and sustainable energy on EKC in South Asian nations, finding
no evidence of EKC in Nepal and Sri Lanka but confirming its existence
in India and Pakistan. Finally, Yilanci and Pata (2020) used the ARDL
estimation method to determine that the EKC hypothesis does not exist
in China.

Meanwhile, urbanization and CO, emissions linkage has been stud-
ied across regions. Anser et al. (2020) examined the impact of urbani-
zation on carbon emissions in the SAARC region between 1994 and
2013. The researchers utilized the STIRPAT framework and DKSE esti-
mator to assess the relationship. Their results showed a U-shaped
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connection between the two, with emissions initially decreasing as ur-
banization increased but eventually rising beyond a certain point. From
1996 to 2015, Mehmood (2021) revealed that urbanization improves air
quality in the SAARC region. From 1982 to 2013, Azam and Khan (2016)
examined the effects of urbanization on environmental deterioration in
Bangladesh, India, Sri Lanka, and Pakistan, using the least squares
approach. The outcomes demonstrated a positive linkage between ur-
banization and environmental destruction in Sri Lanka and Pakistan but
a negative association in Bangladesh and India.

In addition, Murshed and Saadat (2018) investigated the relationship
between urbanization and climate change in Bangladesh from 1991 to
2016 applying the DOLS and FMOLS methods. The study revealed that
when urbanization intensified, CO, emissions dropped but rose at a
certain threshold. Between 2000 and 2016, Gieratowska et al. (2022)
examined the influence of sustainable energy and urbanization on CO,
emissions across 163 countries, revealing an inverse U-shaped rela-
tionship between the two variables. Similarly, Shahbaz et al. (2016)
analyzed the relationship between urbanization and CO, emissions in
Malaysia from 1970 to 2011. They found a U-shaped correlation be-
tween the two variables using the ARDL cointegration technique.
Meanwhile, Al-Mulali et al. (2013) examined the relationship between
energy consumption, urbanization, and CO, emissions in MENA coun-
tries between 1980 and 2009. The study used the Pedroni cointegration
test and the DOLS technique to show a strong, positive long-term cor-
relation between urbanization and CO, emissions. In the context of
Indonesia, Ahmed et al. (2019) investigated the relationship between
urbanization and CO5 emissions between 1971 and 2014. Their study
revealed a nonlinear connection between the two variables, with an
inverted U-shaped curve. Urbanization initially had a positive effect on
CO4 emissions, but this relationship reversed at a certain point.

Similar to urbanization, industrialization has brought many benefits
to modern civilizations, but it has also led to increased CO5 emissions.
Several studies have examined the relationship between industrializa-
tion and CO5 emissions. Ahmad et al. (2013) and Siddique and Abubakar
(2022) conducted separate studies on the impact of population and in-
dustrial expansion on CO3 emissions and the environment in the SAARC
region. Ahmad et al. (2013) found that industrialization and population
growth were the main drivers of CO, emissions in the region, while
Siddique and Abubakar (2022) discovered a two-way causal linkage
between industrialization and CO5 emissions. Both studies were con-
ducted in the SAARC region between 1980 and 2016.

Additionally, Mentel et al. (2022) examined the correlation between
Sub-Saharan Africa’s industrialization and emissions of CO; using data
from 2000 to 2015. Using a two-step GMM estimator, the study found a
clear linkage between CO; emissions and the value added by an industry
to GDP. From 1975 to 2010, Shahbaz (2014) evaluated the connection
between industrialization, energy usage, and CO; emissions in
Bangladesh. Using an ARDL bounds testing strategy, this research
discovered that energy consumption exacerbated environmental dete-
rioration and that the interaction between industrialization and emis-
sions of CO, followed a nonlinear, inverted U-shape. Also using ARDL
estimation, Ullah (2020) assessed Pakistan’s industrialization and CO,
emissions between 1980 and 2018. The findings point to a positive
correlation between the size of the industry’s contribution to GDP and
subsequent increases in COy emissions. The research also showed that
atmospheric deterioration was slowed by economic advancement and
urbanization. In addition, Mahmood et al. (2020) used the ARDL model
to investigate the link between industrialization and CO5 emissions in
Saudi Arabia from 1968 to 2014. The data demonstrated that industri-
alization resulted in a substantial rise in environmental damage, point-
ing out that stricter industrial rules were needed to reduce CO,
emissions. From 1999 to 2020, Raihan and Tuspekova (2022) inspected
the linkage between energy usage, industrialization, and CO5 in Russia.
The research adopted several estimation approaches, such as ARDL,
DOLS, and FMOLS, finding that industrialization causes a long-term,
significant increase in CO, emissions.
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As for the service sector, numerous studies have examined the rela-
tionship between the value added by the service sector and CO, emis-
sions. Hashmi et al. (2020) investigated the nonlinear connection
between Pakistan’s services sector and CO5 emissions, analyzing data
from 1971 to 2014 using the ARDL method. Their findings revealed an
inverted U-shaped relationship between the two variables. Samarkand
(2017) studied the link between service value addition, technical
innovation, and CO5 emissions in the Saudi Arabian EKC framework.
The findings showed that service sector value addition is the primary
contributor to the rapid increase in COy emissions. Murshed (2020)
studied the impact of service value addition on COy emissions in 12
OPEC countries from 1992 to 2015. They used a spatial panel technique
and found an inverted U-shaped relationship between the two variables.
Alam (2015) investigated the impact of industry, agriculture, and ser-
vice sectors on CO, emissions in South Asian countries between 1972
and 2010. Their findings revealed that the industrial and service sectors
have a significant positive relationship with CO, emissions, while the
agricultural sector exhibits an inverse association.

In sum, our review of previous literature revealed a scarcity of
studies that specifically investigate the EKC hypothesis for South Asia
while considering the effects of urbanization, industrialization, and
service sector development. Although some studies have examined the
EKC in emerging countries, their scope is limited and the effects of
different economic sectors have not been included. South Asia is a
rapidly developing region with unique financial and environmental
characteristics, making it an ideal case for testing the EKC hypothesis.
Moreover, our research employs the DKSE method, which has not been
widely used in previous EKC research. This method allows for efficient
estimation of panel data models with unobserved heterogeneity, thereby
adding to the methodological advancement of the field. Consequently,
addressing this literature gap may further our knowledge of the inter-
action between economic progress and environmental deterioration in
South Asia and give significant policy implications for the region’s
sustainable growth.

3. Methodology

This study utilizes current data and multiple inferential econometric
approaches to evaluate the linkage between study variables. Fig. 2 de-
picts the steps and overview of econometric analysis.

3.1. Data

By using the Driscoll Kray standard error method established by
Driscoll and Kraay (1998), the present investigation empirically ex-
plores the existence of the EKC in South Asian economies, taking into
account the influence of urbanization and industrialization on CO-
emission. This study adopts World Development Indicators (WDI) data
from 1972 to 2021 in the South Asian region. This collected data is
included in the dataset. In this specific research, CO5 emissions are the
dependent variable, and the explanatory factors include variables such
as GDP, GDPZ, urbanization, industrialization, service, and abundance
of natural resources. The last phase is transforming the study variable
into logarithmic form, which is performed to ensure that the data have a
normal distribution. Table 1 contains the variables and their corre-
sponding logarithmic conditions, units of measure, and data sources.

Table 2 contains the variables LCO,, LGDP, LGDP?, LURBA, LINDUS,
LSERV, and LRES. The variables are listed in the first column, and each
variable’s sample size (N) is listed in the second column. This is the
number of available observations or data points for the variable. The
mean or average value for each variable is shown in the third column.
The mean is a summary statistic that indicates the prevailing pattern of
the data. In the fourth column, the standard deviation (sd) for each
variable is shown. The standard deviation quantifies the dispersion or
spread of the data. It indicates the deviation of the data values from the
mean. The fifth and sixth columns list each variable’s lowest and
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Fig. 2. Flow chart of econometric approach.
Table 1 Table 3
Description of study variables. Findings of CSD test.
Variable Name Signifier = Measurement Variable Test Statistics (P-value)
CO, emission LCO, CO,emissions (kt) LCO, 13.716%**
GDP LGDP GDP (constant 2015 US$) LGDP 12.253%**
GDP square LGDP? Square of GDP (constant 2015 US$) LGDP?
Urbanization LURBA Urban population (% of the total population) LURBA
Industrialization =~ LINDUS Industry (including construction), value added (% LINDUS 24.826%**
of GDP) LSERV 13.686%**
Service LSERV Services, value added (% of GDP) LRES 5.64%**
Resource LRES Total natural resources rents (% of GDP) K . . .
Asterisk sign *** was utilized for a 1% significance level.
Table 2 distribution and variability. The log of GDP? has the highest value in the
able L. .
- summary statistics, while the log of RES has the lowest. As opposed to
Summary Statistics. . L
the other standard variables, whose standard deviation ranges between
Variables N mean sd min max 0.245 and 2.883, the GDP? is judged excessively big.
LCO, 303 9.391 2.712 4.868 14.71
LGDP 312 24.12 2.216 18.91 28.62 3.2. Theoretical framework
LGDP? 312 586.8 105.9 357.7 819.3
LURBA 343 15.16 2.883 9.746 19.99 . . . .
LINDUS 304 3.075 0.370 1.802 3.809 The EKC theory is an extension of Simon Kuznets’s Curve hypothesis,
LSERV 304 3.782 0.245 2.960 4.356 suggesting a nonlinear relationship between economic advancement
LRES 320 1.769 2.134 0.00258 16.41

maximum values. These numbers indicate this variable’s maximum and
minimum values in the data collection. Thus, Table 2 includes descrip-
tive statistics for seven variables in the research, summarizing the data’s

and environmental quality (Kuznets, 1955). Initially proposed by
Grossman and Krueger (1991), it asserts a nonlinear link between eco-
nomic expansion and environmental quality, particularly regarding CO»
emissions. Studies have examined the EKC hypothesis’s reliability using
various methods, focusing primarily on CO5 emissions as a measure of
environmental quality (Grossman & Krueger, 1991). The hypothesis
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suggests a trade-off between economic development and ecological
deterioration in the early stages, with CO, emissions initially increasing.
However, beyond a certain growth rate, continued economic expansion
is expected to lower CO2 emissions, resulting in an inverted U-shaped
relationship (Grossman & Krueger, 1991). This study aims to explore the
existence of the EKC hypothesis in South Asian nations, considering not
only economic growth but also the impacts of industrialization, urban-
ization, the service sector, and natural resources on CO5 emissions. The
subsequent step involves incorporating pertinent explanatory variables
and CO; emissions into an equation.

The subsequent step is to include our pertinent explanatory variables
and CO; emissions in an equation.

To describe the investigation mentioned above, the following Eq. (1)
is constructed:

EnvironmentalDegradation = f(GDP, GDP*, URBA, INDUS, SERV, RES)
(€]

The preceding Eq. (1) can be rewritten in EKC format as Eq. (2):

ED;; = fy + p1GDP;; + B,GDP?, + B M + &, &)

Here, ED, GDP & GDP? denote environmental degradation, representing
economic growth and its square, and variable "M’ represents other
variables influencing ecological degradation. Moreover, ’¢’ stands for
the error term.

Eq. (3) is an extensive form of the Equation mentioned above, as
shown below:

COy; = py + p,GDP;, +ﬂ2GDPft + B3 URBA; + f4INDUS; 3)
+PsSERV;; + P¢RES;: + €i¢

Here, CO, represents carbon dioxide and is used as a proxy for envi-

ronmental degradation, INDUS stands for industrialization, URBA de-

notes urbanization, SERV represents service, RES stands for resource,

and GDP& GDP? are defined before.

The logarithms of the variables are displayed in Eq. (4). The loga-
rithmic transformation can modify the distribution to be more sym-
metrical and in line with a normal distribution. This might be helpful
since the normality of distribution is a presumption of many statistical
tests. To improve the accuracy and interpretability of statistical tests,
skewed variables might be transformed into normally distributed vari-
ables. The logarithmic transformation can also be employed to stabilize
the variability of a variable, making the analysis more robust against
outlying values. Thus, Eq. (4) is written as follows:

LCOy;; = By + pLLGDP;; + ﬂzLGDPft + psLURBA;; + p,LINDUS; ; )
+psLSERV; + B¢ LRES;; +¢€;,

In this study, coefficients B to fe represent coefficients of the variables,

and i & t represent cross-section and time indicators.

Therefore, the EKC serves as a crucial theoretical methodology in
understanding the intricate relationship between economic develop-
ment and environmental degradation. By positing an initial rise in
environmental impact with economic growth, followed by a subsequent
decline, the EKC offers valuable insights for policymakers. This frame-
work guides the formulation of strategies that balance economic
expansion with environmental preservation, aiding in identifying
optimal development paths. Moreover, the EKC encourages the priori-
tization of environmental policies based on the stage of economic
development, informing decisions ranging from pollution control in
early stages to sustainable development practices in later phases. It also
plays a pivotal role in fostering public awareness, highlighting the need
for environmentally conscious policies and procedures as integral
components of sustainable economic growth.
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3.3. Econometric methodology

The research data were collected utilizing panel setups. Because the
frequency of T was greater than that of N, a panel cointegration analysis
was conducted. We have information from eight countries spanning over
fifty years. If T > N, conventional panel data approaches such as pooled
OLS, fixed effect models, and random effect models cannot be used. These
methods are most effective when N > T. This study’s primary goal is to
assess the effects of industrialization, urbanization, and economic growth
on CO, emissions. This research examined the nature of the long-term
connection using utilization panel cointegration tests from Westerlund
(2007) and DKSE (1998). In econometric analysis, DKSE is commonly
employed to address cross-sectional dependence and slope heterogeneity.
Unlike conventional standard errors, DKSE accounts for correlated errors
that may arise across observations, thereby mitigating potential biases and
inefficiencies during parameter estimation. Given the potential spatial or
temporal correlation between observations, this approach enhances the
accuracy of inferences in models where conventional standard errors
might produce misleading results. The analysis revealed cross-sectional
dependence and slope heterogeneity, and thus, the DKSE was utilized.
To ensure robustness, the CS-ARDL approach was also used in South Asian
countries between 1972 and 2021. Then, we looked for signs of CSD in
panel data. We also ensured that the data remained stationary. Thirdly, we
conducted the panel cointegration test. Considering the results of the
initial tests, we chose an economic model and estimation method and
assessed the long-term interaction between the variables.

3.3.1. Cross-Sectional dependence test

If economic integration rises and other impediments are eliminated,
the level of CSD in panel data is predicted to increase. CSD may result in
skewed, misleading, and contradictory findings if researchers disregard
the problem and treat the cross-sections as isolated (Hoyos et al., 2006).
This study analyzes CSD using comprehensive panel data inferential
statistics with weakly exogenous variables. The CSD of the data must be
confirmed before utilizing the 2nd generation unit root tests. Eq. (5)
employed for testing CSD, as shown below:

2T N-1 N o
CSD =\ | NN TN (Z > Corri,t> (5)

i=1 K=i+1
Where Corr;; is here, there is a pairwise correlation in Equation ().

3.3.2. Panel unit root test

Rauf (2018) suggested using nonparametric and parametric methods
to ensure the proper cointegration order for panel data. Over-rejection of
Null hypotheses, CSD effects, and heterogeneity are not considered in
the 1st generation of panel unit root testing (Choi, 2001). To address this
problem, the research employs a Cross-sectional Augmented CIPS and
Cross-sectional Augmented Dickey-Fuller (CADF), both 2nd generation
panel unit root tests (Pesaran, 2007). The formula used to conduct the
CADF test is as follows in Eq. (6):

AYy = fi+ayis1 +bYye1 +dAy,+a £ (6)

To account for the lag introduced by Eq. (6), the subsequent Eq. (7) looks
like this:

P
AYy = fi+ayic 1 +byea + Z dyAy. j+
=0 j

p
QA jtaty )
—1

In this case, y,_; and y; t-1 represent the average of the accumulated
differences between the first sections of the cross-sections and the units,
respectively, after a lag of t. After the CADF data are calculated, the CIPS
test statistics are calculated.

To see the findings of the CIPS test statistics, see Eq. (8) given as
follows:
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CIPS = NZ t(N, T) ®

When both variables and panels show signs of heterogeneity and CSD, it
is best to utilize 2nd generation panel unit root tests, which offer precise
estimates. Tables 4 and 5 exhibit the results of the second-generation
panel unit root (CIPS and CADF) tests dealing with the CSD issue,
showing that the null hypothesis of CSD was rejected for all variables at
the 1 % significance level. CIPS unit root test findings reject the null idea
for all variables and approve the alternative hypothesis. In general,
determining a unit root exists among the variables in an empirical study
might provide inaccurate findings. Consequently, the stationarity of
variables is determined before the empirical estimate.

1.3.3. Panel cointegration test

To test for long-term cointegration between the variables after data
stationarity, this research will implement a 2nd generation panel coin-
tegration test. Compared to first-generation panel-cointegration tech-
niques, this method offers more reliable and consistent estimates of
cointegration. The Westerlund cointegration test (Westerlund, 2007) is
stated as follows in its functional form on Egs. (9) to (12):

1 & :
_1 ©
oY)
138 T
Go =~ j 10)
N;G,f(l)
@}f
P‘:SE(@f) an)
P,
o =2t (12)

o = %2 Shows the ratio of correction yearly.

To analyze the long-term association between variables across all 8
South Asian economies, we first ensure their stationarity using the 2nd
generation bootstrap panel cointegration. The new panel cointegration
test devised by Westerlund (2007) emphasizes statics that are structural
as opposed to residual. The findings demonstrate that these tests have
more reliable outcomes and constrained normal distributions. According
to Westerlund (2007) and Persyn and Westerlund (2008), the cointe-
gration hypothesis is examined using panel and group mean. Ga, Gt, Pa,
and Pt are four test statistics that Westerlund (2007) created utilizing the
Error Correction Model. The standard error parameters of the error
correction model are used to determine the Gt and Pt. Ga and Pa are
determined employing standard errors from Newey and West (1994)
that have been adjusted for autocorrelations and heteroskedasticity. The
results are presented in two ways, with the outcome accepting the
alternative and rejecting the null hypothesis. The 2nd generation test

Research in Globalization 8 (2024) 100223

Table 5
CADF Unit Root Test.
Variables  CADF test
At Level 1st differences
T-bar Z-t-tilde- P T-bar Z-t-tilde- P
bar value bar value
LCO, —2.485 -1.671 0.47 —3.254 —6.254 0
LGDP —2.6.6 —1.966 0.025
LGDP? —2.041 —0.621 0.267 —3.051 -3.023 0.001
LURBA —2.333 —-1.32 0.093
LINDUS —-1.173 1.444 0.926 —4.745 —7.053 0
LSERV —1.458 0.765 0.778 —4.795 -7.173 0
LRES —1.794 —0.034 0.486 —4.983 —7.62 0

Table 4
CIPS unit root test results.
Variables (in Level First difference Order
the log)
Without With Without With trend
trend trend trend
LCO, —-2.170 -3.197""  -3.639""" -3.636""  1(1)
LGDP —2.727""" -3.715""" -3.706™"  1(1)
LGDP? -1.633 —2.066 —-2.293 1(0)
LURBA -3.837"" . —-5.730"" —-5.900""  1(0)
LINDUS -2.886""" —2.774 —4.839"" -5.038""  1(1)
LSERV -2.381"" —2.438 —-4.984""" -5.232""  1(1)
LRES -1.026 —2.243 —3.046%** —4.124%**  1(1)

Asterisk sign **

, &* are utilized for 1%,5%, and 10% significance level.

confirms the long-term cointegration of the variables.

3.3.4. Driscoll Kraay standard Error

The research applied the DKSE (Driscoll & Kraay, 1998) approach.
We experimentally evaluate how CO, emissions are impacted by eco-
nomic growth, industrialization, urbanization, the service sector, and
natural resources on CO, emission in a panel of South Asian nations.
Since Driscoll-Kraay standard errors are heteroskedastic, autocorrela-
tion consistent, and resistant to common types of cross-sectional and
temporal dependency, they are used when there is cross-sectional
dependence (Hoechle, 2007). Moreover, it has been shown that this
technique is superior to others, such as the Parks-Kmenta method or the
panel-corrected standard errors proposed by Beck and Katz (1995), for
models in which the number of cross sections higher than the number of
periods (N > T). Estimates are constructed using models with fixed ef-
fects, which eliminate the impacts of heterogeneity bias by accounting
for constant variations across nations (Driscoll & Kraay, 1998; Hoechle,
2007).

The DKSE methodology is a nonparametric method that permits
flexibility and comprehensive time dimensions. The covariance esti-
mator is flexible enough to use unbalanced or balanced panel data, ac-
counting for missing values. Therefore, the estimations can resist
common cross-sectional and temporal dependency patterns. The DKSE
methodology is a nonparametric method that permits flexibility and
comprehensive time dimensions. Its covariance estimator is flexible
enough to use unbalanced or balanced panel data, accounting for
missing values. The DKSE estimation for pooled ordinary least squares
assessment can be written as follows in Eq. (13):

)'i,t:X/i_[ﬂ+€iAt7i:17 """ N,e=1,--., T 13)
Where x; is the independent factors (such as GDP growth, industriali-
zation, urbanization, Service provision, and natural resource availabil-
ity), and v; is the scalar dependent variable (CO, emissions).

In two stages, the corresponding fixed-effects estimator is con-
structed. In the first stage, all model variables Z; € {y,x; } are modified
as follows:

In the first stage, all model variables Z; € {y;,x;} are modified as
follows in Eq. (14):
71=2,-7Z+Z a4
where, Z; = T ', Zyand .Z = (3 Ty) 'S0, Z

Given that the OLS estimator of the within-estimator is shown in Eq.
(15):

_)7;[ = X0 + & (15)

The modified regression model in (13) is then estimated in the second
stage using pooled OLS estimation.
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3.3.5. Robustness Check

This study also applies a novel CS-ARDL approach to verify the re-
sults of the Driscoll Kraay estimator. The CS-ARDL technique was
devised by Chudik and Pesaran (2015) to observe the long-short-run
association between the variables. This approach requires much less
time & effort than other estimation methods, such as Pooled Mean
Group (PMG), Mean Group (MG), and Augmented Mean Group (AMG)
approach. Furthermore, this technique addresses the difficulties of non-
stationarity, CSD, mixed-order integration, and Slope Homogeneity.
This is because skipping unobserved common components is directly
related to generating inaccurate estimate findings. The CS-ARDL may be
written in the form of the following Eq. (16):

p p p
LCO» = ay+ Y BLCOs  + Y ¢uXej + » a¥e +eu (16)
=1 =0 =1

Where, Y, = (ALCO.X,) and X, = (LGDP; LGDP2

2 LURBA, LINDUS;,
LSERVy, LRES;)'

4. Empirical findings
4.1. Results of CSD

The results of a CSD test are shown in Table 3 for selected variables.
The test was carried out to examine how the cross-section variables were
correlated. The p-values and test statistics are provided for each
explanatory variable. The p-value, presuming no CSD issue between the
variables, reflects the probability of witnessing the test statistics. The
null hypothesis of no CSD is rejected, and it is determined that the
variables are cross-sectionally dependent if the p-value is less than one
of three significance levels (1 %, 5 %, and 10 %). Table 3 shows evidence
of a CSD for all study variables at the 1 % level, as demonstrated by the
p-values for the tests conducted on cross-sectional variables. Thus, the
shock felt in one nation would be felt across the whole panel. As a result,
second-generation tests need to be conducted concerning the study’s
variables.

4.2. Panel unit root test

Table 4 shows the outcomes of the CIPS unit root test. The choice of
regression model for further analysis is influenced by whether or not a
time series is stationary, and the unit root test is employed to make this
determination. Stationary series tend not to return to their mean over
time, but non-stationary series do since they contain a unit root. Table 4
is arranged by each variable’s level (with & without trend) and first
difference (with & without trend), and the rightmost column displays
the order of integration (I (0) or I (1)). Based on the results in Table 4,
LCO,, LINDUS, LGDP, LSERV, and LRES are significant at 1 % in both
with & without trends at the first difference and become I (1). Besides,
LURBA and LGDP? are assigned to I (0) as they are significant at the
level. Thus, CIPS outcomes showed no unit root problem in the data set,
and variables showed mixed order of integration. Additionally, the
CADF unit root test outcomes are presented in Table 5, and no unit root
problem is found in the data set. The findings of CADF are consistent
with CIPS and showed that variables had mixed order of integration.

4.3. Panel cointegration test

After verifying that all variables are steady, the next step is deter-
mining whether they are cointegrated throughout periods. Table 6 ex-
hibits the outcomes of the cointegration tests performed for this study;
these tests were constructed utilizing Westerlund’s (2007) technique.
We may reject the null hypothesis since the Gt and Ga statistics have
statistically significant p-values (less than 10 %). There is statistically
significant evidence for two of the four test statistics. The maximum lag
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Table 6

Cointegration Test.
Statistics Gt Ga Pt Pa
Value —3.431 —6.539 —4.404 —3.886
Z-value —1.842 2.291 2.685 2.799
P value 0.01 0.05 0.55 0.75

Software for analysis: STATA.

lengths are determined using AIC values. The findings of the Westerland
cointegration test indicate that the variables under investigation are, in
fact, long-run cointegrated.

4.4. Driscoll Kraay standard error

The outcomes of DKSE are presented in Table 7, which arranges the
coefficients of each variable, t statistics, standard error, and corre-
sponding p-value. According to the findings of DKSE, the coefficient
value of LGDP is —1.1883, which is significant at a 5 % significance
level. The coefficient value of LGDP revealed that a 1 % increase in GDP
will lower CO, emission by 1.1883 %. Additionally, DKSE showed that
LGDP? has a significant positive association with LCO; at a 1 % signif-
icance level. The findings revealed that a 1 % rise in LGDP? will increase
LCO3 by 0.0599 %. This positive association indicated that the linkage
between economic expansion and CO» emission does not hold an
inverted U-shaped association. Thus, DKSE estimation demonstrated
that the EKC premise does not exist in the South Asian region. Moreover,
the coefficient value of LURBA is 0.1186 and highly significant ata 1 %
significance level. The significant positive association between LURBA
and LCO implied that a 1 % increase in LURBA will increase LCO5 by
0.1186 %, and vice versa. Furthermore, the coefficients of LSERV
showed a significant positive association with LCO3 and implied thata 1
% increase in LSERV will increase LCO3 by 0.4594 %. Finally, the DKSE
findings showed that LINDUS and LRES have no significant relationship
with LCO,.

4.5. Findings of CS-ARDL

To check the validity of DKSE estimation, we employed a novel CS-
ARDL estimation approach. The findings of the CS-ARDL estimation
approach are displayed in Table 8. The long-run analysis of CS-ARDL
demonstrated that LGDP has a significant negative association with
LCO; and implied that a 1 % increase in LGDP will lower LCO, by 8.788
% in the long run. The coefficient value of LGDP also has a significant
negative linkage with LCO, in the short run. Thus, this negative asso-
ciation between LGDP and LCO, is consistent with the estimation of
DKSE. Furthermore, findings of CS-ARDL showed that LGDP? and LCO,

Table 7
Findings of Driscoll Kraay’s standard error.

Driskoll Kraay fixed affect outcomes

Dependent variable: CO,

Explanatory Coefficient Drisc/Kraay t- Probability
Variables Std. Dev Statistics
LGDP 0.7694 —2.45 0.021
LGDP? 0.0157 3.8 0.001
LURBA 0.1186*** 0.0382 3.11 0.004
LINDUS —0.0226 0.0802 -0.28 0.78
LSERV 0.4594***  0.1525 3.01 0.005
LRES 0.0619 0.0568 1.09 0.286
Constant 15.9875% 9.2996 1.72 0.097
Fstatistics 1376.44 Probability 0.0000
R-squared 0.9845 Root- MSE 0.3309
Number of Number of

Observations: Groups: 7

190

Note. Asterisk sign ***, ** &* are utilized for 1%,5%, and 10% significance level,
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Table 8
Results of CS-ARDL.
m (2

Variables Long-Run Short-Run
LGDP —8.788%**%(4.47) —18.48*%(10.88)
LGDP? 0.218%(0.122) 0.436%*(0.197)
LURBA 1.376*(1.635) 0.857(1.775)
LINDUS —0.506**(0.283) —0.580**(0.282)
LSERV 0.270(0.708) 0.448(0.651)
LRES 9.781%*%(4.827) 15.15(15.20)
Observations 184
R? 0.471

Asterisk sign , ¥* &* are utilized for 1%,5%, and 10% significance level.
Standard deviations are mentioned in brackets.

are positively correlated in both the short and long runs. The result
implied that a 1 % increase in LGDP? will increase LCO5 by 0.218 % in
the long run and 0.436 % in the short run. This positive association
between LGDP? and LCO, also aligns with the estimation of DKSE.
Therefore, both CS-ARDL and DK estimation methods implied that the
EKC premises do not exist in the South Asian region. In addition, the
coefficient of LURBA has a significant positive association with LCO,.
This result implied that a 1 % increase in LURBA will increase LCOy by
1.376 % in the long run. This positive association between LURBA and
LCO, is consistent with DKSE estimation. The CS-ARDL estimation found
that LINDUS has a significant relationship with LCO5. The estimation
also showed that LRES has a significant impact on LCO; in the long run
only. In contrast, LSERV has an insignificant linkage with LCO,.

5. Discussion

In this study, neither the DKSE estimator nor the CS-ARDL method
found evidence of the presence of EKC in the South Asian region. This
extends the dispute about the validity of the EKC in recent years, in
which evidence to support this claim exists in the SAARC region. South
Asian nations’ capacity to deal with environmental concerns tends to lag
behind their fast economic growth. Due to their rapid growth, these
economies have not been able to establish effective environmental
policies. The absence of legislation and enforcement mechanisms has
resulted in extensive ecological deterioration.

The EKC hypothesis also anticipates that technical advancements
brought by economic expansion will lessen environmental deterioration.
However, the obsolete and energy-intensive equipment utilized in many
South Asian nations results in the opposite. Moreover, the EKC hy-
pothesis considers market failure to cause ecological deterioration and
predicts that the market will internalize environmental costs as econo-
mies improve. The market typically fails to absorb the costs of envi-
ronmental deterioration in many South Asian nations, placing most of
the burden on low-income and marginalized populations.

The EKC theory also fails to recognize the influence of globalization
and international trade on environmental conditions. It does not confirm
that the rising emissions and environmental degradation are attributable
to the expansion of global trade and the exploitation of natural resources
in South Asian nations. While several South Asian nations have seen
economic growth, most of their populations have not reaped the bene-
fits. This disparity reduces the market’s ability to absorb environmental
costs, making it harder to solve environmental challenges.

The findings of the study regarding the EKC hypotheses are consis-
tent with several researchers (Yousaf et al., 2016 ; Firoj, 2022; [too & Ali,
2023; Akhmat, 2014; Aye & Edoja, 2017; Voumik et al., 2022; Bibi &
Jamil, 2021,; Villanthenkodath, 2021, Minlah & Zhang, 2021, Pata &
Aydin, 2020, and Purwono et al., 2024). However, the findings of this
study contradict many other researchers, such as Rehman and Rashid
(2017), Rani (2022), Kiani (2022), Rahman (2021), Gopakumar et al.
(2022), Voumik et al. (2022), and Tenaw and Beyene (2021).

This study observed that urbanization has a significant positive

Research in Globalization 8 (2024) 100223

correlation with CO5 emissions. Rapid urbanization in South Asia has led
to a surge in CO5 emissions. There are various reasons why urbanization
growth contributes to increasing CO, emissions in the South Asian re-
gion. First, as cities get more populated, more energy-intensive struc-
tures are built, increasing energy usage (Voumik et al., 2024). The
energy demand prompts power production, which mainly uses fossil
fuels, which drive CO; emissions. In addition, the manufacturing of
building materials, the deliveries of commodities, and new buildings
construction also adds to CO5 emissions. The same is true for the more
intensified use of transportation. As cities expand, there will be more
vehicles on the road, hence the CO5 emissions. The problem is exacer-
bated by the shortage of adequate public transport in many South Asian
cities, which forces residents to depend on their automobiles for
mobility.

Moreover, industries in metropolitan areas are expanding. The in-
dustry is one of the most significant sources of CO, emissions, and as
cities grow more industrialized, the emissions increase. Energy-
intensive industries like steel and cement production cause a signifi-
cant rise in CO5 emissions. Industrialization and urbanization also result
in deforestation. Forests are cleaned up for residential development, so
CO4, absorption declines. The findings of this study are in line with past
studies, such as by Mahmood et al. (2020), Voumik and Sultana (2022),
Anwar et al. (2020), Cheng and Xiaowen (2022), Mignamissi and
Djeufack (2022), Lee (2022), and Purwono et al. (2024).

This study also found a significant positive correlation between
service sector development and GDP and CO; emission. There are
several reasons why this development emits more COs. First, the service
industry uses a lot of energy. Electronics, air conditioning, and other
energy-intensive equipment are crucial to many services, such as
banking, retail, and information technology. The sector’s expansion
means more energy consumption. Moreover, the expansion causes more
emissions from the transportation sector as more individuals drive to
and from work as the service economy expands. The situation worsens
because many South Asian cities lack reliable public transport options,
forcing residents to depend on their cars. The growth also triggers the
emissions from the construction industry as the will be more energy-
intensive buildings like offices and retail malls, with HVAC and light-
ing systems.

The expansion of the service industry also contributes to the rising
trend of air travel, such as for business travel. Because of a shortage of
ground-based transport options, air travel has become a more common
option in many South Asian cities. Lastly, the growth in the service in-
dustry also results in the growth in waste-related emissions. Rising
garbage collection costs are one source of CO, emissions related to
expanding the service industry. Methane is released from landfills at a
disproportionately high rate in South Asian cities due to insufficient
waste management systems. Overall, the findings of the study that the
service sector increases CO, emissions are consistent with Samarkand
(2017), Alam (2015), and Butnar and Llop (2011).

6. Conclusion

The main objective of this analysis is to scrutinize the existence of the
EKC hypothesis by using panel data for South Asian countries from 1972
to 2021. This study also considers the impacts of industrialization, ur-
banization, the service sector, and natural resources on CO5 emission.
This study employs the CSD approach to check whether study variables
are interdependent. The findings of the CSD test revealed that all vari-
ables have CSD problems. This study also employs a second-generation
unit root test (CIPS and CDF) to observe the stationarity, and the find-
ings of both unit root tests showed no unit root problem in the data set.
In addition, this research also used the Westerland panel cointegration
approach to observe the long-run cointegration and found that variables
are cointegrated in the long run.

Meanwhile, the influences of explanatory variables on dependent
variables are observed using a sophisticated economic approach known
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as DKSE. The results of DKSE showed that GDP significantly minimizes
CO3 emissions in both the short and long runs. At the same time, GDP?,
urbanization, and the service sector increase CO, emissions in the
SAARC region. The DK estimator also showed that industrialization and
the availability of natural resources have an insignificant impact on CO4
emissions. These results, which suggest that increasing economic growth
is associated with increasing environmental pollution or escalating CO5
levels, are inconsistent with the EKC hypothesis.

On the contrary, the EKC hypothesis predicts that ecological damage
will decline when economic growth reaches a particular threshold,
reflecting a predictable and systematic relationship. A novel CS-ARDL
method was also utilized to confirm the findings of the DKSE estima-
tion. The findings of CS-ARDL revealed that the EKC hypothesis does not
hold in the South Asian region. Moreover, CS-ARDL estimation showed
that GDP and industrialization significantly mitigate CO, emission,
while urbanization, GDP?, and availability of natural resources triggered
CO, emission. Therefore, the robustness test confirms that the DKSE
approach and methodology are appropriate for this research. These
findings suggest the need for adequate planning for industrialization and
urbanization and the improvement of productivity by using cleaner
energy sources.

7. Policy implications

Our research indicates that increased economic activities have a
positive effect on the environment by decreasing emissions of green-
house gases. Hence, policymakers in the SAARC area should prioritize
the production sector. Green technology-based machinery should be
introduced in the manufacturing process so that output will rise to
ensure environmental protection. In addition, governments should take
action by offering incentives, monthly subsidies, or yearly incentives to
businesses that adopt renewable technologies. Stricter regulations
should also be implemented to discourage the use of industrial equip-
ment that creates additional emissions.

Although GDP enhances the quality of the environment, GDP? con-
tributes to environmental damage. This may have occurred due to low-
cost, high-emitting technologies that pose a severe ecological concern.
Therefore, policymakers in the SAARC region should enact clear legis-
lation mandating the use of green technology by all industries and
businesses and a mechanism of penalties for those who violate the law.

Rapid urbanization in South Asia has resulted in a significant rise in
CO emissions. This has had a considerable influence on the ecosystem
and accelerated climate change. Policies specific to South Asia must be
implemented to mitigate these negative consequences. Encouraging the
use of eco-friendly transportation, including biking, carpooling, and
public transportation is necessary. Fewer personal automobiles on the
road will help reduce pollutants and improve urban air quality. In
addition, green building regulations may help reduce carbon footprint
and boost the energy efficiency of new construction. This should be
accompanied by the use of renewable energy sources like solar and wind
power. Lastly, recycling and composting should also be encouraged to
reduce methane emissions.

The South Asian service sector has a crucial influence on rising CO,
emissions. Promoting energy efficiency, converting to renewable energy
sources, promoting low-carbon transportation choices, and enacting
procurement regulations should be adopted to minimize emissions.
Education and staff participation are also essential parts of lowering
emissions. Businesses need to invest in carbon-reduction programs, such
as reforestation or sustainable energy, to offset CO5 emissions.

Industrialization has contributed considerably to economic growth
and wealth, but at the cost of the environment. Adopting cleaner pro-
duction techniques may reduce pollutants and emissions from industrial
activities and enhance resource productivity. Governments could play a
more significant role in monitoring and controlling industrial activities
to ensure compliance with environmental standards. This might include
setting emissions limits, monitoring air and water quality, and holding
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companies accountable for adverse environmental effects. Encouraging
green business practices, such as reducing waste and emissions, using
renewable materials and energy sources, and increasing resource effi-
ciency, should also help reduce the environmental impact of industrial
activities. This also includes investing in the research and development
of new ecologically friendly technology.

8. Limitation and future research

While this research provides insightful findings, future research can
address some limitations. First, this research may not accurately reflect
the diversity of the South Asian area since it relies on data collected at
the national level. The link between urbanization, industrialization, the
service sector, and CO, emissions in various parts of South Asia could be
studied using subnational or regional data. Moreover, this study focuses
on urbanization, industrialization, and the expansion of the service
sector affect CO, emissions and the economy. Future research could
benefit from focusing on elements contributing to CO2 emissions in
South Asia, such as energy usage, sustainable energy growth, and gov-
ernment policy.

Furthermore, the correlation between economic growth and CO,
emissions may change with time, and this analysis only covers the years
1972 to 2021. A more extended data set would allow researchers to see
whether there has been a transition over time. Finally, even though this
analysis concludes that the EKC theory does not pertain to South Asia, it
is still feasible that other variables, such as world trade and foreign
direct investment, impact the link between economic growth and CO4
emissions. Future studies could examine how these variables affect CO5
emissions in South Asia. In sum, while this study sheds light on the
correlation between economic growth and CO2 emissions in South Asia,
future research could build on this study’s limitations and investigate
the elements contributing to this association.
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Abbreviations Details

CS-ARDL Cross-Sectional Autoregressive Distributive Lag
CSD Cross-Sectional Dependence

COy Carbon Dioxide

GDP Gross Domestic Product

GDP? Square of Gross Domestic Product
EKC Environmental Kuznets Curve
DKSE Driscoll Kraay Standard Error

QR Quantile Regression

LCF Load Capacity Factor

GT Green Technology

GPR Geopolitical Risk

REN Renewable Energy

URBA Urbanization

INDUS Industrialization

SERV Service

RES Resource
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