
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=rero20

Economic Research-Ekonomska Istraživanja

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/rero20

Assessing technological innovation and
sustainable environment: Tourism perspective of
advanced panel methods

Yuanxiang Peng & Dan Zhu

To cite this article: Yuanxiang Peng & Dan Zhu (2023) Assessing technological innovation
and sustainable environment: Tourism perspective of advanced panel methods, Economic
Research-Ekonomska Istraživanja, 36:3, 2194946, DOI: 10.1080/1331677X.2023.2194946

To link to this article:  https://doi.org/10.1080/1331677X.2023.2194946

© 2023 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 25 May 2023.

Submit your article to this journal 

Article views: 95

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=rero20
https://www.tandfonline.com/loi/rero20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/1331677X.2023.2194946
https://doi.org/10.1080/1331677X.2023.2194946
https://www.tandfonline.com/action/authorSubmission?journalCode=rero20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=rero20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/1331677X.2023.2194946
https://www.tandfonline.com/doi/mlt/10.1080/1331677X.2023.2194946
http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2023.2194946&domain=pdf&date_stamp=2023-05-25
http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2023.2194946&domain=pdf&date_stamp=2023-05-25


Assessing technological innovation and sustainable
environment: Tourism perspective of advanced panel
methods

Yuanxiang Peng and Dan Zhu

School of Economics and Management, Beijing Jiaotong University, Beijing, China

ABSTRACT
The current study aims to analyze the influence of technological
innovation, economic growth, tourism and renewable energy con-
sumption on the carbon emissions in four South Asian economies
covering the period 1990-2020. This study employed the cross-
sectionally augmented autoregressive distributed lag model – a
the third-generation estimator as it tackles the issues of slope het-
erogeneity, panel cross-section dependency, endogeneity, and
stationarity. Also, this study uses the augmented mean group as
a robustness test and Granger panel causality heterogeneity test.
The results display that economic growth significantly enhances
emissions level, whereas achievement of the threshold income
level significantly reduces environmental degradation – validating
the environmental Kuznets curve hypothesis in the region.
Besides, tourism, renewable energy consumption, and techno-
logical innovation substantially reduces carbon emissions in the
regions in short- and long-run. These findings are robust, and a
bidirectional causal association exists between the explanatory
variables and carbon emissions. The findings suggest policy con-
cerning the adoption of renewable energy, considering industrial
sector’s structural transformation, investment in technological
innovation and promotion of tourism in the region.
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1. Introduction

This research examines the environmental sustainability through tourism and eco-
nomic growth, where the former is among the world’s biggest and most rapidly
expanding sectors. Although being a substantial contributor to local and national
economies throughout the world, tourism’s fast expansion has had an influence on
worldwide emissions of greenhouse gases.

Industrialization is widely recognized as a significant contributor to global warm-
ing and, by extension, climate change, mostly owing to its growing demand for
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energy and intensities, which create a substantial quantity of carbon (CO2) emissions
(Liu & Bae, 2018). Concerning the pre-industrialization period, Bernardini and Galli
(1993) argued that agriculture and associated activities, which have a lower energy
intensity dominate the economy. Following this, the modernization process occurs,
which resulted in a significant rise in CO2 emissions due to the fast expansion in
energy and fuel consumption and demand and this trend is expected to continue
(Hussain et al., 2020). At a certain point, the progress will shift the economy into one
that is more contemporary and service-oriented; this is known as the post-industrial-
ization period (Bernardini & Galli, 1993). As a vital service industry, the tourist
industry would subsequently be anticipated to substitute for the industrial as well as
agricultural sectors, resulting in decreased energy usage, energy intensity, and conse-
quently CO2 emissions (Alam & Paramati, 2017). Numerous studies have looked into
the impact of the tourist industry on emissions, (see, for instance Katircioglu, 2014;
Zaman et al., 2016; Cavallaro et al., 2017; Azam et al., 2018). The economics of tour-
ism must be included within a comprehensive social sciences paradigm to analyze
tourism sustainability (Buckley, 2012; Song et al., 2012). According to the literature,
tourism is a significant source of emissions (G€ossling, 2013). However, there are
country-specific differences in the consequences of tourism on pollution [such as
Singapore vs Malaysia (Azam et al., 2018)], indicating the requirement for a broader
thorough model and assessment methodology on this topic. Tourism, being a service
industry, has a lower energy intensity compared to industrialization, and hence cre-
ates fewer emissions (Azam et al., 2018). In the meantime, Bernardini and Galli
(1993) stated that the organizational modifications that occur throughout the transi-
tion from pre-industrialization to industrial to post-industrialization result in eco-
logically beneficial approaches. Nevertheless, since technical advancement is
inextricably linked to economic growth, which differs from country to country, the
expansion of tourism might have varying consequences on global as well as regional
emissions. This issue requires broader research of the impacts of tourism on emis-
sions while specifically focusing on the emerging (the South Asian) economies that
have immense importance in the field of global tourism, which can be seen in
Figure 1. Whereas the CO2 emission in these economies can be depicted in Figure 2.

From the above-mentioned figures, it is noted that the tourism and CO2 emissions
are both increasing since the last 25 years. Specifically, the average international tour-
ist arrivals to four South Asian (Bangladesh, India, Pakistan, and Sri Lanka) econo-
mies were 3072000 in 1995, while it reached to 21285748.06 in 2019 and reports the
annual tourist arrival of 8622090.059 to these countries combinedly. Similarly, the
CO2 emissions are recorded 842970 kt in 1995, which is increased to 2761390.055 kt
in 2019, with an annual average of 1660602.8 kt. Both the tourist arrivals as well as
emissions are noted increased during the last few decades. Therefore, these economies
holds importance in terms of analyzing the empirical relationship between the two
variables.

Concerns about the progressively worsening climate change difficulties have
spurred a sense of panic in reducing global CO2 emissions in the modern period.
Previously, traditional development plans have primarily concentrated on increasing
the global economy’s growth rate. The environmental challenges that have followed
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the economic accomplishments: however, remained ignored (Murshed & Dao, 2020).
Yet, the notion of “growing up now and cleaning up later” had attained a saturation
point, and failing to acknowledge the strategically essential environmental well-being
concern might undermine the global economy’s overall sustainability. As a result,
reducing greenhouse gas (GHG) emissions is becoming a top priority for govern-
ments throughout the world. In this framework, current environmental policies are
frequently conceived to stimulate economic growth even while protecting

Figure 1. International tourist arrival to four South Asian economies (1995–2019).
Source: World Bank (2022)

Figure 2. CO2 emissions from Four South Asian economies (1995–2019).
Source: World Bank (2022)
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environmental wellbeing. Notably, as CO2 emissions account for more than two-
thirds of global total GHG emissions, lowering the CO2 emissions’ intensity has been
a central target of such initiatives (Field & Barros, 2014).

CO2 emissions have long been connected to economic growth, which the
Environmental Kuznets Curve (EKC) hypothesis claims to explain (Grossman &
Krueger, 1991). The EKC paradox proposes that in the earlier phases of economic
expansion, environmental degradation is accelerated by increasing CO2 emissions
level. Conversely, after a certain level of growth has been reached, the rate of environ-
mental degradation is likely to slow (Narayan & Narayan, 2010). As a result, this the-
ory explicitly identifies economic development or growth as a cause as well as a
remedy for CO2 emissions-induced environmental problems. To adjust for the
growth-CO2 emissions nexus, previous research on the EKC hypothesis examined a
broad range of macroeconomic parameters. For instance, many empirical studies
have suggested that energy investment, energy use, foreign direct investment, and
electricity consumption are the important factors that significantly the nexus between
economic growth and CO2 emissions (Destek et al., 2020; Li & Li, 2020; Petrovi�c-
Rand-elovi�c et al., 2020; Saidi & Omri, 2020). To be more specific, rise in the indus-
trial expansion, and investment in the in the energy sector encourages the use of
traditional energy resources, which are then adversely affecting environmental quality.
However, Studies have named few factors that could help achieve higher economic
growth and could also influence environmental quality. Such factors include renew-
able energy consumption and technological innovation, which have a stimulating
effect on economic growth (Hu et al., 2022; Yang et al., 2021). However, little atten-
tion has been paid to the environmental impact of these instruments, which could
also essential in an economic-environment nexus.

Following the backdrop, the major objective of this research study is to empirically
reinvestigate the association of economic growth and environmental quality.
Particularly, this study attempts to analyze whether economic growth influences
environmental quality or not? Albeit there are numerous studies that investigated
economic growth and environmental quality of various countries and regions (see
Section-2). However, the panel of four South Asian economies including India,
Bangladesh Sri Lanka, and Pakistan still remained ignored in such extensive literature.
Therefore, additional objective of this study is to test the EKC hypothesis in these
economies. Since the South Asian economies are highly dependent on the tourism
sector, which covers a significant portion of their GDP. Consequently, another object-
ive of this study is to analyze the nexus of tourism industry and environmental qual-
ity. Nonetheless, there are many studies that empirically examine the said nexus
(Eyuboglu & Uzar, 2020; Gao et al., 2021). Still, these studies have provided mixed
findings and also lacks the specific association in the panel of study economies.
Therefore, it is important to examine the association via using the extended dataset
for the mentioned emerging economies. Following the recent trend of increasing
investment in environmentally effective energy resources, this study aims to analyze
the influence of renewable energy consumption and technological innovation on the
quality of environment. Although there are many studies available in the literature
that cover these objectives in the context of developed as well as developing
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economies. Still, the specific investigation of both short and long-run associations in
the selected economies are missing in the literature, which could be important for the
policy-makers and scholars.

This study is novel and contributes to the existing studies in three dimensions.
Firstly, this study is among the first studies that analyzes EKC hypothesis in four South
Asian economies. Though the developed and developing countries are widely investi-
gated: still, these countries are out of focus in the academic research, which are emerg-
ing economies and could be Asian tigers in the near future. Secondly, this study
provides empirical evidence regarding the influence of tourism industry on environ-
mental quality. Albeit the existing studies have provided empirical evidence for the said
nexus. Yet the contradictory and mixed findings may not lead to adopt respective poli-
cies confidently. Therefore, these estimates could be used as innovative policy tool,
which particularly focuses on the South Asian economies. Lastly, the specific influence
of renewable energy and technological innovation are missing for the selected panel
economies, and such variables are now important economic as well as environmental
indicators. Therefore, this study is playing a substantial role in displaying the empirical
evidence regarding the nexus. Moreover, this study utilized the extended dataset avail-
able and provides innovative policy suggestions that could provide a path for maintain-
ing economic growth as well as environmental sustainability in these economies.

The remaining of the study of is organized in the following parts: Section-2 deliv-
ers review of literature; Section-3 provides data and methodology used for empirical
investigation; Section-4 represents the estimated results and discussion; Section-5 con-
cludes the study along with the policy implications.

2. Review of literature and hypothesis development

Since the last few decades, scholars and policy-makers have provided extensive litera-
ture regarding the association of economic growth and carbon (CO2) emissions for
various countries and regions (Akram & Umar, 2022; Hao et al., 2021; Umar et al.,
2021; Wang et al., 2021). In this regard, the recent studies that evaluated extended
time periods are discussed here. Specifically, the recent study of Yang et al. (2021)
examined 78 economies between 2000 and 2017 via Tapio model with a comprehen-
sive decomposition framework. The estimated results reveal that economic growth as
well as population expansion significantly promote environmental degradation that
also restricts the global decoupling process. However, production efficiency, techno-
logical advancement and energy structure optimization significantly leads to low car-
bon economy. Also, the study of Song (2021) investigated China (30 Chinese
Provinces) covering the period of 2001-2016 and employed fixed effect threshold
regression model. The examined results reveal that higher economic growth mainten-
ance along with the investment in technology and environmental protection signifi-
cantly leads to low carbon emissions. In addition, Li et al. (2021) used common
correlated effect mean group and augmented mean group estimating tool to conclude
that economic growth as well as energy consumption significantly enhances CO2

emissions in group of 20 economies. Besides, the study validates bidirectional causal
nexus between economic growth, energy consumption, and CO2 emissions. Similar
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impact of income is also delivered in the study of Wang and Zhang (2021). However,
the authors claimed that high oil prices and renewable energy could be significant
factors to lower CO2 emissions in 182 countries. Besides, the influence of trade open-
ness is found heterogenous, i.e., negative association with CO2 emissions in the devel-
oped and positive association in developing economies. Beside the positive
association of income and environmental degradation, Akadiri and Adebayo (2021)
and Tufail et al. (2021) asserted that economic growth, financial development, and
non-renewable energy promote CO2 emissions, while renewable energy helps reduce
CO2 emissions. Whereas studies asserted that enhancement in the CO2 emissions in
the developing economies is due to their high reliance on fossil energy consumption
(Nathaniel et al., 2021). Based on the above discussion, this study assumed the null
hypothesis regarding economic growth-environment nexus, given as:

H1
0 : Economic growth positively affect environmental degradation.

Moreover, there are numerous studies that also demonstrates the positive nexus
of economic growth and CO2 emissions in various regions (see for e.g., Li & Li,
2020; Saidi & Omri, 2020; Destek et al., 2020; Dong et al., 2020; Petrovi�c-Rand-elovi�c
et al., 2020). These studies analyzed various developed and developing economies
including China, major renewable energy consuming economies, group of seven
(G7), Six Chinese industries, CIVETS economies, and Turkey. Also, these studies
used controlled variables such as energy investment, energy use, foreign direct
investment, and electricity consumption that exhibit positive influence on the CO2

emissions while renewable energy consumption, industrial structure upgradation,
and globalization have negative or no positive impact on the CO2 emissions. Since
all the existing literature indicates the positive association of income and environ-
mental degradation. Yet there are many studies that examined the influence of
increased or threshold level income on the CO2 emissions—refers to the environ-
mental Kuznets curve (EKC) hypothesis. Specifically, the recent study of Saint
Akadırı et al. (2021) analyzed EKC in the BRICS economies throughout 1995-2018
and validate the existence of EKC hypothesis in the region only in the long-run.
Whereas, undesirable influence of energy mix is found in both the short and long-
run. Additionally, Sun et al. (2021) also found inverted U-shaped relationship of eco-
nomic growth and CO2 emission in China. Whereas, solar technological innovation
can significantly reduce CO2 emissions in the country. In case of five European
Union economies, Balsalobre-Lorente et al. (2021) validates the existence of EKC
hypothesis. Whereas the study claims that there is a negative and significant impact
of energy innovation and renewable energy on CO2 emissions. On the other hand,
the study of Schr€oder and Storm (2020) asserted that there is a weak evidence of
higher income level in mitigation CO2 emissions in 58 OECD economies during
2014-2050 period, which opposes the Carbon-Kuznets curve paradox. In the context
of EKC hypothesis, Mehmood (2021) asserted that economic growth, financial inclu-
sion and globalization are the key factor of increased environmental degradation in
developing economies. Still, the renewable energy could adversely affect the CO2

emission in the region. On the contrary, Beşe and Kalayci (2021) validates the non-
existence of EKC hypothesis in three developed economies (Spain, United Kingdom
and Denmark) during the period 1960-2014. Concerning the said (EKC) context,
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there are many studies such as Murshed et al. (2021), Bandyopadhyay and Rej
(2021), Murshed and Dao (2020), Ridzuan et al. (2020), Shahbaz et al. (2020), Pata
and Aydin (2020), that empirically analyzed the EKC hypothesis in various devel-
oped and emerging economies across different periods and concluded mixed findings
based on the specification of countries. On the basis of above literature and discus-
sion, this study assumes the association between higher economic growth and envir-
onmental sustainability, given as:

H2
0 : Increased economic growth promote environmental sustainability (EKC is valid).

Concerning tourism, economic growth and CO2 emissions in ten rich economies,
the study of Akadiri et al. (2020) employed seemingly unrelated regression and
revealed that the factors that contribute to degradation of an environment are more
internal in the tourism island territories during the period 1995-2014. In addition,
the recent study of Gao et al. (2021) demonstrates the existence of tourism-induced
EKC hypothesis in the Mediterranean economies. Also, the study reveals that there is
a unidirectional casual nexus running from tourism to CO2 emissions. In case of
Turkey, Eyuboglu and Uzar (2020) the influence of tourism on CO2 emissions
throughout 1960-2014. The estimated results asserted that tourism and economic
growth positively and significantly affects CO2 emissions. Besides, the empirical find-
ings of vector error correction model (VECM) validates that CO2 emissions and tour-
ism are bidirectional connected. In case of Pakistan, Sharif et al. (2017) investigated
the period of 1972-2013 via employing variance decomposition method. The esti-
mated results asserted that there exists unidirectional causal association running from
tourist arrival to CO2 emissions. However, tourism is greatly influenced by CO2 emis-
sions caused by industrial and construction sectors in Thailand (Jermsittiparsert,
2019). Moreover, the studies of Dubois et al. (2011), G€ossling et al. (2013), and
G€ossling et al. (2015) empirically studied challenges and the future of tourism in vari-
ous regions. Since the earlier studies indicates that there is a positive association of
tourism and CO2 emissions. Whereas the tourism sector is service based sector, which
declines the energy and carbon intensity. Therefore, this study assumes that:

H3
0 : Tourism adversely affect the emissions level.

Besides the earlier studies, that instigates negative impact of renewable energy
and energy efficiency on CO2 emissions. Other studies also revealed that renewable
energy negatively affects CO2 emissions in various countries and regions (see for
instance, Akadiri & Adebayo, 2021; Hu et al., 2022; Saidi & Omri, 2020; Saint
Akadiri et al., 2020; Tufail et al., 2022, among others). On the other hand, there
are two perspective concerning technological innovation and emissions.
Specifically, Hu et al. (2022) and Petrovi�c-Rand-elovi�c et al. (2020) demonstrates
that improvement in the technological innovation significantly enhances economic
growth as well as the CO2 emissions. These studies mentioned that technological
innovation is more growth oriented. On the other hand, the recent studies of Yang
et al. (2021) empirically revealed that enhancement in the environmental related
technologies and energy saving technologies negatively affects environmental deg-
radation and promote environmental sustainability. These studies further indicate
that higher economic growth leads to the adoption of environmentally friendly
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technologies, which adversely affect CO2 emissions in the country. Based on the
given literature, this study developed hypothesis regarding the nexus of renewable
energy and technological innovation with the environmental quality, given as:

H4
0 : Renewable energy reduces the carbon emissions level.

H5
0 : Technological innovation enhances environmental sustainability.

Apart from the empirical evidence of the positive and negative connections
between the variables, recent studies in the literature provides that one of the signifi-
cant contributor of CO2 emissions is economic growth, where natural resources is
one of the leading driver of natural resources (Su et al., 2022b; Rahim et al., 2021).
The increasing emissions is reported as hazardous for public health (Wei et al., 2022).
Therefore, numerous remedial measures for environment have been recommended by
the recent studies, including human capital (Khan et al., 2020d), investment in envir-
onmental R&D and renewable energy (Jiang et al., 2022; Luan et al., 2022; Su et al.,
2022a, 2022c), fiscal decentralization (Ji et al., 2021; Khan et al., 2021a, 2023; Su
et al., 2021), renewable energy consumption (Cai et al., 2022; Yang & Umar, 2022),
eco-innovation and exports (Khan et al., 2020a, 2020b, 2020c), financial inclusion and
financial development (Qin et al., 2021a, 2021b), export diversification (Bashir et al.,
2022; Khan et al., 2021b), environmental regulations (Khan et al., 2019; Shahzad
et al., 2021), are the essential factors of environmental sustainability.

2.1. Literature summary and research gap

In the earlier section of this study, extensive literature is provided covering the associ-
ation between tourism-environment, economic growth-environment, renewable energy-
environment, and technological innovation-environment. However, from the given
literature, this study noted that the empirical results concerning the tourism-environment,
renewable energy-environment, and technological innovation-environment are contra-
dictory, where several studies posits their increasing role in environmental degradation,
while other claimed their importance in environmental sustainability. Since, the contra-
dictory evidence is a prevailing issue in the literature reporting the research gap and a
need for extensive empirical research to examine the real association between them.
Besides, the economic growth is observed as increasing the CO2 emissions level.
Whereas the increased economic growth up to the threshold level, the CO2 emissions
tend to decline, which leads to environmental sustainability. Further, the existing litera-
ture for various developed and emerging economies, this study observed no study that
empirically analyzes the EKC paradox in the South Asian economies. To bridge this
gap, this study uses various advanced panel data approaches as discussed in the next
section.

3. Methodology

3.1. Theoretical framework and model specification

The theoretical framework regarding the association of environmental quality (CO2)
and variables such as tourism (TOUR), economic growth (GDP) (along with the
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EKC: GDP squared/GDPS), renewable energy consumption (REC) and technological
innovation (TI) is discussed in this section. With reference to the TOUR-CO2 nexus,
there are several empirical studies available as discussed above. Initially, the develop-
ment of tourism may enhance public infrastructure and services optimize traffic site
circumstances, increase the exposure of destinations, and broaden the opening-up
process. In addition, as essential components of the tourism sector, business and
MICE tourism may provide prospective investors with first-hand knowledge about
the location and attract new investment prospects, therefore boosting its openness
(Tong et al., 2022). Since the emerging economies are still relying on the non-renew-
able energy consumption, which is the backbone of industrial sector. However,
TOUR is a services-based sector, which is reduces the economy’s dependence on
industrial sector and contribute to economic growth. However, the decline of the
industrial sector reduces the traditional energy use, which further improves environ-
mental quality, given as: d1 ¼ oCO2, it

oTOURit
< 0, which leads to the assumption of negative

(�) sign of the variable. Besides, the literature is comprehensive literature is available,
which asserted that increase in economic growth enhances the level of investment
and consumption, that further boost the industrial activities and enhance demand for
energy obtained from fossil fuel: hence, positively influencing the CO2 emission level,
given as: d2 ¼ oCO2, it

oGDPit
> 0 ðþÞ: However, after attaining a threshold level of income,

the economies are shifted towards environmentally friendly investments such as
energy efficiency and renewables’ utilization via research as development (R&D) and
TI. As a result, the industrial sector reduces the consumption of fossil fuel, which
improves environmental quality by reducing the CO2 emission level, such as: d3 ¼
oCO2, it
oGDPSit

< 0 ð�Þ: On the other hand, the use of two control variables, i.e., REC and TI
are also expected to have adverse impact on the CO2 emissions level as these factors
increase the culture of R&D, knowledge about environmental sustainability, reduces
traditional energy consumption, and encourages the use of environmentally friendly
energy, given as: d4 ¼ oCO2, it

oRECit
< 0 ð�Þ and d5 ¼ oCO2, it

oTIit
< 0 ð�Þ: For brevity, the influ-

ence of each variable on CO2 emissions is displayed in Figure 3.
Based on the above discussion and objectives, this study used six variables, where

the primary focus variable is CO2 that captures environmental degradation motivated
by the recent study of Sun et al. (2020) and Xue et al. (2022), that also uses CO2

emissions as an indicator of environmental quality and environmental sustainability.
However, economic growth is proxies with the gross domestic product (GDP) since it
denotes the economy’s health. Besides, this study uses the squared GDP (GDPS) as a
proxy for increased economic growth to analyze whether the EKC paradox is valid
for the South Asian economies. On the other hand, the tourism industry is repre-
sented with the number of international tourist arrival, which can also be seen in the
recent study of Oad et al. (2022). Whereas renewable energy consumption and
technological innovation are used as control variables to avoid estimation biasedness.
Data for all these mentioned variables are extracted from the World Development
Indicators (World Bank, 2021)1. Besides, the data covers the previous 31 years’ data,
i.e., from 1990 to 2020). Moreover, the data is collected for four South Asian develop-
ing economies including India, Bangladesh, Sri Lanka, and Pakistan. Variables’ speci-
fications and data sources are presented in the Table 1.

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 9



Following the studies of Eyuboglu and Uzar (2020) and Sharif et al. (2017), this
study constructed the following models:

Model-1
CO2 ¼ f ðGDP,TOUR,REC,TIÞ

Model-2
CO2 ¼ f ðGDP,GDPS,TOUR,REC,TIÞ

The primary reason for constructing two separate models is clarity in the examin-
ation of EKC paradox in the selected panel economies, which is based on the model
development of Beşe and Kalayci (2021). These two models can be transformed into
regression model for an econometric analysis, given as:

CO2, it ¼ a1 þ b1GDPit þ b2TOURit þ b3RECit þ b4TIit þ eit (1)

Figure 3. Theoretical representation of variables’ association.
Source: Authors own work based on the theoretical Framework.

Table 1. Variables specification and data sources.
Variable Specification Unit Data Source

CO2 Carbon dioxide release into the atmosphere
via combustion of fossil fuel.

Kilo ton (kt) World Bank (2021)

GDP Monetary measure of the marketed value of
all finished goods and services during a
particular period of time.

Constant US$ 2015

GDPS Square of GDP Constant US$ 2015
TOUR Number of international tourist arrivals. Number of arrivals
REC The proportion of gross inland renewable

energy consumption to total (primary)
gross inland energy consumption
estimated over a calendar year.

% of total final energy
consumption

TI Technological innovation refers to number of
patents by residents and non-residents.

No. of patents

Source: Authors own work based on the data obtained from the given sources.
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CO2, it ¼ a1 þ b1GDPit þ b2GDPSit þ b3TOURit þ b4RECit þ b5TIit þ eit (2)

Where the above equations reveal that ai is the intercept and bi is the estimated
slopes for each explanatory variable. Whereas CO2 indicates carbon emissions, GDP
represents economic growth, GDPS is the square term of GDP, TOUR demonstrates
tourism industry, REC presents renewable energy consumption and TIit identifies
technological innovation of the South Asian economies. Besides, “i" and “t” in the
subscript represents the cross-sections and time series for the selected panel econo-
mies. Moreover, e is the random error term of the regression equation.

3.2. Estimation strategy

3.2.1. Slope heterogeneity and cross-section dependence
Current study utilizes panel data estimation strategies such as slope heterogeneity
and cross-sectional dependence. A rapid improvisation in the international trade
and globalization has been noted after the industrial revolution, due to which the
transfer of goods and services across borders boost up. Among international trade
and globalization, there are several factors that affects economic growth and per-
formance. However, comparative advantage of a country in a particular goods and
services might lead to a situation of dependence of other countries on the country.
Whereas, such dependence may increase dur to attainment of various financial,
environmental, or economic, technological, etc. goals. For such reason(s), one coun-
try in relation to other economies could show similarities or differences in some
aspects—leading to the emergence of slope homogeneity. Since this study is dealing
with the panel data, it is essential to test the slope coefficient homogeneity/hetero-
geneity as the econometric analysis could provide inefficient estimates if such issue
like slope heterogeneity as well as cross-section dependency remained ignored
(Breitung, 2005; Le & Bao, 2020). In this context, the current study uses the
Pesaran and Yamagata (2008) SCH test to examine the slope homogeneity/heteroge-
neity and the Pesaran (2004) CD test analyze the cross-section dependence in the
South Asian economies. With reference to the SCH test, the standard equation for
estimation could be provided as follows:

D̂SCH ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
N:ð2kÞ�1

q
N�1Ś�Kð Þ, (3)

Besides SCH, this test also provides evaluation for adjusted SCH, which could be
given in the standard equation form as follows:

D̂ASCH ¼
ffiffiffiffi
N

p
:

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
T þ 1

2K:ðT � K � 1Þ

s
: N�1Ś� 2Kð Þ, (4)

Concerning the null hypothesis, Pesaran and Yamagata (2008) SCH test assumes
that the slope coefficients are homogenous, whereas the alternative hypothesis is sug-
gested if the estimates are found significant.
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Similarly, the issue of cross-section dependency could not be ignored since it may
provide bias estimate in an econometric investigation (Campello et al., 2019). In this
regard, the Pesaran (2004) CD test is used and the standard equation could be pro-
vided as follows:

CDTest ¼
ffiffiffiffiffiffiffi
2:T

p

½N N � 1ð Þ�1=2
XN�1

i¼1

XN
k¼1þi

Tik, (5)

With reference to the under-discussion test, it assumes that the panel cross-sections
are independent in the selected panel economies. However, the alternate hypothesis will
be accepted if the estimates are found significant at any 1%, 5%, or 10% levels.

3.2.2. Stationarity testing
The empirical estimates of the slope heterogeneity and cross-section dependency
asserted that the slope are heterogeneous and the cross-section dependency is present
in the panel. Therefore, it is important to utilize effective estimator that tackles the
issue of earlier mentioned panel data issue. In this sense, current study employed the
Pesaran (2007) cross-sectionally augmented IPS—known as CIPS unit root test.
Firstly, Pesaran (2006) recommended a factor modelling approach while pondering
cross-section dependence. In the said method, the averages of cross-sections are amal-
gamated like the common unobserved components in the model. The same approach
is followed by Pesaran (2007) and developed an additional approach for testing unit
root via the expansion of Augmented Dickey-Fuller (ADF) regression model which
allows not only for the mean, but also for the cross-sectional first difference lags. The
under-discussion method tackles the CD issue even in dealing with the unbalanced
panel, i.e., the time period and cross-sections are not equal (N 6¼ T). The standard
equation form for the cross-sectional ADF is as follows:

Dyi, t ¼ hi þ b�i yi, t�1 þ d0:yt�1 þ d1Dyt þ eit , (6)

From Eq. (6), yt reveals that the average of observations. In order to deal with the
serial correlation, this equation may be transformed by adding first differenced lags
of yit and yt , provided as below:

Dyi, t ¼ hi þ b�i yi, t�1 þ d0yt�1 þ
Xn
j¼0

djþ1Dyt�j þ
Xn
k¼1

ckDyi, t�k þ eit , (7)

Thus, the CIPS is constructed, which this study adopted to analyze for the pres-
ence of a unit root by using the averages of t-statistics for every unit of the cross-sec-
tion, termed as CADFi, and the equation form is provided as follows:

CIPS ¼ N�1
XN
i¼1

CADFi (8)

This test (CIPS) holds the null hypothesis as the unit root is present in the data,
whereas the alternate hypothesis suggested stationarity of the data throughout time.
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3.2.3. Testing cointegration
Since the slope heterogeneity and cross-section dependence are confirmed, while the
unit toot indicates mixed order of integration. Therefore, it is important to examine
the cointegration relationship between the variables under consideration. In this case,
current study used the Westerlund’s (2007) error correction model (ECM). In add-
ition, this test holds power to tackle slope heterogeneity and cross-sectional depend-
ency. Besides, this test measure both the group mean as well as panel statistics, which
could be expressed as follows:

Gt ¼ N�1 PN
i¼1

â i
S:Eâ i

and Ga ¼ N�1 PN
i¼1

T:â i
â ið1Þ that evaluates group mean statistics

and, Pt ¼ â
S:EðâÞ and Pa ¼ T:â that quantifies panel statistics.

3.2.4. Cross-sectionally augmented autoregressive distributed lags (CS-ARDL) model
We used the CS-ARDL model established by Chudik and Pesaran (2015) to predict
long-run as well as the short-run coefficients. The CS-ARDL estimator’s important
features are that it produces reliable findings regardless of whether the series are coin-
tegrated or otherwise, and that the effectors are integrated at I(0), I(1), or mixed
order of integration (Chudik et al., 2017). It incorporates cross-sectional dependency
since it is an ARDL edition of Dynamic Common Correlated Estimator which is
influenced by specific predictions having lagged dependent variables and averages of
lagged cross-sections (Chudik & Pesaran, 2015). While slope coefficients are non-
homogenous, it enables for mean group assessments. The CS-ARDL model’s mean
group version is derived on supplementing of every ARDL cross-section’s computa-
tions with averages of cross-section, that are representations for unexplained common
components as well as associated lags (Chudik et al., 2017). The under-discussion
technique also works better in the presence of weak endogeneity issue that arises
when the lagged dependent factor is applied to the structure. The authors argued that
adding lagged cross-sectional averages to the model effectively eliminates the problem
of endogeneity. Following is the regression model used to get the CS-ARDL estimat-
ing model.

yit ¼ ai þ
XPy
l¼1

kl, iyi, t�l þ
XPx
l¼0

bl, ixi, t�l

XPu
l¼0

�ul, iz i, t�l þ eit (9)

Wherein the above equation refers z t�l to the averages of lagged cross-sections,
[i.e., ðz t�l ¼ yi, t�l, xi, t�lÞ]. However, the long-run coefficients of the mean group
(MG) estimates are as follows:

ĥCS�ARDL, i ¼
PPx

l¼0
b̂l, i

1�PPy
l¼1
k̂l, i

, ĥMG ¼ 1
N

XN
i¼1

ĥi (10)

From the above equation, ĥi indicates each cross-section’s individual estimations.
Besides, the error correction equation form of CS-ARDL model is given as:
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Dyit ¼ ;i yi, t�l � ĥixi, t
h i

� ai þ
XPy�1

l¼1

kl, iDlyi, t�l þ
XPx
l¼0

bl, iDixi, t�l

XPu
l¼0

�ul, iDiz i, t�l þ lit

(11)

In the Eq. (11), ;i demonstrates the speed of adjustment error correction. As per the
study of Chudik and Pesaran (2013), common correlated effect mean group (CCEMG)
estimator with the lags augmentation works effectively in terms of size, bias as well as
power. Whereas, if T< 50, the scholars seen it as a negative bias. In order to diminish
time series small sample bias, the study of Chudik and Pesaran (2015) proposed the
split method jackknife specification established by Dhaene and Jochmans (2015). The
standard equation form of the jackknife specification is given below:

~pMG ¼ 2~pMG � 1
2

p̂a
MG þ p̂b

MG

� �
, (12)

In the Eq. (12) above, p̂a
MG indicates the estimation of CCEMG having the first

half of time dimensions (i.e., t ¼ 1, 2, 3, . . . , ðT�2Þ) and p̂b
MG demonstrates the predic-

tions with the remaining time dimension’s half ½ðT�2Þþ1, ðT�2Þþ2, ðT�2Þþ3, . . . ,T�:
In the current study, the available time dimension is 31 (reported as T< 50). This
demonstrates the bias corrected results of CS-ARDL.

3.2.5. Robustness and panel causality test
Once the data is analyzed via employing the CS-ARDL approach, this tested for the
robustness of the findings. In this regard, an efficient estimator is required since the
traditional estimation approaches lacks the power of tackling slope heterogeneity and
cross-section dependence (Çoban & Topcu, 2013). In this regard, current study used
the augmented mean group (AMG) estimator provided by (Eberhardt, 2012). In com-
parison to the existing approaches like pooled mean group (PMG) and mean group
(MG), the AMG estimator works more effectively as it also deals the issue of non-sta-
tionarity along with the cross-section dependence and heterogeneity. Therefore, it is
regarded as the AMG may provide robust estimates by allowing for these mentioned
panel data issues.

Since the CS-ARDL and AMG estimators lacks the property of any causal associ-
ation between the study variables. Therefore, this study adopted the Dumitrescu and
Hurlin (2012) Granger panel causality heterogeneity test that also deal the panel data
issues (slope heterogeneity and cross-section dependence issues) (Banday & Aneja,
2020). Moreover, this test is effective as it provides estimates even if the panel is
unbalanced ðT 6¼ NÞ: Hence, it is appropriate to use this test which provides the
causal nexus of CO2 emissions and other explanatory variables such as GDP, GDPS,
TOUR, REC, and TI:

4. Results and discussion

This study begins the empirical investigation section by evaluating the panel data
specifications such as slope heterogeneity and cross-section dependence. Where the
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estimated findings of slope heterogeneity are provided in Table 2. Since we have used
two models, therefore the said table reports the empirical estimates of both models.
Specifically, the examined results of Pesaran and Yamagata (2008) slope heterogeneity
test assumes that the slopes are homogenous. Whereas the results of SCH and
adjusted SCH are found highly statistically significant at 1% level, which leads to the
rejection of proposition. Hence, it is concluded that both the models have heteroge-
neous slope coefficients.

After the slope heterogeneity, this study analyzed the panel cross-section depend-
ence via employing the Pesaran (2004) CD test and the empirical results are provided
in Table 3. From the results, it is noted that all the variables hold statistically signifi-
cant estimates, which are rejecting the null hypothesis of cross-sectional independ-
ence. Hence, it is concluded from the CD test that the spillover effect is present in
each variable representing the panel of South Asian economies. Thus, it could be
summarized that the CO2 emissions, GDP, GDPS, TOUR, REC, and TI of one econ-
omy cross-sectionally dependent on other economies.

Since the SCH and CD test validates that the slopes coefficients are heterogeneous
and the existence of cross-section dependence in the panel of South Asian economies.
Therefore, this study used a second-generation panel unit root estimator which is effi-
cient in tackling slope heterogeneity and cross-sectional dependency. The Pesaran
(2007) CIPS unit root test findings are provided in Table 4. Specifically, the estimated
results unveil that only TI is stationary at I(0), while the remaining variables are such
as CO2, GDP, GDPS, TOUR, and REC holds the property of unit root. In addition,
the under-discussion test is also run on the data at I(1), where all these latterly men-
tioned variables are stationary. Since all the variables holds the property of stationar-
ity albeit following mixed integration order, this allows current study to analyze the
cointegration association between the variables under study.

Table 5 reports the empirical findings of Westerlund (2007) cointegration test for
both Model-1 and Model-2. The estimated results reveal statistically significant

Table 2. Slope heterogeneity.
Slope Heterogeneity Test Statistics

Model-1
~D 13.014���
~D
Adjusted

14.492���
Model-2
~D 8.636���
~D
Adjusted

9.815���
Note: Significance level is denoted by ��� for 1%, �� for 5% and � for 10%.
Source: Authors own work based on the data obtained from the given sources.

Table 3. Cross-section dependence.
Cross-Section Dependence

CO2, it GDPit
13.24��� 13.585���
GDPSit TOURit
13.584��� 7.218���
RECit TIit
12.807��� 9.612���
Note: Significance level is denoted by ��� for 1%, �� for 5% and � for 10%.
Source: Authors own work based on the data obtained from the given sources.
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estimates at 1%, 5%, and 10% levels for group mean statics (Gs and Ga) and panel
statistics (Ps and Pa) in both the models. This leads to the rejection of null hypothesis
of the said test that no cointegration exists among the panel and the group or the
error correction term in a conditional panel error correction model being equal to
zero, instead the cointegration association exists between the variables in the long-
run. This further allows to examine the specific influence of each explanatory variable
(i.e., GDP, GDPS, TOUR, REC, and TI) on the dependent variable (CO2 emissions).

After confirming the long-run cointegration association between the variables, this
study examines the short-run and the long-run influence of each explanatory variable
in environmental degradation of the selected panel economies. In this regard, the
empirical findings of CS-ARDL approach is provided in Table 6. In order to analyze
the EKC hypothesis, current study used two model where Model-1 consists only GDP
and Model-2 containing square of the GDP (GDPS) The estimated results for GDP is
exhibits positive and statistically significant impact on the CO2 emissions in the
region. An increase of one percent in the GDP causes increase of 0.372 (Model-1)
and 0.697% (Model-2) at 1% level of significance. These findings are consistent to the
existing findings of Yang et al. (2021), Song (2021), Akadiri and Adebayo (2021), Li
and Li (2020) Saidi and Omri (2020), which also demonstrated the positive associ-
ation between economic growth and environmental dedgradation. Mostly the eco-
nomic growth relied on the expansion of the industrial sector, which require more
energy consumption. However, to accomplish energy demand in such sector, develop-
ing economies are majorly uses the non-renewable fossil fuel energy, which although
leads to higher economic growth, but also harms environment by increasing the level
of CO2 emissions in the country (Li et al., 2021; Nathaniel et al., 2021). On the other

Table 4. Unit root testing (Pesaran, 2007).

Variables

Intercept and Trend

Ið0Þ Ið1Þ
CO2, it �1.941 �5.467���
GDPit �2.144 �4.067���
GDPSit �2.181 �3.968���
TOURit �1.093 �4.259���
RECit �1.877 �5.282���
TIit �3.778��� –

Note: Significance level is denoted by ��� for 1%, �� for 5% and � for 10%. I(0) is for level, and I(1) is for the first.
Source: Authors own work based on the data obtained from the given sources.

Table 5. Cointegration results (Westerlund, 2007).
Model-1

Statistics Value Z-value

Gs �8.589��� �12.855
Ga �15.405� �1.554
Ps �13.054��� �7.752
Pa �17.793��� �3.195
Model-2
Gs �7.706��� �10.828
Ga �13.364 �0.427
Ps �12.763��� �7.365
Pa �16.531�� �2.138

Note: Significance level is denoted by ��� for 1%, �� for 5% and � for 10%.
Source: Authors own work based on the data obtained from the given sources.
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hand, the GDPS in Model-2 is found in negative association to the CO2 emissions.
Specifically, increase of one percent in the GDPS significantly reduces CO2 emissions
by 0.022% in the short-run. Such findings are consistent to the earlier studies of Saint
Akadırı et al. (2021), Balsalobre-Lorente et al. (2021), Schr€oder and Storm (2020),
and Beşe and Kalayci (2021), that validate the EKC hypothesis existence in various
developed and developing economies. The primary reason of the EKC validity in the
South Asian economies is that these are developing economies and are highly
dependent on the fossil fuel energy consumption. However, after reaching to the opti-
mal level of income, these economies focus more on the environmental sustainability,
which led them to use renewable and environmentally friendly energy resources.
Therefore, the CO2 emissions will fall significantly and hence the target of environ-
mental sustainability could be achieved.

In addition, TOUR, REC, and TI are found in negative association with the CO2

emissions in the South Asian economies in the short-run. Specifically, a one percent
increase in the each of these mentioned variables reduces CO2 emissions by 0.020-
0.024, 1.684-2.004, and 0.043-0.044% in the short-run. These results are found highly
statistically significant at all (1%, 5%, and 10%) levels. Concerning the negative influ-
ence of tourism, the South Asian economies are more attracted to the travelers where
millions of people around the globe are visiting these nations. However, adopting
various environmentally friendly resources such as temperature control system, solar
power panel, solar-powered water heaters, energy saving appliances and other envir-
onmentally friendly goods and services reduces CO2 emissions in the regions.
Besides, the tourism is majorly a service-based industry, whereas enhancement in the
services industry could reduce the use of energy intensive industries. As a result, the
level of carbon emissions significantly reduces, which lead the economy towards
environmental sustainability. Since developing economies are more dependent on fos-
sil fuel energy consumption, therefore innovation in the technology could help these
countries to promote environmentally friendly, energy efficient and energy saving
products and services, which could significantly reduce emissions in the country.

Table 6. CS-ARDL.

VariableðsÞ

Short� Run

Model� 1
Coefficients
½Std:Error�

Model� 2
Coefficients
½Std:Error�

DGDP 0.372��� [0.1101] 0.697��� [0.1103]
DGDPS – �0.0223��� [0.00521]
DTOUR �0.0201��� [0.0047] �0.0245��� [0.0062]
DREC �2.004��� [0.3129] �1.684��� [0.3179]
DTI �0.0438��� [0.0059] �0.0428��� [0.00891]
ECMð�1Þ �0.887��� [0.0385] �0.930��� [0.0345]
Long� Run
GDP 0.514��� [0.1491] 2.412��� [0.371]
GDPS – �0.099��� [0.0138]
TOUR �0.0231��� [0.0049] �0.0259��� [0.00312]
REC �2.311��� [0.4610] �1.844��� [0.4097]
TI �0.0538��� [0.0103] �0.0477��� [0.00781]

Note: Significance level is denoted by ��� for 1%, �� for 5% and � for 10%.
Source: Authors own work based on the data obtained from the given sources.
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Similarly in this study, the empirical results asserted that enhancement in TI signifi-
cantly reduces the CO2 emissions level by 0.0438-0.0428% in the short-run. Not only
this study, but the earlier studies also validated the negative impact of TI on CO2

emissions in various regions (see, for instance, Yang et al., 2021). The advancement
in technological innovation further contribute to encouragement of renewable energy.
As mentioned earlier, the consumption of renewable energy resources is less polluted,
which causes no harm to the environment. Renewable energy related products and
services are considered as environmentally friendly since it significantly reduces emis-
sions in both developed and developing economies. In this study, the empirical
results also suggest that enhancement in the REC could reduce the CO2 emissions by
2.004-1.684% in both the models. Such findings are in line to the recent studies of
Wang and Zhang (2021), Balsalobre-Lorente et al. (2021), Hu et al. (2022), and Saidi
and Omri (2020). Moreover, the ECM presents the values of �0.887 and �0.930 in
Model-1 and Model-2, respectively, which indicates the speed of adjustment. Yet the
speed of adjustment of Model-1 having GDP is 88.7%, illustrating that each year, the
model is approaching the equilibrium point. However, the Model-2 having GDPS
reveals that each year the speed of adjustment to the equilibrium point is 93%, which
is more than the Model-1. Hence, the higher level of income plays an essential role
in the context of economy and environment.

Besides, the short-run EKS hypothesis, this study found that the EKC hypothesis
also exists in the long-run in the selected South Asian economies. Specifically, the
GDP is found in positive relation to the CO2 emissions in the region. Where develop-
ing economies are targeting higher economic growth, which leads to the higher usage
of traditional energy resources and causes environmental degradation (Dong et al.,
2020; Petrovi�c-Rand-elovi�c et al., 2020). However, when the income reached to the
threshold level, these economies adopted structural transformation of the industries,
adopt and promote renewable energy consumption which are more oriented to envir-
onmental sustainability (Bandyopadhyay & Rej, 2021; Murshed et al., 2021; Murshed
& Dao, 2020). Besides renewable energy, these economies also invests in the energy
efficiency as well as carbon capturing technologies, which reduces the use of energy
intensive industries. As a result, the reduced demand for fossil fuels further reduces
the CO2 emissions in the regions and consequently leads to environmental sustain-
ability. Moreover, the coefficient values of TOUR, REC, and TI are also found nega-
tive and statistically significant, which indicates that these variables significantly
promote environmental sustainability in the long-run. Since the selected South Asian
economies are developing economies, that mostly depends on the conventional non-
renewable energy resources and leads to higher level of CO2 emissions. Therefore,
any technological innovation is indeed a remedial measure for environmental degrad-
ation. This not only promote the culture of renewable energy consumption but also
helps economies in the industrial structure transformation, which helps deteriorate
CO2 emissions in these regions. Besides, with the use of renewables and environmen-
tally friendly products, services and appliance, the tourism could also help in the
environmental sustainability in the long-run.

Since the CS-ARDL approach indicates that the EKC hypothesis is present in the
South Asian economies where only GDP is positively associated to environmental
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degradation and the rest of the variables are negatively related to the CO2 emissions.
This study also run the AMG estimator to revisit the empirical findings. The esti-
mated results of the AMG are provided in Table 7. Specifically, this test also shows
the existence of the EKC hypothesis in the selected panel economies. Where the GDP
is positively and GDPS is negatively affecting the CO2 emissions in the long-run.
Also, the empirical results suggest the similar (negative) influence of TOUR, REC,
and TI on the CO2 emissions. These findings are consistent to the estimated results
of CS-ARDL. Hence, our results are robust and could be essential in any policy-mak-
ing of such developed economies.

Since the CS-ARDL and AMG only assist in the specific influence of each explana-
tory variable on the CO2 emissions while do not direct about the causal nexus exist
between the dependent and explanatory variables. Therefore, current study utilizes
the Dumitrescu and Hurlin (2012) Granger panel causality approach and the esti-
mates are provided in the Table 8. From the empirical results, it is noted that all the
explanatory variables, i.e., GDP, GDPS, TOUR, REC, and TI rejects the null hypoth-
esis of no Granger causality from these variables to CO2 emissions. Instead, there is a
significant evidence of causality from these variables to CO2 emissions and also the
feedback effect is present between them. This indicates that any policy change in any
explanatory variables could significantly affect CO2 emissions and vice versa. These
estimates are consistent to the existing studies of Li et al. (2021) and Saidi and Omri
(2020) that validates the bidirectional causalities between economic growth—CO2

emissions, and renewable energy consumption—CO2 emissions in G-20 economies
and major renewable energy consuming economies. Moreover, current findings are
also similar to the existing study of Eyuboglu and Uzar (2020) that validate the two-
way causal nexus of tourism and CO2 emissions in Turkey. Based on these findings,

Table 7. Robustness check using AMG.

VariableðsÞ
Model� 1
Coefficients

Model� 2
Coefficients

GDP 0.604��� 1.134���
GDPS – �0.0320���
TOUR �0.0255��� �0.0507���
REC �1.956��� �1.996���
TI �0.0341��� �0.0225���
Note: Significance level is denoted by ��� for 1%, �� for 5% and � for 10%.
Source: Authors own work based on the data obtained from the given sources.

Table 8. Dumitrescu-Hurlin panel causality.
H0 WaldStats �Z stats p� value

GDP – CO2 4.268��� 3.463 0.000
CO2 – GDP 2.882�� 2.220 0.026
GDPS – CO2 5.180��� 4.355 0.000
CO2 – GDPS 3.295��� 2.728 0.006
REC – CO2 2.584� 1.852 0.064
CO2 – REC 3.550��� 3.042 0.002
TOUR – CO2 5.505��� 4.524 0.000
CO2 – TOUR 3.196��� 2.606 0.009
TI – CO2 4.197��� 3.839 0.000
CO2 – TI 6.518��� 6.697 0.000

Note: Significance level is denoted by ��� for 1%, �� for 5% and � for 10%.
Source: Authors own work based on the data obtained from the given sources.
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this study provided some practical policy implications, which could be relevant to
governors, scholars and policy-makers.

5. Concluding remarks

5.1. Conclusion

This study aims to analyze the nexus of economic growth, tourism and environment
in the South Asian economies including India, Bangladesh Sri Lanka, and Pakistan
covering the period from 1990 to 2020. This study also tested the influence of renew-
able energy consumption and technological innovation on CO2 emissions in these
economies. In order to test for the EKC paradox, current study used the squared
GDP in the separate model. The empirical findings are obtained via number of panel
estimators including the slope heterogeneity and cross-section dependence. Where
these findings suggest that the slopes are heterogeneous are also validates the pres-
ence of cross-sectional dependence in the panel. Due to these two panel specifica-
tions, current study used the second-generation unit root test, which provides mixed
order of integration, i.e., some variables are I(0) stationary and some are I(1) station-
ary, that leads to the adoption of CS-ARDL approach. Besides, the cointegration has
also been tested and found in existence in the study variables. The empirical results
of the CS-ARDL reveals that the economic growth is positively associated to environ-
mental degradation and the squared economic growth is negatively associated to
environmental degradation, this suggest that the EKC hypothesis is valid in both the
short-run and long-run in these economies. Since the selected South Asian economies
are developing economies and are highly dependent on the fossil fuel energy use.
Therefore, higher economic growth further encourages industrial production and
expansion that surges the use of non-renewable energy use and causes environmental
degradation. However, after achieving threshold level of income, these economies will
consider renewable energy adaptation and structural transformation, which will help
reduce CO2 emissions in the region. Moreover, tourism, renewable energy consump-
tion and technological innovation contributes to environmental sustainability via low-
ering the CO2 emissions. Technological innovation promotes energy efficient and
renewables adaptation, which helps transmitting non-renewable energy products and
services and reduces pollution level in these economies. However, utilizing such
environmentally friendly resources, the tourism sector could also lead to reduction of
environmental degradation in these developing economies, which is services-based
sector. Such findings are addition to the literature in terms of exploring the influence
of Tourism on environmental quality of the stated developing economies. Thus,
innovative policies are required to achieve environmental sustainability without dis-
turbing economic growth of these economies.

5.2. Policy implications

Based on empirical findings, this study suggested policies that could help policy-mak-
ers to achieve environmental sustainability and low carbon economy without affecting
economic growth. Specifically, economic growth should be distracted from the heavy

20 Y. PENG AND D. ZHU



dependence of fossil fuel energy consumption. Traditional non-renewable energy
usage is regarded as the backbone of industrial sector’s expansion which although
contributes to higher economic growth, but also enhances emissions and pollution
level. As a consequent, this study suggested to use the higher income level for the
promotion and adoption of renewable energy production as well as consumption at
the industrial sector. Besides, the higher economic growth shall be utilized for the
structural transformation of the industrial sector, where the traditional resources may
be replaced with the energy efficient and renewable energy sources to maintain eco-
nomic growth and reduce environmental hazards. In addition, policies regarding
increased investment in the technological innovation shall be promoted, which fur-
ther encourage the culture of energy conservation, and renewables consumption, and
the use of energy efficient products and services. Since the South Asian economies
are emerging economies and the tourism sector covers significant portion of their
GDP. Also, being a services-based sector, this study suggest the policy-makers and
governors to promote tourism by enhancing investment in the infrastructure as well
as development of tourist spots, which will attract tourists and foreign investors to
invest more in the host economy along with the investment in environmentally
friendly energy resources. As a result, the economy will achieve environmental sus-
tainability without compromising economic growth.

5.3. Limitations and future research recommendations

Although this study provides important findings and substantial policy implications,
still this study is limited in few directions. Specifically, this study ignored the role of
international trade, globalization, population, and urbanization in the empirical inves-
tigation, which could have important role in the environmental quality assessment.
Therefore, the future researchers are directed to extend this study by considering
these variables. Besides, this study uses the novel CS-ARDL approach to identify the
short- and long-run estimates. Whereas the future researchers could use the novel
method of moment quantile regression to analyze the said nexus more comprehen-
sively. Moreover, this study could be extended in terms of time period.

Note

1. For details and Data, visit: https://databank.worldbank.org/source/world-development-
indicators.
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