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Controlling environmental contamination requires the use of environmental
regulation. The growth of green finance depends on digital finance. The
objectives of the study are threefold: first, to explore the impact of digital
financial inclusion in deriving climate change; second, to trace the shape of the
financial inclusion-based environmental Kuznets curve; and third, to investigate the
intersecting effect of digital financial inclusion and institutional quality on
environmental quality. Using panel data from 48 Asian economies between
1996 and 2020, heterogeneity, non-stationarity, and cross-sectional dependence
are addressed using an econometric method called “dynamic common correlated
effects (DCCE).” The empirical evidence confirms a significant relationship between
environmental performance and financial inclusiveness. Furthermore, the findings
also validated the inverted U-shape environmental Kuznets curve based on financial
inclusiveness. Our research suggests that a strong institutional framework has the
potential to mitigate the long-term negative consequences of financial inclusion on
the environment. To establish coordinated control of environmental quality, the
government fully utilizes the environmental regulation and digital inclusive finance
environmental governance. Consequently, to achieve environmental sustainability,
policymakers in Asian countries should develop policies that enhance financial
inclusion and institutional quality.
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Introduction

The growing economies of Asia have been carrying the weight of global growth since the
global financial crisis (GFC) of 2008, which is the primary expression of the 21st century’s
designation as the Asian Century. The Asian economies currently have a market of over US$
41.78 trillion and a population of over 59.76% of the world’s population. In the second and third
quarters of 2019, it experienced a remarkable growth rate of between 5.4% and 5.2% (Focus
Economics, 2022). Although the economic and social progress in Asia is to be applauded, it is
vital to take the ecological and environmental effects into account. There is a mixed body of
research on the relationship between the environmental consequences of economic growth, and
many of these studies have compared the short- and long-term effects of economic growth. In
particular, the idea is that despite short-term environmental degradation, long-term economic
expansion can improve the environmental quality. The environmental Kuznets curve (EKC) is a
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phenomenon that frequently occurs. However, there are conflicting
results in the empirical evidence regarding this element of economic
growth and environment (Chen H et al., 2022; Chen J et al., 2022; Dai
et al., 2022; Jahanger et al., 2022; 2023; Korkut Pata et al., 2022;
Kostakis et al., 2023; Pata and Samour, 2022; Voumik et al., 2022;
Wang et al., 2023). The effects of the qualitative degradation of
environmental circumstances have made global warming one of the
most critical issues currently affecting rising and industrial Asian
nations. As a result, the problem attracted a great deal of attention and
became the environmental economists’ main concern. As a result, the
literature on environmental economy was extended, and substantial
research was carried out on the relationship between environmental
attributes and economic growth (Kostakis et al., 2023). Similarly,
financial sector performance was considered to be crucial for
economic growth (Nasir et al., 2019). Over time, it has become
clear that changes in the financial sector have a ripple impact on
the overall economy. The financial crisis of 2007–2008 is a prime
example of how developments in the financial sector can trigger an
international economic crisis. This demonstrates how important a role
the financial sector has in influencing the state of the whole economy.
The financial market is responsible for making money available to
economic agents so they can seize chances in the real estate sector,
which in turn, promotes growth and development. Financial market
reforms are implemented during economic downturns to address
these economic oddities (Fakher, 2019; Nasir et al., 2019; Ntow-
Gyamfi et al., 2020; Fakher et al., 2021). Global temperatures have
increased due to increased levels of ozone-depleting gases, particularly
carbon dioxide emissions, in the atmosphere brought on by the human
activity (Nasir et al., 2019; Shahbaz et al., 2022;Wang et al., 2022; Yang
et al., 2022). According to the State of the Global Climate 2021 report1,
the 2021 surface temperature was 0.84°C warmer than the 13.9°C
average temperature for the 20th century, measured as an average over
the land and ocean. Compared to the pre-industrial era of 1880–1900,
it was 1.04°C warmer. According to NOAA’s temperature data2,
2021 was the sixth warmest year ever. It has resulted in a string of
extreme weather occurrences that are increasingly frequent and
intense, such as cold and heat waves, floods, droughts, wildfires,
and storms (Wang et al., 2022). Every nation is attempting to
create a financial system that aids in achieving a sustainable
environment to address this challenge. The environment is
degraded in this conflict. The purpose of this study is to investigate
environmental consequences of financial inclusiveness and propose
insights that might be useful for the policymakers in Asian economies.
With this aim, this study has three objectives: to explore direct,
U-shaped, and interaction term effect (with institutional quality) of
digital financial inclusion on environmental quality.

Researchers and environmental scientists from all over the world
are attempting to classify each factor that affects environmental
performance. In this situation, high production and processing are
needed to achieve high financial and economic growth, which puts
pressure on the environment and creates an ecological deficit (Aydin
et al., 2019; Destek and Sarkodie, 2019; Dogan and Inglesi-Lotz, 2020;
Charfeddine and Zaouali, 2022; Hussain et al., 2022). The literature on

the relationship between finance and the environment is extensive yet
ambiguous. Numerous studies have indicated that financial
development promotes economic growth by improving the
environmental quality (Nasir et al., 2019; Yang et al., 2021; Liu N
et al., 2022). Financial markets have been shown to stimulate
economic growth, according to Frankel and Romer (1999)3.
Moreover, financial development significantly influences economic
growth (Amjed and Shah, 2021). Analogous to the empirical evidence
on environmental consequences of economic growth, the existing
literature on the ecological consequences of financial sector
performance reported the mixed and contrasting evidence (Ahmad
et al., 2019; Nasir et al., 2019; Ntow-Gyamfi et al., 2020; Fakher et al.,
2021; Khan et al., 2021; Ashraf et al., 2022; Ehigiamusoe et al., 2022;
Trinh et al., 2022; Qalati et al., 2023). Therefore, it is important to
consider the environmental consequences of financial inclusiveness.

There is a growing body of empirical research in the finance
environment literature on the question of whether financial
inclusion leads to a decline or improvement in environmental
quality (Nasir et al., 2019; Ntow-Gyamfi et al., 2020; Fakher et al.,
2021; Charfeddine and Zaouali, 2022; Liu N et al., 2022; Shahbaz
et al., 2022). Additionally, Lenka (2021) considered financial
inclusion as a crucial component of financial development. As
an example, some earlier research studies investigating the
relationship between financial inclusion and environmental
degradation looked at how it affected environmental quality
and found that financial inclusion worsened it (Liu et al.,
2022a; Liu et al., 2022b; Ozturk and Ullah, 2022; Wang et al.,
2022; Yang et al., 2022). On the other hand, a positive association
between financial inclusion and environmental quality was
discovered by Ding et al. (2022), Liu N et al. (2022), Shahbaz
et al. (2022), and Xue and Zhang (2022). The role of institutional
quality is also crucial for achieving the required level of financial
inclusion and a sustainable environment (Ntow-Gyamfi et al.,
2020). It includes government effectiveness (GEF), political
stability (PS), regulatory quality (RQ), rule of law (ROL), and
voice and accountability (VAC). Therefore, the better
institutional quality can help improve the environmental
quality and to attain the Sustainable Development Goals4

(Ntow-Gyamfi et al., 2020).
According to Zhang (2011) and Xue and Zhang (2022), there are

three pathways that may be used to explain the connection between
financial development and environmental quality. These are the
economic growth channel, credit creation channel, and foreign
direct investment inflow channel. The argument over the
relationship between financial development and economic growth
is still going strong, drawing both theoretical and empirical research
into its many levels of causality. They agreed that the discussion has
not stopped (Ntow-Gyamfi et al., 2020; Fakher et al., 2021). Therefore,
it is important to comprehend how financial inclusion and
institutional quality affects environmental sustainability of nations.
The remaining paper is organized as the following section provides the
theoretical and empirical literature on finance and environmental
quality. The Data and methodology section offers the data and
methodological framework. The Results section offers the results of

1 https://www.climate.gov/news-features/understanding-climate/climate-
change-global-temperature.

2 https://www.ncei.noaa.gov/cdo-web/.

3 https://doi.org/10.1257/aer.89.3.379.

4 https://populationmatters.org/sdgs.
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the study. The final section of the study reserves discussion and policy
recommendations.

Theoretical and empirical review

Academicians have recently emphasized the crucial importance of
identifying factors that affect environmental performance. By
presenting new potential factors that could influence environmental
performance, this study broadens the scope of this discussion. The
authors study the effects of financial inclusion on ecological issues. In
the framework of sustainable development, the main goal of this study
is to present some fresh findings and conclusion about the
environmental effects of financial inclusion. Protecting the
environment and fostering sustainable economic growth are two of
the most important concerns facing nations today (Pata and Samour,
2022; Jahanger et al., 2023; Kostakis et al., 2023). Policymakers and
researchers have tried to identify each determining element or victim
of environmental degradation against the backdrop of rising
greenhouse gas emissions around the world. Financial inclusion is
frequently seen as a driver for economic progress in the
2030 Sustainable Development Goals (SDGs) (Chatterjee, 2020;
Afonso and Blanco-Arana, 2022; Ayenew Mossie, 2022; Batrancea
et al., 2022). Financial inclusion is a crucial element of financial
development in terms of supporting the financial sector and
institutions. It is also thought to be extremely important for
fostering economic growth (Ali et al., 2021). Thus, a nation’s high
rate of financial inclusion can also be viewed as a measure of its
economic stability. It may be possible to achieve synergy between
development and climate change policies if financial inclusion turns
out to be a workable mitigation method (Ullah et al., 2022). In general,
the process of financial inclusion draws more research funding, which
lessens environmental damage brought on by economic growth and
expansion (Chaudhry et al., 2022; Hussain et al., 2022; Anu et al., 2023;
Khan et al., 2023).

To establish the relationship between financial inclusiveness
and environmental performance, we take the aid of the STIRPAT
model. The IPAT model was first presented by Ehrlich and
Holdren (1971) to evaluate how population (P), economic (A),
and technical (T) elements affect the environment. The IPAT
model runs into an issue when it analyses a circumstance, making
it impossible to generalize. The model captures an unbiased
impact on the dependent variable by allowing only one factor
to vary, while all other factors are maintained constant
(Chikaraishi et al., 2015). To solve this problem, a stochastic
IPAT equation was designed by Dietz and Rosa (1997) known as
STIRPAT (STochastic Impacts by Regression on Population,
Affluence, and Technology). They transformed the IPAT
model into a stochastic model called the STIRPAT model,
where the statistical causes of environmental degradation are
evaluated (Chikaraishi et al., 2015). Meng et al. (2012)
improved upon and broadened the STIRPAT model by adding
other elements such as quadratic terms or various P, A, or T.
Currently, the STIRPAT model has been successfully used to
analyze the effects of various dynamic forces on the diversity of
environmental degradation (Ma et al., 2022; Usman et al., 2022;
Xue et al., 2022; Zhao et al., 2022; Zhu et al., 2022; Li et al., 2023;
Yang et al., 2023; Yu et al., 2023). The STIRPAT model can be
expressed as the following equation in its exponential form:

Iit � αPβ
itA

γ
itT

δ
itεi, (1)

where

Iit = environmental impact of country i in year t;
α = constant term;

Pβ
it = population of country i in year t with coefficient β;

Aγ
it = per capita GDP of country i in year t with coefficient γ;

Tδ
it = technology of country i in year t with coefficient δ;
ε = error term.

After taking the logarithms, the model has the following linear form:

ln Iit( ) � a + β ln Pit + γ ln Ait + δ ln Tit + b, (2)
where

a and b → logarithms of α and ε.
The STIRPATmodel is altered by the addition of PAT decomposition

variables, and the effects of these components on the environment are
examined. “T” is also decomposable in the STIRPAT model, much like P
and A (Xue et al., 2022; Li et al., 2023). In this study, CEPI is used to
quantify pollutant emission (I); and GDP per capita captures the affluence
of an economy (A) (Poumanyvong and Kaneko, 2010; Hao et al., 2016;
Qayyum Khan et al., 2018; Kusumawardani and Dewi, 2020). Income
inequality is used as a replacement of the population (P) and technology
(T), representingfinancial inclusiveness and institutional quality introduced
in the STIRPAT model. The enhanced model is expressed as follows:

CEPIit � a + β1 CEPIt−1( ) + β2 FIIit( ) + β3 IQIit( ) + β4 PCIit( )
+ β5 GINIit( ) + μit. (3)

Ntow-Gyamfi et al. (2020) and Xue et al. (2022) included the
quadratic terms’ digital financial inclusion to test the modified
Kuznets curve hypothesis based on the financial market (FM_
EKC). The easiest and most widely used tool for examining how
one variable affects an outcome that also depends on the status of
another variable is the interaction approach. This approach has been
frequently employed to investigate the aforementioned nexuses
between financial growth and institutional quality-finance nexus.
Using African country’s data to show, for instance, that higher
financial sector advancement lessens the detrimental effects of
institutional quality on environmental quality (Ntow-Gyamfi et al.,
2020) by examining how financial markets affect the consequences of
financial market performance and economic growth on
environmental performance in selected OPEC countries from
2010 to 2019 (Fakher et al., 2021), they discover that when the
level of banking sector development rises, the financial
development would weaken the economic growth and institutional
quality harmful effect on environmental quality. Therefore, the
aforementioned equation can be rewritten as follows (Fakher et al.,
2021) to account for the environmental indicators’ response to the
marginal effect of institutional quality and financial inclusion and to
validate the financial market-based EKC:

CEPIit � a + β1 CEPIt−1( ) + β2 FIIit( ) + β3 FII2it( ) + β4 PCIit( )
+ β5 FII*IQIit( ) + β6 GINIit( ) + μit, (4)

where we use CEPI (comprehensive environmental performance index) as
our indicator of environmental performance and FII (financial inclusion
index) for measuring financial inclusiveness. The term IQI stands for the
institutional quality index derived by using six components, namely,
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control of corruption, government effectiveness, political stability,
regulatory quality, rule of law, and voice of accountability. The data for
IQI are extracted from the world governance indicator, the World Bank5.
The term PCI and GINI stand for the measure of per capita income and
income inequality, respectively. The data are taken from different sources.
The data on CEPI are derived from Latif (2022)6. The data on FII are
extracted from Cámara and Tuesta (2017)7. The data for the indicators of
IQI are taken from the Worldwide Governance Indicators8. Furthermore,
the data for CPI, PCI, and GINI are taken from the World Development
Indicators9. By combining these data sources, we can obtain an annual
dataset for 48 Asian economies for the period of 1996–2020.

Eqs 3, 4 indicate that the impact of financial inclusion on
environmental performance can be represented by FII itself, its
quadratic term, and its interaction with the institutional quality index
alongside other explanatory variables, such as per capita income and
income inequality. The marginal effect can be calculated by using the
average, minimum, and maximum levels of both FII and IQI. All the
variables are expressed in a logarithmic form.

Data and methodology

Performance in the financial sector is a key factor in the economic
development of the technology. Its impact on the environmental change has
not received enough attention.We aim to investigate the non-linear impacts
of financial inclusion on the environment in Asian economies. Therefore,
the study uses a dynamic common correlated effect (DCCE) estimator to
analyze the impact of financial inclusion on environmental performance
across Asian nations from 1996 to 2020. The list of 48 Asian economies is
given in Table A1 in Appendix. The outcomes are then contrasted and
examined from an economic and environmental standpoint.

The methodological roadmap is summarized in a schematic
framework in Figure 1.

Numerous researchers contend that globalization, economic
shocks, and numerous other unobserved factors are to blame for
the presence of CSD in many economies (Ma et al., 2021; Riti et al.,
2021; Korkut Pata et al., 2022). Each nation in this era of
modernization is impacted by the developments occurring in
other economies (Edwards et al., 2022). Chudik and Pesaran,
(2015) created a novel method called “dynamic common
correlated effects (DCCE)” that makes it simple to address this
CSD problem. According to this methodology, CSD occurs
between cross-sectional units because of a few unnoticed
common factors. The PMG10 (Pesaran et al., 1999), MG11, and
CCE12 methodologies’ guiding concepts are also used to construct
the DCCE approach. The CCE technique uses cross-sectional

averages for both independent and dependent variables to
identify unobserved common causes. The CCE approach can
handle serial correlation, non-stationarity, and structural
breakdowns; however, because its dependent variable is not
entirely exogenous, it is ineffective for dynamic panel data
(Ditzen, 2021). On the other hand, the estimators in the DCCE
methodology become more persistent by utilizing more lags of
cross-sectional averages. Ditzen (2021) adapted the DCCE
technique for heterogeneous panel data to get both short-run
and long-run dynamic results. The DCCE technique addresses
several significant issues that other conventional methodologies
are unable to handle. This technique first addresses the CSD issue
by extracting the lags and averages of all cross-sectional units. The
mean group (MG) attributes, which are a component of the DCCE
approach, can be used to address the second issue, parameter
heterogeneity. Third, it determines dynamic common correlated
effects for heterogeneous data under the assumption that each
regression variable can be explained by a single component.
Fourth, the DCCE method takes non-stationarity in data into
account and gets rid of asymptotic distortion brought on by the
endogeneity of the independent variables (Chudik and Pesaran,
2015). Additionally, in both static and dynamic models using
panel data, the DCCE technique develops an instrument set
utilizing the lagged form of the variables and becomes robust to
endogenous regressors. In dynamic panel models, regardless of
whether the regressors are strictly exogenous, weakly exogenous,
or endogenous, they significantly improve the estimator’s small
sample features (Chaudhry et al., 2022; Liddle and Hasanov, 2022).

Results

Analyses start with diagnostic procedures. To begin, we check for
cross-sectional dependence (CSD)13 between themodel’s panels (DeHoyos
and Sarafidis, 2006). We use the Breusch–Pagan LM test, Pesaran scaled
LM test, bias-corrected scaled LM test, and Pesaran CSD test to test for the
CSD problem. The results of the CSD test are reported in Table 1.

The results of the CSD test confirm the existence of cross-sectional
dependence among the panel prescribing to apply for the second-
generation unit root tests (CIPS and CADF). The results of CIPS and
CADF are reported in Table 2.

The second-generation unit-root test findings are shown in
Table 2, and they show that all the variables are non-stationary
at their level, and their first differences are stationary. This
means that the variables are integrated order of one process,
i.e., they are I (1). We use the Westerlund and Edgerton (2008)14

cointegration test to examine the existence of a long-run, that is,
cointegrated relationship among financial inclusivity,
institutional quality, and environmental performance, given
that the level of the variables is non-stationary. The results of
the Westerlund co-integration test are reported in Table 3.

The results of Westerlund cointegration indicated that three out of
four tests confirmed the existence of the long-run relationship between

5 https://info.worldbank.org/governance/wgi/.

6 https://doi.org/10.1088/2515-7620/ac8338.

7 https://databank.worldbank.org/source/global-financial-inclusion.

8 https://databank.worldbank.org/source/worldwide-governance-indicators.

9 https://databank.worldbank.org/source/world-development-indicators.

10 https://www.tandfonline.com/doi/abs/10.1080/01621459.1999.10474156.

11 https://www.sciencedirect.com/science/article/abs/pii/
030440769401644F.

12 https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/j.1468-0262.2006.
00692.x.

13 https://journals.sagepub.com/doi/pdf/10.1177/1536867X0600600403.

14 https://doi.org/10.1111/j.1468-0084.2008.00513.x.
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financial inclusiveness, institutional quality, per capita income, income
inequality, and environmental performance.

Since variables are cointegrated, we would be interested in estimating
parameters/coefficients of this long-run relationship. As previously
mentioned, we use the DCCE estimator for this purpose as it accounts
not only for non-stationarity but also for the cross-sectional dependency
and heterogeneity. Table 4 presents the outcomes of DCCE, where the
upper part of the table presents the short-run results and the lower part of
the table documents the long-run results. Table 4 tabulates short- and long-

run results for Eqs 3, 4 through Panel-1 and Panel-2, respectively. To be
precise, Panel-1 indicated the estimation results of Eq. 3, where the
environmental performance is dependent upon its own lag, financial
inclusiveness, institutional quality, per capita income, and income
inequality, while Panel-2 presents the estimation results for the
interaction term model, checking the validation of financial inclusion-
based EKC, i.e., Eq. 4.

Results of short and long run given in Table 4 show that financial
inclusion has a significant impact on the environmental performance. In

FIGURE 1
Methodological roadmap. Source: Own elaboration.
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this part, we start by looking at the empirical findings from the dynamic
panel model that are presented in the lower part of Table 4. With the
coefficients of −0.21 and −0.19, respectively, the association between
financial inclusion and environmental performance is significant at the
one percent level in each panel. Because there is a negative correlation
between financial inclusion and environmental performance, financial
inclusiveness that is primarily encouraged by access to credit may be able
to assist households in starting businesses that will boost the household
income. Households with higher incomes can now afford energy-
intensive things that they previously could not. Due to increased
industrialization and economic activity, the environment may be
harmed by the production of industrial waste (Ullah et al., 2021; Liu
et al., 2022a; Liu et al., 2022b; Charfeddine and Zaouali, 2022; Ding et al.,
2022; Hussain et al., 2022;Wang et al., 2022). The findings are opposite of

the findings by Liu N et al. (2022), Shahbaz et al. (2022), and Xue and
Zhang (2022). Similar negative relationships between growth (PCI) and
environmental performance occur in the original EKC argument, where
the relationship between growth and environmental performance has
been explored. The results of Ntow-Gyamfi et al. (2020) are confirmed by
the fact that an increase in IQI, on the other hand, enhances the
environmental performance in all panels. The interactive relationship
between financial inclusion and institutional quality is then included.
Panel-2 of Table 4 presents the findings. We find that institutional quality
and our environmental performance metrics are generally positively
correlated (M. Usman and Jahanger, 2021). Our findings imply that
having a solid institutional foundation aid in controlling economic agents’
behavior in the direction of a greener environment (Tamazian and
Bhaskara Rao, 2010; Ntow-Gyamfi et al., 2020). Financial inclusion
has a favorable effect on environmental performance as we found
when we mediated the association between financial inclusion and
institutional quality in the short run. Our findings imply that even
with the negative effects of financial inclusion on environmental
performance, environmental performance still rises with financial
inclusion since there is a substantial positive association between
institutional quality and environmental performance. This shows that
authorities can reduce the negative consequences of financial inclusion on
the environment. Although institutional strength might contribute to the
creation of a sustainable environment, the existence of financial inclusion
strengthens institutional efforts (Usman and Jahanger, 2021). It was found
that inequality had a negative significant impact on environmental
performance. The results are consistent with the findings of Qayyum
Khan et al. (2018). Additionally, the squared term of FII is introduced in
Panel-2 of Table 4 to check for the shape of EKC. The findings validated
the inverted U-shape hypothesis of EKC even based on FII (Nasir et al.,
2019; Ntow-Gyamfi et al., 2020; Fakher et al., 2021). Although the
detrimental impact of financial inclusion on the environment may be
reversed in later phases of growth, the turning points are moderate,
according to the turning points computed and provided in Table 4 (above
60 percent). This indicates that until financial inclusion reaches a level
above 60 percent, it will continue to have a negative influence on
environmental performance. The next important step was to find the
marginal impact of financial inclusion on environmental performance by
evaluating at the maximum, minimum, and average levels of financial
inclusion and institutional quality. The results are reported in the second
last row of Table 4. Results suggested that themarginal impact of financial
inclusion is primarily favorable from the minimum level to the maximum
level (Ntow-Gyamfi et al., 2020). It is important to briefly discuss the
estimation outcomes of Eq. 4. First, if the FII and its relationship to CEPI
are considered, it may be said that Eq. 4 is the best depiction of the
finance–environment relationship. The relationship between financial
inclusion and environmental sustainability is non-linear, as shown by
Eq. 4. The association between financial inclusion and environmental

TABLE 1 Cross-sectional dependence test.

Test Statistics Decision

Breusch–Pagan LM 56.341 Cross-sectional dependence

Pesaran scaled LM 10.361 Cross-sectional dependence

Bias-corrected scaled LM 10.251 Cross-sectional dependence

Pesaran CD −1.922 Cross-sectional dependence

The null hypothesis for all three tests→ is cross-sectional independence.

“1” denotes the significance at a 1% level.

“2” denotes the significance at a 5% level.

Source: own elaboration.

TABLE 2 Unit root tests.

Variable Test At level At first difference Conclusion

CEPI CIPS −1.77 −3.17a I (1)

CADF −1.10 −2.76a

FII CIPS −2.21 −3.53a I (1)

CADF −2.33 −3.29a

IQI CIPS −1.14 −3.68a I (1)

CADF −2.21 −4.43a

PCI CIPS 1.67 −5.28a I (1)

CADF −1.49 −2.33c

GINI CIPS −2.15 −5.21a I (1)

CADF −2.29 −5.72a

Source: own elaboration.
aSymbol → 1% level of significance.
b→ 5% level of significance.
c→ 10% level of significance.

TABLE 3 Westerlund cointegration test.

Estimator T-statistics Decision

Gt −3.71* Long-run relationship

Ga −2.42** Long-run relationship

Pt −3.49* Long-run relationship

Pa −1.87 No long-run relationship

Here, the signs *, **, and *** indicate the significance at 1%, 5%, and 10%, respectively. Null hypothesis → no long-run relationship among the variables. Source: own elaboration.
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performance is an inverted U-shape. Furthermore, the intersecting effect
of financial inclusiveness and institutional quality on environmental
performance declares that strong institutional quality plays a
significant role in mitigating the adverse effects of the financial sector
on environmental quality at least in the short run. We think that this
connection goes beyond the established link between financial inclusion
and growth. Additionally, the data support the idea that the quadratic
term of FII mitigates the harmful effects of climate change. This shows
that authorities can reduce the negative consequences of financial
inclusion on the environment.

To guarantee the reliability of the findings, Table 5 presents the
Driscoll–Kraay estimation results. The primary outcomes are still the
same, as can be observed.

Conclusion and policy
recommendations

The study’s goal is to investigate the relationship between financial
inclusion and environmental sustainability in 48 Asian economies.
The study used a dynamic common correlated effect estimator and
data collection from 1996 to 2020 for the empirical analysis. The
financial inclusion index calculates the level of financial inclusion.
Environmental performance is measured using the Comprehensive
Environmental Performance Index. In addition, the study included the
investigation of several control factors, including per capita income
and income inequality. The study employed two separate panels to
trace the interactive association to simplify the analysis, where

TABLE 4 DCCE estimation for Asian economies.

DCCE estimation for Asian economies (short-run results)

Panel-1 Panel-2

Variable Coefficient Coefficient

D.CEPI_lag1 0.82a 0.71a

D.FII −0.04a −0.14a

D.IQI 0.19a 0.15a

D.IQI*FII ----- 0.11

D.PCI −0.08a −0.01

D.GINI −0.16b −0.26a

D.FII2 ----- −0.31a

Turning point ----- 0.05

Moderating effect Mean 2.72

Maximum 3.40

Minimum 1.64

DCCE estimation for Asian economies (long-run results)

Panel-1 Panel-2

Variables Coefficient Coefficient

FII −0.21a −0.19a

IQI 0.13a 0.11a

IQI*FII ----- -----

PCI −0.18a −0.12a

GINI −0.21b −0.29a

FII2 ----- −0.01a

Turning point ----- 0.09

Moderating effect Mean 3.27

Maximum 4.16

Minimum 1.81

Source: own elaboration.
aSymbol → 1%.
b→ 5%.
c→ 10%.
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Panel-1 was designed to examine how financial inclusion and
institutional strength directly affect the environmental
performance. Although Panel-2 was created to examine the
moderating impact of institutional quality and to support the
structure of EKC, the second panel introduced the squared term
of financial inclusion in characterizing the link between financial
inclusion and the environment. It is crucial to quickly go over
equation’s estimation results (4). First, it may be claimed that Eq. 4
is the best representation of the interaction between finance and the
environment, when the FII and its relationship to CEPI are
considered. The equation illustrates the non-linear nature of the
relationship between financial inclusion and environmental
sustainability (4). An inverted U-shape represents the
relationship between financial inclusion and environmental
performance. Furthermore, the intersecting effect of financial
inclusiveness and institutional quality on environmental
performance declares that strong institutional quality plays a
significant role in mitigating the adverse effects of the financial
sector on environmental quality. According to us, there is more of a
correlation between financial inclusion and growth than has
previously been recognized. Furthermore, the data are consistent
with the hypothesis that the quadratic term of FII attenuates the
negative consequences of the climate change. This demonstrates the
institutional quality may reduce the damaging effects of financial
inclusion on the environment. The results of the DCCE analysis for
each of the two panels show that financial inclusion has a negative
and significant impact on environmental performance, leading to
the conclusion that rising levels of digital financial inclusion tend to
significantly increase pollution emissions, which worsen
environmental performance in Asian economies. Our findings
imply that even with the negative effects of financial inclusion
on environmental performance, environmental performance still
rises with financial inclusion since there is a substantial positive
association between institutional quality and environmental
performance. This shows that authorities can reduce the negative
consequences of financial inclusion on the environment. Although
institutional strength might contribute to the creation of a
sustainable environment, the existence of financial inclusion
strengthens institutional efforts. Although the detrimental impact
of financial inclusion on the environment may be reversed in later
phases of growth, the turning points are moderate, which indicates
that until financial inclusion reaches a level above 60 percent, it will

continue to have a negative influence on environmental
performance. The next important step was to find the marginal
impact of financial inclusion on environmental performance by
evaluating at the maximum, minimum, and average levels of
financial inclusion and institutional quality. Results suggested
that the marginal impact of financial inclusion is primarily
favorable from the minimum level to the maximum level. The
developments of digital inclusive finance and institutional quality
can both greatly enhance environmental quality, according to the
independent effect test. Additionally, the development of
institutional quality at this level has made the environmental
quality in the surrounding areas worse. This is due to the
intensity of digital financial inclusion increasing in this region.
The junction of institutional quality and digital financial inclusion
can greatly improve environmental quality, according to the joint
effect test. This demonstrates how digital inclusive finance and
institutional regulation work together to manage environmental
quality.

The study presented several significant policy implications for
Asian economies based on these findings. First, through enhancing
their infrastructure for digital financial facilities, the governments of
Asian economies should promote cooperation in financial inclusion
online. Second, by improving access to mobile and the internet,
governments should concentrate on the technical foundation of
digital financial inclusion. Third, the government should improve
the accuracy of digital financial inclusion and take seriously the
connections between carbon emissions, energy use, and financial
inclusion when formulating policies. Finally, the government should
promote financial sector and institutional policy reforms that
support the increased use of banking services, which have a direct
impact on economic development.

Environmental pollution can be efficiently reduced through
environmental regulation. To simultaneously control corporate
polluting behaviors from the perspectives of the government, the
market, and the public, a variety of environmental regulationmeasures
should be devised. Businesses will be compelled to develop technology
and raise environmental standards if environmental legislation is
strengthened. Second, depending on local objective situations and
requests from locals, local governments should create more focused
evaluation targets for environmental governance in distinct locations.
Local governments can coordinate regional governance and come to
an agreement on coordinated regulation on environmental
governance objectives in this fashion. Local governments should
also decide on and set the level and mode of environmental
regulation in accordance with regional conditions. The government
should simultaneously encourage the central and western provinces to
draw lessons from their experiences with environmental governance
and boost their investments in environmental protection in a way that
makes sense. Finally, relevant environmental protection departments
should step up local environmental education and publicity, which can
raise residents’ awareness of environmental protection, convince them
of the importance of reducing pollution, and motivate them to take an
active role in environmental protection. Finally, it is important to note
the diverse characteristics of environmental governance led by digital
finance, enhancing interregional collaboration, and the “flexible”
supervision of digital finance in the process of the regional layout
of the digital finance. A digital financial governance system that
involves consultation, co-governance, and sharing can be
established at the same time as a regulatory model that

TABLE 5 Driscoll–Kraay fixed-effect estimation.

Panel-1 Panel-2Variable

Coefficient Coefficient

FII −0.21a(0.001) −0.21a(0.0112)

IQI 0.04a(0.0230) 0.09a(0.025)

IQI*FII ----- −0.09a(0.010)

PCI −0.05a(0.0182) −0.01a(0.0001)

GINI −0.07c(0.0128) −0.11a(0.0251)

FII2 ----- −0.07a(0.0011)

aSymbol → 1%.
b→ 5%.
c→ 10%. Values in parenthesis → standard error. Source: own elaboration
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incorporates a variety of government, market, and societal concerns.
This system will eliminate digital financial dangers.
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Appendix

TABLE A1 List of Asian countries.

List of Asian countries

Afghanistan Timor-Leste Thailand

Syria Uzbekistan Turkey

Tajikistan Vietnam Turkmenistan

Yemen Armenia Bahrain

Bangladesh Azerbaijan Brunei Darussalam

Bhutan China Cyprus

Cambodia Georgia Israel

India Indonesia Japan

Kyrgyzstan Iran Kuwait

Lao PDR Iraq Oman

Magnolia Jordan Qatar

Myanmar Kazakhstan Saudi Arabia

Nepal Lebanon Singapore

Pakistan Malaysia Korean Republic

Philippines Maldives Taiwan

Sri Lanka Russian Federation United Arab Emirates

Source: own elaboration
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