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Contingent upon the empirical work done, the current study seeks to investigate the
environmental load capacity factor (LCF) consequences of financial development in
three different ways for 48 Asian economies. We used the two-step system
generalized method of moments (GMM) technique to analyze the data from
1996 to 2020. Initially, we investigated the environmental consequences of
financial development by considering six dimensions of financial development.
Then, we modified the original environmental Kuznets curve (EKC) into the
financial market-based EKC (FM-EKC) to compare short- and long-run
environmental consequences of financial development. Ultimately, the study
explores the intersecting marginal effects of financial development and
institutional quality on environmental quality. Our results show that foreign direct
investment (FDI), financial development, economic growth, and environmental
quality (LCF) exhibit statistically significant long-run co-integrating relationships in
the studied economies. This study demonstrated how FDI, financial development,
and economic expansion contribute to environmental deterioration in 48 Asian
countries. The nexus between finance and sustainability is moderated by the
institutional quality and the regulatory environment, resulting in the FM-EKC idea.
The key findings of system GMM analysis confirmed that Asian countries have an
inverted U-shaped FM-EKC, which we attempt to explain with three different
justifications. This study showed that the strong institutional structure in an
economy guarantees the favorable environmental consequences of financial
development in the long run. It also suggested that a healthier education
structure of an economy can help improve the environmental quality of an economy.
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1 Introduction

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. It demonstrates the vital
influence of the financial sector on the economy’s state. The financial market is responsible for
making money available to economic agents to seize chances in the real estate sector, promoting
growth and development. Financial market reforms are implemented during economic
downturns to address these economic oddities. The global movement toward sustainable
growth emphasizes green economics and finance. In order to drive economic and financial
development while minimizing pollution and other environmental degradation, green
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economics and finance focus on more than just boosting economic
and financial sector growth. The relationship between the
environment and economic growth has received much attention in
the current literature. The environmental Kuznets curve (EKC) effect
and its most recent adaptations have contributed to this (Nasir et al.,
2019; Ntow-Gyamfi et al., 2020; Fakher et al., 2021; Shahbaz et al.,
2022).

The 21st century has been commemorated as the Asian century,
and its revelation is evident from the fact that Asia’s emerging
economies have been growing globally since the 2008 global
financial crisis (GFC). In this context, Asian countries have
emerged as an essential economic block. It comes in the form of a
market worth more than $ 761.8 billion and residents of over
83 million, with a remarkable growth rate of approximately 6.1%
and 7.5% in 2015 and 2017, respectively. Furthermore, the forecast
shows the economy can expand by 5.8% in 2021 (Focus Economics,
2020). The trends in load capacity factor (LCF), biocapacity, and
ecological footprint are reported in Figure 1. The estimates indicate
that the supply of the environment cannot cover the demand side of
the economy over time, which creates a deficit in the ecosystem
(Global Footprint Network). However, the projection indicates
sustainable growth in the future for the Asian economies. It was
projected in the McKinsey Global Institute report (GIR) that the Asian
economies are among the best-performing emerging economies in the
world with positive long-term growth prospects. While social and
economic growth in this region is creditable, it is essential to
contemplate financial development’s environmental and ecological
implications in detail. The empirical literature provided mixed,
contrasting, and inconclusive evidence on the environmental
consequences of financial development and economic growth.

The mismatch was observed in several empirical studies regarding
the short- and long-run environmental consequences of economic
growth. Economic growth can enhance the environmental quality in
the long run, which may cause short-term environmental
deterioration. This sensation is widely accorded as the EKC.
However, the empirical evidence on the environmental
consequences of economic growth and the shape of EKC are
contrasting, mixed, and inconclusive. Sencer Atasoy (2017), Haseeb
et al. (2018), Destek and Sarkodie (2019), Fakher (2019), Nasir et al.
(2019), and Seetanah et al. (2019) have shown blended outcomes in
various nations. One could contend that the country’s economic
position would affect the relationship between economic growth
and the environment. Nonetheless, such a declaration would be a
misrepresentation because detailed empirical findings suggest crucial
differences between developing and developed nations (Nasir et al.,
2019; Ntow-Gyamfi et al., 2020; Fakher et al., 2021). Simultaneously, it
requires a detailed analysis of the economy before drawing an
inference about the environmental implication of economic growth
in Asian economies.

Practically equivalent to economic growth, financial development
is an essential perspective. Shahbaz et al. (2013), Danish and Wang
(2019), Khan et al. (2019), Nasir et al. (2019), and Omri et al. (2019)
stated that financial development and economic growth are
considered to be cut out of the same cloth. However, various
researchers have considered the financial development and
economic growth association (Shahbaz et al., 2018; Fakher, 2019;
Omri et al., 2019; Ntow-Gyamfi et al., 2020; Fakher et al., 2021). In
parallel, a few researchers (Katircioğlu and Taşpinar, 2017; Baloch
et al., 2019; Charfeddine and Kahia, 2019; Imamoglu, 2019; Khan et al.,
2019) contended that the detailed and in-depth analysis required

FIGURE 1
Trends in Environmental Performance Indicator Source: Global Footprint Network (2022).
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determining the environmental consequences of financial
development and growth. Some researchers (Dar and Asif, 2018;
Charfeddine and Kahia, 2019; Omri et al., 2019; Seetanah et al.,
2019) pointed out that another more significant aspect of financial
sector development ought to be considered along with its effect on
economic growth, which is its ecological implication (Nasir et al.,
2019; Ntow-Gyamfi et al., 2020; Fakher et al., 2021). It is more critical
to investigate the environmental implications of financial
development by considering an inclusive indicator of
environmental quality (LCF), one of the attributes the subject
analysis focuses on, especially in 48 Asian countries.

The empirical literature on the ecological implications of financial
development confirmed that there is no consensus regarding the
direction of the relationship between financial development and
environmental quality (Riti et al., 2017; Dar and Asif, 2018;
Salahuddin et al., 2018; Destek and Sarkodie, 2019; Imamoglu,
2019; Seetanah et al., 2019). According to Zhang (2011), there
could be three different perspectives by which financial
development can affect environmental degradation. The primary
viewpoint indicates that financial development extends energy
consumption through the development and foreign direct
investment (FDI) channel. According to the second channel,
financial development would increase energy-intensive goods and
services by allocating investment resources to their most efficient
use and credit creation (financial intermediation). According to the
third view, financial development encourages investment that would
result in environmental degradation due to increased energy
consumption (Zhang, 2011). The environmental consequences of
financial development were believed to derive from the supply-
leading hypothesis of the finance–growth nexus (Dar and Asif,
2018; Baloch et al., 2019; Charfeddine and Kahia, 2019; Cheng
et al., 2019; Destek and Sarkodie, 2019; Nasir et al., 2019; Zafar
et al., 2019; Zaidi et al., 2019; Ntow-Gyamfi et al., 2020; Fakher
et al., 2021). This would indicate that financial development has
ecological implications, which is vital to the empirical literature. It
was argued that financial development might impact environmental
degradation by boosting real income growth, which would raise
demand and supply for energy-intensive goods and services
(Charfeddine and Kahia, 2019; Ntow-Gyamfi et al., 2020; Fakher
et al., 2021). Furthermore, the empirical literature suggested that
financial development can improve environmental quality by
providing financial assistance to modern firms and the renewable
energy sector (Cheng et al., 2019; Nasir et al., 2019). In this study, we
are confined to checking which financial channel would dominate the
other and whether the financial development will improve the
environmental quality or cause deterioration under the analysis of
Asian economies.

According to the original EKC, there is an inverted U-shaped link
between environmental deterioration and a nation’s income level. Due
to the focus on expanding output, even at a high cost in terms of
environmental pollution, environmental deterioration increases
quickly during the early phases of expansion. However, there is a
point beyond which governments focus more on cleaner air and water
concerns than on growth, jobs, and economic progress (Ntow-Gyamfi

et al., 2020). Early financial market development pays little attention to
its environmental impacts, much like the original EKC thesis.
However, environmental concerns become an issue once the
industry evolves significantly. Based on empirical work in this
study, an attempt is being made to examine the relationship

between financial development and environmental quality (LCF) in
three ways for 48 Asian economies. We used the two-step generalized
method of moment (GMM) technique to analyze data from 1996 to
2020. Initially, the study investigated the environmental consequences
of financial development and institutional quality by considering six
dimensions [domestic credit to the private sector (DCP), market
capitalization (MCAPG), listed companies (LISTC), bank capital-
to-assets ratio (BCD), liquid liability (M3), and Financial
Development Index (FDIN)]. Subsequently, we modified the
original EKC into the financial market-based EKC (FM-EKC) to
examine the environmental consequences of financial development
over the long and short run. Finally, the study considered the marginal
effect of financial development on the quality of the environment,
moderated by the role of institutional quality. Furthermore, the study’s
uniqueness lies in checking the effect of education on environmental
quality in Asian economies. The study endeavors to consider both
types of financial development, bank-based and market-based, to
capture the independent effect of financial development on
environmental quality. The key findings of system GMM analysis
confirmed that Asian countries have an inverted U-shaped FM-EKC.
A strong institutional structure in an economy guarantees the
favorable environmental consequences of financial development in
the long run. A healthier education structure in an economy was also
suggested to improve its environmental quality. Our findings implied
that the policymaker should make appropriate policies for the
improved economic position, well-established financial sector,
influx of FDI, strong institutional quality, and improved education
structure in a manner that does not deteriorate Asia’s environmental
quality.

This study proceeds as follows: The Section 2 offers a brief review
of the existing evidence on the ecological consequences of financial
development. The empirical framework and conceptual background
are presented in Section 3. Section 4, Section 5, and Section 6 present
and discuss the data, methodology, empirical findings, and robustness,
culminating in the conclusion and policy recommendations in Section
7. Section 8 presents limitations and avenues for future research.

2 Literature review

This study is designed to investigate the environmental
implications of financial sector development. Therefore, sensibly,
the empirical literature can be split into three categories. First, we
examine the evidence suggesting environmental consequences of
financial sector development. The empirical evidence on the impact
of growth and FDI is subsequently considered.

2.1 Environmental consequences of financial
development

Empirical evidence on the environmental impacts of financial
development is diverse, divergent, and debatable (ŞAHBUDAK, 2016;
Maji et al., 2017; Xu et al., 2018; Ahmad et al., 2019; Fakher, 2019;
Imamoglu, 2019; Omri et al., 2019; Seetanah et al., 2019; Shahbaz and
Balsalobre, 2019; Destek et al., 2021; Shahbaz et al., 2021; Akif et al.,
2022; Liu et al., 2022). The empirical literature confirms that the
development of a well-performing financial sector can reduce
environmental degradation (Katircioğlu and Taşpinar, 2017; Dar
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and Asif, 2018; Fakher, 2019; Zaidi et al., 2019). For instance,
considering the BRICS economies, Tamazian and Bhaskara Rao
(2010) suggested that financial sector development can enhance
ecological quality. Analogously, by taking the group of CEE
economies, Thangaiyarkarasi and Vanitha (2021) confirmed that
financial liberalization could improve environmental quality by
reducing carbon dioxide emissions. Later on, by considering the
Chinese economy, empirical estimates reported that financial
development could improve environmental quality (Jalil and
Feridun, 2011). Furthermore, by considering different developing,
developed, and emerging economies such as Pakistan, South Africa,
and Malaysia, some researchers (Abbasi and Riaz, 2016; Riti et al.,
2017; Saud et al., 2018; Baloch et al., 2019; Khan et al., 2019; Ntow-
Gyamfi et al., 2020) confirmed that financial sector development
improves the environmental quality. Most recently, empirical
studies confirmed the favorable ecological implications of financial
sector development (Fakher et al., 2021).

Contrary to the favorable environmental implication of financial
sector development, several empirical works exhibit the unfavorable
environmental implication of financial development (Katircioğlu and
Taşpinar, 2017; Xu et al., 2018; Fakher, 2019; Imamoglu, 2019).
Empirical evidence suggests that the increasing energy
consumption and production become responsible for unfavorable
environmental implications of financial development (Baloch et al.,
2019; Charfeddine and Kahia, 2019; Imamoglu, 2019; Javid and Sharif,
2016; Ntow-Gyamfi et al., 2020; Shahbaz et al., 2018; Zhang and Zhou,
2016). Furthermore, several empirical works proposed no significant
association between financial sector development and environmental
quality (Abbasi and Riaz, 2016; Riti et al., 2017; Cheng et al., 2019;
Omri et al., 2019; Seetanah et al., 2019). These empirical findings
indicate that it will not be coherent enough to oversimplify existing
literature outcomes to emerging Asian economies under analysis,
which have also been developing the financial sector and economic
growth.

2.2 Environmental consequences of
economic growth

Ravorth (2017) confirmed that since World War 2, policymakers
have heavily stressed economic growth achievement. The same
situation holds for emerging Asian economies. Over the past few
decades, the most crucial economic growth aspect that gained more
attention in the empirical literature is its environmental consequences.
Following this view, several studies considered the observed
association between economic growth and ecological quality and
explicitly checked the EKC’s validity. According to this
phenomenon, growth practices will initially increase the
environment’s degradation and then starts falling with other
economic growth practices after reaching a stable point. Since then,
several empirical works have been devoted to checking the significance
of the EKC. For example, Katircioglu (2012), Xu et al. (2018),
Charfeddine and Kahia (2019), Fakher (2019), Imamoglu (2019),
Khan et al. (2019), Nasir et al. (2019), Omri et al. (2019), Zafar
et al. (2019), Ntow-Gyamfi et al. (2020), and Naqvi et al. (2021)
prescribed significant support concerning the EKC by considering the
UK economy.

Furthermore, they believed that the strong environmental policies
in the UK economy bring about adjustment and, in the long run, EKC
(Abbasi and Riaz, 2016; Maji et al., 2017; Riti et al., 2017; Allard et al.,
2018; Ntow-Gyamfi et al., 2020). Using different sample economies, it
was suggested that there is no meaningful association between
economic growth and environmental quality in the short run
(Salahuddin et al., 2018; Xu et al., 2018; Charfeddine and Kahia,
2019; Imamoglu, 2019). Nonetheless, a positive long-term relationship
was proven between environmental degradation and economic
growth. Analogously, focusing on different economies, Fakher
(2019), Nasir et al. (2019), Ntow-Gyamfi et al. (2020), and Fakher
et al. (2021) provided evidence in favor of an inverted U-shaped EKC.
Interestingly, Ghosh (2010) derived empirical conclusions on the

FIGURE 2
Channels of finance–environment nexus.
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Indian economy. Concerning the Indian and Chinese economies, Pal
and Mitra (2017) reported no significant empirical relationship
between growth and environmental quality in the long and short
run. More recently, Ntow-Gyamfi et al. (2020) suggested that the
development stage can affect the EKC’s shape.

Furthermore, empirical work (Jamel and Maktouf, 2017; Maji
et al., 2017; Sinha and Shahbaz, 2017; Allard et al., 2018; Masron and
Subramaniam, 2018; Ulucak and Bilgili, 2018) concluded that the
environmental quality and economic growth association was
divergent and inadequate and heavily dependent on the choice of
proxies used, the quantitative technique chosen, and data frequency.
Therefore, it is crucial to conduct an in-depth analysis of the emerging
Asian economies in terms of their remarkable progress and expected
achievements in the coming years. Hence, the present work addresses
the knowledge gap in the existing literature.

2.3 Impact of foreign direct investment on the
environment

The third important feature of this review is the ecological
implications of FDI. According to Pao and Tsai (2011),
theoretically, there could be three different ways FDI can affect
environmental quality. The positive and negative impacts of FDI
depend on which dimension of FDI would dominate (Pao and Tsai,
2011): whether pollution halo, pollution haven, or scale-effect
hypothesis would prevail. The existing empirical literature
provided contrasting results related to the positive and negative
environmental implications of FDI. For instance, by considering
BRICS countries, GCC countries, and the Chinese economy, Pao and
Tsai (2011), Al-mulali and Foon Tang (2013), and Zhang and Zhou
(2016) argued the existence of an environment-friendly implication
of FDI.

Contrary to the favorable environmental consequences of FDI, by
taking a different sample of countries, empirical studies confirmed the
existence of the unfavorable impact of foreign direct investment on
environmental quality (He, 2006; Solarin et al., 2017; Paramati et al.,
2018; Fakher, 2019; Nasir et al., 2019; Ntow-Gyamfi et al., 2020). Some
of the existing literature also reported evidence of the insignificant

FIGURE 3
Marginal effect term of FD and IQ and possible outcomes Source: Author’s Elaboration.

TABLE A1 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 Korea republic

Philippines Maldives Taiwan

Sri Lanka Russian Federation United Arab Emirates

Source: own elaboration.
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impact of foreign direct investment on environmental quality (Kivyiro
and Arminen, 2014; Lee, 2013). However, the existing literature
ignores the critical aspect of financial and economic development
in concurrence with foreign direct investment. The subject study is
designed to capture the environmental quality (LCF), financial sector
development, economic growth, and FDI association for 48 Asian
economies. We, therefore, use a series of empirical methods in the
following section.

3 Theoretical background

Zhang (2011) claimed that there are three different channels
through which financial development can influence the
environment. These are investment, credit creation, foreign direct
investment, and growth channels. These channels are shown in
Figure 2. The first channel linked the impact of financial
development on the environment through foreign direct
investment and growth channels. The second channel was focused

on credit creation combined with efficient financial intermediation.
Meanwhile, the third channel highlighted the investment channel
connecting financial development and environmental quality. The
supply-side financial development hypothesis is required to determine
the impact of financial development on environmental quality.
Soukhakian (2007) and Katircioglu (2012) confirmed that empirical
evidence suggests that financial development is an essential indicator
of economic growth. Therefore, the environmental impacts of
financial development must be considered. Previous research
(Bekhet et al., 2017; Baloch et al., 2019; Khan et al., 2019; Nasir
et al., 2019; Omri et al., 2019; Ntow-Gyamfi et al., 2020) explained that
financial development affects environmental quality by increasing
income, energy demand, and investment in the energy sector.

3.1 Empirical framework

The study’s conceptual framework is a modified EKC related to
financial development and environmental quality. As a result, our

TABLE 1 Variables, definition, and source.

Variable Explanation Source

LCF Load capacity factor index = biocapacity/ecological footprint index Global Footprints Network

FDI Foreign direct investment (net inflow) % of GDP WDIZ

GDP Annual % growth rate of GDP WDIZ

IQ Institutional quality index WGIZ

SSE Secondary school enrollment WDIZ

Financial development indicators

BCD Bank capital-to-assets ratio (%) The WBx& IMFy&

LISTC Listed domestic companies, total WDIZ

MCAP Market capitalization (% of GDP) WDIZ

DCP Domestic credit to private sector (% of GDP) WDIZ

M3 Liquid liability (% of GDP) WDIz & IFSI

FDIN Financial Development Index WDIz & IFSI

Source: author’s collection fromWDI, IMF, Global Footprint Network. I, International Financial Statistics; N, Global Footprint Network (2022); x, World Bank; y, International Monetary Fund; and

z, World Development Indicators.

TABLE 2 Summary statistics.

LCF GGDP FDI DCP BCD LISTC M3 MCAPG

Mean 0.67 130.43 5.179773 51.85586 10.33882 836.7441 68.73055 51.32177

Median 0.48 4.99 2.253332 37.07590 9.385092 315.0000 54.27568 38.09781

Maximum 4.87 150934.0 280.1318 266.6084 30.70794 5999.000 338.7106 598.8030

Minimum 0.003 −54.01 −37.17265 0.034000 0.006700 6.000000 5.456700 −147.2939

Std. dev. 0.743 4356.95 16.11857 45.36082 5.379750 1466.561 50.64996 52.34073

Skewness 3.039 34.59 11.23963 1.587111 0.734424 2.565208 1.630045 4.010420

Kurtosis 14.420 1197.99 158.4762 5.844134 3.323665 8.183022 6.039720 35.06613

J-B 8369.52a 71640218a 1233909.a 908.23a 113.11a 2659.245a 993.40a 54628.54a

Std. dev., standard deviation; J-B, Jarque–Bera.

The symbol a denotes the significance at 1% level.

Source: own elaboration.
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empirical model is based on the FM-EKC, where financial
development takes the place of income in the original EKC model.
The EKC model is amended to reflect the moderating impact of
financial development and the environment by introducing the
interaction term of financial development and institutional quality.
Then, in the presence of institutional quality, we estimate the
environmental quality–financial development relationship while
adjusting for factors from the environmental quality literature. The
investigation of the financial development-based environmental
Kuznets curve is followed according to the work of Bokpin (2017).
Considering data on the Sub-Saharan countries, Kwabena Twerefou
et al. (2017) modified the usual environmental Kuznets curve to
validate the persistence of environmental quality. By following
Fakher (2019), Ntow-Gyamfi et al. (2020), and Fakher et al. (2021),
we estimate the impact of financial development on environmental
quality as follows:

LCFit � ϑ1LCFit−1 + ϑ2FDit + ϑ3IQit + ϑ3GDPit + ϑ4FDIit + σt + μit.

(1)
The baseline model is expressed in Eq. 1 to investigate the

relationship between financial development and environmental
quality, where LCF means load capacity factor index; FD, financial
development indicators; IQ, institutional quality index; GDP, the
growth rate of the gross domestic product; FDI, foreign direct
investment;i, cross-sections; and t, years from 1996 to 2020.

Here, all variables are expressed logarithmically for interpretation
as elasticities. Having established a linear relationship between
financial development and the quality of the environment, we
switch to a non-linear relationship by introducing the square term
of financial development in the original model described as follows:

LCFit � ω1LCFit−1 + ω2FDit + ω3FDit
2
it + ω4IQit + ω5GDPit

+ ω6FDIit + σt + ρi + μit. (2)

The turning point (T) of the financial development-based
environmental Kuznets curve (FM-EKC) can be found as

zLCFit
zFDit

= 0 → T → turning point.
The turning point is when the effect of financial development on

the load capacity factor index shifts from positive to negative:

T � − ω2

2ω3
. (3)

We further proceeded to include the interaction term of
institutional quality and financial development to explore the
moderating role of institutional quality in determining the impact
of financial development on the load capacity factor index by following
Ntow-Gyamfi et al. (2020). We estimated the following model by
adding the interaction term of financial development and institutional
quality index (IQ):

LCFit � ω1LCFit−1 + ω2FDit + ω3FDit
2
it + ω4IQit + ω5GDPit

+ ω6FDIit + ω7 FD*IQ( )it + σt + ρi + μit. (4)

It would be incorrect to interpret ω2, ω3, andω4 separately in Eq. 4
because ω2 and ω3 only consider the environmental consequences of
financial development and its squared term when there is no institutional
quality. However, ω4 describes the marginal impact of IQ on the load
capacity factor index when financial development is zero (Law et al., 2018;
Fakher, 2019; Ntow-Gyamfi et al., 2020). As a result, using the partial
derivative of Eq. 4, the total impact of financial development on long-term
environmental quality should be estimated as follows:

TABLE 3 Correlation matrix.

LCF BCD DCP M3 LISTC MCAPG FDI GGDP

LCF 1

BCD −0.088 1

DCP −0.362 −0.195 1

M3 −0.360 −0.253 0.748 1

LISTC −0.083 0.115 −0.024 0.037 1

MCAPG −0.233 −0.026 0.303 0.280 0.151 1

FDI −0.067 −0.017 0.309 0.035 −0.092 −0.025 1

GGDP −0.154 −0.053 −0.032 −0.034 −0.010 −0.019 −0.009 1

Source: own elaboration.

TABLE 4 Cross-sectional dependence test.

Test Statistics Decision

Pesaran 3.82a Acceptance of alternative hypothesis (cross-sectional dependence)

Friedman 22.85a Acceptance of alternative hypothesis (cross-sectional dependence)

Frees 11.193a Acceptance of alternative hypothesis (cross-sectional dependence)

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

“a” denotes the significance at 1% level.

Source: own elaboration.
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zLCFit

zFDit
� z

zFDit
ω1LFCit−1 + ω2FDit + ω3FDit

2
it + ω4IQit + ω5GDPit[

+ω6FDIit + ω7 FD*IQ( )it + σt + ρi + μit], (5)
zLCFit

zFDit
� ω2 + 2ω3FDit + ω7IQit. (6)

Eq. 6 indicates that the role of financial sector development and
institutional quality structure affect the marginal effect of financial
development on environmental quality.

We used the information about the mean, minimum, and
maximum value of institutional quality to trace the marginal effect
of the variables in Eq. 6. The five probabilities are shown in Figure 3,
based on Eq. 6.

4 Data and methodology

Although much empirical work is devoted to investigating the
environmental implications of economic growth, FDI, and
financial development, there is yet to be a consensus regarding
the direction of the relationship. However, empirical work is yet to
be done to explore the environmental consequences of financial
development by taking the LCF index to measure the

environmental quality of an economy. The indicators of
environmental quality adopted in the existing literature
only focus on the demand side of the ecosystem, but the LCF
index considers both the demand and supply side of an
ecosystem. As a result, the current study explores the
relationship between financial development and the LCF index
for Asian economies from 1996 to 2020. The list of 48 Asian
economies is in Table A1. The description of all included
variables, their definitions, and data sources are reported in
Table 1.

5 Results and discussion

5.1 Descriptive statistics

Many studies have focused on the relationship between
greenhouse gas emissions, economic growth, and financial
development, but the conclusions have varied. However, no
work on the effects of financial development on the LCF index
of environmental indices from institutional quality can be
identified in the existing literature. As a result, the purpose of
this article is to investigate the relationship between financial

TABLE 5 Cross-sectional dependence-based unit root tests.

Variable Test At level At first difference Conclusion

LCF CIPS 1.23 −14.90a I (1)

CADF −1.22 −7. 74a

FDI CIPS −2.28 −9.46a I (1)

CADF −1.94 −8.19a

GGDP CIPS −4.12 −19.32a I (1)

CADF 0.31 −17.39a

SSE CIPS −2.38 −5.24* I (1)

CADF −2.47 −3.25*

Financial development indicators

DCP CIPS 3.33 −6.10a I (1)

CADF 4.26 −5.95c

M3 CIPS 5.17 −9.32a I (1)

CADF 2.45 −12.83a

MCAPG CIPS 1.59 −3.32a I (1)

CADF 0.53 −5.72a

LISTC CIPS 4.07 −5.38c I (1)

CADF 1.16 −8.69a

BCD CIPS −1.32 −2.70b I (1)

CADF −1.16 −5.72a

FDIN CIPS 1.89 −6.73a I (1)

CADF 1.34 −12.92a

Source: own elaboration.

Symbol a, → significance at 1% level; b, significance at 5% level; c, significance at 10% level.
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development and the LCF index for Asian economies from 1996 to
2020. To acquire a better understanding of the dataset’s properties,
we used summary statistics analysis, as shown in Table 2.

Results of the summary statistics reported that the skewness value for
all variables is positive and more significant than zero. As a result, all
variables have displayed signs of rightward skewness. Furthermore, the
fat-tailed phenomena are evident in all variable distributions because
excess kurtosis is more prominent than zero. Based on the skewness and
kurtosis findings, all variables are ruled out as being normally distributed.
The J-B test later validated the results. These findings justify using the
quantitative methodologies described in the following section.

5.2 Correlation matrix

The results of the correlation matrix of the indicators are
reported in Table 3. Results indicated that both bank- and
market-based financial development indicators negatively
correlated with environmental quality. Furthermore, the results
show low, medium, and higher correlations among different
indicators. BCD, FDI, GGDP, and LISTC indicate a lower
correlation with LCF. At the same time, the rest of the
indicators show a moderate correlation among the variables.
The results indicated the existence of a higher correlation
between DCP and M3.

Figure 3 depicts the research strategy and estimation roadmap for
this study’s financial development-Environment nexus.

5.3 Panel unit root test

As the non-stationary variables can produce misleading
regression problems, testing the stationarity of all studies would
be required before model estimation. The selection of the unit root
test type is the first step in analyzing panel data (first/second-
generation unit root test), and determining whether the research
variables are cross-sectionally dependent or independent is
required. The cross-sectional dependence (CD) test results are
reported in Table 4.

The data in Table 4 will be used to confirm the presence of cross-
sectional dependence. The second-generation CIPS and CADF tests
will assess the stationery variables to produce realistic findings. Table 4
presents the results of the second-generation unit root (CIPS and
CADF) testing (Figure 4).

According to the outcomes in Table 5, the null hypothesis of the
unit root will be rejected at the first difference. As a result, these results

indicate that these variables will remain stationary at their
first difference I (1). As a result, econometric theory suggests
that co-integration testing be carried out. Because standard panel
co-integration tests no longer consider the presence of cross-sectional
dependence among the variables and offer inaccurate co-integration
findings, Westerlund’s (2007) co-integration test is used to identify co-
integration’s presence. It considers the existence of cross-sectional
dependence among the panel. Results of the Westerlund co-
integration test are reported in Table 6.

5.4 Cointegration & Pre-Estimation
Diagnostic Test

Table 6 provides the results ofWesterlund checks, which display that
based on the critical values offered by bootstrapped sturdy, three out of
four tests reject the null hypothesis. These results confirmed the existence
of a long-run relationship among the variables. Before proceeding further,
it was crucial to test for endogeneity. The outcome from the endogeneity
test is reported in Table 7.

Both tests for endogeneity (Durbin & Hausman) in Table 7
show that the null hypothesis is rejected at a 1% significance
level. This means that endogeneity exists in the panel. Before
proceeding further, it was crucial to test for autocorrelation,
heteroscedasticity, and multicollinearity. The outcomes from
the autocorrelation and heteroscedasticity tests are reported in
Table 8.

The Wooldridge test was used to check for the existence of
autocorrelation for the panel dataset. The results of the test in
Table 8 confirmed the existence of autocorrelation. Table 8
indicates that the F-statistics of the Wooldridge
panel autocorrelation test is 59.391 with a probability of
0.0000, indicating the rejection of the null hypothesis on no
first-order panel autocorrelation. Then, the Wald test was
applied to check for groupwise heteroscedasticity in panel data.
The results of the Wald test for groupwise heteroscedasticity
confirmed the existence of heteroscedasticity, as indicated in
Table 8. The null hypothesis for Wald groupwise
heteroscedasticity is the existence of homoscedasticity. Here,
the F-test that all ui = 0: F (47, 1145) is equal to 303.85 with
probability greater than F statistics significant at a 1% significance
level (prob > F = 0.0000) causes the rejection of the null
hypothesis of homoscedasticity.

Next, to test for multicollinearity, the variance inflation factor
(VIF) was used. The results of VIF are reported in Table 9.

Results of the VIF test identified that the mean value of VIF is 1.58,
indicating that multicollinearity was not an issue here.

5.5 Empirical Estimation

Using all the results of pre-estimation diagnostic tests will
provide further direction to choosing the best econometrics
techniques to quantify the relationship between financial
development and environmental quality. The results of
diagnostic tests and the choice of techniques are compiled in
Table 10.

Results of all diagnostic tests are compiled in Table 10 to select
the appropriate estimation technique. Here, the results indicate that

TABLE 6 Westerlund co-integration test.

Statistics Value Probability

Gt −2.77 0.000

Ga −8.12 0.030

Pt −14.89 0.004

Pa −8.36 0.071

Source: own elaboration.

The null hypothesis for all two tests→ no co-integration.
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in the presence of cross-sectional dependence, stationarity,
heteroscedasticity, autocorrelation, and endogeneity, the technique
proceeds with the GMM. Based on co-integration for each of the
Asian countries, the results of two-step panel GMM system
estimations are presented in Table 11.

Five significant variables, namely, GGDP, BCD, DCP, M3, and
LISTC, negatively influence LCF in 48 Asian countries (at 1% and
5% significance levels). As a result, increased financial development
entails environmental quality deterioration. BCD shows that a 1%
change results in a 0.10% change in the load capacity factor index

for our sample of 48 Asian countries. Furthermore, considering the
results, a 1% rise in the DCP and the number of LISTC lead to a
0.17% and 0.13% decrease in the LCF, respectively. Interestingly,
MCAPG improves the load capacity factor index, suggesting that
the impact of the different components of financial development on
environmental quality varies considerably. These results indicate
that the quality of the environment is not adversely affected by all
forms of financial development. These findings, which emphasize
the use of credit creation as an indicator of financial development,
align with those from previous research on the topic, which

TABLE 7 Endogeneity test.

Test Statistics Decision

Durbin (χ2) 50.27a Rejection of null hypothesis (endogeneity)

Wu–Hausman (f-statistics) 52.07a Rejection of null hypothesis (endogeneity)

The null hypothesis for all two tests→ variables are exogenous. “a” denotes the significance at the 1% level.

Source: own elaboration.

FIGURE 4
Methodological roadmap. Source: Own Elaboration.
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suggested negative environmental consequences of financial
development (Omri et al., 2015; Salahuddin et al., 2018; Xu
et al., 2018; Charfeddine & Kahia, 2019; Cheng et al., 2019;
Imamoglu, 2019; Khan et al., 2019; Nasir et al., 2019; Seetanah
et al., 2019).

FDI results indicated that FDI hurts environmental quality. It is
noted that a 1% change in FDI brings 0.08% deterioration in
environmental quality by reducing the load capacity factor index.
These results are in line with the findings of previous studies (Pao and
Tsai, 2011; Danish and Wang, 2019; Nasir et al., 2019; Ntow-Gyamfi

et al., 2020; Fakher et al., 2021).
Furthermore, the findings indicate the presence of a statistically

significant long-term co-integration between LCF and GGDP. When
GGDP increases by 1%, LCF increases by only 0.06%. The findings are

in line with those of previous research studies (Bekhet et al., 2017;
Shahbaz et al., 2018; Fakher, 2019; Nasir et al., 2019; Zaidi et al., 2019;
Ntow-Gyamfi et al., 2020).

We added the quadratic of FD (i.e., FDIN2) to examine the long-term
influence of financial sector development on environmental quality
(LCF). Table 11 depicts the association in long-run estimation using a
two-step system GMM analysis (see the column of Table 11). The rest of
the findings are like the model without the quadratic term of financial
development. It is predicted that a 1% rise in FDIN would result in a
0.02% (at a 1% significance level) increase in LCF. According to this study,
there is strong evidence of EKC based on financial markets. The findings
confirmed that as financial development moves forward, environmental
quality improves with financial development (Fakher, 2019; Nasir et al.,
2019; Ntow-Gyamfi et al., 2020).

Furthermore, we established the non-linear relationship between
FDIN2 (squared term of financial development) and LCF to determine
the turning point at which the relationship between the variables switches
from positive to negative. Table 11 illustrates that while the unfavorable
impact of finance on the environment may turn at later stages of financial
development, the turning points in model 3 (over 75%) in comparison to
model 2 are excessively enormous (above 12%). According to the findings,
actions to accelerate financial development should be implemented as
soon as possible to reach the financial development turning point. The key
findings of the relationship between institutional quality on the
environment (LCF) indicated a significant positive relationship
between IQ and LCF. Our findings suggest that having a strong
institutional framework can help regulate economic agents’ conduct
toward a greener environment (Ntow-Gyamfi et al., 2020; Fakher
et al., 2021). Ultimately, the marginal impact of financial development
on environmental quality was established to trace institutional quality’s
moderating role. We found that even when we used institutions to

TABLE 10 Process of selecting suitable econometrics technique.

Diagnostic test Status OLS/PMG FE/RE Co-integration DCCE GMM

Non-Stationarity Yes

Heteroscedasticity Yes

Autocorrelation Yes

Multicollinearity Yes

Endogeneity Yes

Cross-sectional dependence Yes

Source: own elaboration.

TABLE 9 VIF test for multicollinearity.

Variable VIF 1/VIF

DCP 2.89 0.35

M3 2.60 0.38

FDI 1.24 0.80

MCAPG 1.15 0.87

BCD 1.09 0.91

LISTC 1.05 0.95

GGDP 1.01 0.99

Mean VIF 1.58

Source: own elaboration.

TABLE 8 Diagnostic tests.

Tests Wald test statistic H0 Wooldridge test for autocorrelation H0

59.391a Rejected 303.85a Rejected

H0 = the null hypothesis of theWald test for groupwise heteroscedasticity in the fixed effect
regression model is→ homoscedasticity. “a,” “b,” and “c” denote the significance at 1%, 5%,

and 10% levels, respectively

H0 = the null hypothesis of the Wooldridge test for autocorrelation is → no first-order
autocorrelation. “a,” “b,” and “c” denote the significance at 1%, 5%, and 10% levels,

respectively

Source: own elaboration.
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moderate the relationship between financial development and
environmental quality, financial development had a detrimental effect
on environmental quality. Our findings reveal that even in robust
institutions, the inverse association between financial development and
environmental quality is so strong that environmental quality deteriorates
with financial development. This means that the authorities will be
powerless to prevent financial development from causing
environmental damage.

The subsequent natural step was to perceive the marginal
impact of financial development on LCF, mitigated through
institutional quality. Then, we calculated the marginal impact of
financial development on the environment by incorporating
institutional quality and financial development values at their
mean, maximum, and minimum levels in the partial derivative
equation. Results in Table 11 report that the marginal effect of
financial development is regularly damaging from its minimum to
maximum levels. It is worth noting that the value of the marginal

impact climbs from minimum to maximum and then decreases,
indicating that the relationship remains unfavorable, although the
strength of the association declines when the institutional quality is
combined with financial improvement. We demonstrate that
secondary school education (SSE) and environmental quality
have a strong positive relationship. Because education has a
significant positive impact on environmental quality, having a
more educated population may help improve it (Ntow-Gyamfi

et al., 2020).

6 Robustness check

To check the robustness of the estimates, we have used the
Driscoll–Kraay standard error method, dynamic common
correlated effect (DCCE) estimation, and pooled mean group
estimation for all Asian countries (AACs). The results of all

TABLE 11 Two-stage system GMM estimation.

Model-1 Model-2 Model-3

Variable Coefficient Coefficient Coefficient

LCF_lag1 0.96a 0.98a 0.99a

FDI −0.08a −0.04a −0.04a

GGDP −0.06a −0.02a −0.06a

IQ −0.11a −0.01 −0.09a

Financial development effect

BCD −0.10a ---- ----

DCP −0.15b ---- ----

LISTC −0.13a ---- ----

MCAPG 0.11a ---- ----

M3 −0.15a ---- ----

FDIN ---- −0.02a −0.12a

Shape of financial market-based EKC

FDIN2 ---- −0.08a −0.08a

Interaction effect

FDIN_IQ ---- ---- 0.05a

Education effect

SSE −0.04a −0.08b −0.04a

Turning point ----- 0.125 0.75

Marginal effect ----- Mean −0.54 0.37

Max −1.05 −0.39

Min 0.41 0.109

Diagnostic test

Wald → 273.54 (0.000) Sargan →
3.52 (1) AR (1)→ −3.56 (0.000) AR (2)
→ 0.44 (0.663) Hansen → 4.87 (0.67)

Wald → 188.23
(0.000) Sargan
→ 1.39 (1) AR
(1) → −2.48
(0.000) AR (2)
→ 1.52 (0.12)
Hansen →
3.29 (0.85)

Wald → 170.74 (0.000) Sargan → 14.83 (1) AR (1) → −2.30 (0.022) AR (2) → 1.27 (0.203) Hansen → 1.53 (0.981)

Symbol a, 1%; b, 5%; and c, 10%.

Source: own elaboration.

Frontiers in Energy Research frontiersin.org12

Latif and Faridi 10.3389/fenrg.2022.1063212

https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2022.1063212


these techniques are presented in Table 12. Here, we have again
estimated a model that explores the independent effect of financial
development and institutional quality on environmental quality by
using the PMG, Driscoll–Kraay standard error, and DCCE
methodology to check the robustness of the estimates.

To guarantee the reliability of the results, Table 12 presents the
findings from pooled OLS, Driscoll–Kraay standard error, and
DCCE estimate. The primary outcomes remain the same, as can
be observed.

7 Conclusion and policy
recommendations

Based on empirical work in this study, an attempt was made to
examine the relationship between financial development and
environmental quality (LCF) in three different ways for
48 Asian economies. We used the two-step system GMM
technique to analyze the data from 1996 to 2020. Initially, the
study investigated the environmental consequences of financial
development by considering six dimensions (DCP, MCAPG,
LISTC, BCD, M3, and FDIN). Then, we modified the original
EKC into the financial market-based EKC (FM-EKC) to examine
the environmental consequences of financial development over
the long and short run. Finally, the study considered the marginal
effect of financial development on the quality of the environment,
moderated by the role of institutional quality. The key findings of
system GMM analysis confirmed that Asian countries have an
inverted U shape FM-EKC. It was observed that the strong
institutional structure in an economy guarantees the favorable
environmental consequences of financial development in the long
run. It was also observed that continued improvement in the
financial industry might lead to a more stable environment in the
future. A strong institutional structure in an economy guarantees
the favorable environmental consequences of financial
development in the long run. It was also suggested that a
healthier education structure of an economy could help
improve the environmental quality of an economy. The current
study also pioneers in establishing the relationship between

education structure (secondary school enrollment) and
environmental quality (LCF) for Asian economies. A healthier
education structure of an economy could help improve its
environmental quality. Our findings implied that the
policymaker should make appropriate policies regarding the
improved economic position, well-established financial sector,
influx of FDI, strong institutional quality, and improved
education structure in a manner that does not deteriorate
Asia’s environmental quality.

The policy implication of these findings is that financial
development-driven policies should be encouraged by the first
adverse effects of financial development on the environment.
However, ongoing financial market development can eventually
create a more stable atmosphere. Nevertheless, building robust
and resilient institutions could significantly lessen the
environmental damage brought on by the early stages of
financial development. It is essential to adopt new technology
carefully so as not to harm the environment. Because post-
primary education has been demonstrated to lessen
deterioration and increase sustainability, policymakers should
also invest in it. Aiming to deepen financial development in
macro policies, information transparency in the market,
adoption of national and international laws to improve
environmental quality, facilitating the transfer of clean
technologies from developed countries to other countries, and
increasing energy efficiency in countries with high energy
consumption are some of the critical policy implications
suggested by this research.

8 Limitations and avenues for future
research

The study’s limitations should be discussed in subsequent research,
although it offers significant new understandings of the relationship
between economic variables and environmental indicators.

1) The Asian nations were not considered when comparing the data
because of the study’s limited size.

2) Due to space constraints, it is necessary to compare the results for each
panel of AACs, low-income Asian countries (LIACs), and high-
income Asian countries using the EKC hypothesis (HIACs).

3) It is noteworthy that the causal relationship between the
research variables is yet to be examined due to the short
space in this paper.

Some recommendations are made for future researchers by
considering the research findings. Future researchers can use a
comprehensive environmental performance index (CEPI) to
determine the relationship between financial development and
environmental quality. In other words, for more instructive
policy implications, future researchers can investigate the
influencing role of financial development in the correlation of
economic growth, renewable energy use, energy consumption,
and trade openness with environmental indicators. Future
studies can further this work by examining the relationship
between financial development and the Global Panel’s composite
environmental quality indicator. Future research can be extended
by applying the panel causality test to check for the direction of the

TABLE 12 Robustness check estimation.

PMG Driscoll–Kraay std. err. DCCE

Variable Coefficient Coefficient Coefficient

LCF_lag1 0.96a 0.95a (0.013) 0.92a

FDI −0.10a −0.02c (0.005) −0.01a

GGDP −0.001a 0.03b (0.004) 0.03a

IQ −0.02a −0.04 (0.003) −0.05a

Financial development effect

BCD −0.01a ---- ----

DCP −0.02b ---- ----

LISTC −0.21a ---- ----

MCAPG −0.14a ---- ----

M3 −0.27a ---- ----

FDIN ---- −0.01c (0.008) −0.13a

Symbol a, 1%; b, 5%; and c, 10%.

Source: own elaboration.
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relationship between financial development and environmental
quality.
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