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The primary objective of the study is to determine how environmental
performance is affected by several factors, including trade freedom, industrial
production, urbanization, financial inclusion, and energy efficiency. This research
provides a novel perspective on the environmental performance of Belt and
Roads Initiatives (BRI) member states by employing panel data from 1991 to 2021.
It contributes to our understanding of the role of several factors in improving
environmental performance. Panel data analysis also incorporates the CD, CIPS,
FMOLS, DOLS, and PMG-ARDL tests. This research possesses substantial
theoretical ramifications, as it might enable the expansion and refinement of
current economic and environmental theories. As per the findings of this
research, each factor significantly affects environmental performance
(ecological foot-point). This contributes to short-term environmental issues by
conserving resources and lowering emissions, creating the framework for long-
term environmentally friendly procedures and innovation. Strong environmental
policies that may cause effective environmental performance in Belt and Roads
Initiatives (BRI) countries.

KEYWORDS

trade freedom, industrial production, urbanization, financial inclusion, energy efficiency,
environmental performance, PMG-ARDL, belt and roads initiatives (BRI) countries

1 Introduction

National environmental-socioeconomic growth can only be governed effectively with
access to enough financial resources (Back et al., 2009; Alam et al., 2012). Green energy that
is affordable and beneficial to the environment can be made possible through the spread of
inclusive financing (Tayebi et al.,, 2016; Wardhani and Dugis, 2020). The World Bank
Consultation Assist Group People in Need defines “inclusive finance” as the responsible and
long-term provision of various financial goods and services, such as loans and insurance, to
households and the business sector. To provide “affordable, clean energy” to all people is
one of the Sustainable Development Goals set by the UN, as reported by the World Bank
(Nwafor, 2014). More widespread access to financial services has been recognized as a key
factor in enabling sustainability by making it possible for firms and families to invest in
environmentally friendly technology and make purchases of energy-efficient goods.
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Therefore, promoting financial inclusion is crucial for sustainable
development since it provides the path for technologically advanced,
energy-efficient products (Wang, 2023).

Meanwhile, as the economy and technology improved, so did
energy needs. Energy consumption is vital to economic growth but
has serious negative environmental effects (Chaabouni and Saidi,
2017; Li et al, 2020a). Global agreements, including Kyoto in
1997 and the Climate Agreement of Paris in 2015, seek to slow
environmental damage based on rising emissions of greenhouse
gases (Q. Wang, Wang, et al., 2024b). These agreements seek, in part,
to boost energy efficiency, defined as “the ratio of energy input to
economic output (Chenran et al, 2019). Businesses can reduce
energy use while maintaining productivity and growth (G. Li
2020b). It also progress  in
technologies, paving the way for studying renewable energy (Cai

et al, indicates low-carbon
et al, 2018). Retooling domestic industrial sectors with renewable
and energy-efficient technologies is a wise investment for countries.
(Baek, 2016).

The world’s nations are running to find a way to cut the
release of carbon dioxide. The most important thing we can do to
stop global warming is to perfect renewable energy technologies.
Therefore, deciding on a renewable energy path is crucial to
laying the groundwork for a low-carbon economic system.
However, such an adjustment is out of the question (Rehman
et al, 2021). The ecological footprint was chosen as the
environmental performance indicator for the following
reasons: The ecological evaluation at the heart of sustainable
development is the ecological footprint, which measures
humankind’s impact on the environment and the resilience of
the planet’s bio-system. It is an essential indicator for measuring
SDG progress (Khan and Hou, 2021). Second, the ability to
absorb waste is crucial to ecological sustainability. Businesses
make use of everything from minerals and wood to soil and water.
In contrast to pollutants, which do not consider these things, the
ecological footprint seems more complete (Li R. et al., 2023). To
illustrate people’s environmental impact, we may look at our
“ecological footprint” (Danish et al., 2020).

Put another way, compared to individual indicators like
CO2 carbon footprints, greenhouse gas emissions, and other
contaminants, it provides a more comprehensive picture of
environmental degradation and financial viability (Wang, 2024).
Industrial production has been essential to developing sophisticated
economies ever since the commencement of the Industrial era.
Additional emissions of greenhouse gases frequently hinder
developing and emerging nations from achieving their ambitious
economic goals. To build economies and get people out of poverty,
these countries need to increase industrial production through
manufacturing, which uses much energy. Production often results
in the release of carbon dioxide (Ge, 2023). A key contributor to
carbon emissions is the ongoing expansion of economic activity,
which boosts energy needs (H. Wang et al., 2022). The novelty of this
research explores the relationship between trade openness,
industrial production, urbanization, energy efficiency, financial
inclusion, and environmental performance. It emphasizes the
complexity of these relationships and uses sector-based analysis,
geographical dimensions, novel technologies, and social justice
ethics to develop innovative ways to manage and regulate the
environment.
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In  addition, expanding industrial  production  is

indistinguishably related to ecological impacts because of
continued resource extraction. The ecological footprints of
industrialized nations are greater than those of less developed
ones (Wang et al, 2024a). Compared to the United States and
China, the two largest polluters over the past two decades, nations
like Malaysia, Cambodia, Indonesia, and Korea have ecological
footprints far below one billion global hectares (gha). This
difference strengthens the developing world’s well-known stance
on shared but separate obligations (Chandio et al., 2023). Therefore,
it is essential to understand the energy problem facing the Roads and
Belt Initiative (BRI) by explaining the connection between industrial
productivity and environmental performance. For the BRI member
states, it is essential to permit industrial production to become a tool
in developing the national economy. The economic, energy, and
environmental perspectives highlight three key ideas: financial
industry development, economic enablers, and the effects of
et al.,, 2023).

The financial sector provides many options to create innovative

energy efficiency on ecological productivity (Li T.

tools that can help deal with environmental threats. Recently,
renewable energy solutions, in conjunction with environmentally
friendly and advanced energy, are two concepts that can be depicted
as two sides of a coin. Such aspects of economic management, as
mentioned above, are the critical environmental management
of trade productivity, and
urbanization. It protects the environment and provides energy

indicators freedom, industrial
efficiency and financial inclusion (Xu et al, 2023). Renewable
electricity industries in developing countries expand. Therefore,
industries in countries where the financial market is growing
professionally tend to develop even faster than those where the
debt market is underdeveloped and financial institutions are
unstable (Ahsan et al., 2020; Ali et al.,, 2021).

This research examines how the environment is affected by
financial inclusion (FI), energy efficiency (EE), and economic factors
like trade freedom, industrial production, and urbanization. This
research proposes new conclusions and suggestions about how
financial inclusion, energy efficiency, and economic factors affect
environmental performance. There are three primary reasons why
this study’s contribution matters: (1) the ecological footprint is used
as an all-encompassing environmental performance metric in this
study. The study used the PMG-ARDL model to identify the short
and long-run association along with the effect of the variables on the
environmental performance. (2) Renewable energy consumption is a
proxy for energy efficiency, a novel metric not previously utilized in
research. Despite East Asia and the Pacific’s more significant
population, higher energy consumption, and higher emissions,
(3) the Belt and Road Initiatives should be recognized in the
scientific literature.

1.1 Research objectives
The objectives of this study are as follows:

o To assess the influence of economic factors on environmental
performance.
inclusion on

e To determine the influence of financial

environmental performance.
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« To
environmental performance.

evaluate the influence of energy efficiency on

2 Review of literature
2.1 Theoretical foundation

2.1.1 Ecological modernization theory

According to the ecological modernization theory, technological
upgrading and restructuring the economy are ways of helping
society achieve sustainability, which is the responsibility of
sociology and political science. (Ahsan et al., 2020). It recognizes
that industrialization and economic development are among the
activities that have historically resulted in environmental
disruptions but are more optimistic about the future (Xu et al,
2023). The theory implies that through green technologies and eco-
friendly practices, we can build an economy that is sustainable and
close to natural conditions. Economic growth in an environmentally
responsible way can become a self-reinforcing force. Hence, markets
and government regulation can simultaneously drive environmental
improvements; firms can find economic opportunities in green
innovation, and the public can demand higher environmental
This theory has
contributed a lot to environmental policy improvements and the

standards via their choices and values.
utilization of modernization processes to minimize environmental

pollution (John and Hana, 2021).

2.1.2 Social Capital Theory

The Social Capital Theory that has emerged in sociology focuses
on the importance of social relations, networks, and interactions,
which can contribute to achieving personal objectives and common
goals. One can always rely on the fact that, regardless of the adverse
phases of life, mutual trust and personal connections will always
provide wellbeing to the individual and community. Social capital
describes the embedded resources of social networks, for example,
information, support, combination, and accessibility opportunities
(Hu et al,, 2021). It can be categorized into two main types: at the
same time, it is the combination of social capital that relates to the
strength of connections between local communities and social
capital that connects different communities on an enormous
scale. A social setting with solid social network members may
produce positive results for the people involved, including
increased educational prospects or employment openings and
general harmony in the community (Hussain et al., 2021).

2.2 Empirical evidence

According to Chaudhry et al. (2022), this study was based on the
“Dynamic Common Correlated Effects” method employed to
identify the influence of financial integration on environmental
degradation across the Organization of Islamic Cooperation
members from 2004 to 2018. The findings showed that
CO2 emissions, CH4 emissions, and degradations are the only
variables significantly related to high-income OIC member
economies. In contrast, nitrogen dioxide emissions and ecological
footprint appear to be independent of variations in income levels.
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Low-income countries with the shapes of low-income countries and
all OIC nations that reversed the UV-shaped environmental Kuznets
curve were also deforested. As the report indicates, nature capacity
should be the highest concern and priority in government
management for nature protection, sustainable forest use, and the
necessary finance services.

Based on the researchers Zhao and Yang’s (2020) findings, the
relationship between financial inclusion and CO2 emissions at the
provincial level in China is claimed to exist. The study suggested that
with financial inclusion increasing by 10%, national emissions could
drop by 4%-5%. It has only three exceptions: Zhejiang, Fujian, and
Xinjiang. To reduce CO2 emissions, the report suggests that China’s
province concentrate on developing its financial sector and gives
examples for local governments. Usman et al. (2021) explored a
correlation between economic development, renewable energy
usage, and GDP increases in 15 countries that ranked high in
carbon emissions as preferred between 1990 and 2017. The
findings demonstrate that trade freedom, renewable energy
sources, and financial development can mitigate climate change.
At the same time, economic growth and the consumption of fossil
fuels are, for the most part, the most significant contributing factors.
It was established during the study that a two-way influence exists
between the features. The ecological footprint, which is negatively
associated with trade freedom and renewable energy, can be used as
an indicator while emphasizing the import of trade and
energy balance.

According to Koomson and Danquah (2021), the study used
data from lifestyle surveys to discover that financial inclusion is
connected to energy poverty in Ghana. Increased financial inclusion
can minimize energy poverty, translating to the most predictable
outcomes in rural areas and families headed by men. At this
juncture, staff members gain the most from the higher financial
accessibility. The most held possible avenues are household net
income and type of family.

According to Id et al. (2023), the research applied
econometric tools to evaluate the impact of foreign direct
investment (FDI) on technical innovation in BRICS countries
from 2000 to 2020. This research indicates that inward foreign
direct investments, an increase in trade openness, economic
growth, and commitment of more money to research all lead
to an increase in innovations. Rauf et al. (2023) investigated how
foreign direct investment, energy use, and technical innovations
affected BRICS countries’ economic growth and quality of the
environment in 1990 and 2018. This suggests that FDI positively
impacts growth but impairs sustainability, while innovation
technology improves sustainability.

Xu et al. (2023) studied the effects of energy conservation
campaigns and adopting alternative energy sources on the level
of carbon dioxide emissions from the MENA region’s electrical
industry. The considerable non-renewable energy intensity is
alarming. On the other hand, the intensity of renewable energy is
below the breakeven point. Examples of renewable and non-
renewable energy sources could be switched into capital energy.
The MENA region’s poor energy efficiency and track record of
climate mitigation show that clean, cheap energy and climate change
execution will only be possible through pure economic growth by
the end of 2030. The study suggests that improvements or setbacks
in energy efficiency may result from government subsidies.
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As the researchers of Lin and Abudu (2020) indicate, energy
and the extent of
composition will still, over time, influence the level of greenhouse

efficiency, renewable energy, industrial
gas emissions. There is substantial proof that a decrease in
CO2 emissions in the long term is attained through energy
efficiency. Moreover, CO2 emissions are reduced when renewable
energy is substituted for non-renewable energy. The study further
shows that real income and industrialization are the two variables
that led to the increase in the level of C02. Dong et al. (2018)
demonstrated that the Environmental Kuznets Curve (EKC) for
China’s greenhouse gas pollution uses a new paradigm. It assesses
the dynamic impact of fossil fuel’s replacement with renewable energy
sources on the emission of CO2. Study data show the positive effect of
clean energy sources on CO2 emissions. The results confirm the
existence of the EKC for CO2 emissions in China. Gradual emission
reduction is only possible with natural gas. It is presently eclipsed as part
of the renewable energy mix. Policies and suggestions for cutting carbon
emissions throughout the development of these sectors are strongly
supported. Abbas et al. (2022) examined the impact of renewable energy
growth, market regulation, and environmental innovation on
CO2 emissions from BRICS nations in 1990-2020. The findings
suggest a long-term correlation in which market regulation acts as a
moderator. Initiatives such as market-based methods and taxation
linked to the environment will also be among our strategies.
Magazzino (2015) states that a time series analysis investigated
the relationship between GDP and energy consumption in Italy
between 1970 and 2009. The study shows that both series are not
stationary and have cointegration. Energy consumption and GDP
share a causative relationship over a short period, and then the
relationship becomes bidirectional in the long run. Dou et al. (2021)
stated that the relationship between trade liberalization and carbon
emissions in the China-Japan-South Korea area in 1970-2019 was
examined. The agreement can lessen the promotion effect of trade
freedom, which favorably impacts the greenhouse effect. When
countries import more, their carbon emissions rise, and when
they export, their emissions drop dramatically. Freer trade
indirectly affects carbon emissions through changes in scale,
technology, and the economy’s underlying structure. Policy
recommendations for reducing the greenhouse effect and
increasing high-quality Trade freedom are included in the report.
Wen et al. (2021) demonstrated the association between
environmental quality and green innovation in South Asian
countries. The study employs panel co-integration tests using
FMOLS and DOLS to analyze long-run correlations using panel
data from 1990 to 2014. The findings demonstrate how green
innovation greatly enhances environmental quality and provides
South Asia with policy alternatives for environmental sustainability.
Magazzino (2016) examined six GCC nations’ (Gulf Cooperation
Council) real GDP, CO2 emissions, and energy usage during
1960-2013. Results demonstrate unit roots, with a definite long-run
link only identified in Oman. Granger causality analysis reveals that
energy consumption is the primary factor in Kuwait, Oman, and
Qatar’s real GDP. The Kingdom of Saudi Arabia has yet to settle on
a committed partnership. The research contradicts the common belief
that energy does not influence economic expansion, implying that
comprehensive energy policy may need to be revised.
Sengupta et al. (2019) demonstrated the correlation between
economic and environmental performance in manufacturing sectors
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FIGURE 1
Conceptual framework.

in India and China is centered on output and export. Because of its
importance to the economy and exports, manufacturing often
experiences fast export-led expansion that raises environmental
problems. Using unit root tests and Johansen co-integration tests,
data from the World Bank are analyzed starting in 1970 and
continuing through 2016. The findings demonstrate a close
China’s
CO2 emissions, with China’s impact being more significant than

correlation  between manufacturing output and
India’s. China’s enormous carbon dioxide emissions are exacerbated
by the country’s extensive export of produced products.
According to Hardiyansah et al. (2021), disclosure of carbon
emissions and moderating factors as they relate to company value. It
uses the 82 Indonesian firms awarded ISRAs between 2014 and
2018 and traded on the Indonesia Stock Exchange. The findings
demonstrate that investors consider carbon emission disclosure as
part of evaluating a company’s sustainability and that this disclosure
favors industrial production. Environmental performance and
industrial type also influence the connection since organizations
with ISO 14001 certificates try to ensure environmental
sustainability. According to the study (Ferraris, 2022), the leather
industry emphasizes industrial production vs. environmental
performance (EP) and the mediating function of individual green
(IGV). The

framework to conclude that industrial production has a net positive

values study used a resource-based theoretical
effect on EP and makes an immense contribution to IGV development,
affecting EP. However, the study found that government measures

should dampen the link between industrial production and IGV.

3 Methodology
3.1 Conceptual framework

The conceptual framework was developed after thoroughly
reviewing the relevant academic literature. The current study
investigates the relationship between environmental performances
(ecological foot-point) as the dependent and independent variables,
including trade freedom, industrial production, urbanization,
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TABLE 1 Description of variables (Source: World economic indicators).

10.3389/fenvs.2024.1333998

VELELIES Code Measurement
Independent Variables
Trade Freedom TF Imports of goods and services (% of GDP)
Industrial Production 1P Value added (constant 2015 US dollars), industry (incl. construction)
Urbanization UR Urban population growth (annual %)
Financial Inclusion FI FI is an index that measures the accessibility, depth, and efficiency of financial services
Energy Efficiency EE Renewable Energy Consumption % of total final energy consumption
Dependent Variable
Ecological Foot-point EF Total Global hectare

financial inclusion (FI), and energy efficiency (EE). The entire
framework of the investigations is depicted in Figure 1.

3.2 Research hypothesis
H1la. TF has a significant long-run influence on the EP (Ecological

Foot-point).

H1b. TF has a significant short-run influence on the EP (Ecological
Foot-point).

H2a. IP has a significant long-run influence on the EP (Ecological
Foot-point).

H2b. IP has a significant short-run influence on the EP (Ecological
Foot-point).

H3a. UR has a significant long-run influence on the EP (Ecological
Foot-point).

H3b. UR has a significant short-run influence on the EP (Ecological
Foot-point).

H4a. FI has a significant long-run influence on the EP (Ecological
Foot-point).

H4b. FI has a significant short-run influence on the EP (Ecological
Foot-point).

H5a. EE has a significant long-run influence on the EP (Ecological
Foot-point).

H5b. EE has a significant short-run influence on the EP (Ecological
Foot-point).

3.3 Data

Table 1 describes the factors used in the investigation. Trade
freedom is defined as imports of goods and services (% of GDP);

Frontiers in Environmental Science

industrial production as a Value added (constant 2015 US dollars);
urbanization is measured by population growth (annual %);
financial inclusion is an index that measures the accessibility,
depth, and efficiency of financial services; energy efficiency is
measured by renewable energy consumption, which is % of total
final energy consumption. Ecological footprint is measured in a total
global hectare. The present study selected fifteen BRI countries for
their initiative regarding the environment and strategic location in
the continent, which possess unique geographical importance and
advantages. This study is based on World Bank Indicator (WDI)
data between 1991 and 2021. We converted all of them to
logarithmic form to adjust for heteroscedasticity and lower the
coefficients of the research variables.

3.4 Cross-sectional dependence

Pesaran (2007) states that panel data constantly endure from
cross-sectional dependence (CSD). According to the literature on
CSD, conventional panel models are obsolete. Inadequate reporting
of common-sequence dependence (CSD) of unobserved common
factors reduces the accuracy of panel data, leading to inaccurate
estimations (Phillips and Sul, 2003; Pesaran, 2004).

3.5 Panel unit root test

The panel unit root test method should be used if CSD is
detected. This study employs the CSD augmented Im, Pesaran,
and Shin test (CIPS) and (Pesaran, 2007)’ test to investigate the
stationarity of the variables. The CIPS tests enhance the first-
generation panel data unit root tests, which do not include CSD.
(Raza and Shah, 2017).

3.6 Panel cointegration test

The next step is to assess the long-term relationship through
panel cointegration techniques. When I (1) appear in a series,
studying the equilibrium state over numerous iterations is
worthwhile. We use three distinct panel cointegration tests to
determine whether or not the variables in the study are
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independent: the Pedroni test (Pesaran, 2007), the Kao test (Kao,
1999), and the Westerlund test (Westerlund, 2007). The effects of
CSD and heterogeneity can be reduced by using the Westerlund
panel cointegration test.

3.7 Model specification

This study uses a panel of FMOLS models to make long-term
predictions. According to Chan (2005), one of the best
techniques to analyze panel econometric heterogeneity is with
FMOLS. To accommodate variability, this strategy reweights the
data using the long-run covariance of cross-section estimates.
We use the Group-FMOLS technique to anticipate the
parameters’ intermediate and long-term correlations. The
PMG-ARDL model (Ashraf et al, 2023) is used to analyze
environmental performance concerning variables like trade
freedom, industrial production, urbanization, and financial
inclusion. Despite significant differences in short-run
dynamics between countries, the pooled mean group assures
that long-run coefficients are comparable. Al-Mulla et al. (2013)
found that coefficients can indicate both short-term and long-
term heterogeneity when the MG closely monitors the PMG
estimate. If the findings of the previous methodologies do not
show cointegration, the Panel Autoregressive Distributed Lag
(ARDL) analysis is used. If the underlying regressors show me
(0), me (1), or a combination of the two, the macro panel data
technique is preferred (Pesaran and Shin, 1998), and the period
exceeds 20 years. The dataset could have been more conducive to
using the GMM estimator. To assess the relationship between
government debt and GDP growth, we consult the extensive
literature on dynamic panel data and use a variety of estimators,
including Mean Group (MG), Pooled Mean Group (PMG), and
Dynamic Two-Way Fixed Effect (DFE) (Pesaran and
Smith, 1995; Pesaran et al., 1999). This study used the Pooled
Mean Group-Autoregressive Distributed Lag (PMG-ARDL)
model, which was proposed by Pesaran et al. (2007). It is
about merging and averaging the coefficient across the
cross-sectional units. According to existing research, this
strategy outperforms prior single co-integration procedures,
such as those used by Engle and Granger (1986) and
(1990),
superior econometric model. Unlike Engle and Granger

Johansen and Juselius resulting in a
(1986), this model does not suffer from endogeneity or the
inability to test hypotheses on estimated coefficients across
time. This research used the following empirical model in

this case:

LnEFy-oci + ) o1 ALREFy_ g+ ) o<y ALnTF g
9=1 i=0

+Y 03 ALRIPy g+ ) o< 4o ALNUR;

i=0 i=0

+Y o5 ALNFI g + ) o oo ALNEE;

i=0 i=0
+B, Ln(EF,_,) + B, Ln(TF,_;) + B, Ln(IP,,)
+ﬁ4 Ln(URt_l) + ﬁs Ln(FI,_l) + ﬁG Ln(EEt_l) + €5t

Table 1 provides information about the variable inputs.
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4 Results
4.1 Descriptive statistics

Table 2 displays the descriptive statistical data for the variables.
The average values for ecological footprint, energy efficiency,
urbanization, financial inclusion, industrial production, trade
freedom, and environmental performance are shown below.

7.743, 2925, -1.169, 17.186, and 3.808, respectively. The
minimum and highest values are 12.810, 22.362, 5.339, 29.383,
1.672, -0.159, and 4.512, respectively, with a range

of —-1.109 to —4.405 and -3.553 values. The standard deviation
numbers are as follows: 1.462, 0.2255, 0.560, 2.749, 0.683, and 0.710.
After using skewness, kurtosis, and Jarque-Bera tests to guarantee
data normality, the results of this investigation were found to
be expected.

4.2 Correlation matrix analysis

Environmental performance (ecological foot-point), energy
efficiency, urbanization, financial inclusion, industrial production,
trade freedom, and a correlation m