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The main objective of the current study is fo examine the impact of institutional
performance, digital governance, and green finance on environmental
performance within expanded BRICS nations that have undergone
expansion. Key findings indicate that enhancing digital governance
significantly reduces emissions; therefore, policies should be implemented to
fortify digital infrastructure and promote environmentally responsible
practices. The study utilized three discrete regression models fo analyse the
ecological impact and emissions of carbon dioxide and nifrous oxide,
providing insights info the primary greenhouse gases contributing to global
climate change. In light of the infricate correlation between emissions and
institutional performance, it is imperative to develop nuanced policies that
effectively reconcile the need to strengthen institutions with environmental
concerns. Green financing is a crucial element that advocates for policies
that encourage investment in environmentally friendly initiatives and
technology and has a net positive impact on emissions reduction. The
adoption of sustainable practices is imperative for economic expansion due
to the observed correlation between heightened emissions and economic
capacity. To decouple environmental degradation from economic
expansion, policies should be implemented to support green technologies. In
summary, these resulfs provide evidence in favour of a comprehensive policy
approach within the BRICS countries, which ought to achieve a harmonious
coexistence of environmental conservation and economic advancement, to
the advantage of all stakeholders. The current study is carried out to promote
environmental sustainability, reduce harmful activities, strengthen institutions
for collaborative pollution management, and enforce stringent environmental
regulations on foreign direct investment, the expanded BRICS nations should
strive to reduce detrimental activities. Placing significant emphasis on the
interdependent nature of economic development and its environmental
ramifications is of utmost importance.
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Figure 1.
Graphical Abstract

INTRODUCTION

The Paris Climate Change Agreement was signed in 2015 with the aim of mitigating the
effects of climate change on the environment and society. Governments worldwide
must implement climate change mitigation strategies. The desired objective is to achieve
a temperature increase of 1.5 degrees Celsius above pre-industrial levels. The BRICS
nations are causing significant damage to the environment due to their insufficient
investment in renewable energy sources and their dependence on a combination of
domestic and imported fossil fuels. Environmental degradation (ED) poses a significant
challenge to both human survival and sustainable economic development. Excessive
utilization of natural resources, such as soil, water, and air, results in the deterioration of
the environment. Inrecent decades, researchers have extensively studied the relevance
of ED in various aspects of life and its impact on quality of life, making it a widely
researched topic. The sustainability of human life is severely threatened by environmental
degradation caused by factors including increasing populations, altering biological
conditions, water pollution, greenhouse gas emissions, and global warming. Industrial
waste and hazardous emissions are among the limited number of factors that contribute
to economic decline (ED) on a worldwide level. The objective of environmental
management is to mitigate pollution, greenhouse gas emissions, and this type of waste.
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Crucial elements for achieving sustained economic growth over a long period of time
consist  of allocating resources towards environmentally sustainable initiatives,
transitioning towards digitalized governance, and establishing strong and effective
institutions. In recent academic studies, there has been significant focus on the impact
of governance, political stability, corruption, and the rule of law on environmental quality.
The impact of institutional policies and strategies on environmental quality can be
significant and beneficial, both directly and indirectly.

Any country or region can facilitate the process of establishing and implementing
environmental rules and regulations by adopting a flexible and proactive institutional
framework. Businesses, motivated by their goal of maximizing profits, may attempt to
bypass regulations in order to achieve higher profits, while capable and reliable
institutions with a mission to enhance environments strive to develop and enforce
environmental policies efficiently. The presence of a robust institutional framework not
only benefits the local population but also has positive effects on neighboring countries,
which is referred to as the spillover effect. Kinyua (2023) states that there exist operational
and independent organizations that aid in mitigating pollution resulting from economic
development. The primary factor behind the low wealth generation in developing
economies is their deficient institutional framework. This framework also poses challenges
for the development and implementation of environmental policies, the adoption of
clean technologies, and the establisnment of a sustainable energy infrastructure.

According to Amblard (2021), the relationship between political stability and
environmental degradation is contingent upon the level of development. Rich countries
with improved institutional frameworks promote foreign direct investment (FDI), leading
to a reduction in carbon dioxide (CO,) emissions due to the technology effect. Foreign
direct investment (FDI) has the potential to stimulate economic growth and enhance
environmental condifions. However, counfries with low income and inadequate
institutional factors are less likely to attract FDI. Green finance (GFN) refers to investment
strategies that aim to promote environmental improvement and reduce carbon
emissions. Green bonds and green credit are the primary sources of funding for green
investment vehicles and the mitigation of carbon and greenhouse gas emissions.
Compared to regulatory approaches, market-oriented tools such as green bonds and
green credit are generally simpler to put into action, more attractive to corporations, and
more efficient overall. In order to attract investments from individuals who prioritize
environmental concerns, many countries are enhancing their governance, property
rights, legal systems, and regulatory frameworks (Ahmed et al., 2023).

Creating trustworthy and transparent organizational environments can help mitigate the
risks associated with green investments and attract environmentally conscious investors.
Digital governance significantly enhances environmental quality by promoting
sustainable practices, reducing paper consumption, and enabling real-time monitoring
of environmental conditions. Furthermore, it ensures adherence to regulations and fosters
public engagement in conservation endeavors. Bouzguenda et al. (2019) emphasized
the significance of digital governance in enhancing environmental quality. To achieve
the Sustainable Development Goals (SDGs), Agur et al. (2020) highlighted the
importance of digital governance and other practices of vigilant, fransparent, and
action-oriented leadership. According to experts, digital governance can facilitate
economic growth and environmental sustainability by improving communication
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between governments, society, and businesses. However, they also mentioned that
digitalization can have negative consequences as it can lead to increased energy
consumption, which contradicts the objectives of sustainable development. The
affordability of digital literacy, education, and infrastructure plays a crucial role in digital
governance. The lack of internet access for 2.7 billion individuals further amplifies the
inefficiency of digitizing government processes. Shahbaz et al. (2022) argue that in order
to achieve social and economic progress while also preserving the environment, it is
crucial to prioritize digital governance, industry digitization, and the promotion of
renewable energy sources. Guan et al. (2023) propose that sustainable digital
governance models aim to achieve a state of equilibrium between economic
development and ecological preservation.

Enhancing a country's digital infrastructure, establishing collaborations, and providing
incentives can all enhance its global competitiveness. At the beginning of the 2009s,
China, Russia, India, and Brazil came together to form a consortium that was referred to
as BRIC (see figure 1), which is where the BRICS initiative got its start. The inclusion of South
Africa can be seen in Figure 2, which demonstrates that the alliance was strengthened
in the year 2010. One of the primary motivating factors behind the formation of this
partnership was a response to the shifting dynamics of the global economy. One of the
most important motivating factors was the calls for a decision-making process within
international financial institutions (IFls) that was more open and democratic, with a
partficular emphasis on providing developing and emerging economies with a stronger
voice.

M BRIC-2009

Figure 2.
BRIC
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I BRIC-2010

Figure 3.
BRICS

South African President Cyril Romaphosa made the announcement that the following
countries would be joining the BRICS organisation on January 1, 2024. These countries are
Argentina, Egypt, Ethiopia, Iran, Saudi Arabia, and the United Arab Emirates. The
announcement was made during the 15th BRICS Summit, which took place in August
2023.0n January 1, 2024, Egypt, Ethiopia, Iran, and the United Arab Emirates became
official members of the bloc (see figure 3). This event took place.

B Expanded BRICS
(2024)

Figure 4.
Expanded BRICS

The primary aim of this study is to examine the correlation between green finance, digital
governance, institutional performance, ecological degradation, and the extended
BRICS nations. A significant amount of academic research has focused on investigating
the relationship between ecological degradation, scientific innovation, and institutional
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performance. However, the current academic literature on the expanded BRICS
countries is significantly restricted in its coverage (Niemczyk, 2020). This research
contributes to the existing body of knowledge in several ways, including the following: 1)
Our research employs a newly developed environmental indicator, known as the
ecological footprint, along with N20O, to obtain more reliable and accurate results
compared to previous studies that evaluated ecological degradation using CO2
measurements.

The main objective of the initial investigation was to create a comprehensive
environmental footprint index consisting of six components. (2) The main goal of the initial
study was to create an institutional performance index by using twelve quality indicators.
Policymakers, social scientists, and the governments of the BRICS countries dedicate
significant effort and resources to conducting thorough analyses of their economies
(Noomen et al., 2023). The BRICS alliance is preparing to expand its membership to
include six more states in early 2024. This development has sparked debates regarding
the possible enlargement of the BRICS's burgeoning economic influence. By including
more members in the bloc, the total value of goods and services produced within the
bloc, known as the gross domestic product (GDP), will surpass $30 frillion. This would make
up approximately 29% of the global GDP.

LITERATURE REVIEW

Institutional Performance and Ecological Deterioration

Recent studies by Yan et al. (2023) and Li et al. (2023) have emphasized the significance
of robust institutional frameworks in attaining environmental sustainability. These studies
have provided insights into the correlation between institutional quality and
environmental performance. The findings of this study emphasize the significance of
strong institutional frameworks in promoting ecological sustainability, as demonstrated by
Ali (2019) and Salman et al. (2019), among other scholarly research. These studies
consistently demonstrate the influential and effective role of institutions in implementing
and promoting environmentally friendly practices. Allen and McAleer (2020) employed
a nonlinear autoregressive distributed lag (NARDL) approach to analyze the data of the
G7 countries spanning from 1986 to 2020. A negative and statistically significant
correlation was found between the efficiency of their institutions in reducing greenhouse
gas emissions.

Consistent with prior research, this study discovered that improving the quality of
institutions was the most efficient approach to decrease carbon emissions and advance
environmental sustainability. Musili (2023) highlighted the importance of robust financial
institutions and systems in sub-Saharan Africa for mitigating environmental degradation.
The study conducted by Islam et al. (2023) examined several factors, including
internationalization, economic growth, foreign direct investment (FDI), frade openness,
and institutional performance, to determine theirimpact on Bangladesh's CO2 emissions.
The study revealed an inverse relationship between carbon dioxide emissions and
institutional integrity. Farooq et al. (2023) investigated the relationship between debt and
CO; emissions in BRICS economies from 1996 to 2018, with institutional efficacy serving as
a moderating variable. Studies have demonstrated that nations with lower to moderate
income levels are inclined to hold the belief that public debt has an adverse effect on
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environmental conditions, while countries with higher income levels tend to hold the
opposite view. Shahzad et al. (2021) emphasize the significance of robust government
agencies in enforcing environmental regulations to enhance environmental quality and
promote sustainable practices. Furthermore, Amblard (2021) asserts that there exists a
significant correlation between the effectiveness of institutions and the outcomes of
environmental legislation and policy. The study emphasizes the significance of institutions
in determining CO, emissions, indicating that well-functioning institutions are associated
with lower emissions. Cogburn (2019) posits that cultural practices, social norms, and the
legal, political, and economic systems collectively influence the functioning of society.

According to Le and Ozturk (2020), a capable organization has the ability to identify and
address negative environmental effects, thereby confributing to long-term
environmental preservation. To attain environmental advantages, it is imperative to
enforce institutional obligations such as safeguarding property rights, promoting
unrestricted markets, preserving political neutrality, and upholding the principles of legal
governance (McDermott et al., 2023). The presence of law and order, along with
effectively implemented regulations enforced by institutions, has a beneficial impact on
environmental quality (Zhang et al., 2022). Purcel's (2020) analysis suggests that adhering
to legal requirements and implementing effective governance measures could enhance
environmental quality and reduce carbon emissions. The study specifically focuses on the
influence of governance on CO, emissions in developing nations between 2002 and
2016. One potential strategy for reducing carbon emissions is to pursue employment in
the service industry.

Haledar and Sethi (2021) conducted an analysis of tfrends over a 23-year period using
data gathered from 101 nations between 1995 and 2017. A statistically significant inverse
correlation was observed between environmental quality and institutional quality. Studies
conducted in developed nations have demonstrated a negative correlation between
increasing carbon dioxide (CO2) emissions and economic growth as measured by Gross
Domestic Product (GDP). The environment has experienced positive impacts due to anti-
corruption measures and strict adherence to legal principles. The findings not only
establish a direct link between carbon dioxide (CO2) emissions and foreign direct
investment (FDI) in developed countries, but also highlight the significance of enhancing
institutional quality to effectively address and reduce carbon emissions.

Conversely, in developing nations, the situation is the opposite. Riti et al. (2021)
conducted a study in 10 countries to investigate the potential correlation between press
freedom and efforts to reduce carbon dioxide emissions. The study was informed by press
freedom statistics from 1993 to 2016. The study found that there is an inverse U-shaped
relationship between per capita GDP and CO, emissions. Hence, the study regarded
institutional performance as a crucial determinant of CO2 emissions.

Digital governance and Ecological Deterioration

Digital governance is an emerging practice adopted by governments and agencies to
oversee, control, and mitigate environmental deterioration. This approach employs
advanced techniques such as big data analytics, Geographic Information Systems (GIS),
and remote sensing to frack and assess the levels of pollution, the decline in biodiversity,
and the extent of deforestation. It facilitates the involvement of the public in

87



Sustainable Growth in expanded BRICS 4(1),81-102
environmental conservation and supports the development and execution of policies by
promoting well-informed decision-making. The UN General Assembly Resolution 66/2888
highlights the importance of democratic governance, the rule of law, effective
administration, and the ufilization of technology for the betterment of the general
population. The advent of digital technologies presents governments around the world
with an unparalleled chance to enhance the quality of life for the general public and
aftain sustainable development. Digital governance refers to the utilization of information
technology by governments and their institutions o enhance governance. This approach
brings about advantages such as enhanced service delivery, cost reduction, increased
citizen empowerment, expanded interactions with businesses and industry, revenue
growth, and improved efficacy and efficiency. Additionally, it enhances economic
growth through the enhancement of efficiency in the public sector, the augmentation
of demand, and the encouragement of institutional responsiveness and accountability.

By improving the accessibility of crucial services such as healthcare, education, and
social welfare, digital governance has the potential to enhance social and
environmental sustainability. Open Government Data can be utilized by governments to
increase public awareness and understanding of resource management and
conservation. This can contribute to the promotion of efforts to combat environmental
pollution. Recent research has revealed an inverse correlation between digital
governance and carbon emissions, resulting in beneficial outcomes for the environment.
Nevertheless, digital governance initiatives that strive to enhance green spaces,
emphasize environmental concerns, and implement efficient digital governance have a
beneficialimpact on environmental sustainability and performance. Enhancing financial
development and implementing effective digital governance are crucial in order to
decrease carbon dioxide emissions and enhance environmental performance.

Prior research has yielded inconsistent findings, as certain studies have discovered a
favorable association between digital governance initiatives and CO2 emissions, while
observing adverse correlations with N20O, CH4, and ecological imprint. This study aims to
investigate the relationship between digital governance and environmental indicators
such as CO2 emission, N20O emission, and ecological footprint in the expanded BRICS
countries. By addressing the ambiguity and filing a research gap, the study seeks to
provide a clearer understanding of the impact of digital governance on these
environmental factors.

Green Finance and Ecological Deterioration

Green finance refers to the deliberate allocation of financial resources with the goal of
supporting renewable energy, enhancing energy efficiency, and advocating for
environmentally sustainable practices. Research has demonstrated a notable correlation
between green finance and environmental performance, underscoring its significance
in reducing environmental risks. The research conducted by Tahir et al. (2021) and Zhou
et al. (2020) has emphasized the beneficial effects of fiscal decentralization, investment
in green technologies, and institutional quality on the promotion of environmental
sustainability. Gao et al. (2023) contend that the financial sector plays a substantial role
in enhancing environmental quality through its provision of green financial assistance o
sustainable businesses and its promotion of environmentally-friendly technology and
business strategies.
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Green financial development can mitigate domestic carbon dioxide emissions and
adversely affect various environmental indicators such as industrial solid waste,
wastewater, and nitrogen oxides. Although it does not have a direct impact on the
environment, green finance provides support to environmentally friendly businesses and
initiatives. Nevertheless, the inclusion of green credit in banks' loan approval processes
can restrict the funding abilities of companies that contribute to pollution. Investors are
becoming more attracted to green projects that prioritize sustainable development
because of the multitude of advantages they offer. Government policies that promote
green finance have the capacity to encourage increased investment in the renewable
energy industry. Nevertheless, certain scholars maintain viewpoints that diverge from the
dominant consensus. For instance, in a study conducted by He et al. (2019q), it was
discovered that the expansion of green finance has an adverse impact on the provision
of bank loans, impeding the efficacy of investments in renewable energy and causing a
negative influence on environmental quality. Existing research predominantly indicates
that the progress of green finance will enable the flow of funds into environmentally
conscious enterprises and projects. Nevertheless, it does not conclusively establish a
direct causal relationship between green finance and alterations in environmental
quality.

DATA AND METHODOLOGY

Data

Focusing on digital governance, institutional performance, ecological deterioration, and
green finance, this study examined data from BRICS member states from 2000 to 2020.
The ecological imprint and emissions of nitrous oxide (N20O) and carbon dioxide (CO2)
were examined using three discrete regression models. Because of their status as
pollutants and the substantial role they play in accelerating global warming, carbon
dioxide and nitrogen oxide have been chosen as environmental indicators (Freire et al.,
2023). Because nifrogen oxide emissions are mainly caused by carbon dioxide and
methane, it is important to use more than one proxy fo capture environmental
degradation in order to get a full picture of the environmental impacts in our sample
countries. An additional tool for measuring environmental health that takes biological
and ecological factors info account is the ecological footprint, which has been
incorporated into the study. Allocating funds to environmental sustainability initiatives, or
"green finance," has far-reaching effects on both the economy and the environment.

It is critical for institutions to be open, efficient, and effective when implementing policies.
The purpose of this research is to evaluate how digital governance has changed the way
policies are made and how it can influence innovation and governance to better
environmental outcomes. Furthermore, it investigates the link between environmental
quality and economic growth in an effort to decipher the economic development's
effect on the environment. Missing values in a panel dataset covering the years 2000-
2020 are estimated using a variety of methods in this study. The research specifically
follows a methodology put out by Rubin, which has been used in this specific study
before. Previous research has heavily relied on fried-and-true methodologies, such as
GMM, fixed effects, and random effects, to examine the relevance of cross-sectional
dependence.
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MEASUREMENT OF VARIABLES

The study utilizes Principal Component Analysis (PCA) to construct composite variables
for assessing technical progress, environmental degradation, and institutional efficacy. A
total of twelve factors are assessed, encompassing social and economic circumstances,
political stability, investment prospects, both domestic and foreign conflicts, military
impact, and citizen responsibility. Institutional efficiency is evaluated by considering the
amalgamation of bureaucracy quality, law and order, and corruption. In addition, the
study creates an ecological footprint index (EP) by amalgamating six indicators:
cropland, grazing land, buildup land, carbon, fishing grounds, and forest products. This
methodology effectively overcomes the constraints observed in prior research and
enhances comprehension of environmental circumstances.

LINPR] == M/]'1A1+M/j2A+M/j3A3 + -+ MlleAjlz (])

LECLFPR; = Xj1Z1 + Xj3Z + Xj3Z5 + XjaZy + XjsZs + Xj6Ze (2)

Here, INPRj is the institutional performance; Wj represents weight of the parameter of the
factor score; original figure of the respective indicators is represented by A. ECLFPRjis the
ecological footprints; Xj represents weight of the parameter of the factor score; original
figure of the respective indicators is represented by Z.

Table 1.
Variable Description
Variable Description Unit of measurement Data Source
GDP per capita (LGDPC) Log of GDPC Constant 2015 US$ World Development
Indicators 2021
Green Finance (GRNF) Green finance Green finance index World Development
development index is Indicators 2021
built
using four indicators
such
as green credit, green
insurance, green
securities, and green
investment by
employing
improved entropy
method
Ecological Footprint Log of ECFP Calculated through panel Global Footprint
(LECFP) PCA Network

Carbon Dioxide (LCO2) Log of CO2 per capita CO2 metric ton per capita  World Development
Indicators 2021,

Nitrous Oxide (LN20O) Log of N2O Metric  tons of CO2 World Development
equivalent Indicators 2021,

Institutional Performance Log of INPR Calculated through panel ICRG

(LINPR) PCA

Digital governance Log of DGGV Comprehensive World Development

(DGGV) development index of Indicators 2021
digital government
governance

Source:

Author’s Compilation
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Cross-sectional dependence

In 2013, Chudik and Pesaran infroduced the initial iteration of the Lagrange multiplier (LM)
test, which has since become a widely employed method for assessing cross-sectional
dependence (CSD) in panel data.

The LM test proposed by Breusch and Pagan in 1980 is presented here in a standardized
format (equation 3):

LMgp =T Z?’:El Z?’=i+1 aAizj (3)

The sample estimate of the pair-wise correlation coefficients is denoted by 35 where ij
represents the sample.

Even with a large T and a small I, LMge fails when the average pair-wise correlation
approaches zero. Regardless of the values of I and T, Sadig et al. (2022) presented a
scaled LM test. The LM test, developed by Breusch and Pagan in 1980, is an improvement
over the LMgp test that came before it.

Scaled LM Test = (n(1'11—1)) [Zie i (T0F — 1) (4)

According to De Hoyos et al. (2006), one of the issues in LMep test is large N and small T,
and to resolve the issue, he infroduced the CSD test. The underlying assumption of this
test is that size distortion only occurs when N(IT )>T, and thus CSD minimise it.

2T

Cb = (l'[(l'[—l)) (2150 Eiv 03] (5)

Type equation here.Though De Hoyos (2006) has made significant and notable contribution
in CSD, yet precession of CSD ha been under question and recently Bailey et al. (2021)
introduced a more robust measure of CSD test capable of calculating the mean and
variance of LM statistics. Thus the equation 21 can be rewritten as

2T

_ (T—-k)8F;—urij
LMgqj = (11(11—1))21'H=11 Z:9I=i+1 Ojj———

(6)
U72'ij
Type equation here.Where pur;; and v%ij are the exact mean and variance of (T — k) al?j

tabulated by Baltagi et al (2012).
Panel unit root test (CIPS-test)

The CIPS panel unit root test due to its ability to capture homogeneity and cross-sectional
independence is one of the robust and reliable tests for unit root. The second-generation
unit root test such as C CS augmented Im, Pesaran, and Shin (CIPS) and CS augmented
Dickey-Fuller (CADF) tests offer more reliable and valid results than the first-generation
unit root tests and can effectively tackle issues related to cross-sectional dependency
and heterogeneity.

Panel Cointegration Tests

The study employed the panel co-integration test proposed and developed by Kao
(1999). The test initially has been developed in two folds, one with null hypothesis stating
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“no cointegration”, and other stating * integration”. In our case the null- hypothesis *“
there is no co-integration was tested employing residual-based Dickey-Fuller test ( see
equation 7)

p
Ayt = @01 + Qz, 15ijA§it—j + €, (7)
]:

0i; represents the residual resulting from cointegrating regression. a; represents the AR
parameter for the panel, and ¢;; signifies the error term. The current study to not only
employed the cross-sectional dependence and group-mean regression techniques
developed by Banerjee (1999), but to access the validity of the null hypotheses of
cointegration also adopted the Phillips-Perron test. Equation 7 can be written as:

p
Adir = a;0jp—1 + § _ 15ijA§it—j + i+ At + € (8)
]=

where §;, is the residual from the cointegrating regression, «; is the panel-specific AR
parameter, y;and A; are the panel-specific intercept and trend terms, and ¢;; is the error
term.

PMG Estimation Technique

Pool Mean Group (PMG) is employed to access and estimate the correlation between
the explanatory and dependent variables. We have employed the Pooled Mean Group
(PMG) estimator is a statistical method that imposes the constraint of identical long run
coefficients, while allowing for variations in short run coefficients and error variances
across different groups (Alola et al., 2019). The PMG method exhibits robustness when
compared to other methods, especially in the cases involving modest cross-sectional
dimensions. Another benefit of PMG is it address both long-run and short run, which
provide robust solution for endogeneity concerns. The PMG estimator offers more
reliability compared to alternative estimators in the presence of outliers and lag orders
(Sucharou et al., 2019). The PMG model of current study are as follow.

ALECFPR; = ag + Z LECFP;_; + Z LINPR;_; + Z LDGGVie_q + Z LGRNF_,

t
+ Z GDPC;;_y + my LECFPR;;_ + m,LINPR;s_y + m3LDGGV;;_; + m,LRGRNF;;_,

i=1
+ msGDPCy;_ s + Uit €©))

ALCO2;, = Z LECFPy_; + z LINPR;,_, + z LDGGVye_q + Z LGRNF;,_, + z GDPCj_,

i=1 i=1 i=1 i=1
+ mLECFP;_; + m,LINPR;;_, + n3LDGGVj_q + m4yLRGRNF;;_; + msGDPCjy_,

+ &t (10)

ALN20;, = Z LECFP;_, + z LINPR;_, + z LDGGVje_q + z LGRNF,_, + Z GDPCyy_y

i=1 i=1 i=1 i=1
+ mLECFP;_; + m,LINPR;;_, + n3LDGGVj_y + m4yLRGRNF;;_; + msGDPCjp_q

+ Nt (11)
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The models employed in this study incorporate the lags of dependent variables as
independent variables and apply a logarithmic transformation to each variable. The
error terms in models 9, 10, and 11 are denoted as p_it, €_it, and n_it. Prior research has
predominantly utilized univariate indicators such as corruption, freedom, government
stability, and political terror. Nonetheless, the interconnectedness of different institutional
elements poses a difficulty in incorporating all of them into a unified estimation. Assessing
an organization's achievement based on a single metric can result in incomplete and
skewed outcomes. Prior research has employed carbon dioxide, nitfrous oxide, and
methane as alternatives to mitigate ecological deterioration.

RESULTS AND DISCUSSIONS

Descriptive Statistics

Table 2 shows the descriptive statics of the EXPANDED BRICS countries under
consideration

Table 2.
Descriptive Statistics
. Mean Median Max. Min. Std. Dev. Skewns. Kurtosis Obs.
Variable -
Expanded Countries
LECFP 1.16 1.32 2.13 -2.27 0.60 -2.48 12.45 921
LCO2 1.40 1.44 2.72 0.02 0.67 0.14 2.36 921
LN20O 8.29 8.48 10.26 6.32 1.25 -0.17 1.64 921
LDGGV 0.47 0.59 1.33 -2.20 0.92 -0.81 3.15 921
LINPR 1.58 1.67 2.19 -4.41 0.71 -4.65 42.29 921
LGRNF 21.57 21.61 21.48 14.21 1.20 -0.70 3.56 921
LGCAP 8.66 8.63 9.41 7.31 0.51 -0.65 2.67 921
Source:

Author’'s Computation
Results of Cross Section Dependence

There is a way to evaluate the cross-section dependence in data using cross-section
dependence tests, like the one Salman et al. (2019) created. Panel data analysis often
makes use of tests such as the Lagrange multiplier (LM) and Pasaran CD tests to assess
cross-section dependence (CSD). The correlation between the two factors is considered
in these analyses. In these tests, the alternative hypothesis states that the variables are
dependent on each other across time, contrary to the null hypothesis which states that
this is not the case. Table 3 shows that there is cross-sectional dependence. The BRICS
group now includes both high-income and middle-income countries.

Second Generation Unit Root Test

The first-generation unit root test stops working once cross-section dependence is found.
This matter has been investigated using two econometric tests. Christoforidis and
Katrakilidis (2021) presented the CS-augmented Dickey-Fuller (CADF) test as part of the
second generation of unit root tests. In Table 4, we can see that the variables we looked
at, namely 1(0) and I(1), have a mixed integrated order. Most of the variables don't stay
constant even when we set the initial conditions to zero. At the initial point in time (I(1)),
none of the variables have changed.
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Table 3.
Cross-Section Dependence in residuals

Expanded BRICS countries

Model 1 Model 2 Model 3

LECF LCO2 LN20
Cross-Section
Dependence Tests Statistic P-Value Statistic P-Value Statistic P-Value
(d.f=15)
TBéfTUSCh'Pegon LM 8235 0.00* 71.46 0.00* 0.00 0.00*
fe":fom scaled LM 44 19 0.00* 11.50 0.00* 0.00 0.00*
Pasaran CD 4.35 0.00* -1.46 0.00* 0.00 0.00*

Note: *, ** and *** refer to the levels of significance at 1%, 5%and 10%, respectively.

Table 4.
Second Generation Panel Unit Root Test

EXPANDED BRICS Countries

Variao) CIP CADF
anabie Level 15t Diff. Level 15t Diff.
LECFP .42 3.60° 1.69 3.85%
LCO» 10,864+ 4.51* 11.96 -4.48*
LN2O -4.48* -5.08* 1.21 2.36%
LDGGV 21,65 4.2+ 2.59 372
LINPR .75 3.93* 218 -3.28*
LGRNF -3.00* -4.68* -3.33* 3.84*
LGCAP 005 -3.66* 273 D844

Note: *, ** and *** refer to the levels of significance at 1%, 5%and 10%, respectively.

Tests of Cointegration

Methodologies proposed by Yardimcioglu et al. (2014) have been implemented in three
distinct cointegration tests to examine the existence of long-term relationships among
variables. Long-term cointegration of the variables is hypothesized to exist under the
alternative hypothesis and not under the null hypothesis. The results of the cointegration
tests are printed in Table 5. The findings indicate that variables in high-middle income
countries demonstrate long-term co-integration across all three models. Additionally,
high-income nations have ratified long-term integration.

Table 5.
Pedroni Cointegration test

EXPANDED BRICS Countries

Ho: No Coint Model 1 Model 2 Model 3

: : LECF LCO2 LN20O

Statics. p-value Statics. p-value Statics. p-value

Modified 55 0.00* 216 0.02+* 272 0.00*
variance ratio
Modified 1.43 0.03*+* 1.43 0.05*** 0.58 0.21
Phillips-Perron
Phillips-Perron -3.31 0.00* -1.44 0.08*** -6.61 0.00*
ADF -2.80 0.00* -1.59 0.06*** -6.41 0.00*

Note: *, ** and *** refer to the levels of significance at 1%, 5% and 10%, respectively
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Presented in Table é are the findings that were obtained from the cointegration tests that

were carried out by Kao (1999). According to the findings, there are indications of long-
term co-integration in the variables that are included in all three models for countries that
have a high-medium income income level. Furthermore, empirical evidence has
demonstrated that wealthy nations have long-term integration and integration.

PMG Long Run Estimates

An exhaustive analysis of the BRICS nations in its expanded form has provided researchers
with a better understanding of the infricate relationship that exists between institutional
and economic factors, as well as the profound impact that these factors have on
ecological footprints, carbon dioxide emissions, and nitrogen oxide emissions. The most
important thing to note is that the performance of institutions has a significant impact on
the environmental variables that are being discussed. As little as one percent
improvement in institutional performance is all that is required to bring about a significant
reduction in environmental footprints and emissions of carbon dioxide and nitrogen
dioxide, according to studies. This lends credence to the suggestion that robust institutions
are required in order to foster more responsible environmental management, which is in
line with the findings of previous research. The abundance of evidence that supports the
inverse relationship brings to light the significance of establishing better institutional
frameworks to protect the environment, particularly in countries with middle-income and
upper-income levels of income.

Table 6.
Kao Test of Cointegration

Expanded BRICS Countries

Ho: No Cointg. Model 1 Model 2 Model 3

LECF LCO2 LN20O

Statics. p-value Statics. p-value  Stafics. p-value
Modified DF 0.19 0.45 -1.82 0.04** -0.72 0.23
DF 1.72 0.04** -2.93 0.00* -1.74 0.04**
ADF 1.66 0.03** -2.23 0.02** -1.24 0.10
Unadjusted modified DF -0.40 0.36 -2.50 0.00* -3.55 0.00*
Un-adjusted DF 1.47 0.08*** -3.21 0.00* -3.26 0.00*

Note: *, ** and *** refer to the levels of significance at 1%, 5% and 10%, respectively.
DF=Dicky Fuller

The study also examines the effects of digital governance and state-of-the-art scientfific
breakthroughs. These factors have varying impacts on environmental indicators, which is
infriguing. Although they have a beneficial impact on ecological footprints and nitrogen
oxide emissions, they have an adverse impact on carbon dioxide emissions. Based on
current evidence, digital governance has successfully decreased CO2 emissions
temporarily, but it has not had any noticeable impact on ecological footprints or N20O
emissions. This juxtaposition emphasizes the intricate correlation between technological
advancement and itsimpact on the environment. This challenge exemplifies the struggle
to balance environmental conservation with technological progress. Anillustration of this
phenomenon is the manner in which digital governance has amplified the ecological
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footprints in certain middle-income countries.All three models demonstrate a negative
correlation between LDGGV and GDP per capita, CO, emissions, and N20O emissions. This
implies that an increase in digital governance leads to a decrease in these factors. The
findings of this study indicate that implementing efficient digital governance could have
a substantial impact on reducing atmospheric emissions. Two methods to accomplish this
goal are advocating for environmentally sustainable economic practices and
enhancing the efficacy of regulations. In the third model, there is a positive correlation
between LINPR (presumed to be an indicator of the institution's performance) and LN20O
and LCO2, which is different from the negative correlation observed in the first two
models. This outcome suggests that robust institutional performance typically results in
reduced CO2 and N20O emissions. However, there may be certain circumstances or
mechanisms where it unintentionally leads to increased emissions of certain types. For
instance, emissions are associated with different forms of development, such as the
growth of industrial facilities.

Table 7.
Estimates of PMG Regression Analysis

EXPANDED BRICS Countries

Model 1 Model 2 Model 3
Variable (LEF) (LCO2) (LN20)
Coeff. Coeff. Coeff.
Long Run Results
LDGGV 051 0.69 074
(0.000%) (0.000%) (0.000%)
.02 -1.05 0.19
LINPR (0.000++#) (0.000%) (0.000%+%)
035 0.41 0.63
LGRNF (0.003%) (0.000%) (0.000%)
0.86 1.20 1.32
LGCAP (0.000%%) (0.000%) (0.00%)
Short Run Results
D(LDGGV) 019 0.00 018
(0.004*) 072 (0.003*)
0.88 098 099
D(LINPR) (0.000%%) (0.007+%) (-0.000**)
0.104 0103 0.102
D(LGRNF) (0.000%%) (0.002%%) (-0.48)
.49 0.290 0.76
DILGCAP) (0.003*) (0.74) (0.211)
c 123 2.62 1.17
(-0.54) (0.02%%) (0.02+%)
051 0.62 078
ECM (0.044) (0.001%+%) (0.000%+%)

Note: * ,* and *** indicate significant of coefficient at level of significance 1% , 5% and
10% respectively. The values in parenthesis are the respective probability values.

According to the LGRNF metric, which is an indicator of green finance, there is a negative
correlation across all models, which suggests that initiatives pertaining to green finance
have the potential to reduce harmful emissions and GDP per capita. The significance of
policies and financial instruments that promote environmental sustainability is brought
into focus by this. The LGCAP variable, which has a positive correlation across all models,
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suggests that an increase in economic capacity or capital could lead to an increase in
GDP per capita and emissions. This relationship holds true regardless of the model. It is
anticipated that this outcome will occur, however, unless proactive remediation through
the implementation of environmentally friendly policies or technologies is carried out.

Initial differences between LDGGV and LINPR have negative coefficients, which
indicates that these relationships will manifest in the immediate future. Short-run
outcomes demonstrate how these relationships will manifest. This indicates that there is a
possibility that there will be temporary reductions in emissions if there is an immediate
improvement in the performance of institutions and digital governance. It can be
deduced from the fact that the ECM coefficients exhibit statistically significant negative
values for every variable that the long-term equilibrium relationships among these
variables are eventually restored after transient disruptions.

The multifaceted nature of the environmental challenges that the expanded BRICS
nations are currently facing is brought into focus by these findings. It is necessary to
implement comprehensive strategies, which should include digital governance, strategic
foreign investments, well-thought-out tfrade policies, and economic transformations that
prioritize environmental sustainability. All of these factors have an impact on the
environmental outcomes of these countries, which is why it is necessary to formulate
policies that are both balanced and integrated.

CONCLUSION AND POLICY IMPLICATION

Green financing, institutional performance as measured by GDP per capita, emissions of
carbon dioxide and nitrous oxide, and economic capacity are all illuminated by a more
thorough econometric study of the BRICS countries. This study is crucial for a complete
understanding of the complex issues surrounding sustainable development and
environmental conservation in these developing economies. This study found that
emissions, GDP per capita, and CO2 emissions are all drastically reduced by digital
governance (LDGGV). This discovery is crucial. Important as it is to promote
environmentally conscious business practices, this finding demonstrates the necessity for
robust digital governance systems. It is evident that digital governance can decrease
environmental impacts since all models showed negative coefficients. To reach this
objective, itis necessary to enhance regulatory frameworks and encourage the creation
of environmentally friendly technologies.

Notable here is the intricate interplay between the LINPR (institutional performance)
independent variable and the dependent variables. A model's positive correlation
finding in the presence of robust institutional frameworks suggests that variables like
industrial expansion may unintentionally cause emissions to rise. This remains true despite
the fact that it helps reduce CO2 and N20O emissions on a whole. Improving institutional
performance and fully integrating environmental factors into development plans are
crifical due to the complexity of the outcome. Green financing, or LGRNF for short, has
long-term benefits, such as arise in GDP per capita and a dramatic drop in emissions. Its
validity is demonstrated by its negative coefficients. To help the BRICS countries reach
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their environmental goals, green finance initiatives are crucial, since financial policies

and investments are at the heart of sustainability efforts. The study found that higher
emissions and GDP per capita are associated with LGCAP. When we afttempt to expand
our economy while simultaneously preserving the environment, we keep running into
problems like this. Taken together, these factors highlight the critical importance of using
environmentally friendly methods and resources in order to achieve economic growth.
In the end, the BRICS nations can incorporate the study's significant findings into their
policies. The text emphasizes the significance of digital governance, improving
institutional performance, prioritizing green finance, and managing economic growth
prudently as ways to promote sustainable development that is environmentally
conscious. These nations now have an example of how to achieve sustainability and
prosperity by balancing economic growth with environmental protection.

DECLARATIONS

Acknowledgement: We appreciate the generous support from all the supervisors and their
different affiliations.

Funding: No funding body in the public, private, or nonprofit sectors provided a particular grant
for this research.

Availability of data and material: In the approach, the data sources for the variables are
stated.

Authors' contributions: Each author participated equally to the creation of this work.

Conflicts of Interests: The authors declare no conflict of interest.

Consent to Participate: Yes

Consent for publication and Ethical approval: Because this study does not include human or
animal data, ethical approval is not required for publication. All authors have given their

consent.

REFERENCES

Agur, I, Peria, S. M., & Rochon, C. (2020). Digital financial services and the pandemic:
Opportunities and risks for emerging and developing economies. International Monetary
Fund Special Series on COVID-19, Transactions, 1, 2-1.

Allen, D. E., & McAleer, M. (2020). A nonlinear autoregressive distributed lag (NARDL) analysis of
west texas infermediate oil prices and the DOW JONES index. Energies, 13(15), 4011.

Alola, A. A., Bekun, F. V., & Sarkodie, S. A. (2019). Dynamic impact of trade policy, economic
growth, fertility rate, renewable and non-renewable energy consumption on ecological
footprint in Europe. Science of the Total Environment, 685, 702-709.

Bailey, N., Dandan, J. I. A. N. G., & Yao, J. (2021). A Lagrange-Multiplier test for large
heterogeneous panel data models. Available at SSRN 3804164.

Bouzguenda, I., Alalouch, C., & Fava, N. (2019). Towards smart sustainable cities: A review of the
role digital citizen participation could play in advancing social sustainability. Sustainable
Cities and Society, 50, 101627.

Christoforidis, T., & Katrakilidis, C. (2021). The dynamic role of institutional quality, renewable and
non-renewable energy on the ecological footprint of OECD countries: do institutions and
renewables function as leverage points for environmental sustainability2. Environmental
Science and Pollution Research, 28(38), 53888-53907.

Chudik, A., & Pesaran, M. H. (2013). Large panel data models with cross-sectional dependence:
a survey. CAFE Research Paper, (13.15).

98



The Asian Bulletin of Contemporary Issues in Economics and Finance Al-Aiban, K. M. (2024)

Cogburn, C. D. (2019). Culture, race, and health: implications for racial inequities and population
health. The Milbank Quarterly, 97(3), 736-761.

De Hoyos, R. E., & Sarafidis, V. (2006). Testing for cross-sectional dependence in panel-data
models. The stata journal, 6(4), 482-496.

Dong, F., Hu, M., Gao, Y., Liu, Y., Zhu, J., & Pan, Y. (2022). How does digital economy affect carbon
emissions? Evidence from global 60 countries. Science of The Total Environment, 852,
158401.

Duodu, E., Kwarteng, E., Oteng-Abayie, E. F., & Frimpong, P. B. (2021). Foreign direct investments
and environmental quality in sub-Saharan Africa: the merits of policy and institutions for
environmental sustainability. Environmental Science and Pollution Research, 28, 66101-
66120.

EIMassah, S., & Mohieldin, M. (2020). Digital transformation and localizing the sustainable
development goals (SDGs). Ecological Economics, 169, 106490.

Falcone, P. M. (2020). Environmental regulation and green investments: The role of green
finance. International Journal of Green Economics, 14(2), 159-173.

Farooq, F., Zaib, A., Faheem, M., & Gardezi, M. A. (2023). Public debt and environment
degradation in OIC countries: the moderating role of institutional quality. Environmental
Science and Pollution Research, 30(19), 55354-55371.

Feng, S., Zhang, R., & Li, G. (2022). Environmental decentralization, digital finance and green
technology innovation. Structural Change and Economic Dynamics, 61, 70-83.

Freire, F. D. S., da Silva, N. O., & de Oliveira, V. R. F. (2023). Economic growth and greenhouse
gases in Brazilian Stafes: is the environmental Kuznets curve applicable
hypothesise. Environmental Science and Pollution Research, 30(15), 44928-44942.

Goo, J., Wu, D., Xioo, Q., Randhawa, A., Liu, Q., & Zhang, T. (2023). Green finance, environmental
pollution and high-quality economic development—a study based on China's provincial
panel data. Environmental Science and Pollution Research, 30(11), 31954-31976.

Guan, L., Li, W., Guo, C., & Huang, J. (2023). Environmental strategy for sustainable development:
Role of digital transformation in China's natural resource exploitation. Resources Policy, 87,
104304.

Ha, L. T. (2022). Are digital business and digital public services a driver for better energy security?2
Evidence from a European sample. Environmental Science and Pollution Research, 1-25.

Haldar, A., & Sethi, N. (2021). Effect of institutional quality and renewable energy consumption on
CO2 emissions— an empirical investigation for developing countries. Environmental
Science and Pollution Research, 28(12), 15485-15503.

Haseeb, A., Xia, E., Saud, S., Ahmad, A. & Khurshid, H. (2019). Does information and
communication technologies improve environmental quality in the era of globalization?
An empirical analysis. Environmental Science and Pollution Research, 26, 8594-8608.

Hooda, M., Rana, C., Dahiya, O., Rizwan, A., & Hossain, M. S. (2022). Artificial intelligence for
assessment  and feedback to enhance  student  success in higher
education. Mathematical Problems in Engineering, 2022.

Im, K. S., & Pesaran, M. H. (2003). On the panel unit root tests using nonlinear instrumental
variables. Available at SSRN 482463.

Ippolito, F. (2022). Setting the Scene: From the Environment as an Object To Be Protected Towards
an Environmental Right (s)-Based Approach—International and EU Law Perspectives.
In Children’s Environmental Rights Under International and EU Law: The Changing Face of
Fundamental Rights in Pursuit of Ecocentrism (pp. 1-72). The Hague: TMC Asser Press.

Islam, M., Alam, M., Ahmed, F., & Al-Amin, A. Q. (2023). Economic growth and environmental
pollution nexus in Bangladesh: revisiing the environmental Kuznets curve
hypothesis. Infernational Journal of Environmental Studies, 80(1), 68-92.

Jahanger, A., Usman, M., & Ahmad, P. (2023). Investigating the effects of natural resources and
institutional quality on CO2 emissions during globalization mode in developing

99



Sustainable Growth in expanded BRICS 4(1),81-102
countries. International Journal of Environmental Science and Technology, 20(9), 9663-
9682.

Kao, C. (1999). Spurious regression and residual-based tests for cointegration in panel
data. Journal of econometrics, ?0(1), 1-44.

Khan, A., & Ximei, W. (2022). Digital economy and environmental sustainability: Do information
communication and technology (ICT) and economic complexity mattere. International
journal of environmental research and public health, 19(19), 12301.

Khan, Z., Ali, S., Umar, M., Kirikkaleli, D., & Jiao, Z. (2020). Consumption-based carbon emissions and
international frade in G7 countries: the role of environmental innovation and renewable
energy. Science of the Total Environment, 730, 138945.

Knack, S., & Keefer, P. (1995). Institutions and economic performance: cross-country tests using
alternative institutional measures. Economics & politics, 7(3), 207-227.

Krishna, B., & MP, S. (2021). Examining the relationship between e-government development,
natfion’s cyber-security commitment, business usage and economic prosperity: A cross-
country analysis. Information & Computer Security, 29(5), 737-760.

Le, H. P., & Ozturk, I. (2020). The impacts of globalization, financial development, government
expendifures, and institutional quality on CO 2 emissions in the presence of environmental
Kuznets curve. Environmental Science and Pollution Research, 27, 22680-22697.

Li, X., Younas, M. Z., Andlib, Z., Ullah, S., Sohail, S., & Hafeez, M. (2021). Examining the asymmetric
effects of Pakistan’s fiscal decentralization on economic growth and environmental
quality. Environmental Science and Pollution Research, 28, 5666-5681.

Li, Z., Huang, Z., & Su, Y. (2023). New media environment, environmental regulation and corporate
green technology innovation: Evidence from China. Energy Economics, 119, 106545.

McDermott, C. L., Montana, J., Bennett, A., Gueiros, C., Hamilton, R., Hirons, M., ... & Picot, L. (2023).
Transforming land use governance: Global targets without equity miss the
mark. Environmental Policy and Governance, 33(3), 245-257.

Mondolo, J. (2022). The composite link between technological change and employment: A survey
of the literature. Journal of Economic Surveys, 36(4), 1027-1068.

Muganyi, T., Yan, L., & Sun, H. P. (2021). Green finance, fintech and environmental protection:
Evidence from China. Environmental Science and Ecotechnology, 7, 100107.

Musili, D. M. (2023). Effect of institutional quality on Foreign Direct Investment: a case of selected
Eastern African countries (Doctoral dissertation, Strathmore University).

Nair, M., Arvin, M. B., Pradhan, R. P., & Bahmani, S. (2021). Is higher economic growth possible
through better institutional quality and a lower carbon footprint? Evidence from
developing countries. Renewable Energy, 167, 132-145.

Network, G. F. (2019). Global footprint network. Obtenido de Global Footprint Network:
http://www. footprintnetwork. org online. Accessed, 1-10.

Niemczyk, E. K. (2020). Building research capacity in BRICS and beyond: Lessons from the
international community. Space and Culture, India, 7(5), 23-37.

Nizam, H. A., Zaman, K., Khan, K. B., Batool, R., Khurshid, M. A., Shoukry, A. M., ... & Gani, S. (2020).
Achieving environmental sustainability through information technology:"Digital Pakistan”
initiative for green development. Environmental Science and Pollution Research, 27,
10011-10026.

Noomen, A. A., Bekun, F. V., Gyamfi, B. A., & Meo, M. S. (2023). A bibliometric review analysis into
environmental kuznets curve phenomenon: A retrospect and future direction. Heliyon.

Olaniyi, C. O., Al-Faryan, M. A. S., & Ogbaro, E. O. (2023). Do institutional quality and its threshold
matter in the sensitivity of the renewable energy tfransition to financial development? New
empirical perspectives. International Journal of Finance & Economics.

Palma Serrano, M., Picdn-Berjoyo, A., & Calvo-Mora, A. (2022). Business and sustainable
development goals (SDGs): a bibliometric analysis [Dataset].

Pedroni, P. (2004). Panel cointegration: asymptotic and finite sample properties of pooled time
series tests with an application to the PPP hypothesis. Econometric theory, 20(3), 597-625.

100



The Asian Bulletin of Contemporary Issues in Economics and Finance Al-Aiban, K. M. (2024)

Purcel, A. A. (2020). New insights into the environmental Kuznets curve hypothesis in developing
and transition economies: a literature survey. Environmental Economics and Policy
Studies, 22, 585-631.

Rafique, M. Z., Li, Y., Larik, A. R., & Monaheng, M. P. (2020). The effects of FDI, technological
innovation, and financial development on CO 2 emissions: Evidence from the BRICS
countries. Environmental Science and Pollution Research, 27, 23899-23913.

Riti, J. S., Shu, Y., & Kamah, M. (2021). Institutional quality and environmental sustainability: The role
of freedom of press in most freedom of press countries. Environmental Impact Assessment
Review, 91, 106656.

Sadig, M., & Wen, F. (2022). Environmental footprint impacts of nuclear energy consumption: The
role of environmental technology and globalization in ten largest ecological footprint
countries. Nuclear Engineering and Technology, 54(10), 3672-3681.

Salman, A., Jaafar, M., Mohamad, D., Khoshkam, M., Rahim, R. A., & Mohd Nor, S. A. (2023).
Stakeholder management for sustainable ecotourism destinations: a case of Penang Hill
Malaysia. Journal of Ecotourism, 1-26.

Salman, M., Long, X., Dauda, L., & Mensah, C. N. (2019). The impact of institutional quality on
economic growth and carbon emissions: Evidence from Indonesia, South Korea and
Thailand. Journal of Cleaner Production, 241, 118331.

Shahbaz, M., Wang, J., Dong, K., & Zhao, J. (2022). The impact of digital economy on energy
fransition across the globe: The mediating role of government governance. Renewable
and Sustainable Energy Reviews, 166, 112620.

Shahzad, U., Radulescu, M., Rahim, S., Isik, C., Yousaf, Z., & lonescu, S. A. (2021). Do environment-
related policy instruments and technologies facilitate renewable energy generation?
Exploring the contextual evidence from developed economies. Energies, 14(3), 690.

Tahir, T., Luni, T., Majeed, M. T., & Zafar, A. (2021). The impact of financial development and
globalization on environmental quality: evidence from South Asian
economies. Environmental Science and Pollution Research, 28, 8088-8101.

Udeagha, M. C., & Muchapondwa, E. (2023). Green finance, finfech, and environmental
sustainability: Fresh policy insights from fthe BRICS nations. International Journal of
Sustainable Development & World Ecology, 1-17.

Udeagha, M. C., & Ngepah, N. (2022). Dynamic ARDL simulations effects of fiscal decentralization,
green tfechnological innovation, trade openness, and instifutional quality on
environmental sustainability: evidence from South Africa. Sustainability, 14(16), 10268.

Udeagha, M. C., & Ngepah, N. (2023). The drivers of environmental sustainability in BRICS
economies: Do green finance and fintech mattere. World Development Sustainability, 3,
100096.

Villanueva, P. A. G. (2020). Why civil society cannot battle it all alone: the roles of civil society
environment, transparent laws and quality of public administration in political corruption
mitigation. International Journal of Public Administration, 43(6), 552-561.

Wang, Y., & Li, Y. (2023). Chinese economic growth and sustainable development: Role of artificial
inteligence and natural resource management. Resources Policy, 85, 103996.

Wang, Y., Zhang, X., Lin, F., & Peng, M. (2023). The role of digital governance on carbon emission
performance: evidence from the cities in yangfze river delta, China. Environmental
Research Communications, 5(8), 085013.

World Bank. (2021). World development report 2021: Data for better lives.

Wu, D. K., Scully, S., & Vellis, J. D. (1988). Induction of glutamine synthetase in rat astrocytes by co-
culfivation with embryonic chick neurons. Journal of neurochemistry, 50(3), 929-935.

Xu, N., Kasimov, I., & Wang, Y. (2022). Unlocking private investment as a new determinant of green
finance for renewable development in China. Renewable Energy, 198, 1121-1130.

Yan, Z., Peng, X., Lee, S., & Fang, P. (2023). Chasing the light or chasing the dark? fop managers’
political ties and corporate proactive environmental strategy. Technology Analysis &
Strategic Management, 35(10), 1341-1354.

101



Sustainable Growth in expanded BRICS 4(1),81-102

Yardimcioglu, F., GUrdal, T., & Altundemir, M. E. (2014). Education and economic growth: A panel
cointegration approach in OECD countries (1980-2008). Egitim ve Bilim, 39(173).

Yiadom, E. B., Mensah, L., & Bokpin, G. A. (2022). Environmental Risk and Foreign Direct Investment:
the role of Financial Sector Development. Environmental Challenges, 9, 100611.

Yin, S., Gao, Z., & Mahmood, T. (2023). Artificial intelligence-driven bioenergy system: digital green
innovation partner selection of bioenergy enterprises based on interval fuzzy field
model. Kybernetes.

Yin, X., Wei, X., Irfan, M., & Yasin, S. (2023). Revitalizing Organizational Efficiency: Unpacking the
Relationship between CEO Turnover, Research and Development, and Pay-Performance
Sensitivities in the Financial Sector of Pakistan. Sustainability, 15(13), 10578.

Yongyi, Q. (2023). Digital Innovation: Organizational Foundation and Chinese
Heterogeneity. China Economist, 18(3), 2-22.

Zhang, C., Zeng, G., Huang, D., Lai, C., Chen, M., Cheng, M., ... & Wang, R. (2019). Biochar for
environmental management: Mitigating greenhouse gas emissions, contaminant
tfreatment, and potential negative impacts. Chemical Engineering Journal, 373, 902-922.

Zhang, D., Ozturk, 1., & Ullah, S. (2022). Institutional factors-environmental quality nexus in BRICS: a
stfrategic  pillar of governmental performance. Economic research-Ekonomska
istrazivanja, 35(1), 5777-5789.

Zhang, S., Wu, Z., Wang, Y., & Hao, Y. (2021). Fostering green development with green finance: An
empirical study on the environmental effect of green credit policy in China. Journal of
Environmental Management, 296, 113159.

Zhou, X., Tang, X., & Zhang, R. (2020). Impact of green finance on economic development and
environmental quality: a study based on provincial panel data from China. Environmental
Science and Pollution Research, 27, 19915-19932.

2024 by the authors; EuoAsian Academy of Global Learning and Education Ltd. Pakistan. This is an open
access article distributed under the terms and conditions of the Creative Commons Attribution (CC-BY) license
(http://creativecommons.org/licenses/by/4.0/).

102


http://creativecommons.org/licenses/by/4.0/

