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Abstract

This research assesses the dynamic affiliation among carbon emission, green finance, eco-innovation, international trade,
digitalization, and cleaner energy and economic progress among the ten industrialized nations, namely Indonesia, Thailand,
South Africa, Turkey, Philippines, Malaysia, India, Mexico, China, and Brazil, over the period 1990-2020. Utilizing a panel
dataset, this research employs econometric approaches comprising of common correlated effects mean group (CCEG) and
augmented mean group (AMG) to analyze the effects comprehensively. The results of this investigation reveal several note-
worthy findings. Carbon emissions consistently adversely influence economic growth, underscoring the detrimental impact of
environmental pollution on economic development. In contrast, eco-innovation, green finance, international trade, digitaliza-
tion, and renewable energy have been discovered to impact economic growth significantly. This underscores the significance
of investing in innovation that promotes environmental sustainability to drive economic development. This research offers
pertinent knowledge regarding the interplay of environmental and economic indicators within the context of industrialized
nations. By reducing carbon footprints and fostering sustainable economic practices, the research underscores the necessity
for integrating green finance and renewable energy to achieve long-term ecological balance and economic resilience.
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1 Introduction

As global economies traverse the difficulties in recent
times, the search for sustainable economic development
has never been more relevant. Newly industrialized econ-
omies (NIEs) are especially focused, serving as crucial
incubators for integrating sustainable measures for envi-
ronmental quality and economic growth. The ten indus-
trialized economies (Indonesia, Thailand, South Africa,
Turkey, Philippines, Malaysia, India, Mexico, China, and
Brazil) are undeniably on a trajectory of economic evolu-
tion. Nevertheless, they face some momentous challenges
on their path to growth. The need to maintain sustainable
economic growth (EG) rates while addressing challenges
like carbon emissions (CE) is one of the most pressing
(Habiba and Xinbang 2023; Wiredu et al. 2023). Global
EG and CE may become more correlated, aggravating
‘expansive coupling’. Escalating levels of CE might raise
concerns about energy sustainability and environmental
pollution, potentially contributing to catastrophic environ-
mental events. Such events might significantly aggravate
the effects of climate change (Feng et al. 2024; Sampene
et al. 2024a, b). According to Sampene et al. (2024a, b),
increased EG drives a spike in production intending to
meet a wider spectrum of human needs, which increases
the generation of waste and pollution, straining the eco-
system and its natural resources. The increase in economic
activity leads to an increase in energy demand; data from
2010 show that emerging economies surpassed developed
countries in energy consumption by 16%, and it is pro-
jected that by 2040, their energy consumption will outstrip
that of developed countries by 88% (Alam et al. 2016).
Furthermore, World Bank figures show that the global
economy grew from 37.88 trillion to 84.85 trillion US dol-
lars between 1990 and 2019. Accordingly, in an era marked
by increasing environmental concerns and the urgent need
to mitigate climate change, these elements play dynamic
and interrelated roles in shaping the economic landscapes of
advanced economies. These elements are carbon emissions,
eco-innovation, international trade, digitalization, green
finance, and renewable energy. While contributing signifi-
cantly to global economic output, these nations grapple with
CE’s detrimental consequences on ecological health (Nadiri
et al. 2024; Zhang et al. 2017). The quest of EG often con-
flicts with sustainability goals, exacerbated by international
trade dynamics that consider the current gains, not deprecia-
tion, to the environmental concerns. Green innovation and
eco-innovation become critical components in addressing
this dilemma, necessitating technologies and practices that
are environmentally friendly (Tang, Li, and He, 2023).
The challenge lies in balancing economic growth with
sustainable practices, fostering international co-operation
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to mitigate carbon emissions, and promoting innovative
solutions aligning with economic and ecological objec-
tives. Each of these ten NIEs faces unique circumstances,
and finding a harmonious equilibrium among these factors
is imperative for a more sustainable and resilient global
economy. This research sits at the crossroads of these
fundamental domains, attempting to map the trajectory
of long-term, sustained economic advancement within
the context of the ten NIEs. Despite these comprehensive
investigations, there remains a lacuna in understanding
how these elements synergize to influence the growth tra-
jectories of NIEs. Research on complete models that com-
bine eco-innovation, international trade, digitization, and
green finance (GF) within the particular developmental
settings of NIEs is scarce. Furthermore, there is a lack of
empirical studies examining the long-term implications of
these factors on economic indicators, environmental sus-
tainability, and technological advancement in these rapidly
expanding nations. Moreover, the ten newly industrialized
economies are under consideration in this research because
they represent a diverse range of economic structures and
development stages, making this study even more compel-
ling (Su et al. 2021). According to the literature synthesis,
CE has been one of the most pressing global problems
in recent decades. Thus, Khan, Hussain, and Sampene
(2023a; b) believe that as fast economic expansion is
achieved, carbon emissions endanger biological commu-
nities and the long-term resilience of biodiversity.

In addition, eco-innovation (ECO) represents a promising
path toward sustainable development. It involves adopting
novel technologies and practices that reduce environmen-
tal harm while fostering economic growth (Andabaka et al.
2019). Ahmad and Wu (2022) also explored ECO in twenty
OECD nations. The data from 1990 to 2017 indicated that
eco-innovation promotes economic progress. Consequently,
examining the extent to which eco-innovation positively
influences the economies of these ten nations is a perti-
nent aspect of this research. By examining the interplay
between eco-innovation, digitalization, green finance, and
renewable energy within these nations, the evaluation better
understands their unique challenges and opportunities and
the transferability of successful models across borders. This
study may help shape future legislation and investment deci-
sions and underscores the importance of a sustainable, low-
carbon economy as an engine for future economic growth.

Green finance (GF), which encompasses sustainable
investment and financing mechanisms, is vital for expe-
diting the transformation to a carbon-free society (Nawaz
et al. 2021). In addition, GF is characterized as a novel
financial paradigm to preserve and improve the environ-
ment, as described by Odugbesan et al. (2021), which offers
financial backing to environmentally friendly industries.
Green finance has materialized as a prominent feature in
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the financial industry, presenting considerable potential and
significant room for economic growth (Wang et al. 2021).
To learn more about the economic development paths of
these industrialized nations, it is important to examine the
availability and efficacy of green financing technologies in
these nations. In addition, renewable energy can significantly
reduce carbon emissions as a sustainable option to fossil
fuels (Sun et al. 2022). Previous research shows that opti-
mizing REC may contribute considerably to EG (Saidi and
Omri 2020; Shahbaz et al. 2020). Therefore, examining the
effect of REC on the EG of these countries is an important
facet of the current study.

Moreover, international trade (INT) also plays an essen-
tial role in the economic fortunes of industrialized nations,
and it is intrinsically connected to environmental concerns
(Nathaniel et al. 2021). However, in this same context, Mal-
efane (2020) explored trade with Botswana’s proxies of
total trade, export, and import. The results from the ARDL
test confirmed that total trade and exports had a favorable
effect on economic growth, while imports had an inverse
nexus with economic progress. Therefore, analyzing how
international trade practices exacerbate or improve EG is a
significant dimension of this research. Moreover, digitali-
zation (DIG) is transforming economies worldwide, affect-
ing various sectors, including green technology (Novikova
et al. 2022). More so, the quick progress of digitalization
is driving a transformation in the entire socioeconomic
system and fostering the emergence of new economic pros-
pects (Ribeiro-Navarrete et al. 2021). Hence, studying how
digitalization enhances eco-innovation and green finance in
these countries is essential to assess its potential impact on
economic growth.

2 Research Objectives and Contributions

In light of this, the primary objective of this research is to
illuminate the complex interactions underlying CE, eco-
innovation (ECO), international trade (INT), digitalization
(DIG), green finance (GF), and renewable energy (REC)
and EG. A comprehensive analysis will help policymakers,
businesses, and researchers develop initiatives to stimulate
sustained economic progress while addressing climate and
ecological challenges, improving the long-term sustainabil-
ity and prosperous future for these nations and the world-
wide community.

By examining the panel data from 1990 to 2020, this inves-
tigation offers profound details about the comprehensive rela-
tionships between these factors and economic growth. The
comprehensive analysis helps shed light on the drivers and
barriers to sustainable economic development in diverse coun-
tries, each with unique characteristics and challenges. From
a practical perspective, the evaluation of this investigation

has ramifications for policymakers, businesses, and investors.
Understanding the Influence of CE, ECO, INT, DIG, GF, and
REC on economic growth can inform policy decisions related
to environmental regulations, incentives for eco-friendly inno-
vation, trade agreements, and investment in green technolo-
gies. It can also guide businesses in making sustainable invest-
ments and adopting eco-friendly practices.

Furthermore, it can provide insights into how international
trade and digitalization can be harnessed to boost economic
growth while promoting environmental sustainability. The
novelty of this assessment lies in its all-encompassing strategy,
utilizing advanced econometric methods such as the common
correlated effects mean group (CCEG) and augmented mean
group (AMG) approaches to analyze a vast dataset spanning
3 decades. Including the ten diverse industrialized countries
allows for a more refined perception of the global landscape
of sustainable economic growth. By examining these fac-
tors in conjunction, this research contributes to the growing
body of literary work on the interplay underlying sustainable
environmental practices and economic expansion, offering a
more holistic view of the challenges and opportunities faced
by these countries. This study’s contribution is not limited to
academia but extends to informing real-world policies and
strategies for green and sustainable EG in a rapidly chang-
ing society. In addition, this study looks at the transformative
effects of renewable energy, green financing, and carbon emis-
sion reductions on economic growth in newly industrialized
economies, demonstrating the vital intersection of ecological
and economic perspectives. By adopting renewable energy and
green financing methods, these economies are lowering carbon
emissions and paving the way for a more sustainable future.
This emphasis on environmental significance and sustainabil-
ity demonstrates the possibility of a harmonious coexistence
of strong economic growth and environmental stewardship,
establishing these countries as trailblazers in the global transi-
tion to a greener, more resilient economy.

The structure of this paper is organized as follows: Sect. 2
presents the background information and theoretical foun-
dations of the study. Section 3 details the research method-
ology, including the data sources, collection, and analysis
techniques. Section 4 discusses the research findings, with
references to previously published literature, and presents
the data results. Finally, Sect. 5 concludes the study by offer-
ing policy recommendations and discussing the implications
for future research and practice.

3 Literature Review
3.1 Carbon Emission and Economic Growth

The study by Uddin et al. (2017) observed the linkage among
carbon emission and economic growth between 27 high CO,
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emitters employing panel data from 1991 to 2012. Their
outcomes proposed a favorable link between EG and CE.
Similarly, Ahmed et al. (2019) assessed the collaboration
among economic progress and carbon emissions by evaluat-
ing data from 1971 to 2014. Their analysis established that
economic growth is a catalyst for CO, emissions. Moreover,
Akinsola et al. (2022) researched the impact of emissions
lev and EG in Brazil. Their study results demonstrate that
EG causes an increase in CE and vice versa. Equally, Islam
(2022) revealed in his study that carbon emission contrib-
utes to ecological deprivation among selected developing
economies. The study discovered the occurrence of the EKC
pattern within the SSE nations. Their research findings sug-
gest that during the earliest phases of economic expansion,
there is an increasing requirement for quality and safety pre-
cautions in the economic sector, which correlates to lesser
greenhouse emissions.

3.2 Eco-innovation and Economic Growth

The sustainability of resources and society’s well-being
is the core aim of nations worldwide. Eco-innovation has
become the order of sustainability with continuous pollu-
tion of the environment by industries. Recent literary inves-
tigation has shown researchers’ studies on different forms
of innovation: green, technological, and eco (Fatma and
Haleem 2023; Ojekemi and Aga, 2023). Ding et al. (2021)
investigated G7 eco-innovation and energy productivity
between 1998 and 2018. Several analytical approaches were
adopted to test the nexus between the constructs. Consistent
with literary works, the assessment found that eco-innova-
tion reduces carbon productivity and appreciates economic
growth. Ahmad and Wu (2022) explored eco-innovation in
20 OECD nations using the quantile regression approach.
The results from the data between 1990 and 2017 indicated
that eco-innovation promotes economic growth. Further-
more, Vu et al. (2023) assessed the variables of ECO, glo-
balization, and EG in the MENA regions. The CS-ARDL
estimates were adopted to test data from 1990 through 2017.
Their research outcome demonstrated that eco-innovation
had a material direct effect on economic growth.

3.3 Green Finance and Economic Growth

Eco-friendly financial strategies are an essential part of
long-term sustainability. It improves the flow of capital from
commercial, governmental, and nonprofit entities into green
or sustainable initiatives through investment, credit tools,
loans, and insurance. Liu (2023) recommends that banks and
other banking facilities lend money to companies to increase
their capital and investment ability. Sadiq et al. (2023)
selected ASEAN nations to reveal the effect of GF on eco-
nomic progress. Their outcomes espoused that green credit
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was directly related to economic progress. Productivity in
China’s regional renewable energy enterprises was examined
through the GMM model for the data period 2008-2019.
The estimated analysis indicated that renewable energy was
appreciated, with 16.5% accounting for green finance (Liang
et al. 2023). Yikun et al. (2023) also collected data on G7
states from 2000 to 2019. The CS-ARDL analysis indicated
that green finance had a favorable impact on EG in the long
run. However, the results were immaterial in the short run.
Qi et al. (2023) studies show that green finance contributes
to adopting REC and improving EG.

3.4 Digitalization and Economic Growth Affiliation

Alina-Petronela et al. (2023) examined panel data from
2010 to 2018 with multiple linear and OLS regression
approaches on the digitalization of European nations. The
results depicted that digitalization is a significant contribu-
tor to economic growth. Balsalobre-Lorente et al. (2023)
investigated digitalization in Mexico, Indonesia, Nigeria,
and Turkey (MINT) regions on mobile use through interna-
tional tourism and natural resources rent. This will include
an analysis of data for the period of 1971 up to 2019 and
the adoption of the FMOL and DOLS models. The findings
revealed that tourists’ mobile subscriptions had a material
impact on economic growth. Criveanu (2023) also explored
electronic commerce and digitalization to attain sustainable
development goals in EU communities. The paper revealed
that digital transformation had a stronger link to the GDP
of EU nations. Previous researchers have mainly focused on
digitalization and climate change or digitalization and finan-
cial inclusion, ignoring its significance to economic progress
(Cao 2023; Pérez-Martinez et al. 2023; Wang et al. 2023).

3.5 International Trade and Economic Growth

For centuries, research has indicated that international trade
should be how emerging and developed nations can appreci-
ate economic progress (Jun et al. 2020; Tachie et al. 2020).
Theoretically, empirical assessment has shown that the INT
favorably affected economic progress (Feng et al. 2023).
Using an international dataset, Katrakylidis and Madas
(2020) studied the affiliation between INT and EG of logis-
tics enterprises for the years 2007 through 2018. Analysis
through the stochastic and granger causality produces a posi-
tive relationship. In Africa, Abendin and Duan (2021) used
the POLS and GMM to investigate the effect of international
trade and EG. The findings illustrated a favorable nexus
among the variables. The ARDL model examined Morocco’s
international trade and its effects on economic progress from
1980 to 2019. The Toda—Yamamoto estimate illustrated that
in the short run, INT positively impacts economics growth.
Within the emerging economies of Kazakhstan, Akhter et al.
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(2022) confirmed a negative nexus between trade and eco-
nomic progress.

3.6 Renewable Energy Consumption and Economic
Growth

REC sources comprising geothermal energy, wind, solar and
hydropower have gained significant attention as potential
catalysts for economic growth in recent years (Segbefia et al.
2023). The switch from fossil fuels to renewables has been
driven by environmental apprehensions, energy security,
and the quest for sustainable EG (Wiredu et al. 2023). The
nexus between REC and EG was examined within the E7
nations for 1995-2018. The analysis from feasible gener-
alized least squares (FGLS) and panel-corrected standard
errors (PCSE) illustrated a positive affiliation (Hye et al.
2023). Raihan (2023) explored an assessment of renewable
energy and economic progress within the emerging economy
of Mexico. The findings demonstrate that REC and EG had
a favorable relation through the ARDL test. The quantile
MMR was used to evaluate REC and EG in N-11 econom-
ics. The econometrics analysis presented a two-way affilia-
tion between the indicators (Xie et al. 2023). Appiah-Otoo,
Chen, and Ampah (2023) explored the economic growth of
fifteen West African countries using renewable energy as a
means of productivity. The findings from the Feasible GLS
test showed an immaterial coefficient nexus between REC
and EG.

4 Research Gap

Despite a comprehensive investigation, there remains a need
for a more elaborated understanding of the heterogeneous
impacts across these diverse countries, potentially driven by
variations in policy implementation, technological capabili-
ties, and market structures. In addition, the research may not

Table 1 Description of study indicators

adequately capture evolving dynamics over time, such as the
rapid acceleration of digitalization and the changing global
policy landscape related to environmental sustainability,
suggesting a necessity for more updated data and modeling
approaches to address these complexities. In addition, fur-
ther investigation may be necessary to fully understand the
relationships and feedback processes between the variables
to present a more complete picture of the nexus among CE,
REC, GFR, INT, DIG and EG in the NIEs.

5 Research Methodology
5.1 Data Extraction and Trend Analysis

The paper explores the effect of CE, eco-innovation (ECO),
digitization (DIG), international trade (INT), renewable
energy consumption (REC), and green finance (GF) on
economic growth (EG) among ten NIE. The study explored
annual panel data for more than 30 years (1990-2020), and
the data was retrieved from WDI (2024) and OECD (2024)
databases. The explanatory indicator of this research is EG,
and the regressors are comprised of CE, ECO, DIG, INT,
and REC. The data about each of the indicators are displayed
in Table 1. Similarly, Fig. 1 illustrates the evolution and
trend assessment associated with each indicator examined
in this research. The diagrams revealed an increase in these
indicators over the last decades. Thus, all the indicators keep
rising from 1990 to 2020, among the understudied nations.

5.2 Theoretical Background and Model Estimation

The conceptual framework of this analysis is grounded on
the Cobb-Douglas production (C-DP), which has been
expanded via prior studies (Ghosh et al. 2023; Raihan 2023;
Sultana et al. 2022). According to this model, economic out-
put is based on three key indicators: human capital, physical,

Acronyms Indicators description Unit of measurement Source

EG Economic growth GDP growth per (annual %) WDI (2024)
CE Carbon emission Metric tons per capita WDI (2024)
ECO Eco-innovation Measured with % of all technologies OECD (2024)
DIG Digitization DIG measures the aggregation of ICT based on (mobile cellular WDI (2024)

subscriptions)

INT International trade Export and import of goods and sources (% of GDP) WDI (2024)
REC Renewable energy consumption Measured with (% of overall cleaner energy consumption) WDI (2024)
GF Green finance GF evaluates the ecological protection of products from residents OECD (2024)

and non-residents

EG Economic growth; CE Carbon emission; ECO Eco-innovation; DIG Digitization; /NT International trade; REC Renewable energy consump-
tion; GF Green finance; GDP Gross domestic product; WDI World development indicators; OECD Organization for economic co-operation and

development

@ Springer
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and labor. Equation 1 presents the per capital output of the
C-DP model:

Y, = AitKgH[ﬁ,L;t_a_ﬂeiz (1)
Here, Y denotes the EG measured with GDP, Y represents
the technological level, H depicts the indicators for human
capital, and L indicates the labor force. The error term of the
model is depicted with g;,.

Moreover, the C-DP model is defined by the invariant
return to scale module, meaning that if a certain percentage
increases all inputs, output will increase by the same per-
centage. This model has been influential in comprehending
the dynamics of EG and productivity, and it offers a useful
paradigm for analyzing the contributions of labor and capital
to overall production in various industries and economies.
Therefore, this research enriches this theory by evaluating
the Influence of CE, ECO, DIG, INT, GF, and REC on EG.
Therefore, the following liner model has been developed to
examine these indicators’ time-varying impact on EG. Thus,
Eq. 2 presents the logarithm form for this model:

InECG;, = a; + aLnCE,;, + bLnECO,, 4+ cLnDIG,, + dLnINT,,
+ eLnGF;, + fLnREC,, + y;,

2
Here, a; signifies the model’s constant, and the coefficient of
the independent indicators is identified by @ — f. The term
In showcases the logarithm function for the indicators, and
the error term of the model is depicted with ;. In addi-
tion, economic growth (EG), carbon emissions (CE), green
finance (GF), digitalization (DIG), eco-innovation (ECO),
and renewable energy consumption (REC). Similarly, i dem-
onstrates the ten NIEs, and ¢ reflects the time-span of the
study.

5.3 Panel Estimation Approaches

5.3.1 CSD and SHT

Cross-sectional dependency (CSD) encompasses the poten-
tial correlation or interdependence within the distinct units or
entities that make up a cross-sectional dataset. In panel data
analysis, neglecting or ignoring CSD can result in skewed
estimates and erroneous statistical conclusions. Detecting and
addressing CSD is crucial for obtaining reliable and unbiased
estimates in panel data analysis. Failing to account for such
dependency can lead to incorrect inferences about the relation-
ships between variables, potentially impacting the validity of
research findings and policy recommendations (Li et al. 2022;
Sun et al. 2022). As a result, the paper applied CSD tests and
methods to thoroughly examine and correct for cross-sectional

dependency in their panel datasets. The Pesaran CSD, in par-
ticular, uses the linear model as provided in Eq. 3:

n—1 n
_ 27 ,
CSD = 4 /N(N_ 1)<,Z‘,-§‘1 0'1_7.> 3)

Moreover, the slope homogeneity test (SHT) outlined by
Pesaran and Yamagata (2008) is designed to assess whether
the coefficients of explanatory indicators are consistent across
different groups or periods in panel data. This test is essential
when examining the homogeneity of slopes, providing insights
into the stability of interconnection over diverse conditions.
If the effect of variables is found to vary significantly across
subgroups, this test guides researchers in refining their models
to capture better the dynamics discovered in the data (Bersv-
endsen and Ditzen 2021). Understanding the homogeneity of
slopes is crucial for making accurate predictions and policy
recommendations based on panel data analyses, especially
in contexts where relationships may change across different
dimensions or time intervals. The two tests Pesaran and Yama-
gata (2008) presented are captured in 5 and 6 as follows, which
show the adjusted delta (AAD) and the delta tide AD:

~ i f 2p(t—p —1 %] ~
e i)

AD = (n)%(2P)< ,11 (5- P)) )

Here, ASHT denotes the delta of the slope and AASHT
implies the adjusted slope homogeneity.

5.3.2 Panel Stationarity Assessment

The panel data evaluation relies heavily on panel root model
tests, such as CADF and CIPS. These tests determine whether
the structures being examined are constant throughout the
model’s sectional units (Abbasi et al. 2022). In the presence
of non-stationarity, these tests help the analysis to identify
the incorporation of the integration order of the indicators,
ensuring that subsequent analyses are based on appropriate
transformations. These tests are essential diagnostic tools that
provide insights into indicators’ time series features and enable
the estimation process. Equation 6 provides the test equation
CIPS in its linear form:

N
CADF = yx, = a, + By + 6,7+ ) V7% + & (6)
=1

Here, y represents the disparities among the indicators, x;,
captures the variables assessed in this research, where AY,,
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represents the first difference of the indicators and Y’
lagged level of the variables.

Another method specifically designed for panel data
that addresses CSDT is the CADF test. Conventional ADF
regression techniques are strengthened by incorporating the
cross-sectional mean of the lagged level and the first differ-
ences of the series. Equation 7 presents the linear as follows:

11 the

N
1
CIPS = — ) CADF, 7
5 ; : )
Equation 7 evaluates the stationarity propositions through
the Pesaran (2007) simulation, with the derived CIPS values
assessed against a reference table of critical values.

5.3.3 Inspection of Cointegration Test

Westerlund (2007) approach is specifically tailored for panel
data, offering a means to evaluate long-term interaction
within the variables. Cointegration is a critical concept in
time series analysis, indicating a common stochastic trend
between variables. The Westerlund (2007) test accounts for
CSD in panel data settings, allowing the study to examine
whether a set of variables share a cointegrating relationship.
This is particularly valuable when studying economic phe-
nomena with long-term equilibrium dynamics, as it helps
identify co-movements among variables that persist over
time and across different entities. Equations 8—11 capture
the linear model for the cointegration test:

N
Ce = zlv Zf SEn(i",-) (8a)
1 N
P, = ﬁ’g (8¢)
S.E(n;)
P, =Ty (8d)

Here, (G, — G,) reflects the statistics for the group, while
(P, — P,) reflect the statistics for the panel.

5.3.4 Long-Term Estimation Models

The CCEG estimator is a powerful method in panel data
analysis designed to address potential CSD, as espoused by
Pesaran (2006). The CCEG model assumes that the common
shocks influencing the cross-sectional units are correlated
and introduces a factor structure to capture these shared
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effects (Sun et al. 2022). By incorporating information from
the entire panel, the CCEG estimator yields more efficient
coefficient estimates than traditional MG estimators, making
it particularly useful when dealing with economic phenom-
ena that exhibit cross-sectional interdependence (Li et al.
2021; Voumik et al. 2023). This approach provides an under-
standing of how common factors influence individual units
over time, offering improved model accuracy and mitigating
potential biases associated with neglecting cross-sectional
dependence. The AMG estimator is another valuable tool
in panel data analysis, specifically developed to handle the
problem of heterogeneity across cross-sectional units. Intro-
duced by Eberhardt and Bond (2009), the AMG estimator
extends the traditional models by allowing for individual-
specific fixed effects. This accounts for unobserved heteroge-
neity among units, providing a more adaptive and practical
approach for panel data analysis. The AMG technique is
particularly relevant when examining economic phenomena
that vary across entities, such as industries or regions. By
accommodating both time-specific and unit-specific effects,
the AMG estimator enhances the accuracy of parameter esti-
mates and contributes to more robust and reliable economet-
ric analyses (Dogan et al. 2021; Yang et al. 2022).

Two mechanisms can be applied to the dataset to estimate
the AMG approach. Equations 9 and 10 reflect the functional
expression for these stages.

The initial stage of the AMG method:

T
AY; = o; + ¢,0X; + 7,0, Z O;AD, + u;, )
=2

Stage two of the AMG method:

A~

; (10)

Mz

AMGEstimator =N~ !

i

Such that w; signify the intercept, Y;, and X, specify the
regressors with unforeseen common effects. The initial
operator of the equation is reflected by A, and ¢ reflects the
time-span of the study.

The CCEG method was incorporated to evaluate the
effect of the regressors on EG. Equation 15 outlines the
function of this estimation model:

Y =0y + 51Xtt + thtt + Hit (11)

such that Y;, and X, are shown as observed indicators, ;;
specify the definite group effect, §; denotes the CSD of the
estimates for the slope. The uncommon features in the model
are depicted with n;. The heterogeneous nature is denoted
with ;. In addition, the augmented form for the model,
which is factored in the CSD issues, is articulated in Eq. 12:

Y _a]l+ﬁl lt+(pylt+zlt+0l ll+ﬂil (12)
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This regression was computed by applying the OLS
approach for each cross-section. Equation (14) provides a
rigorous solution for estimating the country-wise coefficient
used by linear models:

N
CCEMG =N~" )" §,

i=1

13)

5.3.5 Robustness Analysis

The Driscoll and Kraay (1998) standard error (DSK) estima-
tion approach serves as a robustness test for this analysis,
particularly when considering the (CCEG and AMG) mod-
els. These estimators are widely used to address common
correlated effects and heterogeneous slopes in panel data
models. The DSK method offers a diagnostic tool to assess
the sturdiness of results to potential misspecifications in the
covariance structure. It involves computing robust standard
errors that allow for heteroscedasticity and contemporaneous
correlation within panel data.

5.3.6 Panel Causality Test

Dumitrescu and Hurlin (2012) (D-H) introduced an inno-
vative model to panel data analysis through their causal-
ity assessment. This method extends traditional causality
tests to a panel setting, allowing for a more comprehensive

examination of causal relationships across multiple entities
simultaneously. The D-H methodology has been widely
adopted, providing valuable insights into dynamic interac-
tions within diverse datasets and contributing to the refine-
ment of econometric causal inference techniques (Baydoun
an,.d Aga 2021; Islam 2022). The assumption of the D-H
approach is stipulated on the assumption of non-causal inter-
play among indicators contrarily to the alternate proposition,
which affirms the prevalence of causal connection in the
model. The liner function for this technique is captured in
Eq. 14:

M M
Yit = + Z Wl'm’ Yi(m—t) + Z )’:n’ Zi(m—l)
m=1

m=1

(14)

Here, m depicts the lag’s length in the archetype, and the
autoregressive nature of the parameters is denoted by y".

6 Results and Discussion
6.1 Descriptive Test

Table 2 projects the statistical properties of the parameters
analyzed in the theoretical framework. Thus, Table 2 illus-
trates that the largest average is identified in EG, with INT
and DIG following. CE, GF, REC, and ECO averages are
relatively lower than the remaining three indicators. As a

Table 2 Descriptive and

. . Descriptive InEG InECO InGF InINT InCE InDIG INREC
correlation analysis

Mean 27.007 2.196 4.176 25.381 12.846 16.295 2.529
Median 26.929 2.251 4.254 25.303 12.669 16.125 2.530
Maximum 30.313 3.484 4.898 28.389 16.186 19.723 4.071
Minimum 24.508 0.139 2.898 23.277 10.607 13.321 —1.924
Std. Dev 1.180 0.470 0.451 1.056 1.174 1.310 1.134
Skewness 0.329 —1.033 - 0911 0.586 1.049 0.572 —0.788
Kurtosis 3.104 5.611 2.884 3.234 4.059 3.098 3.454
Jarque—Bera 5.710 141.881 42.695 18.298 70.692 16.868 34.473
Probability 0.000%** 0.000%**  0.000%**  0.000%**  0.000%¥**  0.000%**  0.000%**
Observations 307 307 307 307 307 307 307
Correlation analysis
InEG 1
InCE —0421%%% ]
InECO —0.464 0.121#%*
InGF 0.714 0.125 0.249%** ]
InDIG 0.833 0.646 -0.322 0.725%*%* ]
InINT 0.859 —0.030 0.804 0.717 0.813*** ]
InREC 0.481 —0.994 -0.310 0.156 0.270 0.418%** ]

EG Economic growth; CE Carbon emission; ECO Eco-innovation; DIG Digitization; INT International
trade; REC Renewable energy consumption, GF' Green finance

***Indicates a significance level of 1%
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result, in contrast with the remaining parameters, the stand-
ard deviation for DIG, EG, and CE also seems greater.
Moreover, the statistical mean for CE is 12.846, while the
maximum value is 16.186, indicating greater ecological pol-
lution among the selected economies. In addition, the coeffi-
cient of the average EG is 27.007, indicating the accelerating
nature of economic expansion activities in the ten NIEs. The
second section of Table 2 displays the correlation assess-
ment for the indicators. The results confirm a positive and
substantial connection between the regressors and EG with
the expectation of CE, which had an inverse link with EG.

6.2 Result of CSD and SHT Analysis

Table 3 displays the findings from the CSD and SHT
approaches for all the indicators explored in this paper. The
finding from the CSD test discovered that the null hypothesis
suggesting no CSD within the variables was rejected, indi-
cating that the alternate position’s acceptance of otherwise.
The inferences from this outcome are that the ten NIEs are
connected in-terms of trading activities, financial issues,
economic, language, and other externalities. Likewise, the
finding confirms the presence of SHT features among the
research indicators. Thus, both the SHT and adjusted SHT
are significant at a 1% significance level in this paper.

6.3 Finding of Unit Root Test

The CADF and CIPS are vital tools used to ensure that
the data employed in panel models are stationary, which
is a prerequisite for reliable and valid regression analy-
sis, eventually leading to more robust and precise conse-
quences in econometric studies (Oteng et al. 2023; Wiredu

Table 3 Findings of SHT and CSD

et al. 2023). The stationarity assessment result validates
the indicators’ stationarity at the first difference, as dis-
played in Table 4.

6.4 Cointegration Analysis

It is critical to assess whether there is a common stochastic
trend between several cross-sectional units, which can be
important in analyzing economic associations in a panel
context. Table 5 delineates the findings of the cointegra-
tion model examined in this study. This test established
that both groups—(G, — G,) for group statistics and
(P, — P,) for panel analysis—were acceptable. Therefore,
the study could discover that the indicators under delibera-
tion are long-term interconnected.

Table 4 Finding of stationarity test

Series  CIPS CADF Remarks
Level First Diff Level First Diff
InEG 2.551 5.695%#* 2.879  10.785*** T(1)
InCE —1.109 —6.277**%* —0434 —5.460%*%* (1)
InECO —1.587 —14.031%** —0.402 —4.210%** I(1)
InGF —1.672 —8.856%*%* —0.560 — 6.474%*%* [(1)
InDIG  —-0.650 —8411*** —0.716 —9.353*** T(1)
InINT - 1364  — 7.893%%** 4463 —8.439*%** (1)
InREC 3.761 — 12.776%%** 1.659 —9.720%** T(1)

*#*Represents a 1% significance level

EG Economic growth; CE Carbon emission; ECO Eco-innovation;
DIG Digitization; INT International trade; REC Renewable energy
consumption; GF Green finance

Pagan LM coefficient Scaled LM coefficient Corrected
scaled coef-
ficient

InEG 879.185%** 89.850%** 89.764%**
InCE 139.693%##* 25.930%%** 25.763%%*
InECO 100.427%#%%* 15.842%%* 15.675%**
InGF 264.515%** 23.189%#* 23.233%%%
InDIG 717.550%** 70.893 70.726%**
InINT 227.897*** 24.688%*#* 24.521%%**
InREC 434.220%%* 41.024%%* 40.860%***
SHT analysis A statistic P value
ASHT 8.557%* 0.000
AASHT 8.990%** 0.001

***[ndicates a significance level of 1%

EG Economic growth; CE Carbon emission; ECO Eco-innovation; DIG Digitization; /NT International trade; REC Renewable energy consump-

tion; GF Green finance
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Table 5 Outcome of cointegration test

Test Value Z value P value
G, — 5.668*%* 2.128 0.000
G, —4.113 4.339 0.320
P, — 6.884%%* 2.448 0.000
P, —2.041 4.131 0.290

***Represents a 1% significance level

6.5 Results of Estimation Models

The study incorporated the novel AMG and CCEG
approaches to comprehensively analyze the series to estab-
lish the proposed model’s elasticities. The empirical findings
from these econometric techniques have been outlined in
Table 6. The summary of the estimates demonstrated that
besides CE, all the other indicators (ECO, GF, DIG, INT,
and REC) positively and substantially improved EG among
the NIEs. The discussion of this research is based on the
CCEG coefficient estimates.

6.6 Discussion

The empirical findings from the AMG and CCEG models
revealed that CE negatively affects economic growth. More
precisely, the outcome showed that a 1% rise in CE will
reduce EG by 0.593% in the NIEs. The inference is that
carbon emissions contribute to climate alteration, which
can result in increased frequency and severity of natural
disasters such as hurricanes, floods, and droughts. These
occurrences can severely compromise distribution networks,
disrupt infrastructure activities, and decline EG. Moreover,
the long-term effects of warming temperatures, such as shift-
ing agricultural conditions and increasing sea levels, can
further hamper economic productivity and stability in these
countries. CE can also lead to health problems, resulting
in increased healthcare costs and decreased labor produc-
tivity, ultimately impacting economic growth (Xu, Zhang,

and Mehmood, 2023). Moreover, CE can increase energy
costs because governments and international bodies impose
stricter regulations on CE. Udeagha and Ngepah (2022)
asserted that enterprises in these economies might have to
pay more to adopt pollution mitigation measures or switch to
greener power sources. These costs can reduce the competi-
tiveness of their products in the global market. Furthermore,
dependence on fossil fuels, frequently linked to elevated
emission levels, can lead to energy price volatility, harming
economic stability. These challenges can discourage foreign
investment and potentially stifle innovation in industries crit-
ical for economic growth economies (Ahmad et al. 2020).
Hence, CE’s negative and substantial effects on economic
growth in these ten industrialized countries are diverse and
necessitate concerted efforts to mitigate through sustainable
and cleaner economic practices. The result of this paper col-
laborates with these studies (Jebabli et al. 2023; Kartal et al.
2023; Khan et al. 2023a, b).

Furthermore, the study espoused that ECO positively
impacts EG, implying that a 1% upsurge in ECO will
improve EG by 0.451%. Thus, the finding confirmed that
the ten NIEs have recognized the importance of sustain-
ability and are increasingly investing in eco-innovation. This
shift towards more sustainable practices enhances economic
growth in several ways. Thus, ECO fosters resource effi-
ciency, reducing waste and lowering production costs. As
a result, businesses become more competitive and profit-
able. Moreover, Yurdakul and Kazan (2020) espoused that
ECO opens up new markets and export opportunities for
green products and services, expanding the scope of eco-
nomic activities. This boosts overall GDP, particularly in
countries such as India and China, which have large popula-
tions. Furthermore, ECO leads to minimized environmen-
tal externalities, such as air and water pollution, which can
otherwise burden the healthcare system and diminish the
quality of life for citizens (Puertas and Marti 2021). It also
addresses the global demand for sustainable products, cre-
ating export potential for these countries. Improved envi-
ronmental stewardship enhances the attractiveness of these

Table 6 Findings of long-term

! Series AMG estimates CCEQG estimates
estimators (AMG and CCEG)
Coeff. Std. error P value Coeff. Std. error P value
InCE — 0.372%%* 0.044 0.000 — 0.593%* 0.218 0.007
InECO 0.816%%* 0.063 0.003 0.45] %% 0.071 0.000
InGF 0.667%%* 0.070 0.008 0.303%#* 0.146 0.000
InDIG 0.326%%* 0.042 0.000 0.227%% 0.063 0.000
InINT 0.175%%* 0.045 0.000 0.303%#* 0.101 0.003
InREC 0.208 % 0.029 0.000 0.246%** 0.056 0.000

***Represents a 1% significance level

EG Economic growth; CE Carbon emission; ECO Eco-innovation; DIG Digitization; INT International
trade; REC Renewable energy consumption; GF Green finance
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nations to foreign investors and tourists, further fueling eco-
nomic growth (Vence and Pereira 2019). Most importantly,
the adoption of eco-innovation positively and significantly
impacts the economic growth of these ten industrialized
countries by promoting sustainability, driving innovation,
increasing competitiveness, and creating new economic
opportunities.

In addition, the findings revealed in this study proved that
GF has a beneficial and strong effect on EG. Specifically,
the result approves that a 1% up rise in GF will enhance EG
by 0.303%. The inference from this analysis is that green
finance contributes to economic growth by fostering innova-
tion and deploying clean facilities and technologies (Nawaz
et al. 2021). Thus, GF enhances the competitiveness of these
nations in the global market and helps create new indus-
tries. For example, countries such as China and India have
invested heavily in REC projects, leading to the growth of
their green energy sectors and creating millions of jobs, ulti-
mately boosting their economic output (Tu et al. 2021). Fur-
thermore, green finance can reduce environmental risks and
long-term economic costs, particularly in countries such as
South Africa and Brazil, where natural resources play a vital
role in their economies (Sampene et al. 2022). By promoting
sustainable practices and environmentally friendly invest-
ments, these countries can dissipate the negative effect of
CE, reduce resource depletion, and safeguard their long-term
economic stability (Wang et al. 2021). Shang et al. (2023)
also established that GF can attract foreign investment, as
it aligns with global sustainability goals and ethical invest-
ing principles, making these countries more attractive for
international capital flows. This research confirms that GF
is a powerful driver of EG in these ten industrialized nations,
offering economic benefits and a robust EG. The outcome of
this paper collaborates with erstwhile analysis on the need
to invest in GF to promote EG and ecological stability (Cai
et al. 2022; Li et al. 2022; Rasoulinezhad and Taghizadeh-
Hesary 2022; Sampene et al. 2022).

The CCEG analysis also established that DIG has a
favorable and substantial influence on EG. Consequently,
a 1% upsurge in DIG will lead to a 0.227% rise in EG in
the NIEs region. A possible explanation for the study result
is that adopting digital technologies has accelerated pro-
ductivity and efficiency across various sectors, leading to
improved economic performance in the NIEs. For instance,
Ribeiro-Navarrete et al. (2021) observed that digitizing
financial services in India has expanded financial inclusion,
allowing millions of previously unbanked individuals to
access and participate in the formal economy, thus boosting
overall economic output. Similarly, the widespread use of
e-commerce platforms in China has opened up new oppor-
tunities for small businesses to reach larger markets, fueling
entrepreneurship (Ju and Tang 2023). Moreover, in Brazil,
for example, the growth of the technology sector has fostered
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innovation and diversification, reducing the country’s his-
torical reliance on commodity exports. Implementing smart
manufacturing and supply chain solutions in countries such
as Malaysia and Thailand has made their manufacturing
sectors more competitive globally, attracting foreign invest-
ments and driving economic growth (Novikova et al. 2022).
Furthermore, the availability of data-driven insights and ana-
Iytics tools has enabled these nations to make informed pol-
icy decisions, allocate resources more efficiently, and better
address societal challenges. DIG has proven to be a powerful
driver of EG in these ten industrialized nations, and this out-
come aligns with these prior articles (Alina-Petronela et al.
2023; Novikova et al. 2022; Pérez-Martinez et al. 2023).
The study’s empirical result further indicates that INT
positively impacts EG, suggesting that a 1% increase in
INT will improve EG by 0.303%. This result implies that
international trade promotes EG by expanding markets for
these countries’ products and services. Thus, INT allows
these economies to access a global customer base, which
increases their sales and revenues (Anwar et al. 2020). This
encourages domestic businesses to produce more and fos-
ters competition, which can lead to higher efficiency and
innovation. Udeagha and Ngepah (2022) noted the influx of
foreign capital and technology through international trade
often results in improved production processes and increased
productivity. For instance, China has experienced outstand-
ing EG over the past few years due to its momentous role in
global trade, attracting foreign investment and facilitating
technology transfer, leading to the expansion of its manu-
facturing sector and export capabilities (Zhou et al. 2020). In
addition, Nathaniel et al. (2021) asserted that these nations
can become more productive and successful by specializing
in manufacturing commodities and services in which they
have an edge attributable to INT. As a result, they can allo-
cate their resources more effectively and achieve higher lev-
els of economic growth. For instance, Malaysia and Thailand
have focused on electronics manufacturing, while Brazil and
South Africa have emphasized commodities and natural
resources (Rienda et al. 2021). This specialization enables
them to reap the benefits of economies of scale and produce
goods at lower costs, making them more attractive to both
domestic and international markets (Anwar et al. 2020).
Furthermore, the study analyses also discovered that
REC positively and significantly impacts EG. Thus, a 1%
rise in REC will lead to a 0.246% increase in EG in the NIEs
region. The result of this research implies that adopting REC
technologies has led to substantially increased investment
opportunities in these nations, affecting their EG agenda.
The development and maintenance of REC infrastructure,
like solar panels, wind turbines, and hydropower facilities,
have created a surge in employment opportunities, boost-
ing income and contributing to overall EG (Asrani and Kar
2022). In addition, the shift towards renewable energy has
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reduced these countries’ dependence on costly and vola-
tile fossil fuel imports, which, in turn, has led to improved
trade balances and reduced energy-related expenditure. This
enhanced energy security and reduced import bills free up
capital that can be redirected into other productive sectors,
further fueling economic expansion (Ali et al. 2023). Moreo-
ver, Habiba and Xinbang (2023) indicated that using REC
has reduced environmental externalities and health-related
costs. The mitigation of air and water pollution from burning
fossil fuels has improved public health, decreased healthcare
expenditures, and increased productivity (Yu et al. 2023).
The positive environmental impact has also positioned these

Table 7 Results of robustness models (DSK)

Series DSK estimates
Coeff Std. error P value

InCE — 0.740%*: 0.267 0.000
InECO 0.680%:* 0.097 0.000
InGF 0.438%#:#* 0.150 0.000
InDIG 0.109%:* 0.055 0.002
InINT 0.408 3% 0.101 0.000
InREC 0.38]%#:#* 0.115 0.001
Constant 12.044 %3 0,331 0.000

*#**Represents a 1% significance level

EG Economic growth; CE Carbon emission; ECO Eco-innovation;
DIG Digitization; INT International trade; REC Renewable energy
consumption; GF Green finance

Fig. 2 Graphical representation
of empirical findings

countries as leaders in sustainability and clean technology,
attracting foreign investments and fostering a burgeoning
green industry. The finding of this research enriches this
analysis that demonstrated REC helps stimulate sustainable
EG (Wang et al. 2022; Yu et al. 2022; Yunzhao 2022).

6.7 Robustness Analysis

This paper further incorporated the DSK technique to assess
the robustness of the AMG and CCEG approaches. The out-
come from the DSK, as captured in Table 7 and Fig. 2, con-
firms a positive connection between ECO, GF, DIG, INT,
REC, and EG. Contrastingly, the DSK model confirms an
inverse nexus between CE and EG.

6.8 Outcome of Causality Assessment

Table 8 presents the outcomes from the D—H causality meth-
ods. The D-H estimates showed a one-directional relation-
ship between CE, ECO, GF, INT, and EG. The implication
is that every change in CE, ECO, GF, and INT directly
impacts EG in NIEs. The result supports this (Akinsola et al.
2022; Chopra et al. 2022; Koengkan et al. 2020). The cau-
sality assessment also demonstrated a two-way connection
between DIG, REC, and EG. A bi-directional causality from
DIG and REC shows that initiatives and programs related
to these parameters are determinants of improving EG and
promoting environmental stability in the NIEs region. These

Positive

Interational
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Table 8 Findings from causality analysis (D—H approach)

Null hypothesis W —stats ~ Z — bar stats. P value Remarks
InCE < InEG 12.419%** 13.533 0.000 CE - EG
InEG< InCE 1.689 0.652 0.514

InECO ¢ InNEG ~ 7.022%%%* 6.397 0.000 ECO - EG
InEG & InECO  1.104 0.425 0.153

InGF ¢ InEG 6.867%** 6.192 0.000 GF - EG
InEG < InGF 1.061 0.826 0.138

InDIG < InEG 9.077%** 9.869 0.000 DIG < EG
InEG < InDIG 6.144%** 6.187 0.000

InINT < InEG 9.370%** 9.163 0.000 INT - EG
InEG ¢ InINT 1.909 —0.360 0.718

InREC ¢ InEG ~ 7.683%%* 9.373 0.000 REC < EG
InEG ¢ InREC ~ 6.494%* 6.043 0.000

EG Economic growth; CE Carbon emission; ECO Eco-innovation;
DIG Digitization; INT International trade; REC Renewable energy
consumption; GF: Green finance

***Signifies a 1% significance level, < implies it does not homoge-
neously cause, < represents bi-directional causality, and — identifies
un-directional causality

results align with Ozpolat (2021), Usman et al. (2020), and
Usman and Makhdum (2021).

7 Research Implications and Conclusion
7.1 Policy Implications

In context to the empirical evidence presented in this inves-
tigation, the study provides the following policy ramifica-
tions for stakeholders, governments, and international bod-
ies. First, the detrimental influence of carbon emissions on
economic growth is a global concern. The ten industrialized
countries should collectively commit to a comprehensive
carbon reduction strategy to address this issue. This should
include implementing stringent emissions targets, invest-
ing in clean energy technologies, and adopting strategies
for regulating carbon, such as cap-and-trade schemes or
tariffs on carbon. In addition, governments should incentiv-
ize businesses to depreciate their carbon footprint through
tax breaks for green initiatives, encouraging energy-efficient
practices, and supporting research and development in clean
technologies. By reducing carbon emissions, these states can
mitigate the immaterial effects on their economies and pro-
mote global environmental sustainability.

Second, governments and other stakeholders need to
implement a complete set of policies to maximize the ben-
efits of eco-innovation on economic growth. First, govern-
ments should provide grants, tax breaks, and subsidies to
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businesses that invest in eco-innovation. These incentives
might reduce the financial barriers to adopting sustainable
practices and technologies. Strong regulatory frameworks
that protect environmental norms may also incentivize
companies to innovate to comply with the law. Stakehold-
ers—including those in the corporate sector and non-gov-
ernmental organizations—should collaborate to develop
and share best practices for eco-innovation. Partnerships
between the public and private sectors can aid in dissemi-
nating technology and information, increasing the accept-
ability and scalability of discoveries.

Third, the finding from the analysis espoused that inter-
national trade can boost economic growth, and the ten
industrialized countries should continue to pursue trade
liberalization policies. Reducing trade barriers and tar-
iffs can benefit these nations while fostering open and fair
trade. Encouraging international partnerships and co-oper-
ation in technology transfer and sustainable production
practices can further enhance economic growth. However,
it is vital to monitor and address any adverse effects on
domestic industries and employment through well-crafted
policies and safety nets to ensure that the benefits of inter-
national trade are widely distributed. Moreover, embracing
digitalization is crucial for economic growth in the modern
era. Policymakers should support digital transformation
by investing in digital infrastructure, promoting digital lit-
eracy, and fostering innovation in the technology sector.
Regulations should balance encouraging innovation and
ensuring data security and privacy.

Fostering green finance mechanisms and expanding
renewable energy sources are crucial for sustainable eco-
nomic growth. Policymakers should establish a financial
ecosystem that supports investments in renewable energy
projects, sustainable businesses, and green infrastructure.
This can be achieved through tax incentives, green bonds,
and encouraging financial institutions to integrate environ-
mental and social factors into their investment decisions.
Furthermore, industrialized nations should prioritize the
transition to renewable energy by setting specific targets
for the proportion of energy generated from renewables.
This approach will help reduce greenhouse gas emis-
sions, create jobs, and drive economic growth within the
clean energy sector. These countries must adopt a com-
prehensive strategy to mitigate the negative impacts of
carbon emissions while enhancing the positive effects of
eco-innovation, international trade, digitalization, green
finance, and renewable energy on their economies. A coor-
dinated effort to lower carbon emissions, promote sustain-
able practices, and invest in cutting-edge technologies,
trade alliances, and digital advancements will pave the
way for a more sustainable and prosperous future.
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7.2 Conclusions

This study analyzed panel data from 1990 to 2020 using
the CCEG and AMG econometric methodologies. The
examination produced useful data regarding the complex
interplay between variables and economic growth in ten
developed countries. The study findings indicated that car-
bon emissions have consistently shown an inverse effect on
economic growth in these nations, underscoring the urgent
need for sustainable environmental policies. On a more posi-
tive note, eco-innovation, international trade, digitalization,
green finance, and renewable energy have all contributed
positively to economic growth. These findings highlight the
importance of embracing environmentally friendly practices
and adopting innovative technologies to foster sustainable
economic development. Moreover, the illustrations empha-
size the significance of international trade, digitalization,
green finance, and renewable energy in stimulating eco-
nomic growth across the selected industrialized nations. The
positive impact of international trade reflects the benefits of
global economic integration, while digitalization has ena-
bled greater efficiency and competitiveness. Green finance
and renewable energy have also been proven to stimulate
economic growth in the NIEs. The results from this paper
highlight the importance of aligning economic policies
with sustainability goals. The study’s findings highlight the
environmental significance and sustainability components,
illustrating how renewable energy and green financing may
dramatically reduce carbon emissions while supporting eco-
nomic growth in newly industrialized economies. This study
emphasizes the critical role that sustainable practices play
in sustaining long-term ecological balance and economic
resilience, calling for policy frameworks that combine envi-
ronmental stewardship with economic development methods
to build sustainable growth in these emerging economies.
Though the research has produced valuable insights into
these economies and their addenda for economic transforma-
tion, it is imperative to acknowledge certain limits. First, the
available panel data spanning 1990-2020 may not include
recent events and policy changes in these countries. Future
research projects could broaden the scope of the data analy-
sis to include modern policy changes and national techno-
logical innovations. Examining these countries’ regional and
sectoral disparities would further explain how these factors
impact economic growth. A deeper understanding of how
these nations’ economies grow sustainably may also be
possible by examining how institutional and political fac-
tors affect green investments and laws. In addition, future
research will consider conducting a country-wise analysis
to provide a more granular understanding of the impact
of renewable energy, green finance, and carbon emissions
on economic growth. This approach will allow for a more
detailed assessment of each country’s unique circumstances

and the specific role of these indicators in their economic
development.
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