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This study attempts to empirically explore factors that influence green
economic growth using unbalanced panel data from 2011 to 2020 across 85
countries. Unlike existing literature, our research takes a comprehensive
approach by exploring various determinants of green economic growth, par-
ticularly the roles played by private enterprises (entrepreneurship), national
leadership, technological innovations, and other factors in promoting green
economic growth. We employ the dynamic panel system generalised method
of moments (GMM) estimator to estimate the relationship between these fac-
tors and green economic growth. Our estimated findings show that countries
with higher levels of technological innovation, national leadership quality,
education, and renewable energy consumption are more likely to promote
green economic growth. On the contrary, we find that entrepreneurship can
be detrimental to green economic growth. This is primarily because private
enterprises are likely to focus on profit, thus prioritising financial revenue
over environmental issues. This situation highlights the need for targeted
policies that align the activities of private enterprises with sustainable devel-
opment goals (SDGs). To accelerate the transition toward green economy,
policymakers should emphasise the importance of national leadership qual-
ity, education, technological advancement, and effective regulatory measures
for private enterprises.
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1 Introduction

In recent decades, the discourse on sustainability has evolved significantly, emphasising
the imperative of achieving green economic growth. Green growth is closely linked to a
green economy, which aims to substantially reduce ecological scarcity and environmen-
tal dangers while promoting social equity and human well-being (United Nations, 2012).
This shift toward a green economy is a global recognition of the need to harmonise
economic development with environmental stewardship and resilience. Moreover, this
concept has gained momentum in international policy circles as a catalyst for develop-
ment by driving the transition of resources towards low-carbon and sustainable economic
growth (Schmalensee, 2012).

By 2012, the United Nations (UN) strongly supported green economy initiatives, em-
phasising sustainable development and poverty reduction. The official declaration of
the UN conference under the theme of “The Future We Want” listed green growth as
one of several tools for sustainable development (United Nations, 2012). According to
the Organisation for Economic Co-operation and Development (OECD), green growth
promotes economic expansion while ensuring that natural resources and environmental
services continue contributing to wealth (OECD, 2011b). Green growth prioritises in-
vestments and innovations to foster sustainable development and create new economic
opportunities (Reilly, 2012). The focus is on low-cost methods to reduce environmental
stress and protect the environment from surpassing critical thresholds. As such, the na-
tional green strategies to promote eco-friendly businesses, reallocate labour, capital, and
technology towards environmentally friendly operations, and encourage eco-innovations
are supported (OECD, 2011a; Kijek and Kasztelan, 2013).

However, the momentum towards a green economy faced setbacks at the Rio+20
Summit, where civil society labelled it “The New Enemy” with no clear direction for
achieving it (Utting, 2012). Despite global efforts to push for sustainable development,
progress varies across countries. For instance, Australia and Belgium rapidly adopt green
growth, while Portugal and Turkey lag behind (OECD, 2020). Shahbaz et al. (2013)
argued that economic expansion is the fundamental cause of environmental pollution.
Chen et al. (2019) further asserts that rapid economic expansion drives urbanisation,
attracting a large population and resulting in increased energy consumption and higher
CO4 emissions. Consequently, the transition to green growth faces a trade-off challenge:
either sacrificing the environment for economic growth and development or vice versa,
particularly during the developing stage (Liang et al., 2019; Yang and Song, 2019; Cai
et al., 2018; Wu et al., 2018; Liu and Wang, 2017).

Motivated by these challenges, a large group of applied researchers attempted to con-
tribute to the green economy literature by either exploring factors that could potentially
uplift green growth or mitigate COg2 emissions and ecological footprints (e.g., Ansari
et al., 2022; Chu, 2022; Maiti, 2022; Li et al., 2022; Tawiah et al., 2021; Tang et al.,
2021). Moreover, a strand of literature applied Solow’s version of the green growth
model to understand the behaviour of CO4 emissions (e.g., Bassetti et al., 2024; Brock
and Taylor, 2010). Instead of analysing green growth, a strand of literature cleverly fo-
cused on renewable energy and technological innovations as they believe these factors are
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a “double-edged sword” that promotes economic growth while mitigating environmental
degradation (e.g. Elmassah, 2024; Lee and Tang, 2022; Chen et al., 2021). Although
numerous studies have contributed to developing a green economy, little research has
paid special attention to the role of leadership, entrepreneurship, and technological in-
novations in materialising a green economy.

In this study, we hypothesise that the core of the green economy transition is closely
associated with leadership, entrepreneurship, and technological innovation. Each plays a
pivotal role across various sectors and scales to drive sustainable practices and outcomes.
National leaders, for example, must formulate policies, direct national progress, and re-
structure institutions to enable growth catalysts for efficient role performance (Zolcsak,
2015; Jones and Olken, 2005). As such, both leadership and entrepreneurship stand
as cornerstones in advancing green economic growth by influencing innovation, organi-
sation, community, and national strategies towards sustainability. Sarros and Santora
(2001) highlighted that effective leadership qualities such as honesty, integrity, respect,
and trust are crucial for establishing long-term credibility and fostering respect within
sustainability efforts. Leaders who embody these qualities serve as role models, inspiring
others to embrace environmental stewardship and adopt sustainable practices. Bennis
and Goldsmith (2010) added that organisations require clear direction from their leaders
to navigate the complexities of sustainability challenges. This clarity enables stakehold-
ers to align their efforts and resources towards achieving environmental goals.

Furthermore, technological innovations in renewable energy, agriculture, and indus-
trial processes are crucial in reducing carbon footprints and promoting sustainable de-
velopment (Sagar and Chandra, 2004; Lal, 2011). Zhou et al. (2010) emphasised that
technological innovation reduces greenhouse gas emissions and enhances overall energy
efficiency across industries. Therefore, technological innovation plays a pivotal role in
developing industrial evolution to address both production-based and demand-based
emissions (Yao et al., 2018). Given these compelling arguments, we aim to enrich the
green economy literature by critically investigating the impact of national leadership,
entrepreneurship, and technological innovation on green economic performance. This
study utilises an unbalanced panel dataset of 85 countries from 2011 to 2020. Addition-
ally, the dynamic panel system generalised method of moments (GMM) estimator is used
to estimate our green economic growth model. Since the progress of the green economy
may vary across different stages of economic development, as hypothesised in the Envi-
ronmental Kuznets Curve (EKC), we extend our analysis to developed and developing
countries. This initiative enhances robustness and provides more insightful findings for
policymaking.

The balance of this study will be organised as follows. The next section discusses the
empirical model, data and econometric estimation strategies. Section 3 presents and
discusses the findings of the present study. Finally, the conclusion and policy recom-
mendations will be presented in Section 4.
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2 Review of Past Studies

2.1 National leadership and green growth

Achieving green economic growth—targeting poverty alleviation, environmental preser-
vation, and sustainable economic advancement—has become central to modern economic
policies. The green economy framework addresses major global challenges such as climate
change, resource depletion, and ecological degradation. Specifically, climate change in-
troduces challenges like biodiversity loss, rising sea levels, and extreme weather patterns,
highlighting the urgency of transitioning to green economies that mitigate greenhouse
gas emissions and foster sustainable resource management (UNEP, 2011). Unlike tra-
ditional economic models, green growth advocates for efficient and sustainable resource
use, minimising waste while innovating resource management to combat environmental
degradation effectively.

National leadership plays a pivotal role in this transition. Effective leadership, which
embodies integrity, accountability, and environmental responsibility, motivates societal
and institutional shifts toward sustainable practices. Green and McCann (2011) note
that leaders who prioritise environmental objectives can influence policies that support
sustainable development goals (SDGs), align private sector incentives with ecological
preservation, and promote societal values favouring sustainability. By embodying these
principles, national leaders inspire both public and private sectors to integrate resilience
into their development strategies, fostering an environment where investments, gover-
nance, and cooperation enhance green growth prospects.

Furthermore, good governance—characterised by transparency, democracy, and ac-
countability—supports the green growth agenda by tackling environmental concerns
directly. Democratic systems empower citizens to participate in policy formulation and
encourage leaders to pursue environmentally responsible actions (Parker et al., 2015).
Participatory governance allows a broader engagement of stakeholders, creating inclusive
green policies that adapt to diverse environmental and economic needs (Saul and Seidel,
2011). Leaders modelling these democratic principles reinforce institutions and attract
investment by fostering a trustworthy environment for sustainable economic activities,
improving resilience against environmental and economic shocks.

Research further suggests that strong national leadership encourages cooperation
among politicians, educators, and environmental advocacy groups to promote green
economic objectives. Collaboration ensures that policymaking aligns with ecological
sustainability and builds on the strengths of diverse stakeholders. Alam et al. (2013)
highlight that stakeholder engagement and transparent, inclusive policy processes are
essential for effective green growth strategies. By fostering public awareness and address-
ing stakeholder concerns, national leadership can enhance policy efficacy and mobilise
resources for sustainable growth.

However, a lack of sound leadership often leads to challenges such as corruption, in-
efficient governance, and political instability, which undermine green economic goals.
Corrupt practices and inadequate transparency dilute environmental regulations, hin-
dering green progress and exacerbating ecological degradation. Therefore, promoting
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accountability and transparency is critical for green governance, as highlighted by stud-
ies emphasising the role of institutional quality in environmental sustainability (Tang
et al., 2021). Strong leadership, anchored in democratic principles and institutional
accountability, can effectively mitigate environmental risks while advancing economic
resilience.

2.2 Technological innovation and green growth

Besides national leadership, our review of past studies shows that technological innova-
tion is a cornerstone for green economic growth by providing tools to enhance resource
efficiency and reduce environmental impact (Sohag et al., 2019; Popp, 2012). Technologi-
cal advances facilitate “decoupling” economic expansion from environmental degradation
by reducing dependency on fossil energy resources and minimising pollution. Clean tech-
nologies, such as renewable energy systems and waste-reducing industrial processes, help
decrease carbon emissions while sustaining productivity (Danish et al., 2020). Shafik and
Bandyopadhyay (1992) highlight that technological progress is vital in improving envi-
ronmental quality through emissions reduction and resource conservation.

Moreover, technological innovation improves energy efficiency and supports the tran-
sition to renewable energy sources, a critical element in meeting global climate targets
while sustaining economic growth. Investments in green technologies enable countries to
reduce their carbon footprints and bolster productivity. Emerging green energy technolo-
gies, for instance, reshape energy markets and facilitate sustainable economic structures,
particularly in sectors with high environmental impact (Ibrahim and Ajide, 2021; Chen
et al., 2021). Studies show that integrating advanced, eco-friendly technologies pro-
motes green growth and enhances competitiveness by lowering energy costs and resource
dependence (Ji et al., 2021; Perez, 2016).

Furthermore, Nosheen et al. (2021) find that technological innovations in Eastern and
Western Europe significantly enhance green growth by boosting production efficiency
and reducing emissions. Similarly, Lin et al. (2024) report that in China, advancements
in green technologies and economic complexity are central to the nation’s sustainable
economic transition. Such findings underscore the value of technological innovation in
achieving green growth goals, as it offers tools to mitigate environmental challenges while
facilitating economic progress.

2.3 Entrepreneurship and green growth

Entrepreneurship can also drive green economic growth by encouraging sustainable busi-
ness practices and developing eco-friendly products and services (Youssef et al., 2018).
Entrepreneurship aligns economic objectives with environmental priorities through in-
novation, job creation, and revenue generation. By adopting sustainable practices, en-
trepreneurs can introduce solutions that reduce environmental footprints, benefiting the
economy and community welfare (Khezri and Muhamad, 2023). For example, Shepherd
and Patzelt (2011) argue that entrepreneurial activity plays a crucial role in supporting
environmental sustainability. Specifically, this can help preserve ecosystems, mitigate the
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effects of climate change, reduce environmental degradation and deforestation, enhance
agricultural practices and water supply systems, and safeguard biodiversity. Reinforcing
this perspective, evidence from developed countries reveals a more nuanced relationship
between entrepreneurship and environmental outcomes. As nations progress toward
higher levels of economic development, this relationship tends to shift. In particular,
this often follows an inverted U-shaped pattern, whereby entrepreneurial activity ini-
tially contributes to environmental harm but eventually begins to reduce it as economies
mature. This dynamic suggests that increased entrepreneurial activity does not inher-
ently lead to greater environmental degradation. Rather, its environmental impact is
shaped by the broader context of economic development and institutional maturity.

However, the environmental impact of entrepreneurship is complex. Although en-
trepreneurship can promote sustainable innovation, some past studies indicate that,
without robust regulatory frameworks, it may contribute to environmental degradation,
particularly in developing countries. Many start-ups face pressures to prioritise profit,
leading to unsustainable practices and resource wastage (Philip et al., 2022; Venecio
and Pinto, 2020). This tendency is particularly noticeable in countries with weaker in-
stitutional support, where start-ups may lack incentives to adopt sustainable practices,
posing challenges to green growth (Omri and Afi, 2020; Omri, 2018). Therefore, a sup-
portive regulatory environment is essential to align entrepreneurial activities with green
economic goals, ensuring that entrepreneurship contributes positively to sustainability
rather than undermining it.

Moreover, past empirical findings suggest that the relationship between entrepreneur-
ship and environmental impact varies by economic context. For example, studies such
as those by Riti et al. (2015) and Cohen and Winn (2007) reveal that entrepreneurial
activities in some sectors may lead to environmental degradation, especially when profit
motives outweigh sustainability concerns. Venecio and Pinto (2020) further illustrate
that, in both developed and developing countries, non-innovative entrepreneurship can
hinder Sustainable Development Goals (SDGs), especially in areas concerning social eq-
uity and environmental protection. These findings suggest the need for policies that
incentivise sustainable entrepreneurship, enabling start-ups to contribute positively to
green growth objectives. In contrast, earlier research highlights cases where green en-
trepreneurship positively influences environmental sustainability. Karabetyan and Sart
(2024) demonstrate that entrepreneurial activities, education, and renewable energy us-
age can reduce ecological footprints in G20 economies. Similarly, Saqgib and Usman
(2023) find that green entrepreneurship, supported by technological innovation, has re-
duced carbon emissions over the long term in high-emission countries like the United
States and China. These examples show that when aligned with green objectives, en-
trepreneurship can significantly drive sustainable economic practices. Achieving sustain-
able economic growth and meeting COP28 commitments, green finance operates both
as an institutional model and as a structural part of the financial system (Zhang et al.,
2022). By directing capital toward green projects, this drives exogenous green economic
growth. These investments bring multiple benefits, helping create jobs, improve welfare,
support green technologies, and reduce air pollution-related deaths (Xu et al., 2023).

According to Woode (2024), green finance enables growth by redistributing capital
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to key sectors such as renewable energy, green buildings, corporate governance, and
community development. Importantly, green finance encourages funding for low-energy,
low-emission firms while limiting investment in polluting industries. This shift helps im-
prove environmental performance and supports a cleaner economic structure (Lee and
Lee, 2022). To support this transition, various tools are used, including green credits,
bonds, loans, equity, grants, de-risking instruments, carbon finance, and green insur-
ance (Praveen et al., 2025). These instruments build a strong financial foundation for
green development. Evidence shows that green finance boosts green productivity. Zhang
(2021) finds that it reduces emissions and promotes cleaner production. The study high-
lights the role of green credit in supporting both innovation and environmental outcomes.
Similarly, Zhou et al. (2020) show that green finance creates a balance between economic
growth and environmental protection. Yoshino et al. (2021) add that it improves access
to capital for green innovation, which raises energy efficiency and expands green indus-
tries (Sun et al., 2022). These outcomes support the Porter Hypothesis, which argues
that well-designed environmental regulations promote innovation and improve efficiency
(Porter and Linde, 1995). Still, the design of regulations matters. As Jiang et al. (2024)
point out, weak policies can delay green progress, while overly strict ones may hurt in-
dustrial performance. Therefore, collaboration is essential. Policymakers and businesses
must work together to assess the impact of green loans and subsidies. Liu et al. (2023)
argue that such subsidies lower capital costs and increase firms’ motivation to innovate
sustainably.

In summary, although past research has advanced the modelling of green economic
growth, most studies have overlooked the critical roles of national leadership and en-
trepreneurship. It is essential to highlight that progress toward a green economy is
significantly hindered without visionary national leadership to shape green policies and
encourage private enterprises to innovate environmentally sustainable technologies and
products. This gap calls for empirical research critically examining how national leader-
ship, entrepreneurship, and technological innovation can drive green economic growth.
Such an approach is essential to accelerate the worldwide transition toward sustainable
economic growth.

3 Methodology

3.1 Empirical model

The primary goal of the present study is to explore the role of entrepreneurship, lead-
ership quality, and technological innovation in explaining green economic growth. The
neoclassical Solow growth model is used as the basic framework to construct the follow-
ing double-log green economic growth model:

InGRECON;; = BO + ﬁl InTECH;; + ﬁg InENT;; + Bg InLEAD;; + 0 CVy 4 44 (1)

where In denotes the natural logarithm, &;; is the residual term, and InGRECON;; rep-
resents green economic growth measured as the ratio of gross domestic product (GDP) to
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total greenhouse gas (GHG) emissions. The variables InTECH;;, InENT;;, and InLEAD;,
denote technological innovation, entrepreneurship, and national leadership indicators,
respectively, and constitute the three key explanatory variables of the present study.

Furthermore, following the neoclassical Solow growth theory and its empirical aug-
mentations (e.g., Mankiw et al., 1992), the stock of real physical capital! (InCAPy),
human capital (InHCj;), financial development (InFD;;), renewable energy consumption
(InRE4), and In(n + g + 0),, are included as control variables (InCVj;), where n denotes
the population growth rate, g represents the average growth rate of per capita real
output, and § is the rate of depreciation.?

3.2 Data and summary of statistics

This study utilises the unbalanced panel dataset spanning 85 countries from 2011 to 2020
(see Table 1). These datasets are collected from various reliable databases. Precisely, we
extract datasets such as real GDP, total greenhouse gas emissions, growth rate of total
population, renewable energy consumption, and gross fixed capital formation datasets
from the World Development Indicators (WDI). The human capital variable in this study
is measured by the education index collected from the United Nations Development
Programme (UNDP). We obtain the financial development index and global innovation
index from the International Monetary Fund (IMF) and the World Intellectual Property
Organisation (WIPO), respectively.

Furthermore, the entrepreneurship variable is measured by the share of total private
enterprises (businesses) to the total population. These datasets are collected from the
World Bank’s entrepreneurship database. Finally, the national leadership quality in-
dex is constructed using the weighted average entropy method. We follow Tang and
Lim (2024) and Tang and Salisu (2023, 2021) to combine four different institutions and
governance indicators, namely (a) control of corruption, (b) political stability, (c) gov-
ernment effectiveness, and (d) voice and accountability. These datasets are extracted
from the Worldwide Governance Indicators (WGI). The descriptive statistics and unit
of measurement of each variable are summarised in Table 2.

IThe perpetual inventory method (PIM) is used to construct the capital stock variable from gross fixed
investment (I;¢). Accordingly, the capital stock variable is defined as CAP;; = I;; + (1 — 6)CAPy;—1.
Following de la Fuente and Doménech (2000), the initial value of the capital stock (CAP;—1) is
approximated as CAP;:—1 ~ Iy/(I4+0), where Iy denotes the initial level of investment, I represents
the long-run average growth rate of gross fixed investment, and ¢ is the depreciation rate. According
to the worksheet of the World Bank report by Ghosh and Kraay (2000), a reasonable depreciation
rate ranges from approximately 4 to 8 per cent. Accordingly, an average value of 6 per cent is adopted
as the depreciation rate, consistent with Law and Habibullah (2006) in computing the capital stock.

20ur calculations show that the average growth rate of per capita real output is approximately 1.3
per cent, and Law and Habibullah (2006) suggest a depreciation rate of 6 per cent. Accordingly, we
apply g = 0.01 and § = 0.06 to construct (n + g + ). Given that g + & are constant, (n 4+ g + 0) is
commonly referred to as population growth.
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Table 1: List of countries under review
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No. Countries No. Countries No. Countries No. Countries

1.  Albania 23.  Denmark 45.  Luxembourg 67. Senegal

2. Algeria 24.  Egypt 46. Madagascar 68. Serbia

3. Argentina 25. El Salvador 47. Malaysia 69. Singapore

4. Armenia 26. Estonia 48.  Mauritius 70.  Slovak Republic

5.  Australia 27.  Ethiopia 49. Mexico 71.  Slovenia

6.  Austria 28.  Finland 50. Moldova 72.  South Korea

7.  Azerbaijan 29. France 51.  Mongolia 73.  Spain

8.  Belarus 30. Georgia 52.  Namibia 74. Sweden

9.  Belgium 31. Germany 53. Nepal 75.  Switzerland

10. Bolivia 32.  Greece 54. New Zealand 76. Tajikistan

11. Botswana 33. Hungary 55.  Norway 77. Tanzania

12.  Bulgaria 34.  Iceland 56. Oman 78.  Thailand

13.  Cambodia  35. India 57. Pakistan 79. Togo

14.  Cameroon 36. Ireland 58. Panama 80.  Tunisia

15.  Canada 37.  Israel 59.  Peru 81. Uganda

16.  Chile 38. Italy 60.  Philippines 82.  Ukraine

17.  China 39. Jamaica 61. Poland 83.  United Arab Emirates
18.  Colombia 40. Japan 62. Portugal 84.  United Kingdom

19. Costa Rica 41. Jordan 63. Romania 85.  Uruguay

20.  Croatia 42.  Kazakhstan 64. Russia

21.  Cyprus 43. Latvia 65. Rwanda

22.  Cgzechia 44.  Lithuania 66. Saudi Arabia

Table 2: Summary of descriptive statistics

Variables Unit of measurement Mean SD Min Max
Green economy (InGRECON;;) GDP to greenhouse gases (US$) 14.332 0.845 12.348 16.626
Innovation (InTECH;;) Innovation index (0 to 100) 3.658 0.291 2.868  4.225
Entrepreneurship (InENT};) % of population 3.224 1.505 -1.712 5.786
Leadership (InLEAD;;) Leadership index (0 to 100) 4.044 0430 2438 4.594
Capital stock (InCAP;;) Per capita real capital stock (US$) 9.943 1.650 6.238 18.275
Human capital (InHC;;) Education index (0 to 100) 4.293 0.238 3.414  4.563
Renewable energy (InRE;;) % of total energy consumption 2.604 1.581 -4.605 4.538
Financial development (InFD;;) Fin. dev. index (0 to 100) 3.609 0.626 2.058  4.592
In(n+g+9);, % of population growth -2.552  0.142 -3.049 -1.672
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3.3 Dynamic panel generalised method of moments (GMM) estimator

Given that the structure of our panel data is large in cross-sectional (N) and small in
time-series (T), the dynamic panel GMM estimator was chosen to estimate our green
economic growth model. The approach of GMM was fundamentally presented by Holtz-
Eakin et al. (1988). Then, Arellano and Bond (1991), Arellano and Bover (1995), and
Blundell and Bond (1998) further extended the estimator for panel data analysis. The
benefit of the GMM estimator lies in its ability to mitigate endogeneity constraints. Since
this approach has been widely discussed in the existing literature, we briefly highlight
the rationale of the dynamic panel GMM estimation employed in this study.

Equation (2) below presents the dynamic green growth model, in which InGRECON,
depends on a set of explanatory variables, InZ; (e.g., technological innovation, en-
trepreneurship, national leadership, and the control variables), as well as the country-
specific effect (;).

InGRECON; = By + 61InGRECON;;_1 4+ ¢ InZjs + €44 + 4 (2)

The model is likely subject to unobserved heterogeneity and endogeneity in the pres-
ence of country-specific effects and lagged dependent variable(s). As such, the standard
OLS estimator tends to produce biased estimation results. To address these issues, we
take the first differencing approach to eliminate the country-specific effect and the trans-
formed model can be written as below:

AINGRECON;; = B + 6 AInGRECON;_1 + 0AInZ;; + Acyy (3)

Equation (3) is the First Difference GMM (FD-GMM) model. To address endogeneity,
Arellano and Bond (1991) suggested the use of lagged-level variables as the instrument
variables (IVs) with the following moment conditions:

E[(InGRECON;;_;) (Agit)] =0 fors>2;t=3,...,T (4)
E[(InZi—s) (Aeir)] =0 fors>2;t=3,...,T (5)

However, the FD-GMM estimator is inefficient if the variables are persistent or sub-
ject to a unit root. To improve the efficiency, Arellano and Bover (1995) and Blundell
and Bond (1998) suggested the system panel GMM estimator with additional moment
conditions listed below:

E[(AInGRECON;;_¢) (i + 1)) =0 for s=1 (6)
E[(AlnZj—s) (vi +€it)] =0 fors=1 (7)

To ensure the application of the GMM method is suitable. It is necessary to check
the instrument’s validity, and the model must be free from the second order of auto-
correlation. As such, Hansen (1982) J-test can be used to evaluate the validity of the
instrumental variables. Then, the autocorrelation test introduced by Arellano and Bond
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(1991) will be applied to ensure that the model is free from the second-order autocorre-
lation.

4 Empirical Results and Discussions

The econometric literature widely acknowledges that the application of the Ordinary
Least Squares (OLS) method to a dynamic panel model tends to yield overestimated
results. In contrast, the Fixed Effect (FE) method will likely produce underestimated
outcomes (Nickell, 1981). Consequently, the dynamic panel GMM estimator, introduced
by Arellano and Bond (1991), has become a popular method in applied research liter-
ature to address this issue. In this study, we will implement the dynamic panel GMM
methods to estimate the impact of national leadership quality, entrepreneurship, and
technological innovations on green economic growth. Despite the dynamic panel GMM
estimator commonly used in the empirical literature, choosing between the First Dif-
ference GMM (FD-GMM) and the System GMM (SYS-GMM) estimators remains a
significant challenge. To address this, we follow the estimation strategy of Tang et al.
(2021), as illustrated in Figure 1.

OLS, FE, and FD-GMM
estimators

Fall between
OLS and FE

estimator

Otherwise
SYS-GMM
estimator

FD-GMM }

Diagnostic tests
(Wald, Autocorrelation, and
Sargan tests)

Figure 1: Summary of the dynamic panel GMM estimator selection procedure
Source: Modified from Tang et al. (2021)

As shown in Figure 1, we begin by estimating the dynamic green economic growth
model using three different estimators, namely OLS, FE, and FD-GMM. The FD-
GMM estimator is selected if the estimated coefficient of the lagged dependent variable
(GRECON;;_1) falls within the bounds of the OLS and FE estimations. Otherwise, the
SYS-GMM estimator is preferred. The preliminary estimation results obtained from the
OLS, FE, and FD-GMM approaches are reported in Table 3.
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Table 3: Estimation results of OLS, FE, and FD-GMM

Variables OLS FE FD-GMM
Green economy (InGRECON;;) 0.9808***  (0.6537*** 0.6278***
(0.0046)  (0.0296) (0.0948)
Innovation (InTECH;;) 0.0510*** 0.0176 0.2082**
(0.0170)  (0.0403) (0.0860)
Entrepreneurship (InENT;;) 0.0010 0.0322%* 0.1748**
(0.0022)  (0.0157) (0.0826)
Leadership (InLEAD;;) 0.0271%** -0.0003 0.0420
(0.0107)  (0.0350) (0.0892)
Control variables:
Capital stock (InCAP;) —-0.0002 0.0465*** 0.0089
(0.0023)  (0.0177) (0.0367)
Human capital (InHC;,) 0.0013  0.2308 0.7876
(0.0188)  (0.1279) (0.5954)
In(n+g+9), 0.0308 0.1375%** 0.1505
(0.0187)  (0.0435) (0.1775)
Renewable energy (InRE;;) 0.0058***  (.0614%** 0.1327%%*
(0.0017)  (0.0115) (0.0353)
Financial development (InFD;;) -0.0043 —0.0728** 0.0506
(0.0066)  (0.0340) (0.1033)
Constant 0.0874 5.7914%%* -
(0.0733)  (0.7038)
Diagnostic tests
Wald test 16623.28%**  150.57*** 1567.68%**
[0.000] [0.000] [0.000]
AR(1) test - - —4. 8%
[0.000]
AR(2) test - - 0.34
[0.734]
Sargan-Hansen test - - 59.48
[0.458]

Note: *** p < 0.01 and ** p < 0.05. Parentheses ( ) and brackets [ ] indicate standard errors and
p-values, respectively. AR represents autocorrelation; OLS is Pooled Ordinary Least Squares; FE is
Fixed Effects; FD-GMM is First-Difference Generalised Method of Moments.



Electronic Journal of Applied Statistical Analysis 109

As expected, we find that the estimated coefficient for GRECON;;_1 obtained from
the OLS estimator is substantially larger than that from the FE estimation (i.e., 0.9808
versus 0.6537). However, the FD-GMM estimation results indicate that the estimated
coefficient for GRECON;;_1 is 0.6278, which is lower than the FE estimate. Given
that the FD-GMM estimate falls outside the bounds of the OLS and FE estimations,
we conclude that the estimation results produced by the FD-GMM estimator are less
efficient than those of the SYS-GMM estimator. Accordingly, we proceed with a full-
sample analysis using the SYS-GMM estimator in the subsequent subsection.

4.1 Full-sample estimation of dynamic panel GMM analysis

We have estimated three green economic growth models using the one-step SYS-GMM
estimator, and the results are presented in Table 4. To validate these results, we first
focus on the diagnostic tests. The Sargan-Hansen tests are not statistically significant
at the 10 per cent level across all three growth models. Following Roodman (2009)
rule of thumb, the number of instrumental variables (IVs = 69) used in this study is
less than the number of groups (N = 85). These two diagnostic indicators suggest that
the instrumental variables used in this study to address the endogeneity problem are
valid and not oversized. Moreover, the Arellano-Bond test for autocorrelation indicates
that our dynamic green growth models are reasonable, as they only exhibit first-order
autocorrelation, AR (1) and are free from second-order autocorrelation, AR(2). As such,
we can discuss the estimated impacts on green economic growth with these validations.

Among the six control variables included in the models, we find that renewable energy
and human capital consistently show positive and significant impacts across all models at
the 1 per cent level. These findings suggest that countries with higher levels of human
capital development (or education) and renewable energy consumption are typically
more effective in promoting economic growth and mitigating environmental degradation
simultaneously. This empirical finding aligns with Tang et al. (2021), who found that
human capital and renewable energy robustly reduce environmental degradation in 114
countries. However, our study reveals that the impact of human capital on green growth
is more substantive than that of renewable energy. A one per cent increase in renewable
energy consumption will increase green growth by approximately 0.025 to 0.0286 per
cent. Similarly, increased human capital will boost growth by nearly 0.2520 to 0.4040
per cent.

Furthermore, our findings in Table 4 indicate that technological innovation, entrepreneur-
ship, and national leadership quality are three key factors influencing green economic
growth. Their effects on green growth are robust across all models. More specifically,
the impacts of technological innovation and national leadership on green growth are
consistently positive and statistically significant at the 5 per cent level or better. A
one per cent increase in technological innovation and national leadership quality will
improve green economic growth by approximately 0.1078 per cent and 0.1263 per cent,
respectively. Thus, our findings suggest that promoting quality national leadership and
technological innovation, mainly on green or environmentally friendly technologies, can
effectively accelerate the transition towards a green economy.
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Table 4: Results of system GMM estimation

Variables Model 1 Model 2 Model 3
Green economy (InGRECON;;)  0.9058%** 0.9115%** 0.9256%**
(0.0211) (0.0213) (0.0212)
Innovation (InTECH;;) 0.1339%** 0.1110%%* 0.0785%*
(0.0347) (0.0364) (0.0374)
Entrepreneurship (InENT;;) - —0.0241** —0.0424***
(0.0108) (0.0128)
Leadership (InLEAD;;) - - 0.1263%**
(0.0478)
Control variables:
Capital stock (InCAP;) -0.0020 -0.0015 -0.0135
(0.0071) (0.0071) (0.0081)
Human capital (InHCj;) 0.2520%** 0.3787*+* 0.37547%+*
(0.0868) (0.1041) (0.0958)
In(n + g + ), 0.1088 0.1419 0.0814
(0.1015) (0.1029) (0.0993)
Renewable energy (InRE;;) 0.0250%** 0.0286*** 0.0265%**
(0.0069) (0.0071) (0.0069)
Financial development (InFD;) -0.0018 0.0141 -0.0216
(0.0184) (0.0198) (0.0231)
Constant 0.0369 —-0.4143 —0.8350%**
(0.2112) (0.2932) (0.3249)

Diagnostic tests

Wald test 15436.84***  15328.22%** 16528.19***
[0.000] [0.000] [0.000]
AR(1) test ~8.02%#* ~8.00*** —T7.97HH*
[0.000] [0.000] [0.000]
AR(2) test 0.25 0.25 0.43
[0.802] [0.801] [0.666]
Sargan-Hansen test 69.79 64.31 65.35
[0.159] [0.265] [0.493]
Pesaran CD test 1.236 1.267 0.641
[0.217] [0.205] [0.521]
Time dummies Yes Yes Yes
NxT 678 678 678
N 85 85 85
No. of Instruments 69 69 82

Note: *** p < 0.01 and ** p < 0.05. Parentheses () and brackets [ ] denote standard errors and
p-values, respectively. AR denotes autocorrelation, while CD represents cross-sectional dependence.
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Contrary to our initial expectations, we find that enhancing private enterprises (or
entrepreneurship) may hinder the process towards green economic growth. Specifically,
a one per cent increase in entrepreneurship decreases green growth by approximately
0.0241 to 0.0424 per cent. This adverse effect on the green economy may be attributed
to the profit-oriented nature of private enterprises, which may prioritise financial revenue
over environmental concerns. Therefore, our findings of a negative relationship between
entrepreneurship and green economic growth align with (Dhahri et al., 2021; Venancio
and Pinto, 2020).

4.2 Sub-sample estimation of dynamic panel GMM analysis

In the preceding sub-section, we investigated the full-sample green economic growth
model. We have extended our analysis by dividing the sample into developed and devel-
oping countries to ensure robustness and better policy recommendations. The outcomes
of this analysis are detailed in Table 5. Our dynamic green growth models have suc-
cessfully passed several diagnostic tests, notably the Sargan-Hansen and Arellano-Bond
tests for autocorrelations. Furthermore, the Wald test results are highly significant, and
the size of the instrumental variables is relatively smaller than the size of N. Given these
results, we can proceed to discuss the key findings of our study.

Our sub-sample analysis corroborates the full-sample findings, confirming that techno-
logical innovation plays a robust and pivotal role in stimulating green economic growth
in both developed and developing countries. Specifically, a 1 per cent increase in tech-
nological innovation is associated with an average rise in green economic growth of
approximately 0.1999 per cent in developing countries and 0.4961 per cent in developed
countries. However, the findings of national leadership and entrepreneurship appear less
robust and vary across different stages of economic development.

Notably, we observe marked disparities in the effects of entrepreneurship and national
leadership between developed and developing countries. Our results suggest that na-
tional leadership quality significantly promotes green economic growth, but this effect is
observed exclusively in developing countries. Specifically, a 1 per cent increase in national
leadership quality is associated with an approximate 0.1883 per cent increase in green
economic growth, holding other factors constant. Conversely, in developed countries,
entrepreneurship exerts a significant adverse effect on green growth. More precisely, a 1
per cent increase in entrepreneurship corresponds to a 0.0491 per cent decline in green
economic growth, implying that, in more advanced economies, entrepreneurial activity
may be driven more by profit-seeking motives than by environmental concerns, thus
limiting its contribution to green economic progress.
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Table 5: Results of system GMM estimation by country group

Variables Developing Developed
Green economy (InGRECON;;)  0.8482%** 0.7560%**
(0.0411) (0.1096)
Innovation (InTECH;;) 0.1999** 0.4961***
(0.0799) (0.1570)
Entrepreneurship (InENT;) —0.0150 —0.04971%**
(0.0193) (0.0132)
Leadership (InNLEAD;) 0.1883** —0.1233
(0.0763) (0.2159)
Control variables:
Capital stock (InCAP;) —0.0012 0.3325%**
(0.0109) (0.1054)
Human capital (InHC;;) 0.4413%*%* —2.3157H**
(0.1676) (0.6415)
In(n+g+9);, 0.4445%%%* 0.2549
(0.1524) (0.1575)
Renewable energy (InRE;;) 0.0368** 0.0910%**
(0.0188) (0.0266)
Financial development (InFD;;) —0.0602 —0.4170%**
(0.0373) (0.1083)
Constant 0.1381 11.2496%**
(0.8564) (3.3338)
Diagnostic tests
Wald test 1102.20%** 4693.33***
[0.000] [0.000]
AR(1) test —5.04%** —2.07%*
[0.000] [0.039]
AR(2) test 0.52 —1.42
[0.605] [0.154]
Sargan-Hansen test 16.17 15.00
[0.932] [0.525]
Pesaran CD test —0.830 1.043
[0.407] [0.297]
Time dummies Yes Yes
NxT 345 333
N 44 41
No. of Instruments 38 29

Note: *** p < 0.01 and ** p < 0.05. Parentheses ( ) and brackets [ | denote standard errors and
p-values, respectively. AR denotes autocorrelation, while CD represents cross-sectional dependence.
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5 Conclusion and Policy Recommendations

The present study attempts to enrich the existing literature by investigating the pivotal
roles of technological innovation, entrepreneurship and national leadership in propelling
green economic growth. The dynamic system GMM estimator is used to achieve the
research objectives. The estimation results reveal that technological innovation and
national leadership consistently stimulate green economic growth. Conversely, private
entrepreneurship appears to negatively impact green economic growth, primarily due
to the tendency of private enterprises to prioritise financial returns over environmental
protection. This observation remains consistent even in the sub-sample findings.

These empirical findings provide the foundation for policymaking that balances eco-
nomic growth and environmental quality. First, governments should prioritise invest-
ments in the development and innovation of green technology to spur sustainable eco-
nomic growth. Our findings indicate that technological innovation accelerates the tran-
sition to green growth. This can be accomplished through measures such as research
and development subsidies, tax incentives, and targeted investments in the renewable
energy sector. Concurrently, cultivating human capital is essential to sustain ongoing
technical advancements, whether in eco-friendly products or renewable energy capacity.

Second, as entrepreneurship is found to jeopardise green economic growth, govern-
ments must bolster their institutional capacity and governance to ensure that entrepreneurs
and private firms integrate environmentally sustainable practices into their operations.
This approach will effectively supervise and regulate private firms, preventing them
from causing persistent environmental degradation in pursuing private financial gain.
Advancing environmental sustainability, policymakers should enforce clear and consis-
tent environmental regulations to reduce COs emissions. Strengthening such policies can
help curb carbon-intensive activities and build a solid framework for climate governance.
In turn, this creates the right conditions for expanding green finance and achieving long-
term sustainability goals, such as those outlined in the COP28 agenda. Additionally,
governments can foster green innovation by promoting financial instruments like green
bonds, sustainability-linked loans, and mandatory environmental, social, and governance
(ESG) reporting (Praveen et al., 2025). These tools not only support low-carbon tech-
nologies but also help resource-dependent economies transition toward greener growth
paths.

Third, given that national leadership has been found to promote green economic
growth effectively, it is essential to demonstrate good governance initiatives. A key
element is developing a competent, accountable, and transparent administrative frame-
work that respects the rule of law and is free from administrative burdens and corruption.
Moreover, we suggest policymakers strengthen the connection between national leader-
ship, technological innovation, and green entrepreneurship. This can be achieved by
creating a conducive environment that encourages green innovation and aligns the goals
of private enterprises with environmental preservation. As a result, the speed of tran-
sition towards a green economy can be expedited, which in turn leads to sustainable
development.
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Despite offering essential insights, this study has a few limitations that suggest direc-
tions for future research. First, the analysis covers the period from 2011 to 2020, which
may not reflect recent developments in leadership, entrepreneurship, and technological
innovation. Second, although these three factors are central to our model, other relevant
drivers, such as trade openness, FDI, urbanisation, and natural resource rents, were not
included and deserve further exploration in future studies. Lastly, the use of a linear
model may overlook potential non-linear dynamics. Thus, future studies may employ
non-linear approaches to uncover deeper relationships and provide more robust policy
implications.

Acknowledgement

We gratefully acknowledge the two anonymous reviewers for their insightful comments
and constructive suggestions, which significantly improved the quality and clarity of this
research paper. We also acknowledge financial support from the Ministry of Higher Edu-
cation, Malaysia, through the Fundamental Research Grant Scheme [FRGS/1/2023/SS06
JUSM/02/1]. An earlier version of this paper was presented at the Finance, Economics
and Business Sustainability (FEBS) Conference 2024, held from 18 to 20 September
2024. However, we are solely responsible for any remaining shortcomings or errors in
this research paper.

References

Alam, K., Tanner, T., Shamsuddoha, M., Rashid, A. M., Sultana, M., Huq, M. J.,
Kabir, S. S., and Ullah, S. (2013). Planning “exceptionalism”? Political economy of
climate resilient development in Bangladesh. In Climate Change Adaptation Actions
in Bangladesh, pages 387—417. Springer.

Ansari, M. A., Haider, S., Kumar, P., Kumar, S., and Akram, V. (2022). Main de-
terminants for ecological footprint: An econometric perspective from G20 countries.
Energy, Ecology and Environment, 7(3):250-267.

Arellano, M. and Bond, S. (1991). Some tests of specification for panel data: Monte carlo
evidence and an application to employment equations. Review of FEconomic Studies,
58(2):277-297.

Arellano, M. and Bover, O. (1995). Another look at the instrumental variable estimation
of error-components models. Journal of Econometrics, 68(1):29-51.

Bassetti, T., Pavesi, F., and Scotti, M. (2024). The green Solow model and the threshold
effect of human capital on CO2 emissions. Metroeconomica, 75(2):249-279.

Bennis, W. G. and Goldsmith, J. (2010). Learning to Lead: A Workbook on Becoming
a Leader. Basic Books.

Blundell, R. and Bond, S. (1998). Initial conditions and moment restrictions in dynamic
panel data models. Journal of Econometrics, 87(1):115-143.



Electronic Journal of Applied Statistical Analysis 115

Brock, W. A. and Taylor, M. S. (2010). The green Solow model. Journal of Economic
Growth, 15(2):127-153.

Cai, Y., Sam, C. Y., and Chang, T. (2018). Nexus between clean energy consumption,
economic growth and CO2 emissions. Journal of Cleaner Production, 182:1001-1011.

Chen, C., Pinar, M., and Stengos, T. (2021). Determinants of renewable energy con-
sumption: Importance of democratic institutions. Renewable Energy, 179:75-83.

Chen, Y., Zhao, J., Lai, Z., Wang, Z., and Xia, H. (2019). Exploring the effects of
economic growth, and renewable and non-renewable energy consumption on China’s

CO2 emissions: Evidence from a regional panel analysis. Renewable Energy, 140:341—
353.
Chu, L. K. (2022). Determinants of ecological footprint in OCED countries: Do

environmental-related technologies reduce environmental degradation? FEnvironmen-
tal Science and Pollution Research, 29(16):23779-23793.

Cohen, B. and Winn, M. 1. (2007). Market imperfections, opportunity and sustainable
entrepreneurship. Journal of Business Venturing, 22(1):29-49.
Danish, Ulucak, R., and Khan, S. U.-D. (2020). Determinants of the ecological footprint:

Role of renewable energy, natural resources, and urbanization. Sustainable Cities and
Society, 54:101996.

de la Fuente, A. and Doménech, R. (2000). Human capital in growth regressions: How
much difference does data quality make? Working paper, Instituto de Analisis Eco-
nomico (CSIC).

Dhabhri, S., Slimani, S., and Omri, A. (2021). Behavioral entrepreneurship for achiev-

ing the sustainable development goals. Technological Forecasting and Social Change,
165:120561.

Elmassah, S. (2024). Determinants of renewable energy production in emerging and
developed countries. International Journal of Energy Sector Management, 18(5):1014—
1040.

Ghosh, S. R. and Kraay, A. (2000). Measuring growth in total factor productivity.
Technical report, World Bank, Washington, DC.

Hansen, L. P. (1982). Large sample properties of generalized method of moments esti-
mators. Fconometrica, 50(4):1029-1054.

Holtz-Eakin, D., Newey, W., and Rosen, H. S. (1988). Estimating vector autoregressions
with panel data. Econometrica, 56(6):1371-1395.

Ibrahim, R. L. and Ajide, K. B. (2021). Disaggregated environmental impacts of non-
renewable energy and trade openness in selected G-20 countries: The condition-
ing role of technological innovation. Environmental Science and Pollution Research,
28(47):67496-67510.

Ji, X., Umar, M., Ali, S.; Ali, W., Tang, K., and Khan, Z. (2021). Does fiscal decentral-
ization and eco-innovation promote sustainable environment? A case study of selected
fiscally decentralized countries. Sustainable Development, 29(1):79-88.

Jiang, J., Pei, J., and Zhang, M. (2024). Green credit and firms’ span of global production



116 Tang, Muhammad

stages. China Economic Review, 87:102263.

Jones, B. F. and Olken, B. A. (2005). Do leaders matter? National leadership and
growth since World War II. Quarterly Journal of Economics, 120(3):835-864.

Khezri, M. and Muhamad, G. M. (2023). Environmental effects of entrepreneurship
indices on ecological footprint of croplands and grazing lands in the economy. Journal
of Cleaner Production, 414:137550.

Kijek, T. and Kasztelan, A. (2013). Eco-innovation as a factor of sustainable develop-
ment. Problemy Ekorozwoju, 8(2):103-112.

Lal, R. (2011). Sequestering carbon in soils of agro-ecosystems. Food Policy, 36:S33—S39.

Law, S. H. and Habibullah, M. S. (2006). Financial development, institutional quality
and economic performance in east asian economies. Review of Applied Economics,
2(2):201-216.

Lee, C. C. and Lee, C. C. (2022). How does green finance affect green total factor
productivity? Evidence from China. Energy Economics, 107:105863.

Lee, C. Y. and Tang, C. F. (2022). The threshold and contingency effects of technological
innovation on renewable energy. Energy Sources, Part B: Economics, Planning, and
Policy, 17(1):1999346.

Li, J., Dong, K., and Dong, X. (2022). Green energy as a new determinant of green

growth in china: The role of green technological innovation. FEnergy Economics,
114:106260.

Liang, L., Wang, Z., and Li, J. (2019). The effect of urbanization on environmental
pollution in rapidly developing urban agglomerations. Journal of Cleaner Production,
237:117649.

Lin, S., Zhou, Z., Hu, X., Chen, S., and Huang, J. (2024). How can urban economic
complexity promote green economic growth in China? The perspective of green tech-
nology innovation and industrial structure upgrading. Journal of Cleaner Production,
450:141807.

Liu, Q. and Wang, Q. (2017). How China achieved its 11th Five-Year Plan emissions
reduction target: A structural decomposition analysis of industrial SO2 and chemical
oxygen demand. Science of the Total Environment, 574:1104-1116.

Liu, Z., Xu, J., Wei, Y., Hatab, A. A., and Lan, J. (2023). Nexus between green financing,
renewable energy generation, and energy efficiency: Empirical insights through DEA
technique. Environmental Science and Pollution Research, 30(22):61290-61303.

Maiti, M. (2022). Does improvement in green growth influence the development of
environmental related technology? Innovation and Green Development, 1(2):100008.

Mankiw, N. G., Romer, D., and Weil, D. N. (1992). A contribution to the empirics of
economic growth. Quarterly Journal of Economics, 107(2):407-437.

Nickell, S. (1981). Biases in dynamic models with fixed effects. Econometrica,
49(6):1417-1426.

Nosheen, M., Igbal, J., and Abbasi, M. A. (2021). Do technological innovations promote
green growth in the European Union? Environmental Science and Pollution Research,



Electronic Journal of Applied Statistical Analysis 117

28(17):21717-21729.
OECD (2011a). Fostering Innovation for Green Growth. OECD Publishing.
OECD (2011b). Towards Green Growth. OECD Publishing.
OECD (2020). OECD Work on Green Growth. OECD Publishing.

Omuri, A. (2018). Entrepreneurship, sectoral outputs and environmental improvement:
International evidence. Technological Forecasting and Social Change, 128:46-55.

Omri, A. and Afi, H. (2020). How can entrepreneurship and educational capital lead to
environmental sustainability? Structural Change and Economic Dynamics, 54:1-10.

Parker, C. F., Karlsson, C., and Hjerpe, M. (2015). Climate change leaders and follow-
ers: Leadership recognition and selection in the UNFCCC negotiations. International
Relations, 29(4):434-454.

Perez, C. (2016). Capitalism, technology and a green global golden age: The role of
history in helping to shape the future. Rethinking Capitalism: Economics and Policy
for Sustainable and Inclusive Growth, 1:191-217.

Philip, L. D., Emir, F., and Alola, A. A. (2022). The asymmetric nexus of entrepreneur-
ship and environmental quality in a developing economy. International Journal of
Environmental Science and Technology, 19(8):7625-7636.

Popp, D. (2012). The role of technological change in green growth. NBER Working
Paper, No 18506.

Porter, M. E. and Linde, C. v. d. (1995). Toward a new conception of the environment-
competitiveness relationship. Journal of Economic Perspectives, 9(4):97-118.

Praveen, B., Rath, B. N., and Akram, V. (2025). A new way of thinking about the
nexus between green energy and green economic growth: The mediating role of green
finance and green technology. Journal of Environmental Management, 390:126235.

Reilly, J. M. (2012). Green growth and the efficient use of natural resources. Energy
Economics, 34(1):585-S93.

Riti, J. S., Dankumo, A. M., and Gubak, H. D. (2015). Entrepreneurship and environ-
mental sustainability: Evidence from Nigeria. Journal of Economics and Sustainable
Development, 6(8):130-140.

Roodman, D. (2009). A note on the theme of too many instruments. Ozford Bulletin of
Economics and Statistics, 71(1):135-158.

Sagar, A. D. and Chandra, P. (2004). Technological Change in the Indian passenger car
industry. BCSIA Discussion Paper 2004-05, Energy Technology Innovation Project,
John F. Kennedy School of Government, Harvard University.

Saqib, N. and Usman, M. (2023). Are technological innovations and green energy pros-
perity swiftly reduce environmental deficit in China and United States? Learning from
two sides of environmental sustainability. Energy Reports, 10:1672-1687.

Sarros, J. C. and Santora, J. C. (2001). The transformational-transactional leadership
model in practice. Leadership and Organization Development Journal, 22(8):383-394.

Saul, U. and Seidel, C. (2011). Does leadership promote cooperation in climate change
mitigation policy? Climate Policy, 11(2):901-921.



118 Tang, Muhammad

Schmalensee, R. (2012). From “green growth” to sound policies: An overview. Energy
Economics, 34(1):52-S6.

Shafik, N. and Bandyopadhyay, S. (1992). Economic Growth and Environmental Quality:
Time-Series and Cross-Country Fvidence, volume 904. World Bank Publications.

Shahbaz, M., Ozturk, 1., Afza, T., and Ali, A. (2013). Revisiting the environmen-
tal kuznets curve in a global economy. Renewable and Sustainable Energy Reviews,
25:494-502.

Shepherd, D. A. and Patzelt, H. (2011). The new field of sustainable entrepreneurship:
Studying entrepreneurial action linking “what is to be sustained” with “what is to be
developed”. Entrepreneurship Theory and Practice, 35(1):137-163.

Sohag, K., Tagkm, F. D., and Malik, M. N. (2019). Green economic growth, cleaner
energy and militarization: Evidence from Turkey. Resources Policy, 63:101407.

Sun, L., Fang, S., Igbal, S., and Bilal, A. R. (2022). Financial stability role on cli-
mate risks, and climate change mitigation: Implications for green economic recovery.
Environmental Science and Pollution Research, 29(22):33063-33074.

Tang, C. F., Abosedra, S., and Naghavi, N. (2021). Does the quality of institutions
and education strengthen the quality of the environment? Evidence from a global
perspective. Energy, 218:119303.

Tang, C. F. and Lim, Y. S. (2024). The effects of telecommunication technology and
leadership quality on private consumption in Malaysia. International Social Science
Journal, 74(253):895-909.

Tang, C. F. and Salisu, M. (2021). Re-visiting the finance-growth nexus in developing
countries: Does the quality of leadership matter?  Empirical Economics Letters,
20(4):522-529.

Tang, C. F. and Salisu, M. (2023). A note on national leadership and technology in
moderating finance-growth nexus. Economics and Business Letters, 12(1):68-74.

Tawiah, V., Zakari, A., and Adedoyin, F. F. (2021). Determinants of green growth in
developed and developing countries. Environmental Science and Pollution Research,
28(29):39227-39242.

UNEP (2011). Towards a Green Economy: Pathways to Sustainable Development and
Poverty Eradication — A Synthesis for Policy Makers. United Nations Environment
Programme.

United Nations (2012). The Future We Want: Outcome Document of the United Nations
Conference on Sustainable Development. United Nations.

Utting, P. (2012). Green Economy: The New Enemy? United Nations Research Institute
for Social Development. [Online]. Available: https://www.unrisd.org/en/library/
blog-posts/green-economy-the-new-enemy.

Venancio, A. and Pinto, I. (2020). Type of entrepreneurial activity and sustainable
development goals. Sustainability, 12(22):9368.

Woode, J. K. (2024). Green finance and green growth: A systematic literature review
on awareness, existing channels, instruments, and techniques. Development and Sus-



Electronic Journal of Applied Statistical Analysis 119

tainability in Economics and Finance, 1:100004.

Wu, Y., Zhu, Q., and Zhu, B. (2018). Comparisons of decoupling trends of global eco-
nomic growth and energy consumption between developed and developing countries.
FEnergy Policy, 116:30-38.

Xu, J., She, S., Gao, P., and Sun, Y. (2023). Role of green finance in resource efficiency
and green economic growth. Resources Policy, 81:103349.

Yang, Q. and Song, D. (2019). How does environmental regulation break the resource
curse: Theoretical and empirical study on China. Resources Policy, 64:101480.

Yao, M., Di, H., Zheng, X., and Xu, X. (2018). Impact of payment technology innovations
on the traditional financial industry: A focus on China. Technological Forecasting and
Social Change, 135:199-207.

Yoshino, N., Schloesser, T., and Taghizadeh-Hesary, F. (2021). Social funding of green
financing: An application of distributed ledger technologies. International Journal of
Finance and Economics, 26(4):6060-6073.

Youssef, A. B., Boubaker, S., and Omri, A. (2018). Entrepreneurship and sustainability:
The need for innovative and institutional solutions. Technological Forecasting and
Social Change, 129:232-241.

Zhang, D. (2021). Green credit regulation, induced R&D and green productivity: Re-
visiting the Porter hypothesis. International Review of Financial Analysis, 75:101723.

Zhang, Y., Liu, Z., and Baloch, Z. A. (2022). Combining effects of private participa-
tion and green finance for renewable energy: Growth of economy as mediating tool.
Renewable Energy, 195:1028-1036.

Zhou, N., Levine, M. D., and Price, L. (2010). Overview of current energy-efficiency
policies in China. Energy Policy, 38(11):6439-6452.

Zhou, X., Tang, X., and Zhang, R. (2020). Impact of green finance on economic de-
velopment and environmental quality: A study based on provincial panel data from
China. Environmental Science and Pollution Research, 27(16):19915-19932.

Zolesdk, D. (2015). The effect of political leaders on economic growth through institu-
tional change. Romanian Economic Journal, 18(58):175-190.



