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Abstract: This study aims to investigate the influence of various economic, environmental, and social factors
on sustainable development, with a specific focus on the impact of green technology and climate change
adaptation. A panel dataset comprising 38 OECD member countries from 1990 to 2020 is employed, and a series
of dynamic panel data models are estimated using the system generalized method of moments (GMM)
approach. Numerous covariates, such as globalization, socio-economic conditions, economic and political
values, climate and technological progress, and environmental determinants, are examined. The empirical
findings highlight the significant role played by macroeconomic, institutional, social, and government policy-
related factors in sustainable development. More importantly, our results provide novel and robust evidence
that the diffusion of green technology and climate change adaptation positively affect green growth. The
study's empirical outcomes are demonstrated to be robust to misspecification errors and statistically significant
at traditional significance levels. These findings carry substantial policy implications for the development and
implementation of strategies that promote climate change adaptation and green innovation. Consequently,
policymakers should prioritize the integration of green technology and adaptive measures in their sustainable
development agendas to foster a greener, more resilient future.
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1. Introduction

Over the past decade, the challenges associated with technology diffusion have increasingly
intensified discussions on environmental economics and policy. Numerous environmental issues,
including climate change and air pollution, have been addressed through the development and
dissemination of green (eco-friendly) technologies. Moreover, these technologies can be influenced
by a variety of factors, such as economic, social, and political considerations [1-3]. Although
investment in green technologies can mitigate the potential risks of environmental degradation and
climate change, it is crucial to examine novel economic models and a diverse set of factors in order to
effectively tackle these challenges. Consequently, a more recent objective on the global agenda is the
establishment of a “green economy” that encapsulates the notion of sustainable development.

In recent years, the advancement of green technology diffusion has emerged as a critical aspect
in the formation of green growth models and strategies [1]. As these green technologies gain
prevalence, they facilitate the shift towards a more sustainable and environmentally conscious
economy. The propagation of green technology is driven by an array of factors, encompassing
technological innovation, economic incentives, policy structures, environmental concerns, and socio-
economic elements [1,4-6]. Conversely, the progression of green technology diffusion is also shaped
by the emergence of novel economic models and frameworks that strive to incorporate
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environmental considerations into economic growth. The perspective presented by Brock and Taylor
[7] elaborates on the Green Solow model, which focuses on CO2 emission patterns and their
underlying mechanisms, as a structural extension of the traditional Solow model. Indeed, Brock and
Taylor [7] proposed the Green Solow model to demonstrate the relationship between environmental
damage and economic growth. Consequently, they employed the neoclassical Solow growth model
as a foundation for their investigation of the impact of economic activity on carbon emissions.
Subsequently, Stefanski [8] incorporated pollution accounting into the green growth theoretical
framework, focusing on the interplay between economic growth and carbon emissions.

From a theoretical perspective, earlier studies have proposed models to examine the dynamic
implications of green growth on economic development and sustainability. Huang and Quibria [9]
suggest that a theoretical framework for green growth elucidates the manner in which
environmental, social, political, and economic factors influence the green growth process. In contrast,
Popp [10] highlights the impact of technology transfer on advancing green growth by reducing the
cost of environmental protection and promoting the diffusion of green technologies. Consequently,
they emphasize the crucial role of economic and policy incentives, financial constraints, technological
advancements, and research and development (R&D) activities in fostering green growth. Dinda [11]
introduces a theoretical model for green growth to explore the enhancement of natural resources in
order to facilitate sustainable development. This model posits that reducing waste, pollution, and
greenhouse emissions, safeguarding biodiversity and ecosystems, and conserving natural resources
can bolster sustainable development and economic growth.

In recent years, the primary effects of globalization on the environment, particularly in relation
to green growth, have been extensively discussed by numerous studies. There are several ways in
which globalization and green growth intersect. On the one hand, globalization has the potential to
promote the dissemination of green technologies and practices, aiding countries in transitioning
toward more sustainable forms of economic growth. Xia et al. [12] investigate the influence of
globalization on environmental performance and discover a significant positive relationship between
globalization and CO2 emissions. Furthermore, Bilal et al. [13] analyze the association between green
technology innovation, CO2 emissions, and globalization, revealing that globalization exhibits a
positive and significant interaction with CO2 emissions. Conversely, their findings also demonstrate
that the combined impact of technology innovation and globalization as a moderating effect yields a
significant and negative influence on CO2 emissions. Although its responsibility may be indirect,
globalization has played a role in exacerbating the substantial environmental degradation we
currently face. Consequently, if properly managed, globalization has the potential to serve as a
catalyst for green growth.

Against this backdrop, the present study examines the impact of various macroeconomic factors
at the national level, which may potentially influence the green growth. While certain determinants,
such as the general trend in green technology diffusion and climate change adaptation, have been
previously assessed in distinct models, there are theoretical grounds to consider their significance in
relation to the green growth. In this study, we explore the following aspects as potential causative
factors for the green growth: economic performance, globalization, green technology diffusion,
climate change adaptation, and institutional and environmental values. A number of these factors,
including foreign direct investment, economic growth, institutional quality, CO2 emissions,
population, energy consumption, and green technology diffusion, have been investigated within the
contexts of environmental sustainability and the determinants of green growth. However, few
studies have specifically incorporated globalization, climate change, and climatic variables as
determinants of the green growth (refer to, for instance, [14-18]). To the best of the authors’
knowledge, no other research has evaluated the impact of these factors on the green growth.
Furthermore, this study encompasses the most comprehensive collection of determinants for green
growth. The investigation also employs dynamic panel data models, utilizing the system GMM
approach to demonstrate the significant role of these determinants in green growth. The results are
consistent with the model specifications. Additionally, this study enhances the existing body of
empirical literature. Consequently, a green growth model has been developed, incorporating factors
such as per capita income, government stability, the effects of globalization, climate change
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adaptation, foreign direct investment, carbon emissions, environmental performance, environment-
related tax revenue, technology diffusion, and climatic variables.

The aims of this paper can be delineated into three primary objectives: (i) to investigate the
economic, social, political, technological, and environmental factors influencing the green growth in
38 OECD countries; (ii) to address a significant knowledge gap by exploring whether the impacts of
globalization, green technology diffusion trends, and climate change adaptation also contribute to
the processes underlying green growth; and (iii) to employ various dynamic panel data models,
utilizing the system GMM approach, in order to demonstrate that these factors indeed play a
substantial role in the diffusion process of the green growth.

This study makes several contributions to the existing literature by introducing new dimensions
to green growth. First, in contrast to previous research, we incorporate the factors of globalization,
climate change adaptation, and green technology diffusion as the primary determinants of the green
growth. Secondly, we enhance prior studies by presenting a comprehensive set of criteria that may
influence the process of green growth. While the majority of countries have exhibited only limited
progress in climate change and green technology, the adaptation and diffusion of these aspects have
been experienced in virtually every nation. Such advancements should not be examined
independently from a country’s technological, environmental, and economic performance. Third, we
expand upon earlier research by including an extensive array of factors that may impact the green
growth, encompassing per capita income, government stability, the effects of globalization, climate
change adaptation, foreign direct investment, carbon emissions, environmental performance,
environment-related taxes, technology diffusion, and climatic variables. Last, in contrast to prior
research, we employ dynamic panel data models over an extended time period, enabling us to
account for slow adjustments and lagged effects.

Our empirical findings reveal that variables relating economic, social, environmental, and
technological, political, and institutional dimensions are considered as determinants of green growth
in the OECD counties. Particularly, the study investigates potential determinants of green growth,
estimating six separate models to assess their effects. The results reveal positive relationships
between green growth and factors such as green technology diffusion, economic growth, climate
change adaptation, foreign direct investment, and government stability. Additionally, the findings
highlight the importance of environmental sustainability alongside economic growth, with carbon
emissions being a major contributor to climate change. Technology transfer and environmental
policies also play significant roles in achieving green growth. Our results indicate a favorable
association between green technology diffusion, economic growth, and climate change adaptation
with green growth, which is vital for achieving environmental sustainability. Thus, our results
emphasize that green technologies play a role in lowering greenhouse gas emissions and mitigating
other environmental consequences while concurrently providing economic benefits such as enhanced
efficiency and productivity. Overall, the study emphasizes the need for a comprehensive approach
to green growth, incorporating economic, technological, institutional, and environmental variables.
The results of this study bear significant policy implications, as they indicate that unfavorable macro-
level circumstances at the country level may hinder the implementation of green policy and green
growth initiatives aimed at promoting climate change adaptation and the diffusion of green
technology.

The remainder of this paper is structured as follows: Section 2 provides a review of the existing
literature. Section 3 elaborates on the empirical methodology and data employed in the study. Section
4 presents the empirical findings, and finally, Section 5 offers concluding remarks.

2. Literature review

In the process of green growth, the development of income and employment is driven by public
and private investments that aim to reduce carbon emissions and pollution, enhance energy and
resource efficiency, and prevent the loss of biodiversity and ecosystem services. According to the
Porter hypothesis, there is a direct relationship between green technology, green growth, and the
implementation of environmental protection regulations by the government. The transition towards
more environmentally friendly economies is already underway, fueled by economic considerations
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and government policies. Consequently, green growth strategies have started to supersede
sustainable development debates at both national and international levels.

Theoretically, Popp [10] addresses the impact of technology transfer on the advancement of
green growth through the reduction of environmental protection costs and the improvement of green
technologies. Additionally, he underscores the pivotal role of policy incentives, financial constraints,
technology transition, and R&D activities in fostering green growth. Conversely, Hoffmann [19]
investigates the influences of population growth, technological innovation, economic development,
and policy constraints on green growth. His research indicates that the equitable distribution of
income and wealth, reduction of greenhouse gas (GHG) emissions, mitigation of climate change,
promotion of innovation, and implementation of structural adaptations are fundamental to the green
growth process.

The first strand of empirical literature is primarily concerned with the relationship between CO2
emissions and GDP growth, given the increasing focus on environmental issues. Antal and Van Den
Bergh [20] explore the association between CO2 emissions and GDP growth, with their findings
highlighting the necessity of mitigating climate and environmental degradation and reducing
dependence on development to achieve both environmental and economic objectives. Similarly, Aye
and Edoja [21] employ a dynamic panel model to investigate the relationship between economic
growth and CO2 emissions across 31 emerging economies. Their results reveal that economic growth
exerts a negative influence on CO2 emissions in the low-growth regime and a positive influence in
the high-growth regime, suggesting that the findings do not support the Environmental Kuznets
Curve (EKC) hypothesis. Furthermore, the study concludes that causal relationships exist between
economic growth, energy expenditure, financial development, and CO2 emissions. Subsequently,
Chin et al. [22] utilize autoregressive distributed lag (ARDL) modeling to assess the impacts of CO2
emissions on green growth and sustainable development in Malaysia between 1997 and 2014.
According to their findings, a positive correlation exists between economic growth and carbon
emissions.

Furthermore, Chang and Hao [23] employ a panel GMM model with data from 2002 to 2012 to
investigate the relationships between economic development, the environmental performance index,
and the International Country Risk Guide's corruption index. Their findings reveal a positive
correlation between economic growth, enhanced environmental performance, and reduced
corruption, leading to economic expansion. Additionally, Zmami and Salha [24] assess the impacts
of economic growth, urbanization, trade, investment, and energy consumption on CO2 emissions in
Gulf Cooperation Council (GCC) countries over the period from 1980 to 2017, utilizing the panel
ARDL approach. They discover that economic growth, energy consumption, urbanization, and
foreign direct investment (FDI) exert positive effects on CO2 emissions in the long term.

In the second strand, numerous studies have concentrated on the determinants of green growth,
encompassing economic, social, political, and environmental factors. Fernandes et al. [17] primarily
analyze the effects of green growth on economic growth using dynamic panel techniques and a cross-
country OECD dataset spanning 1990 to 2013. Their findings suggest that the transfer of sustainable
technology promotes green growth, which is positively correlated with economic growth. You and
Huang [25] investigate the determinants of green growth in China from 1998 to 2011 by employing
the dynamic panel data estimation approach. They propose that China’s green growth can be
enhanced through innovation, reforms, quality, and productivity. However, only political changes
may hinder the progress of China’s green growth.

Similarly, Feng et al. [26] construct a green development performance index (GDPI) to analyze
the factors of green growth in 165 countries between 2000 and 2014 using the data envelopment
analysis (DEA). They suggest that an increase in GDPI is associated with a rise in energy structure,
living altitude, and a decline in ecological carrying capacity. However, financial crises exert a
detrimental influence on GDPI. Lastly, Tawiah et al. [14] employ fixed effect estimates to examine the
factors of green growth in both developed and developing nations from using annual panel data from
2000 to 2017. According to their empirical results, economic development exhibits a favorable and
robust association with green growth in both groups of nations. They observe mixed results among
developed and developing countries. The relationships between internationalization drivers of green
growth, trade openness, and FDI with green growth are negative and insignificant for developed
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countries, while trade openness and FDI have a negative and significant impact on developing
countries. Furthermore, the influence of institutional quality on accelerating green growth is
insignificant in both industrialized and developing countries and are not crucial drivers of green
growth. Additionally, they find that increasing energy usage correlates with a decline in green
growth. This finding aligns with the results of Frankel et al. [27], who concluded that FDI had a
negative influence on green growth. This conclusion, however, contradicts the findings of Dean et al.
[28], which demonstrate that FDI has a favorable relationship with green growth in China.

Among recent studies, Capasso et al. [29] conduct a survey analysis of 113 contemporary papers
to investigate the connections between green growth, innovation, environmental issues, and
economic growth. The findings emphasize the necessity for novel technology, new formal
institutions, a theory-based approach, well-designed information systems, and government
structures to independently predict environmental trends and minimize obstacles to green growth.
Conversely, Yuan and Xiang [30] utilize panel data from Chinese industrial sectors between 2003 and
2014 to examine the influence of environmental legislation on technological innovation and green
growth. Their findings reveal that environmental regulation, according to their research, exerts a
detrimental effect on R&D expenditures and patents. Meng et al. [31] analyze the relationships
between green technology innovation, environmental legislation, green dynamism, and smart
manufacturing upgrading in China from 2015 to 2018. Their findings indicate a favorable impact of
environmental regulations on green technology innovation.

Another strand in the literature explores the relationship between various measures of green
growth and globalization. Zafar et al. [32] investigate the effects of globalization, using indicators
such as research and development (R&D), open trade, and FD], on green growth in OECD economies
by applying the Pedroni cointegration test using data from 1991 to 2015. According to their
estimations, both open trade and FDI have significant positive impacts on green growth in the short
and long run; however, R&D expenditures exhibit a significant negative impact on green growth. In
recent research, Xia et al. [12] examine the influence of globalization on environmental performance
in wealthy and developing nations using GMM estimates and data spanning from the years from
1971 to 2018. Their estimates reveal a considerable positive correlation between globalization and
CO2 emissions, with GDP growth contributing to an increase in CO2 emissions.

The theoretical and empirical literature encompasses green investment indicators and economic
outputs resulting from green growth. In this context, green growth refers to an economy
characterized by minimal carbon emissions, environmental quality and efficiency, natural capital,
resource efficiency, and social inclusion [33]. Brock and Taylor [34] conduct a theoretical and
empirical analysis of the relationship between the EKC and the Solow model, using data on CO2
emissions, population, and investment share of GDP from 1960 to 1998. They construct a modified
Solow model that integrates green technology to enhance environmental quality and develop their
empirical model, known as the green Solow model, which provides new insights into the relationship
between economic growth and environmental quality. Huang and Quibria [9] investigate the impact
of innovation and finance on the green development process both theoretically, by establishing the
Green Solow growth model, and empirically, by calculating the green growth index for 42 countries
from 1990 to 2009. Their theoretical and empirical findings demonstrate a convergence of green
growth among the sample nations and underscore the significance of government policies, financial
performance, and external shocks in managing green growth. Furthermore, Jadoon et al. [35] assess
the influence of green growth on the stability of the financial sector in 90 economies between 2010
and 2015 using the two-step system GMM approach. According to their findings, green growth
exhibits a positive association with a country’s financial stability.

Nonetheless, environmental degradation and extreme weather events resulting from climate
change exacerbate the challenges associated with transitioning to green growth. To achieve
sustainable environmental and developmental goals, it is crucial to establish policies that encourage
the development of eco-friendly technologies. In order to enhance green technology, researchers have
also explored the impact of CO2 emissions, environmental legislation, green goods, green patents,
environmental performance, climatic conditions, and environmental and resource productivity on
green growth. The results are consistent with prior research (see, for example, [16,18,21,23,30,36]). In
conclusion, these studies underscore the importance of reducing environmental costs and hazards,
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fostering environmental awareness, ensuring energy security, and mitigating environmental
pollution.

From this literature review, it is evident that addressing the diffusion of green technologies and
climate change adaptation from the perspective of globalization is essential for promoting green
growth and a low-carbon environment. In this study, we build upon previous research by
introducing new dimensions of the green growth. Furthermore, we expand upon past studies by
incorporating a wide array of determinants that may influence the green growth.

3. Methodology and data

3.1. Dynamic panel data model

This study employs an annual panel dataset spanning from 1990 to 2020, encompassing 38
OECD member countries. The primary objective of the study is to scrutinize the dynamic and causal
interrelationships among various factors, including globalization, economic, technological, political,
and environmental variables, as well as the progress in green growth. Due to the nature of the data
and estimated models, it is essential to consider factors such as model specification issues,
autocorrelation, nonstationarity, heteroscedasticity, heterogeneity, and cross-section dependency in
the analysis. Given that the unit root tests demonstrate the stationarity of the variables under
consideration, this study examines the associations between the green growth index and its
determinants by employing dynamic panel data estimation methods.

In prior literature, dynamic panel models have been employed to investigate various empirical
determinants related to achieving environmental sustainability (refer to [4,13,22,37—42], for instance).
The present study broadens the scope of analysis to encompass the effects of globalization, climate
conditions, technological advancements, income levels, environmental policies and performance,
economic aspects, political factors, and socioeconomic elements on green growth in select economies.
Consequently, this research introduces novel inquiries regarding the impacts of technological,
political, social, environmental, and economic components on the dissemination of green technology.
Furthermore, the investigation is conducted using a dynamic system GMM model, rather than
employing static models such as the fixed effects model. Thus, this study offers a fresh perspective
on the influence of globalization, climatic conditions, technological diffusion, and various economic,
political, social, and environmental factors on the expansion of green growth.

The most general representation of the model employed in this study is as follows:

ggil,’t = f(gdpi,t,gloi’t, fdii't,govi,t, COz i ¢ gtdi,t,

CCtig,epi, , tax;y, taige, pop, ,temp, ) + € ¢

1)

where represents the green growth index, which is specified as a function twelve distinct variables.
These variables include per capita gross domestic product (gdp), purchasing power parity (ppp),
globalization index (glo), foreign direct investment (fdi), green technology diffusion (gtd), climate
change adaptation (cct), carbon emissions measured in metric tons per capita (COz), environmental
performance index (epi), environmentally-related taxes (tax), technology achievement index (tai),
population growth (pop), and temperature levels (temp). All variables are expressed in terms of their
natural logarithms. In this equation, time is denoted by t = 1,2, ..., T, representing years, while i =
1,2, ..., N signifies the countries under consideration.

The relationship between the dependent variable and the independent variables is presumed to
be log-linear. As a result, the particular formulation of the dynamic panel model can be articulated
as follows:
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P
ln(ggil,’t) =+ Zjﬂpjln(ggii’t_j) +aq ln(gdpi't) + azln(gloi’t) + a3ln(fdii’t)
+ auln(gov, ) + as ln(cozi t) + agln(gid, ) + azIn(cct; ) 2)

+ agln (epiit) + ag ln(taxl-,t) + aq ln(taii't) + aqq ln(popl, t)
+agp In(temp, ) + &

where p is the autocorrelation order, In denotes natural logarithm, and the error term ¢;, has two
orthogonal components: &, = 1; + v;; with n; denoting the time-invariant country specific effect
and v;, denoting idiosyncratic shocks, that is E(n;) =0, E(v;,)=0, and E(mv;)=0.
Furthermore, the errors v;, are not autocorrelated, that is E(v;,v;5) =0 for t #s. Under these
assumptions, and with the supplementary premise that no further sources of endogeneity are
present, a regressor can be utilized as an instrument for itself within the GMM estimation. This
approach obviates the need for variable transformation or model modification.

The application of the GMM approach for estimation is faced with two critical challenges: the
proliferation of instruments and serial autocorrelation of error components. These issues become
more pronounced in panel datasets consisting of samples with an extended time period and a limited
number of individuals. The expansion of instruments refers to the presence of increasingly
sophisticated tools in the model. This results in overidentification due to the incorporation of
additional instrumental variables at various levels and differences. To ascertain the adequacy of the
sample size and the potential for overidentification stemming from the number of instruments
employed, the Sargan test [43] helps to ascertain whether the excess instruments are indeed valid and
contribute to the overall explanatory power of the model.

Due to the presence of a considerable and statistically significant correlation among the variables
glo, gtd, gdp, tai, and epi, it is not feasible to estimate the entire model as presented in Equation (2).
As a result, we impose several restrictions on Equation (2) and estimate five alternative specifications
of the general model. Table 1 outlines these models and their corresponding constraints imposed on
Equation (2). In the process of excluding a variable or a set of variables, we take into account three
main considerations. First, we assess whether any of the remaining index variables within the model
incorporate the excluded variable as a component. Second, we evaluate whether the excluded
variable potentially measures the same underlying concept that another variable in the model already
captures. Lastly, we examine the presence of a high correlation between certain variables, which may
give rise to severe multicollinearity issues.

Table 1. Model specifications.

Model
Exclusion restriction ~ Excluded variables Implied relationship

name

Model1 @3 = 4 = a5 = ag fdi, gov, co, epi, tax, tai gegi = f(gdp, glo, gtd, cct, pop,
Model2 %4 = a5 = Qg gov, oz, epi, tax, tai 88l = f(gdp, glo, gtd, fdi, cct, pop,
Model 3 @2 = @5 = Qs glo, coz, epi, tax, tai 88l = f(gdpf gtd, cct, fdi, gov, pop,
Model 4 %2 = @7 glo, cct, epi, tax, tai ggi = f(gdp, gtd, £di, gov, coz, pop,
Model5 a,=as=0 glo, con ggl = f(gdp, gtd cct, £di, gov, epi,
Model 6 a, = 0 glo gg1 = f(gdp, gtd cct, fdi, gov, co,

Upon estimating each model utilizing the two-step system GMM technique, we perform three
crucial diagnostic tests. The first diagnostic is the Sargan-Hansen J-test of overidentifying constraints,
employed to ascertain the validity of the instruments used in the model. Subsequently, we conduct
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the first-order [AR(1)] and second-order [AR(2)] autocorrelation tests, which serve to determine
whether an adequate number of lags have been incorporated to account for the presence of
autocorrelation.

3.2. Data

The dataset required for this study has been obtained from diverse sources. The green growth
indicators database encompasses innovations pertaining to environmental protection and climate
change adaptation technologies. This dataset can be further divided into three sub-components:
environmental management, water-related adaptations, and technologies aimed at mitigating the
impacts of climate change. We use the green growth index, which is derived from OECD statistics
based on patent application data, as a measure of green growth. The OECD green growth indicators
are structured around five primary objectives, with each indicator being selected based on well-
defined criteria and incorporated into a conceptual framework. This framework is organized into five
groups in order to capture the essential aspects of green growth. These include environmental and
resource productivity, the natural asset base, the environmental dimension of quality of life,
economic opportunities and policy responses, and the socio-economic context, which encompasses
population and growth characteristics. Figure 1 illustrates a time series plot of the average green
growth index levels for the 38 OECD countries between 1990 and 2020.

4.10
4.00
3.90

3.80

3.40
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Figure 1. Time series plot of the average green growth index, 1990-2020. Source: Author’s own
calculations.

The globalization index employed in this study is sourced from the KOF Globalization Index
database, which provides an average measure of the economic, social, and political dimensions of
globalization. Another variable utilized for assessing the innovation performance of countries and
companies, as well as for guiding the development of environmental and innovation policies for
governments, is the climate change adaptation dataset. This dataset is derived from OECD statistics
and is based on patent applications. Economic growth is measured using gross domestic product
(GDP) per capita, with purchasing power parity (PPP) values obtained from the World Development
Indicators (WDI) database, developed by the World Bank. Additionally, the WDI database is used to
compute CO2 emissions in tons per capita, as well as to obtain data on foreign direct investment (FDI)
and population growth. Environmentally related tax revenues are sourced from the OECD statistics
database.

The variable concerning government stability is extracted from the Political Risk Services (PRS)
Group database, with index values ranging from 1 to 10—a higher index value indicates more
favorable outcomes. Furthermore, country-level climate data, including temperature, are acquired
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from the World Bank Group’s Climate Change Knowledge Portal. The environmental performance
index comprises a data cluster consisting of 25 indicators and 10 policy categories. These policies
pertain to environmental burden of disease, water (effects on human health), air pollution (effects on
human health), water resources, biodiversity and habitat, forestry, fisheries, agriculture, and climate
change. All data we employ are in natural logarithms.

Table 2 presents the descriptive statistics for all variables, encompassing the total number of
observations (Obs), as well as their mean, standard deviation, minimum, and maximum values. The
first column of Table 1 provides the variable names corresponding to the logarithmic levels.

Table 2. Descriptive statistics.

Variable Obs Mean Std. Dev. Min Max
lggi 1,178 3.895 0.582 1.904 5.509
1gdp 1,178 4.356 0.300 3.239 5.083
Iglo 1,178 1.875 0.067 1.616 1.959
1fdi 1,178 2.259 0.097 1.841 2.474
1gov 1,178 0.876 0.090 0.477 1.045
Ico 1,178 0.842 0.253 0.080 1.438
1gtd 1,178 3.461 1.031 0.301 5.713
lect 1,178 1.578 1.045 0.001 3.952
lepi 1,178 1.796 0.072 1.502 1.958
Itax 1,178 0.361 0.180 0.000 1.819
1tai 1,178 0.334 0.113 0.093 0.820
Ipop 1,178 7.087 0.656 5.406 8.518
Itemp 1,178 1.135 0.226 0.000 1.485

Note: Obs. is the number of observations, Min is the minimum, Max is the maximum, while Std. Dev. denotes
the standard deviation.

To assess the correlation coefficient estimates between the independent and control variables,
Table 3 displays the results of the Pearson pairwise correlation matrix for these variables. The
correlation estimates help determine the degree of linear association among variables in the model,
which may aid in identifying potential multicollinearity.

The correlation coefficients for Igov and Itax exhibit a negative relationship with the green
growth index. Conversely, other independent variables demonstrate a positive correlation with the
green growth index. Moreover, several pairs of variables exhibit a high and positive correlation
coefficient. Some of these pairs include lggi and lgtd, 1ggi and 1tai, Iggi and Ipop, lgdp and lepi, lgdp
and Iglo, Igdp and Igtd, lgdp and lco, Iglo and Igtd, Iglo and lepi, Iglo and Itai, Ico and Igtd, 1co and
Itai, Igtd and Itai, and lcct and lepi.

Table 3. Pearson correlation coefficient estimates.

lggi lgdp Iglo Ifdi Igov  lco  Igtd  lcct lepi  Itax Itai  Ipop Iltemp
Iggi 1.00
lgdp 030 1.00
Iglo 027 076 1.00
1fdi 011 033 038 1.00
lIgov.  -006 005 0.09 003 1.00
Ico 012 051 042 -005 015 1.00
Igtd 073 054 060 018 0.04 044 1.00
lect 037 -019 -016 -017 014 015 025 1.00
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lepi 001 064 054 017 -008 0.22 032 -041 1.00

Itax -0.32 003 005 -007 003 002 -020 -0.07 010 1.00

Itai 040 058 054 007 014 045 064 014 036 -0.16 1.00

Ipop 088 -0.06 000 002 -013 -0.11 053 041 -0.20 -0.30 0.17 1.00

Itemp 016 -026 -0.26 020 -013 -0.33 -0.10 0.1 -0.27 -0.02 -0.33 0.30 1.00

Note: Boldface indicates significance at 1% level.

Table 4 presents the average values of the logarithmic levels of variables for each country over
the 1990-2020 period. The US, Japan, and Germany exhibit the highest mean values for the green
growth index, while Japan, the US, and Germany display the highest mean values for green
technology diffusion. Similarly, Belgium, Switzerland, and the Netherlands possess the highest mean
values for the globalization index. Furthermore, the US, Japan, and Korea hold the highest mean
scores for climate change adaptation.

Table 4. Mean of variables by country over the period of 1990-2020.

country lggi lgdp Iglo 1fdi lcct lepi Igtd 1lco 1gov Itax Itai Ilpop Iltemp
Australia 409 450 189 1029 263 179 393 122 089 033 033 732 146
Austria 385 415 193 977 226 185 386 089 088 037 033 692 105
Belgium 390 451 194 962 107 179 384 100 087 038 034 7.03 1.17
Canada 439 454 190 860 180 178 419 121 089 0.11 043 751 038
Chile 376 372 184 1051 080 166 3.61 064 088 010 026 721 115
Colombia 398 394 174 1034 140 178 207 022 085 017 018 7.62 147
Costa Rica 327 374 179 892 133 172 230 031 084 032 025 662 148
Czechia 372 434 189 1036 121 181 303 105 084 041 032 7.02 1.12
Denmark 3.69 453 193 10.88 180 1.82 381 093 087 063 037 674 1.08
Estonia 293 418 185 965 049 178 202 111 089 033 033 614 1.00
Finland 360 449 192 889 133 182 398 101 090 046 041 672 084
France 460 448 192 937 196 184 471 073 087 037 038 780 121
Germany 475 452 192 962 216 184 511 099 088 034 040 791 1.14
Greece 374 435 187 957 126 179 281 087 084 045 025 7.03 1.29
Hungary 361 421 189 935 167 176 314 072 086 045 026 700 121
Iceland 3.06 456 184 88 075 183 221 084 090 042 040 548 072
Ireland 362 456 192 970 086 178 339 09 088 038 032 662 112
Israel 366 443 185 1053 216 176 379 094 085 044 033 6.83 1.42
Italy 457 448 189 1055 150 184 429 082 082 051 029 7.77 1.23
Japan 490 448 184 897 294 181 564 097 087 019 047 810 1.19
Korea 433 411 183 998 269 170 214 034 084 037 024 768 122
Latvia 299 410 181 834 053 183 212 056 089 065 028 635 1.03
Lithuania 299 415 182 986 08 181 200 064 088 033 030 651 105
Luxembourg 339 482 191 1019 063 186 316 131 097 039 023 568 1.16
Mexico 451 411 178 958 227 169 287 061 086 025 021 802 146

Netherlands  4.11 456 193 10.03 160 183 435 103 088 054 038 721 1.16
New Zealand 347 441 187 9.68 178 182 316 089 086 016 031 6.61 1.17

Norway 372 462 192 948 184 185 357 094 087 044 042 6.67 075
Poland 409 416 18 863 180 181 351 092 084 036 031 7.58 1.12
Portugal 373 434 189 998 149 177 262 071 087 045 025 7.01 1.32
Slovakia 337 421 18 863 089 181 240 084 086 035 030 6.73 1.12
Slovenia 317 435 183 908 133 180 260 0.8 094 056 035 6231 1.15

Spain 437 440 190 806 19 179 377 079 086 028 032 7.64 1.29
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Sweden 384 454 193 1026 144 185 425 073 086 040 043 696 0.86
Switzerland 393 465 194 1079 125 190 441 072 095 021 039 6.88 0.98
Turkey 435 416 181 975 120 165 281 056 088 038 019 783 1.24
UK 459 448 193 930 205 183 457 091 088 039 041 779 1.10
us 538 462 189 938 29 177 549 126 090 007 072 847 1.20
Total 389 436 187 961 158 180 346 0.84 088 036 033 7.09 1.13

4. Empirical results and discussion

4.1. Empirical results

To investigate potential cross-sectional dependence, heterogeneity, and nonstationarity issues
in the data, we conducted several statistical tests addressing each of these concerns. Results for the
tests of cross-sectional dependence (CSD) are presented in Table 5. Cross-sectional dependence in
panel data sets arises when observations or units exhibit correlation or interdependence across the
cross-sectional dimension, potentially compromising the validity of statistical tests and yielding
incorrect inferences. To assess the presence of cross-sectional dependence, we employed three tests:
the Lagrange multiplier (LM) test proposed by Breusch and Pagan [44] the cross-sectional
dependence (CD) test developed by Pesaran [45], and Pesaran’s [46] LM cross-sectional dependence
(CDLM) test.

Our findings indicate that the null hypothesis of no cross-sectional dependence can be rejected,
revealing significant cross-sectional dependence in the data based on the p-values. This result
supports the alternative hypothesis that cross-sectional dependence exists among OECD countries.

Upon establishing the presence of cross-sectional dependence for the variables and models, we
proceeded to test for slope homogeneity. We employed two alternative tests for this purpose: Pesaran
and Yamagata’s [47] heteroskedasticity and autocorrelation consistent covariance (HAC) adjusted
truncated slope homogeneity test (Agac), calculated using Blomquist and Westerlund’s [48] HAC
adjustment, and its small-sample adjusted counterpart (Zadi’ Hac)- Both tests were conducted using
pooled ordinary least squares regressions with five distinct model specifications, each featuring lggi
as the dependent variable. While models 1 through 5 consistently included the variables Iglo, Igdp,
Ipop, and ltemp, they differed in terms of the additional independent variable incorporated, with
lect, 1co, lgov, lgtd, ltai, Ifdi, ltax, and lepi being introduced separately across the different
specifications.In order to check for the possible cross-sectional dependence, heterogeneity, and
nonstationarity issues, we report relevant statistical tests for each of these. The statistical tests for
cross-sectional dependence (CSD) are reported in Table 5. Cross-sectional dependence in a panel data
set refers to the presence of correlation or interdependence between the observations or units across
the cross-sectional dimension of the data. This can occur when the observations are not independent
of each other, which can affect the validity of statistical tests and lead to incorrect conclusions. To
find the estimated results of the tests for cross-sectional dependence have been used three tests; the
Lagrange multiplier (LM) test made by Breusch and Pagan [44], the cross-sectional dependence (CD)
test proposed by Pesaran [45] and the LM cross-sectional dependence (CDLM) test proposed by
Pesaran [46]. The findings of the tests reveal that the null hypothesis of no cross-sectional dependence
can be rejected and that a cross-sectional dependence exists with rejections at the traditional
significance levels based on the p-values reported in Table 5. The acceptance of the alternative
hypotheses provided evidence for the existence of cross-sectional support among OECD nations. The
detection of cross-sectional dependence in the panel data suggests that shocks originating in one of
the 38 countries may have propagated to the others due to their interconnectedness.

After the application of a cross-sectional dependency exists of the variables and models, the
findings of testing whether a slope homogeneity exists or not are given. Thus, there are two
alternative tests to determine slope homogeneity. The first test is by Pesaran and Yamagata’'s [47]
truncated slope homogeneity (Ayac) test with Blomquist and Westerlund’s [48] heteroskedasticity
and autocorrelation consistent covariance (HAC) adjustment. The second test is an adjusted version
of the Apac test for small samples, designated by (Zadj, nac). Each test is constructed using a pooled
ordinary least squares regression with five different model specifications. In each model, Iggi is the
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dependent variable. Moreover, each of the models 1 to 5 includes the variables lcct, 1fdi, 1glo, Igov,
Ipop, ltax, and ltemp, but each also includes one of the variables Ico, 1gdp, Iglo, Igtd, and ltai as
independent variable, respectively.

Table 5 also presents the results from the slope homogeneity test. This test examines whether
the relationship between variables remains consistent across all courtiers or if there are variations
that warrant consideration in the analysis. The null hypothesis of slope homogeneity across countries
is not rejected at all traditional significance levels by both regular and adjusted homogeneity tests,
implying that the slopes do not vary across countries. Consequently, the impact of independent
variables on economic growth appears to exhibit homogenous effects across the 38 countries under
investigation. These findings suggest that the dynamic GMM estimation can be conducted without
apprehension regarding slope heterogeneity, a crucial consideration as the GMM estimator becomes
inconsistent for dynamic panel models in the presence of slope heterogeneity.

Table 5. Cross-sectional dependence and slope homogeneity tests.

Test Statistic p-value Statistic p-value
Test in Model 1 Test in Model 4
LM 393.895* 0.000 299.657¢ 0.000
CD 128.57¢ 0.000 103.36* 0.000
CDum 19.011% 0.000 13.889°¢ 0.000
§H AC 0.832 0.406 0.588 0.556
Aagj, HAC 1.126 0.260 0.796 0.426
Test in Model 2 Test in Model 5
LM 366.4891 0.000 429.607* 0.000
CD 140.75* 0.000 93.16" 0.000
CDum 15.329t 0.000 9.623* 0.000
§H AC 1.103 0.270 0.251 0.802
Aagj, HAC 1.493 0.135 0.340 0.734
Test in Model 3
LM 290.148t 0.000
CD 67.66" 0.000
CDum 10.072* 0.000
§H AC -0.639 0.523
Aagj HAC -0.865 0.387

Note: Table reports cross-sectional dependence and slope homogeneity tests. Tests are based on a pooled
ordinary least squares regression. Dependent variable in each model is Iggi. * denotes significance at the 1%
level.

In light of the presence of cross-sectional dependence, this study employs second-generation
panel unit root tests, which offer more reliable, consistent, and robust inferences in this case . The
analysis aims to determine the stationarity of our variables using multiple panel unit root tests.
Second-generation unit root tests typically enhance the conventional unit root test by incorporating
cross-sectional dependence and additional variables or lags into the model, thereby improving the
test’s power and reducing the likelihood of false positive or false negative results. The tests employed
in this study include the cross-sectionally augmented Im-Pesaran-Shin test developed by Pesaran
[49], the modified cross-sectionally augmented Im-Pesaran-Shin tests proposed by Westerlund and
Hosseinkouchack [50], and the augmented Dickey-Fuller test also by Pesaran [51]. These tests are
denoted as CIPS, M-CIPS, and CADF, respectively.
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The outcomes of the second-generation panel unit root tests, presented in Table 6,
predominantly reject the unit root null hypothesis with both constant and constant-trend
specifications at the 1% and 5% significance levels. These findings indicate that all series are
stationary at the level, with the exception of Itax, for which the CIPS and CADEF tests do not firmly
reject the unit root null at a constant level. However, the M-CIPS test concurs that the ltax variable is
stationary at both constant and trend levels. Similarly, the lpop variable exhibits comparable

behavior.
Table 6. Panel unit root tests.

Tests with a constant Tests with a constant and trend
Variable CIPS M-CIPS CADF CIPS M-CIPS CADF
lggi -3.352 ¥ 12248 % -2.395 *** -3.719 *** -12.925 ** -2.871 **
lgdp -2.270 *¥* 11551 % -2.433 *** -2.383 * -16.114 ** -2.366 ***
Iglo -2.816***  -13.954 ** -2.101 ** -3.388 *** -21.116 ** -2.608 ***
1fdi -3.662 ***  -19.074**  -2.853 *** -3.941 *** -20.252 ** -4.257 **
lgov -3.125 % -10.881**  -2.848 *** -3.526 *** -11.771 ** -3.038 ***
Ico -2.077 * -11.144 ** -1.770 * -2.490 * -13.662 ** -2.060 *
Igtd -2.398 ¥+ 11.518**  -2.562 *** -2.543 * -15.726 ** -2.333 *
lepi -2.097 ** -19.129 **  -2.307 *** -3.947 ** -18.983 ** -2.322%
lect -2.322 12,127 ** -1.517 * -3.414 ** -13.117 ** -2.483 *
Itax -1.439 -13.554 ** -1.431 -1.824 * -15.120 ** -2.523 *
Itai -2.926 ** -13.772 ** -2.039 ** -2.666 ** -14.482 ** -2.478 *
Ipop -1.517 -14.184 **  -2.535 *** -1.563 * -12.410 ** -2.555 *
ltemp -4.963 *** 19404 **  -3.244 *** -5.380 ** -15.136 ** -3.632 ***

Note: CIPS is the cross-sectionally augmented Im-Peseran-Shin test of Peseran [49], M-CIPS is the modified CIPS
tests of Westerlund and Hosseinkouchack [50], and CADF is the augmented Dickey-Fuller test of Pesaran [51].
",and “denote the significance at the 1% and 5% levels, respectively. The null hypothesis for all tests is existence
of a unit root.

In alignment with model predictions, both country-time and fixed effects are observed, enabling
the model to address the issue of unobserved country-specific heterogeneity. We examine the
endogeneity of independent variables using the Durbin-Wu-Hausman technique, which applies two-
stage least squares (2SLS) to panel data, and find that some variables exhibit endogeneity. To account
for this, we follow Arellano and Bond’s [52] recommendation of transforming the specified equations
into first-difference estimators. Subsequently, we employ dynamic panel GMM estimators, which
effectively mitigate concerns related to serial correlation, endogeneity and heterogeneity in the
estimation process.

The two-step system GMM is a statistical method employed in commonly empirical estimation
of econometric models that entails estimating the model in two stages. First, a GMM estimator is
used, followed by the construction of a consistent estimator of the structural parameters. This
approach enhances the accuracy and reliability of the estimates. Prior to conducting empirical
estimation, two critical issues—proliferation of instruments and serial autocorrelation of error
components—are examined. Baltagi [53] contends that, in the presence of endogenous regressors, the
system GMM estimator possesses the most desirable attributes for stationary dynamic panels with
high cross-sectional (N) and short, fixed time (T) dimensions. This closely aligns with our context,
which features N = 38 and T = 30.

Table 7 presents the outcomes of the empirical analysis examining the relationship between
green growth and the explanatory variables under consideration. Standard errors for the parameter
estimates are displayed in parentheses beneath the corresponding estimates. For all estimated
models, the null hypothesis of valid over-identification restrictions is not rejected at any conventional
significance levels, thereby affirming the reliability of the instruments. Instrument proliferation does
not appear to pose a concern, as the total number of cross-sectional units across all models exceeds
the total number of instruments.
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Considering the characteristics of the panel data framework, the dynamic system GMM
estimation with one lag should not reject the existence first-order serial correlation according to the
Lagrange multiplier Arellano-Bond test [52] —LM-AR(1)—while rejecting the existence of second-
order serial correlation AR(2) as per the LM-AR(2) test. The results of the LM-AR(1) tests in Table 6
are all significant at the 1% level, corroborating the AR(1) specification. Conversely, several LM-AR(2)
tests are not significant at the 5% and 1% levels across all models, rendering the AR(2) specification
invalid. Consequently, all models are estimated with one lag of the dependent variable, signifying
that an AR(1) dynamic specification is adequate for capturing autocorrelation. In addition to these
observations, the Sargan test results do not reject the null hypothesis of valid over-identification
restrictions at any significance levels for all estimated models, thereby confirming the validity of the
instruments.

This study investigates the potential determinants of green growth, and six distinct models are
estimated to evaluate their effects. Table 7 summarizes the dynamic panel estimations for various
model specifications of the green growth index. The first model illustrates the influence of economic
performance, globalization, climate change adaptation, and green technology diffusion determinants
on the green growth process, incorporating control variables for population and temperature. The
coefficients of all determinants are positive and significant at all conventional significance levels,
signifying a positive association with the green growth index. Green growth emphasizes enhancing
economic productivity and efficiency while concurrently reducing the consumption of natural
resources and minimizing waste and pollution. The positive relationship between green technology
diffusion, economic growth, and climate change adaptation with green growth is crucial for realizing
environmental sustainability. Green technologies contribute to the reduction of greenhouse gas
emissions and other environmental impacts while simultaneously yielding economic advantages,
such as increased efficiency and productivity.

Furthermore, adopting green growth policies can facilitate adaptation to the consequences of
climate change, including rising temperatures and extreme weather events. For instance, investments
in infrastructure resilient to flooding and other extreme weather occurrences can shield communities
and businesses from the ramifications of climate change while concurrently yielding economic
advantages. The results reveal a positive association between temperature and green growth.

Model 2 evaluates the influence of foreign direct investment on the advancement of green
growth. The findings indicate a positive and significant relationship between foreign direct
investment and green growth across all significance levels. In fact, foreign direct investment can
foster green growth in several ways. First, it can grant access to capital, technology, and expertise
essential for devising and executing green growth strategies. Second, foreign direct investment
generates employment opportunities and stimulates economic growth, which can assist in amassing
the resources required for investing in green growth. Third, foreign direct investment promotes
international collaboration and partnerships, which can be instrumental in supporting green growth
initiatives.

In Model 3, the impact of institutional factors on the progress of green growth is examined. The
results reveal a positive relationship between government stability and green growth that is
statistically significant at all conventional significance levels. Consequently, a stable and effective
government can implement policies and regulations that encourage renewable energy, preserve
natural habitats, and curtail greenhouse gas emissions. Moreover, a stable and effective government
can facilitate the provision of essential infrastructure and services for sustainable development,
including education, healthcare, and access to clean water and sanitation.

Model 4 presents the estimations of the impact of carbon emissions on green growth. The carbon
emission coefficient is found to be positive and statistically significant at all conventional significance
levels. In fact, green growth denotes environmentally sustainable economic growth, while carbon
emissions are a primary contributor to climate change. A positive relationship between carbon
emissions and green growth suggests that economic growth and environmental sustainability might
be mutually exclusive. One rationale is that elevated levels of economic growth often result in
increased carbon emissions. Another reason is that carbon emissions are a significant driver of climate
change, which poses considerable risks to both economic growth and human well-being. Indeed,
Model 4 illustrates a trade-off relationship. As a country prioritizes achieving high levels of economic
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growth and enhancing its green growth index score, it may have fewer resources to allocate to climate
change adaptation measures. Additionally, escalating carbon emissions have a disastrous and
substantial influence on climate change adaptation. Consequently, mitigating carbon emissions is of
paramount importance in adjusting to the evolving climate.
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Table 7. Dynamic panel estimations (system-GMM) for various model specifications of green growth. 73
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 5
L.lggi 0.3581 *** 0.3619 *** 0.3734 *** 0.3683 *** 0.3681 *** 0.3655 *** :
(0.004) (0.012) (0.0073) (0.009) (0.0128) (0.012) -
Igdp 0.2288 *** 0.2293 *** 0.2581 *** 0.2630 *** 0.2447 *** 0.24864 *** (@)
(0.008) (0.005) (0.0075) (0.009) (0.0082) (0.0097) :
Iglo 0.2207 *** 0.1797 *** m
(0.004) (0.046) 3
1fdi 0.0027 *** 0.0011 *** 0.0057 *** 0.0026 *** 0.0055 *** 'Il
(0.000) (0.000) (0.000) (0.000) (0.001) M
Igov 0.0866 *** 0.0826 *** 0.0761 *** 0.0717 *** m
(0.004) (0.004) (0.0041) (0.0058) ﬁ
Ico 0.1679 *** 0.1343 *** O
(0.0126) (0.0124) —
Igtd 0.0404 *** 0.0412 *** 0.0452 *** 0.0375 *** 0.0402 *** 0.03434 *** g
(0.001) (0.002) (0.0028) (0.0026) (0.0015) (0.0025) )
lepi 0.05053 *** 0.04212 ** &
(0.0088) (0.0093) B
lect 0.0051 *** 0.0050 *** 0.0034 *** -0.00137 *** 0.0034 *** -0.0006 §
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) <
ltax 0.0778 *** 0.0517 *** =
(0.0091) (0.0113) B3
ltai 0.0664 *** 0.0712 ***
(0.0061) (0.0111)
Ipop 0.4574 ** 04519 *** 0.4456 *** 04577 *** 04710 *** 047578 **
(0.013) (0.0132) (0.0105) (0.0129) (0.0114) (0.1990)
ltemp 0.0932 ** 0.0925 *** 0.1042 *** 0.1188 *** 0.1038 *** 0.1173 * e
(0.002) (0.003) (0.004) (0.0082) (0.0042) (0.0107) =
Constant -2.401 *** -2.3303 ** 2.8978 *** -2.45663 *** 24345+ -2.5802 **+*
(0.1063) (0.1081) (0.006) (0.0787) (0.09461) (0.1173)
N 1140 1140 1140 1140 1140 1140
x? 673323.67 *** 436125.62 *** 154449.73 *** 417670.28 *** 56818.80 *** 61834.47 ***
LM-AR(1) -1.7725 -1.7781 % -1.7887 ** -1.7936 ** -1.7972 % -1.7937 **
LM-AR(2) 0.4035 0.4020 0.3368 031768 0.25976 0.2669
Sargan ] stat. 36.6705 36.6039 37.24119 36.66929 36.54309 36.60727

Note: Table reports system GMM estimates with Windmeijer-corrected standard errors in parentheses. N denotes number of observations, 62 denotes residual variance, x?

denotes Chi-square statistic for joint significance of all slope parameters, LM-AR(1) and LM-AR(2) denote Arellano-Bond test for first and second order serial correlation in

*

the first-differenced residuals, respectively. Sargan | stat is the Sargan test of the overidentifying restrictions. *, ™, and

#

” denote significance at 10%, 5%, and 1% levels,
respectively.
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Model 5 incorporates the environmental performance index, technology innovation, and
environmental taxes into the green growth model. Notably, the CO2 variable cannot be included in
this model due to the high correlation among these variables, stemming from the nature of the
economy or the inclusion of a variable in an index variable. For instance, carbon emissions (CO2)
constitute a sub-component of the EPI variable. The technology achievement index exerts a positive,
significant impact, and a substantial contribution to the green growth index. This highlights the role
of technology transfer in amplifying the effects of green growth among countries, as the development
and adoption of new technologies are instrumental in promoting sustainable economic growth.
Conversely, the environmental performance index and environmental taxes exhibit a positive and
significant correlation with the green growth index. These observations underscore the significance
of environmental concerns and policies in realizing green growth. Consequently, all variables in this
model contribute to the progress of green growth.

Lastly, Model 6 presents the most comprehensive model by incorporating all determinants into
a single equation, with the exception of globalization due to its high correlation with other variables.
The model combines economic, technological, institutional, and environmental variables. The results
are largely consistent with those obtained from individual equations. While carbon emissions have a
detrimental impact on climate change adaptation, as observed in Model 4, they exhibit a negative
and insignificant effect in Model 6. All other determinants contribute positively to the progress of
green growth. In terms of marginal effects, the combined equation in Model 6 reveals that the
variables exert greater marginal impacts compared to individual ones. We conclude that economic
growth, population, carbon emissions, and temperature are the primary contributors to the green
growth process.

4.2. Discussion

In this study, the determinants of green growth were analyzed empirically, considering various
factors such as globalization, diffusion of green technologies, climate change adaptation, economic
performance, environmental and political values, climatic conditions, and technological
achievements of nations. The investigation was conducted using a comprehensive panel data set
encompassing 38 OECD economies.

The empirical findings of our study reveal statistically significant and positive associations
between green growth and an array of factors considered, such as green technology diffusion, income
level, globalization, climate change adaptation, government stability, foreign direct investment,
carbon emissions, environmental performance and taxes, technological achievements, population,
and temperature level. These relationships are observed in the context of sustainable development
within the selected countries. However, an intriguing observation was made regarding the impact of
climate change adaptation, which exhibited a negative and insignificant effect on green growth when
accounting for carbon emissions in models 4 and 6. This outcome suggests that carbon emissions pose
a detrimental and significant influence on the progress of climate change adaptation efforts.

Firstly, in a complimentary context to our findings, Georgeson et al. [54] propose a policy
framework for fostering green growth in both developing and developed economies, emphasizing
the significance of economic, political, social, technological, and environmental approaches for
transforming the green growth process. Consequently, enhancements in these aspects may facilitate
the advancement of green growth. Primarily, a country’s income level serves as a crucial factor in
promoting green products and sustainable development. Anser et al. [41] identify a causal
relationship between GDP growth and carbon emissions, as well as a bidirectional causality between
economic growth and energy usage. In a similar vein, Chin et al. [22] report a positive association
between economic growth and CO2 emissions. Concurrently, several studies [16,18, 21-23,30,36] have
concluded that the influence of income level, CO2 emissions, environmental performance, climate
conditions, and innovations enhance the green growth process.

Secondly, the foreign direct investment profiles of countries play an essential role in the adaption
of the green growth process. Ayamba et al. [55] conclude that there is an insignificant effect of
investments on environmental quality in the long run, but that pollution variables have a significant
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negative effect on investments in the short run. Zafar et al. [32] indicate that open trade and FDI have
significant positive impacts on green growth both in the short and long run. Likewise, Ochoa-Moreno
et al. [56] conclude that investments enhance CO2 emissions in the long run in Latin American
economies. Lastly, Khan et al. [15] show significant causal relationships between policies of exports
and imports, income level, and green innovation that has resulted in changes to consumption-based
CO2 emission levels in G7 countries. In contrast, Tawiah et al. [14] find mixed results among
developed and developing countries the links between trade openness and FDI with green growth
are negative and insignificant for developed nations, whereas the influence of trade openness and
FDI on developing countries is negative and significant. These findings are comparable to the
conclusion of Shahzad et al. [57] on selected developed and developing countries. In this respect, our
results are complementary to the empirical evidence presented in these studies, but in a more
extensive coverage of countries, which includes both developing and developed countries.

Thirdly, globalization have also a significant role in green growth. Ahmad and Wu [58], find
that globalization displays mixed effects. It induces ecological deterioration impact in the absence of
its interaction with eco-innovation. On the other hand, Xia et al. [12] imply a significant positive
relationship between globalization and CO2 emissions, moreover, GDP growth has increased CO2
emissions. Our results are complementary to existing evidence on the effect of globalization on green
growth, but they encompass more nations, including emerging and developed ones.

Fourthly, green technology diffusion, climate change adaptation, government stability,
economic development, technological achievement, and environmental performance are particularly
prominent factors shaping the green growth. According to Samad and Manzoor [39], R&D
expenditures, green technology, market size, and environmental taxation all have a substantial
influence on green growth. Furthermore, Antal and Van Den Bergh [20] find that to achieve both
environmental and economic goals, it is necessary to minimize climate change effects and
environmental risks in long-term sustainability. The result is in line with the findings of several
studies, see, for instance, [26,30-31,60-62]. In contrast, He et al. [59] conclude that environmental
performance has an adverse effect on green growth in developing economies.

In summary, our empirical analysis underscores the positive contribution of green growth
determinants in achieving a sustainable environment and development, as corroborated by the extant
literature. However, our results extend beyond previous studies by incorporating a more
comprehensive set of factors influencing green growth progress. Our investigation provides
complementary evidence to prior research across an expanded range of time periods and OECD
countries, encompassing both developing and developed economies. Most notably, our study is the
first to establish that green growth does not independently emerge and diffuse from a country’s green
technology diffusion and climate change adaptation efforts. Instead, factors such as green technology
diffusion, climate change adaptation, economic growth, and technological achievement within a
country serve as significant drivers in promoting green growth.

5. Concluding remarks and policy implications

Green growth represents an approach to economic growth that acknowledges the imperative to
protect the environment and foster sustainable development. The primary objective of this study is
to identify an extensive array of macroeconomic factors that may influence the green growth index.
To this end, we assess the potential causal factors contributing to green growth progress, such as
economic performance, globalization, green technology diffusion, climate change adaptation,
technological achievement, and institutional and environmental values. We employ the two-step
system GMM estimation method, as proposed by Arellano and Bover [52] and Blundell and Bond
[63], to estimate various dynamic panel data models. The association between green growth and a
number of variables affecting it is examined using an annual frequency panel dataset spanning from
1990 to 2020.

Our empirical findings reveal that all examined factors exhibit a positive and statistically
significant relationship with the green growth index, with the exception of carbon dioxide emissions
in two of the alternative models estimated, which display a negative and insignificant effect. This
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result indicates a trade-off relationship between investments in climate change adaptation measures
and those in sustainable development. Conversely, another finding concludes that there is a positive
relationship between carbon emissions and the green growth index. In fact, high levels of economic
growth often result in increased carbon emissions. It is plausible for a country to enhance its green
growth index score while maintaining high carbon emissions if it can implement policies and
technologies that bolster energy efficiency and encourage the utilization of renewable energy sources.
Moreover, escalating carbon emissions may exert a catastrophic and significant influence on climate
change adaptation in the same model. Consequently, a country might achieve a high green growth
rate but remain more susceptible to the impacts of climate change, such as sea-level rise, drought, or
high temperatures.

Taking into account the concurrent shifts in globalization and green growth, it can be inferred
that both phenomena are responses to the growing interdependence of the world's economies and
the necessity to advocate for sustainable development. Globalization has facilitated increased trade
and investment between countries, subsequently stimulating economic growth and development.
Simultaneously, the heightened awareness surrounding the imperative to preserve the environment
has resulted in an emphasis on green growth, which aims to foster economic development while
concurrently safeguarding the environment. Consequently, a positive relationship between
globalization and green growth is observed, as both are centered on the promotion of sustainable
development.

In light of our findings, it appears that certain determinants at the country level warrant careful
consideration in promoting green growth. Our results suggest that the favorable impact of carbon
emissions on the green growth index is also pertinent to sustainable development. A positive
relationship between carbon emissions and the green growth index implies that countries capable of
sustaining economic growth while reducing their carbon emissions are more likely to achieve
sustainable development. This is because sustainable economic growth necessitates a balance
between economic, social, and environmental factors, focusing on carbon emission reduction and
clean energy source promotion.

Conversely, it seems that macro conditions at the country level may hinder the promotion of
green technology development and diffusion. One such condition is that failure to reduce carbon
emissions can have negative economic impacts. Another is that, as the effects of climate change
intensify due to higher temperatures and rising carbon emissions, countries may incur increased costs
associated with natural disasters, infrastructure damage, and public health. These costs can
undermine economic growth and development.

Our findings hold implications for policymakers as they endeavor to foster economic growth
and development while simultaneously addressing environmental concerns. We discover that green
technology diffusion among countries and environmental precautions are drivers of green growth
progress. If green technologies are not widely adopted and climate change adaptation does not
advance, the environmental benefits of sustainable development will not be fully realized. Therefore,
by implementing policies such as renewable energy incentives, public R&D investments, carbon
pricing, environmental tax initiatives, preferential tariffs, energy efficiency standards, international
cooperation and partnerships, sustainable transportation, education and awareness-raising, and
natural resource management that promote sustainable development, policymakers can create
sustainability for both the economy and the environment.

In fact, our conclusions suggest that a key feature of green growth is its emphasis on the triple
bottom line of sustainability, encompassing environmental, technological, social, and economic
factors. This implies that a country’s progress towards sustainable development is evaluated not only
based on its environmental performance but also on its ability to achieve technological and economic
growth that is both sustainable and equitable. Policymakers should carefully consider the potential
effects of green growth on these factors and implement policies and strategies that can promote
sustainable development and low-carbon emissions. This also holds true for a nation's diffusion of
green technology and adaptation to climate change.
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In summary, policymakers need to prioritize green growth by incorporating environmental
considerations into their economic policies, promoting low-carbon and resource-efficient growth,
encouraging private sector investment, collaborating and coordinating across various sectors and
levels of government, and engaging the public and educating them about the benefits of sustainable
development. This study may be beneficial in exploring the green growth index from multiple
perspectives, applying the necessary variables at different levels of analysis and examining their
interactions. Indeed, dynamic specifications applied to larger time series can aid in this effort by
investigating the rate of dispersion and the influence of time on the green growth process. We believe
that our findings lay the foundation for a more sophisticated understanding of the green growth
determinants impacting country-level trends in sustainable environment and development.
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