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Abstract

There is a growing need for a transition to green economic growth (GGDP) given
that the current economic system is largely environmentally unsustainable. This
study thus addresses GGDP enhancement in less developed countries using the
case of Sub-Sahara Africa (SSA) countries where institutional deficiencies are typi-
cally at the root of most resource depletion and environmental degradation issues.
Six institutional quality measures were used namely corruption control, government
effectiveness, political stability, regulatory quality, rule of law, and voice of account-
ability while controlling for other factors like industrialization, energy use, and pop-
ulation growth in the region. The study applied a battery of second-generation panel
econometric techniques in the empirical analysis after which both Bootstrap Quan-
tile regression (BQR) technique and panel ordinary least squares (OLS) estimation
approaches were applied to observe the variables’ roles on GGDP advancement in
SSA. From the findings, corruption control and government (policy) effectiveness
favorably impact Green GDP in SSA. However, both rule of law and regulatory
quality performed poorly as they were insignificant to GGDP enhancement. Fur-
thermore, all control variables promote GGDP except for population growth. Thus,
the findings buttress the need to strengthen institutions for effective governance and
quality environmental regulations to enhance GGDP growth towards actualizing
sustainable development goals (SDGs) in the SSA region.
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Introduction

In recent years, national and international initiatives to promote green gross domes-
tic product (green GDP) as a new source of growth have intensified in response to
severe economic and environmental issues. Building on this momentum can expe-
dite the progress toward sustainable development via improved energy efficiency,
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sustainable use of natural resources, and a robust ecosystem service valuation.
Green GDP is a subject of economic policy that emphasizes policy for long-term
development (Chateau et al., 2011: Adebayo et al., 2023; Gyamfi, Agozie et al.,
2023; Gyamfi, Onifade et al., 2023; Adedoyin et al., 2023). It combines two essen-
tial imperatives: (a) ongoing inclusive GDP growth, which is much needed in less
developed nations to combat poverty, inequality, and promotes general well-being,
and (b) enhanced management of the environment, which is needed for the utiliza-
tion of limited resources in the era of climate change challenges (Ali et al., 2023;
Cubbage et al., 2010; Ofori et al., 2023). Following the introduction of green GDP
as part of the 2008-9 economic stimulus packages, several governments witnessed
enhanced job creation and improved incomes levels in the short term by increas-
ing investment in green technologies (particularly low-carbon technologies). Thus,
influencing others to also look at the fundamentals of green GDP. From an envi-
ronmental standpoint, they focus on internalizing externalities in environmental
issues through the incorporation of sustainable development goals into the frame-
works of economic policies vis-a-vis resources utilization decisions. In the mean-
time, another imperative — the third one, has recently been stated in addition to the
extant two imperatives namely equity and inclusion. This third imperative is par-
ticularly crucial for developing countries as it is expected that green GDP should
also benefit those excluded from the economic system. Those excluded are mainly
in the informal sector and developing countries, in particular, are known to have a
large chunk of such exclusions.

In many developing countries, the informal economy is very substantial. As such,
the potentials and risks of this sector must be factored into any plans for green GDP
enhancement to provide better economic opportunities and boost inclusiveness for
the poor. Besides, the understanding that the current economic system is unsustain-
able and wasteful in resource use and inequitable cost and benefit distribution is
growing by the day (McIntosh & Renard, 2009). This relates to ending the unsustain-
able old habits as much as creating new green opportunities. Furthermore, systemic
changes will be required to link better economic, environmental, and social policies
together with institutions in identifying the required synergies as well as understand-
ing the inherent trade-offs and uncertainties in different contexts. As a result, devel-
oping a policy framework for green GDP advancement on a national basis is a crucial
activity. The OECD is now working on a report called Green GDP and Developing
Nations, which will look at how developing countries might address the elements of
a practical policy framework that is required to achieve the transition to green GDP
(Tajuddin, 2018). The report considers policy instruments within the context of a
green GDP, and how to cater for the differences in resources endowments, socio-
economic development, the capacity of institutions, and the sources of economic
growth. Such a framework encompasses environmental concerns and a wide range of
economic and policy issues. Appropriate institutional arrangements must be in place
for long-term investments and policies to deliver sustainable and equitable outcomes,
and capacity development is also required to facilitate desired goals. Furthermore, to
improve economic development in developing countries, institutional policies for the
use and management of natural wealth must be strengthened.
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Environmental pollution and ecological deterioration have arisen globally as
impediments to societal and economic progress since the 1960s (Appiah et al.,
2023). GDP has long been criticized for failing to capture genuine economic wel-
fare since it ignores the costs of environmental degradation, natural resource deple-
tion, and income inequity (Gan & Griffin, 2018; Miiler et al., 2008), as well as
the value of non-market products and services (Yang & Poon, 2009). Indeed, there
is growing awareness about ecosystem accounting (Gan & Griffin, 2018) to build
green accounting systems and investigate the interdependence between the environ-
ment and the economy (Miler et al., 2008). Some works have examined green GDP
accounting around the world, for example, China’s green GDP estimations on a
regional basis, by removing the costs of negative environmental externalities from
GDP as seen in Yang and Poon (2009). Also, for Wuyishan’s green GDP where the
values of direct ecosystem services were added to GDP as seen in Xu et al. (2010).
Estimations were also done by compensating for natural resource depletion in addi-
tion to environmental destruction for Malaysia’s green GDP calculation as seen in
Vaghefi et al. (2015), and Thailand’s green GDP (Mardones & del Rio, 2019). Fur-
thermore, rapid global economic growth has been accompanied by massive changes
in industrial structure (McMillan et al., 2011), which significantly impact pollutant
emissions (Awosusi et al., 2022; Erdogan et al., 2021, 2023; Haouas et al., 2021;
Xie et al., 2017). Evaluations of sectorial green output value have also gotten much
attention because the determination of sectorial environmental cost is a fundamen-
tal aspect of designing efficient policy for reducing greenhouse gases emission
(Onifade, 2022; Wang et al., 2018).

In recent years, international efforts to address climate change and promote sus-
tainable development have gained increased urgency. The 27th Conference of the
Parties (COP27b) to the United Nations Framework Convention on Climate Change
(UNFCCC) held marked a crucial milestone in global climate action. The confer-
ence brought together world leaders, policymakers, scientists, and civil society rep-
resentatives to discuss and negotiate strategies for mitigating greenhouse gas emis-
sions and adapting to the impacts of climate change. The outcomes of COP27b
highlighted the need for transformative actions to achieve the targets set in the
Paris Agreement and emphasized the crucial role of green GDP as a key indica-
tor of sustainable economic growth. The conference underscored the importance of
integrating environmental considerations into economic policies and highlighted the
urgency of transitioning to low-carbon, resource-efficient economies. Against this
backdrop, this research aims to contribute to the ongoing discourse on green GDP by
examining the relationship between institutional quality and sustainable economic
development, with a focus on less developed countries and the specific challenges
they face in achieving their environmental and developmental goals. By addressing
these pressing issues, this study aims to provide valuable insights and policy recom-
mendations to support global efforts towards a sustainable and resilient future.

As a result, given the relevance of green GDP, the question of "how to achieve
green GDP" has piqued the interest of many researchers (Chan et al., 2016). Insti-
tutional quality among other factors has been identified as an economic growth
driver in much previous research (Anyanwu, 2014), but just a handful of studies
examined its effects on emissions (Song et al., 2019). Some of the studies posit that
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institutional quality boosts green GDP as it links industries to new environmentally
benign machinery to reduce environmental deterioration (Adams et al., 2018). Fur-
thermore, while empirical evidence suggests that governance influences economic
growth (Bekun et al., 2023; Cevik et al., 2020; Donelli & Chiriatti, 2017; Musah
et al., 2023; Nwaka & Onifade, 2015; Sarpong et al., 2023), only a handful of stud-
ies attempted to link institutional quality to growth and carbon emissions simultane-
ously (Bekun et al., 2021; Salman et al., 2019).

Hence, in this study, we examine the roles of institutions in attaining Green GDP
by utilizing six governance metrics. This study provides a significant contribution
to the subject matter in the context of less developed countries such as the case of
several economies in Sub-Sahara Africa. The study focuses on economies in Sub-
Saharan Africa, where institutional deficiencies and lack of incentives are com-
monly identified as root causes of resource depletion and environmental degradation
issues. By examining the link between institutional quality and green GDP in this
specific context, the paper aims to shed light on the challenges and opportunities
for sustainable economic growth in the region. The case study will provide valuable
insights into the relationship between institutions, economic performance, and envi-
ronmental sustainability in less developed countries, with a particular emphasis on
Sub-Saharan Africa. We argue that economic performance and institutions should
be judged on a broader set of criteria than traditional efficiency and equity goals,
including *green’ GDP, environmentally-adjusted productivity growth, sustainability
criteria, the incidence of social benefits, and costs (including extra-market values),
and stakeholder analysis. The study will explore specific crucial policy approaches,
focusing on the necessity for minimum safe standards (SMSs) in using natural capi-
tal to achieve sustainable development, maintain intragenerational equity, and safe-
guard critical natural capital (a version of the precautionary principle).

In addition, this research adds to the literature by examining the link between
institutional quality and green GDP to provide useful policy recommendations for
stakeholders. The approaches used in the study also create important contributions
to the empirical literature by proposing a sustainable economic growth index based
on a newly created green GDP measurement to ensure natural and observable eco-
nomic success based on economic and environmental variables. Lastly, the study also
aids policymakers in developing sound policy frameworks for achieving Sustainable
Development Goals (SDGs) in developing countries from the green GDP perspective.

Despite increasing recognition of the importance of green GDP and institu-
tional quality in promoting sustainable economic development, there is a signifi-
cant research gap when it comes to understanding their relationship, particularly in
the context of less developed countries, such as several economies in Sub-Saharan
Africa. This research problem serves as the foundation for our study. Therefore, the
objective of this paper is to fill this gap by examining the roles of institutions in
attaining green GDP in the specific context of Sub-Saharan African economies. The
novelty of this study lies in its focus on less developed countries and its exploration
of the relationship between institutional quality and green GDP. By conducting an
empirical analysis and utilizing six governance metrics, we aim to provide valuable
insights and policy recommendations for achieving sustainable economic growth
and environmental sustainability in the region. Moreover, our study contributes to

@ Springer



Journal of the Knowledge Economy

the literature by proposing a sustainable economic growth index based on a newly
created green GDP measurement, which allows for a comprehensive assessment of
economic and environmental variables.

Overall, this research not only addresses a significant research gap but also
provides practical implications for policymakers and stakeholders in their pursuit
of sustainable development goals. By understanding the link between institutional
quality and green GDP, we can develop effective policy frameworks that promote
environmentally friendly practices, resource conservation, and equitable economic
growth in less developed countries. Such insights are essential for achieving the
desired transformation towards a sustainable and inclusive future." The signifi-
cance of this research lies in its contribution to knowledge regarding the relationship
between institutional quality and green GDP, its provision of practical implications
for policymakers and stakeholders in achieving SDGes, its proposal of a sustainable
economic growth index, and its focus on the specific context of Sub-Saharan Africa.
By addressing these aspects, the study aims to promote sustainable and inclusive
development, facilitate environmental conservation, and guide decision-making
towards a greener and more prosperous future.

Theoretical Foundations
Green GDP Theory

Gross Domestic Product (GDP) tends to be a poor calculation according to the prin-
ciple of sustainable growth. Alternatively, economists are trying to create better
structures to assess true welfare and sustainable growth. Green GDP also applies to
such indices of welfare and the environment, such as the Comparable Green GDP
(CGGDP), the Sustainable Economics Welfare Index (ISEW), and the Genuine Pro-
gress Indicator (GPI) have been used as new indicators of economic openness study.
A more considerable trade is also related to higher economic growth and develop-
ment (Coban et al., 2020; Kim et al., 2020; Liu et al., 2019), thus, making trade a
frequent theme on many governments’ agendas. Although there is some evidence
contrary to Wang (2011), this promotion of export-led growth seems to agree that
higher growth leads to higher economic well-being and change. However, the paper
of Li and Lang (2010) indicates contrarily that higher growth is also related to
higher prices, which are instead adverse to the concept of green GDP.

In response to the shortcomings of the conventional gross concept of GDP in the
early 1990s, the concept of ’green GDP’ emerged to account for the economic costs
of depleted natural resources and pollution that are affecting human well-being.
GDP is usually defined as the total market value, including exports minus imports
(net exports), of all final goods and services that are generated in a certain period
(normally within a year). It has been used in national accounting as a conventional
indicator of the size of an economy and is often wrongly viewed as a metric for
change in public discourse. The term gross means the exclusion from the accounting
of capital depreciation. For example, infrastructural depletions are not accommo-
dated in the GDP but Net Domestic Product (NDP) and Net National Product (NNP)
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are used when such factors are considered. Since the 1990s, the notion of "green"
GDP has gained some traction in academia and public policy. The People’s Republic
of China made one of the most notable attempts to introduce the idea. The Chinese
government issued its green GDP in 2006, which was put together by the national
environmental protection agency in collaboration with the efforts of the National
Bureau of Statistics. The study estimated that economic losses from environmental
degradation accounted for 3% of the country’s GDP in 2004. The estimate included
estimates of air, water, and solid waste emissions and the costs of depleting different
natural resources.

Furthermore, as part of a larger community of sustainable development indica-
tors, several other development metrics similar to green GDP have also been cre-
ated. In the late 1980s, for instance, the Index of Sustainable Economic Welfare
(ISEW) was created to fix the shortcomings in GDP. ISEW accounts for the envi-
ronmental and social benefits of traditional and non-market economic transactions.
Its importance is measured by the balance between positive transactions that support
people’s well-being and harmful economic activities that decrease them. The Genu-
ine Progress Indicator (GPI), later created by Redefining progress (a public policy
non-governmental organization) in 1994, effectively contains the same indicators as
ISEW. The key differences between the two are often due to data availability and
users’ expectations for valuation methods. International organizations, state entities,
and academic researchers have used ISEW and GPI extensively.

Genuine Savings (GS), proposed in 1999 by the World Bank, is another popu-
lar development metric. GS predicts domestic savings lower the value of resource
depletion and environmental degradation, taking both natural and human resources
into account. The New Economics Foundation (NEF) adopted a relatively new met-
ric, the Happy Planet Index (HPI), in 2006. HPI bypasses conventional monetary
policies and focuses on the efficacy with which nations transform the use of natural
resources into human and social well-being. In particular, HPI is the ratio (measured
by ecological footprint) of happy life years (the result of life satisfaction and life
expectancy) to environmental effects.

The Theory of Institutional Quality

With the work of North Douglas on institutions, the value of institutions and their
effect arose in the 1970s. North (1994) stressed the significance of institutions,
which argues that institutions provide an economy’s incentive structure and form the
course of economic movement towards growth, deflation, or decline as the structure
develops. An institution may acquire different definitions. North (1994) sees institu-
tions as structured and informal restrictions that are humanly devised by regulations,
laws, constitutions and moral principles, norms, and self-imposed codes of conduct.
Subsequently, the incentive structure of societies and economies are characterized
by these formal and informal constraints, respectively.

North (1990) defines institutions and organizations by suggesting that organizations
and entities form relationships. In an economy’s structural evolution, organizations and
their entrepreneurs are the players if organizations are the game’s rules. Institutions
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are organized restrictions that guide human activity and organizations are groups of
people tied together by a shared intent of accomplishing certain goals. To general-
ize the technique, it could be noted that two interacting parties need to be institutions
and organizations, the first of which sets rules or transmits those already defined, and
another party (i.e., organizations), acting in compliance with the rules defined.

Hodgson (2006), gives critical feedback on the suggested plan by North (1994)
description of institutions that there are no synonyms for institutions and organiza-
tions. He begins by differentiating the critical characteristics of institutions and then
uses certain features to equate organizations with institutions. In 2003, the World Bank
defines institutions as the laws and organizations, including informal norms that organ-
ize human actions. Tvaronaviciené et al. (2008) argue that the concept of institution is
much broader than the concept of organization and institutions. In a broad sense, the
idea of institutions supports organizations. At the same time, the North approach can be
followed in a narrow sense, implying that if institutions are the rules of the game, the
players are organizations and their entrepreneurs (North, 1994).

Some levels of institutions were defined by Williamson (2000), level one deals
with the highest level of the institutional hierarchy and it provides the fundamental
foundations for the institutions in a society. Informal structures, practices, beliefs,
ethics and social values, faith, and some elements of language and cognition are
included. While level two on the other hand belongs to the primary institutional
setting or the structured game rules. Political structures and fundamental human
rights are defined at this level; property rights and their allocation; rules, courts,
and related institutions for the enforcement of political, human rights and property
rights; money, primarily financial institutions and the powers of government to tax;
laws and institutions regulating migration, trade, and foreign investment laws; and
political, legal and economic laws.

Many researchers who assert the primary importance of institutions have disa-
greements about the range of questions, such as whether it is appropriate to differen-
tiate political and economic institutions, whether institutions and organizations are
synonymous, etc. Besides, the root of an institution is also another point of con-
tention as to whether it is endogenous or exogenous (Aoki, 2001; Gwartney et al.,
2006; Helliwell, 1994). Moreover, even admitting these interpretative pitfalls, we
still need to pick metrics that represent the institutional state by taking institutional
development feedback into account at the level of aggregate sustainable develop-
ment achieved.

Institutional Quality and Green GDP (GGDP) Linked

Some studies have looked into the impact of governance on a country’s environmen-
tal performance and socioeconomic advancement. Raju et al. (2020) used data from
South Asian countries to investigate the impact of governance on economic develop-
ment and noticed that governance affects development positively. A similar outcome
was also observed in the study of Abdelbary and Benhin (2019). The latter also uti-
lized data from Arab countries to assess governance roles in human capital and GDP
advancement. According to their findings, good governance positively impacts these
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two variables in the Arab nations. Besides, the study of Samarasinghe (2018) also
uses corruption control as a proxy for governance and discovered that lower corrup-
tion rates significantly induce GDP expansion.

Some studies also found out that the level of effectiveness of governance has
important effects on environmental matters. In this regard, Bernauer and Koubi
(2009) noted that any country’s government can organize proper drivers to improve
environmental performance. Similarly, Wang et al. (2009) show that increased gov-
ernment effectiveness leads to increased environmental quality improvement when
governance is targeted at realizing long-run GDP growth. In another study, Moshiri
and Hayati (2017) examined the ways the level of governance effectiveness affects
how the environment fairs in about 149 countries, and they discovered that gov-
ernance has a direct effect on the environment. In another study by Bernauer and
Koubi (2009), the impacts of political systems on air quality were scrutinized and
the study’s findings suggest that democracy positively impacts air quality.

Li et al. (2018) conducted research on the relationship between governance quality
and environmental sustainability in China. Their findings indicated that improved
governance quality positively influenced environmental sustainability, emphasizing
the importance of effective governance in achieving green development. Another
relevant study by Carney et al. (2019) focused on the role of governance in promoting
sustainable economic growth and reducing environmental degradation in Sub-
Saharan Africa. The research highlighted the need for good governance practices
to drive sustainable development and emphasized the potential for green GDP
measures to guide policy decisions towards more environmentally friendly outcomes.
Additionally, a study by Song et al. (2020) investigated the impact of governance
quality on green economic growth in Asian countries. The results revealed that higher
governance quality positively correlated with increased green economic growth,
emphasizing the significance of effective governance in driving sustainable economic
development. In a different study, Rahman et al. (2021) examined the relationship
between governance quality, economic growth, and environmental sustainability in
developing countries. The study highlighted the crucial role of good governance in
promoting both economic growth and environmental sustainability, emphasizing the
potential benefits of incorporating green GDP measures into policy frameworks.

Furthermore, Ahmed et al. (2021) considered data from different nations based
on income groups while investigating the governance-environment nexus from
the climate change perspective. CO, emissions are used in the study to assess the
dynamics of climate change and the outcomes show substantial roles of governance
in influencing climate change, thus concluding that strong governance helps improve
environmental quality. According to the study, the global community must provide
significant economic and financial help to developing countries to strengthen their
environmental and institutional capacities.

After reviewing the existing literature, it is evident that a considerable body of
research has explored the relationship between governance, economic growth, and
environmental sustainability. However, one notable gap in the literature is the lim-
ited attention given to the link between institutional quality and green gross domestic
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product (green GDP). While studies have examined the influence of governance on
economic development and environmental performance separately, there is a lack
of research specifically investigating the connection between institutional quality
and green GDP. This research aims to fill this gap by examining the relationship
between institutional quality and green GDP using appropriate green GDP metrics
and comprehensive measures of institutional quality. By addressing this research
gap, the study will contribute to a deeper understanding of how institutional quality
can shape the development of sustainable and environmentally friendly economies.

Theoretical Framework, Data, Model Specification & Methodology
Theoretical Framework

The theoretical framework of this study draws on the concept of institutional quality
and its influence on green gross domestic product (green GDP). Institutional qual-
ity refers to the effectiveness, efficiency, and transparency of institutions within a
country, including governance structures, policies, and regulations (North, 1990).
The theoretical foundation of this study is rooted in the understanding that institu-
tions play a crucial role in shaping economic development and environmental out-
comes. The study adopts the framework of the Institutional Theory, which posits
that institutions are social constructs that guide human behavior and shape economic
and environmental outcomes. According to this theory, the quality of institutions
influences the behavior of individuals, organizations, and governments, which in
turn affects economic performance and environmental sustainability.

Within the context of this study, the Institutional Theory provides a lens to exam-
ine how institutional quality can influence the development and implementation of
green GDP policies and practices. It helps to explore the mechanisms through which
institutional factors, such as governance structures, corruption control, and policy
effectiveness, interact with economic and environmental variables to shape green
GDP outcomes. Additionally, the study incorporates elements of the Sustainable
Development Theory, which emphasizes the integration of economic, social, and
environmental dimensions for long-term sustainable development. By incorporating
this theory, the study recognizes the importance of balancing economic growth with
environmental sustainability and social well-being.

By employing the Institutional Theory and Sustainable Development Theory, this
study aims to provide a theoretical understanding of the relationship between insti-
tutional quality and green GDP. It seeks to uncover the mechanisms through which
institutional factors influence green GDP outcomes and identify the key institutional
dimensions that contribute to sustainable and environmentally friendly economic
growth. Overall, the theoretical framework of this study provides a foundation for
analyzing the complex interactions between institutions, economic development,
and environmental sustainability within the context of green GDP.
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Data and Model Specification

The study investigates the effects of institutional quality on green GDP in Sub
Sahara African (SSA) nations. These nations were chosen for the study based on
the availability of data. We used data from the World Bank from 1996 to 2018 for
the study. Institutional quality measures were used as independent factors to explain
their roles in Green GDP advancement while other factors like industrialization,
energy use, and population growth were incorporated as control variables. To real-
ize long-term green GDP, it is crucial to understand the cumulative effect of each
aspect of institutional quality. There is no general agreement on how to estimate
green GDP and there is even little consensus on whether or not to embark on its
estimations (Bohringer & Jochem, 2007). However, we utilized a general estimation
scheme as follows: Green GDP=GDP — (CO, emissions in kt *total CDM in aver-
age prices for kf) — (t of waste*74kWh of electrical energy x price for 1kWh of elec-
trical energy) — (G.N.I./100 X natural resources depletion % of GNI). This scheme
can be expressed as seen in Eq. (1):

GGDP = GDP — (kiCO, + PCDM) — (Twaste % TAKWh  Pelect) — (% * %NRD )

ey

The first deduction in Eq. (1) represents CO, pollution costs (as CO, emissions

times carbon market price), the second represents the opportunity costs of one tonne

of waste that could be used in the development of electrical energy, and the third

represents the modified savings of natural resource depletion as a percentage of

gross national income per country. The study adopted the Green GDP metrics and
embedded them with a simplified Solow growth model as developed in Eq. (2):

GGDP;, = a;, + p1Q + p2Z + pt ()

where GGDP is Green GDP, 1Q on the other hand is the institutional quality, and Z
is the control variable. The factors above were integrated into the study to create the
model (3), which was used to estimate the connection.

The World Bank provided data for all variables from 1996 through 2018. In Eq. (3)
GGDP means green GDP, 1Q stands for institutional quality measured with six indi-
cators namely Corruption Control (COC), Government Effectiveness (GE), Politi-
cal Stability (PS), Regulatory Quality (RQ), Rule of Law (ROL), Voice of Account-
ability (VA). As for industrialization (percentage), it is denoted by IND while ENE
stands for energy usage (kg), and POP stands for population growth (Percentage). The
descriptive and correlation statistics for the variables are shown in Table 1. The sub-
script t denotes the time-series nature of the data, the cross-sections are denoted by the
subscript I, the intercept is denoted by the subscript s, and the numbers 61, 62,....65
denotes the variables’ unknown parameters, which must be estimated.

The results of the overview of the variables, their correlations, and their statistical
characteristics show that industrialization has the most excellent mean score of vari-
ables (29.8364), while government effectiveness is low (-0.3236). According to the

@ Springer



Journal of the Knowledge Economy

0000°'T LEOT 0" $900°0- €6¥L°0- 162L°0- TELLO- S98%°0- ELYLO- 75690~ #9650~ dod

0000°T LOYT0- 6260°0 8191°0- 80t0°0- LTHy0- S100°0 €5E1°0- ¥862°0 AN

0000°T 0190°0 7620 9€LT0 Y1SE0 89LT0 60020 8€€S°0 AaNI

0000°T 05680 YLL8O L8E90 82060 9€L8°0 82150 VA

0000'T ¥816°0 LEESO 8906°0 1S16°0 69850 104

0000°1 8TIL0 S9¥6°0 ££06°0 8959°0 o4

0000°T 01690 61LLO 9010 Sd

0000°T 75060 L899°0 O

0000°T L6SS0 D00

0000°T daoo
SNOILLV'THII0D
G88L'¢ vLS9'T TWL19 TLOO'T 1LLO'T LTIl 700T'1 0LSO'T L91T'T S¥69°S XVIA
YTET'0 11100 S96S 1 T8LS'T- S0€9°1- €SP 1- 97T PESST- TIEr 1- 9z10°T NI
85180 L96€°0 81€0°01 SLYLO S80L°0 76650 L606°0 600L°0 6689°0 160€'T AIAALS
T6LT'T ¥¥ST0 ¥9€8°6C 9061°0- 6£62°0- 60220~ 8LET0- SEEE0- 9€7€°0- 128C°€ NVHIIN

dod VA g (0X: | [0 | qo D00 dano

S)NsY uone[ario)) 2p aandiiosaq | 3jqel

pringer

As



Journal of the Knowledge Economy

findings, the other institutional quality indicators all had negative means, while the
control variables had positive means. Table 1 also contains the results of the pair-
wise relations. The study discovers a favorable relationship between green GDP and
indices of institutional quality. Green GDP and population have a negative associa-
tion, with industrialization and energy being positively linked to green GDP. All of
the factors have a negative association with the population.

Econometric Techniques

To reach the study’s aims and objectives, the researchers used various econometric
techniques, including cross-sectional dependency, to analyze sectional attributes and
slope homogeneity testing to investigate the presence of heterogeneity throughout
the sequence. The bootstrap quantile regression was used to determine the long-term
effects, Westerlund’s (2007) cointegration test was used, and the Dumitrescu and
Hurlin’s (2012) causality test to deal with long-term causation.

Cross-Sectional Dependence & Slope Homogeneity Tests

Some recent studies have emphasized the importance of examining cross-sectional
dependence in panel variables (Baltagi & Hashem Pesaran, 2007; Gyamfi et al., 2021;
Onifade, 2023). Assuming that the observations in the cross-sections in our panel
are not obtained independently such that they interfere with each other’s results, the
unwanted matter of cross-sectional dependence and homogeneity would be the result-
ant problem. This is because, due to regional integration and international trade,
shocks can be readily transferred among nations (Appiah et al., 2021; Gyamfi, Onifade
et al., 2023; Onifade & Alola, 2022). As a result, the study employs the likelihood of
cross-sectional dependence tests of (Breusch & Pagan, 1980; Pesaran, 2015). Swamy
(1970) also presents a rationale for the assumption of homoscedasticity for the panels
where N is chosen relative to T while measuring slope homogeneity. The application
of cross-sectional dependence and slope homogeneity tests enhances the robustness of
the analysis and provides a more accurate understanding of the relationships between
the variables under investigation. These techniques help to mitigate potential biases
arising from cross-sectional dependence and heterogeneity, enabling more reliable and
meaningful conclusions to be drawn from the panel data analysis.

Panel Unit Root Tests

The test is used to establish whether or not panel data is stationary. "First-generation
unit-root tests" and "second-generation unit-root tests" are the two types of panel
unit-root testing. The stationarity of the data is checked using first-generation unit-
root tests, which are based on the crucial assumption of individual cross-sectional
independence. Second-generation unit-root tests, on the other hand, examine the
data’s stationarity while accounting for the problem of individual cross-sectional
dependency. As a result, the findings of cross-sectional dependence tests are used
to select panel unit-root tests. Pesaran’s (2015) test was used to find cross-sectional

@ Springer



Journal of the Knowledge Economy

dependence among the variables in this study as a better alternative to Breusch and
Pagan (1980). On the other hand, we utilize the cross-sectional Im-Pesaran-Shin
(CIPS) and cross-sectional Im-Pesaran-Shin augmented dickey fuller (CADF) tests
to check the data’s stationarity. By employing both cross-sectional dependence tests
and panel unit-root tests, this study ensures a comprehensive assessment of the sta-
tionarity properties of the panel data. The use of Pesaran’s test for cross-sectional
dependence and the CIPS and CADF tests for data stationarity enhances the accu-
racy and reliability of the analysis, providing valuable insights into the dynamics of
the variables under investigation.

Cointegration Tests

The long-run relationship between the variables is investigated using Westerlund’s
(2007) cointegration tests. The Westerlund (2007) cointegration test based on error
correction was applied because the current data is cross-sectionally dependent. Four
tests (Ga, Gt, Pa, and Pt) were used in the Westerlund cointegration including two
panel-specific tests and two group-specific tests. The null in panel test explains that
there is co-integration across the board. In contrast, the group-specific tests show
that rejecting the null in group test explains cointegration across at least one group
in the panels. The utilization of Westerlund’s (2007) cointegration tests offers several
benefits in examining the long-run relationship between variables. First, these tests
account for the presence of cross-sectional dependence, which is crucial in panel data
analysis. By considering cross-sectional dependence, the co-integration tests provide
more accurate and reliable results. Second, the inclusion of both panel-specific and
group-specific tests allows for a comprehensive assessment of cointegration across the
entire panel and within specific groups. This enables the identification of common
long-run relationships across all groups as well as specific relationships within indi-
vidual groups. Overall, the application of Westerlund’s cointegration tests enhances
the robustness and depth of analysis in determining the existence of long-run relation-
ships among the variables.

Quantile Regression Method

To explore the impact of institutional quality on green GDP, the panel quantile
regression model is used to analyze the long-run impacts. The conditional distribu-
tion in nations for the research variables association is investigated using panel quan-
tile regression. Because traditional regression techniques focus on mean effects, they
may lead to over or underestimation of relevant coefficients, or they may fail to dis-
cover an important association (Binder & Coad, 2011). When there are outliers and
the dependent variable’s distribution is highly non-normal, the QR estimate approach
is more resilient than the OLS approach (Okada & Samreth, 2012; Onifade et al.,
2023). Quantile regression is more resilient in heavy distributions, but it can’t deal
with unobserved national heterogeneity. The utilization of panel quantile regression
in this study offers several benefits. Firstly, it allows for the exploration of the impact
of institutional quality on green GDP by examining the conditional distribution of the
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research variables association across nations. This approach goes beyond traditional
regression techniques that focus on mean effects and enables a more comprehensive
analysis of the relationship. Secondly, panel quantile regression is particularly resil-
ient in the presence of outliers and when the distribution of the dependent variable
deviates significantly from normality. This robustness makes it suitable for capturing
the effects of extreme values and non-normal distributions, which may be present
in the data. Lastly, by employing panel quantile regression, the study considers both
conditional heterogeneity and unobserved individual heterogeneity, thereby provid-
ing a more nuanced understanding of the relationship between institutional quality
and green GDP. As a result, the current study used a panel quantile to look at con-
ditional heterogeneity as well as unobserved individual heterogeneity (Khan et al.,
2020). Equation (4) is an example of how median regression analysis can be used to
various quantiles:

0,i(n/X;) =X" i, 4

In Eq. (4), Q represents the random conditional quantile in a way that the ™ con-
ditional quantile of the dependent Y given X is the " quantile of the probability
distribution (conditional) of the dependent Y given independent variable X.

Empirical Results

To determine the relationship between institutions and the achievement of green
GDP, we examined how the data’s cross-sections and slope homogeneity are
interdependent as the initial step in the analytical procedure. We employed the CD
(Pesaran, 2015), cross-section dependence tests, as well as the slope homogeneity
tests and CDadj Pesaran et al. (2008), slope homogeneity tests (Pesaran & Yamagata,
2008). The tests revealed cross-sectional dependence and slope homogeneity in
the data, as shown in Table 2. Thus, the applicability of the second-generation unit
root test is established. Then, we assess the order of integration of the variables by
confirming their stationarity properties before estimating the long-run coefficients.
We used CIPS and (CADF) tests to do this (Pesaran, 2007). Except for GGDP, PS,
and POP, all model parameters found to have the unit root at the level were stationary
at the first difference for both tests (see Table 3). As a result, the variables can be
concluded to be integrated at I(0) and I(1), justifying the use of the cointegration test.
We can now proceed with validating the long-run connection after finding evidence
for the model parameters’ integrating property.

Table2 CSD & SH Results

Tests T. Stats Prob

Pesaran’s test of CSD 9.475 0.000™"
Test for SH (A test) 4.348 0.000"
Test for SH (A adj test) 6.875 0.000™"

##% ysefulness at the lowest significance level (1%)
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Table 3 Stationarity Results

CIPS LEVEL CIPS 1ST DIFF CADF LEVEL CADF 1ST
DIFF
GGDP -1.928 -3.938%** -2.266%* -3.183%**
CoC -1.009 -2.188%* -0.805 -1.531
GE -1.511 -2.807%** -1.239 -1.530
PS -2.254%%% -3.780%** -1.859 -2.212%
RQ -1.772 -3.964%** -1.023 -2.658%#*
ROL -1.645 -3.661%** -1.333 -2.116
VA -1.746 -2.963%** -1.546 -2.133
IND -2.041 -3.516%** -2.035 -3.419%**
ENE -1.563 -4.261%%* -1.568 -2.802%*
POP -1.672 -1.511 -3.684%%* -2.865%**

wdk ok sjonificant at the 1%,5% &10% level

We used the panel cointegration test Westerlund (2007) to determine the occur-
rence of cointegration. The null hypothesis of no cointegration is rejected, confirm-
ing cointegration between the variables for the sub-Saharan region. This reaffirms
the validity and reliability of empirical findings. Table 4 shows the results of the
Westerlund cointegration test. We can proceed to calculate the long-run coefficients
of the model parameters based on this piece of information.

Quantile Regression Results of Institutional Quality Variables

The effect of institutional quality on Green GDP was estimated using quantile
regression as seen in Table 5. We examined the 5th, 25th, 50th, 75th, and 90th quan-
tile points and the symmetrical distribution of these quantile points is helpful for
the empirical investigation. The estimated results of the classic panel data model
using ordinary least squares (OLS) are also presented in this study. The institutional

Table 4 Cointegration Results Gy G, P, P,

cocC -8.03 1% -3.851 % -12.280%%*  -9.119%%*
GE -1.360* -0.046 -7.783%%% -6.340%%*
PS S11.171%%* -3.353%% -8.227s -5.626%%*
RQ -5.031 %% -4.123%%% -4.92] sk -4.513%%%
ROL -3.471%%* -1.862%%* -4.44 %% -4, 187#%*
VA -10.542%%x -2.836%* 4,648 -3.552%%
IND -8.44 8% -1.915%* -2.896%#* -3.148%%%
ENE -11.667%%* -2.563%#* -2.527 s -2.254%
POP -8.158##* -0.800 -2.415%% 0.021

sk ek sjonificant at the 1%,5% &10% level
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Table 5 Quantile Regression Results

OLS 0.10 QUAN  0.25 QUAN  0.50 QUAN  0.75 QUAN  0.90 QUAN
CoC 0.3526%* 1.0595%%* 0.5406** 0.1587 0.4475%* 0.5741
GE 0.7673%** -0.9681 0.9106** 0.5990%%* 0.5429%* 0.2190
PS 0.1396 -0.7025%* -0.2359 0.5004%** 0.4082%* 0.2291%*
RQ 0.1140 0.5393 0.5195 0.4316 -0.1036 -0.2920
ROL 0.2862 -0.3169 0.3404 -0.0399 0.2152 0.2473
VA -1.0608%** -1.2180%* -1.2540%** -1.0017%** -0.9383#** -0.5208%*

IND  0.05080%%%  0.1205%%  0.04405%%%  0.04147+%%  0.0539%%%  (.0631%*
ENE  1.5391%%%  (.6536%* 1.3151 % 1.851 5%+ 1.93775+ 1.7949%
POP  -0.5822%%% -] 1472%%%  05283%%  _0.6063%**  -04839%k%  _04614%k%

sk ik 3 sjonificant at the 1%,5% &10% level

quality quantile regression results elicited a mixed response. The result shows posi-
tive and significant relationships between control of corruption (COC) and Green
GDP at the initial stage (0.10th and 0.25th quantiles) and non-significant at the 50th
quantile. This denotes that the measures of corruption control in sub-Sahara African
countries impact the region’s achievements of Green GDP favorably at the initial
stage. The output of OLS and other quantiles (0.75th and 0.90th) all show a posi-
tive relationship. This is supposed to be the dominant impact of corruption control,
considering that both median (0.50th) and OLS depict the same significant finding.
Appiah et al. (2019) studied the effect of controlling corruption on growth and found
that controlling corruption has a positive impact on growth. Thus, the finding sup-
ports some extant empirical conclusions. Besides, the proof of corruption adversely
impacting biodiversity and negatively affecting sustainable growth has been found in
some other papers (Damania et al., 2004; Lopez & Mitra, 2000; Meyer et al., 2003).

Again, the effect of government effectiveness (GE) on achieving Green GDP
from the quantile regression estimates shows statistically significant positive rela-
tions from 25 to 75th quantiles. The results of the 90th quantile show a positive
and insignificant regression outcome, with the OLS outputs indicating a positive
and a significant relationship. In contrast, at the 10th quantile, the effect is nega-
tive and insignificant. This result validates the effectiveness of government policies
in achieving Green GDP in SSA countries. If government output is continuously
improving to such an extent that green GDP improves, it is said that green GDP
has increased. Nevertheless, it also reflects the essence of the policies adopted by
the government. To achieve economic development, most governments adopt social
action programs to help boost green GDP achievement. According to Dasgupta and
De Cian (2016), more robust governance generally leads to greater implementation
of sustainable growth and performance.

The effect of regulatory quality (RQ) captured by the regression posits a signifi-
cant and a positive nexus right from the OLS outputs straight and through from the
10th to the 50th quantile. This result proves that strict adherence to regulations leads
to the achievement of Green GDP in SSA countries. The results show that regula-
tory quality was influential in the initial years through to the middle years but later

@ Springer



Journal of the Knowledge Economy

became ineffective in the last years. This result implies that SSA countries before
and to the median exhibit greater regulation adherence but become reluctant. This
may stem from the different changes of regulations and practices obtainable from
the government and administrations. Research based on two different estimation
methods involving developing countries by Jalilian et al. (2007) indicates a clear
causal correlation between regulatory quality and growth and this result is consistent
with the research.

The results yielded a mixed bag of estimations and relationships on political sta-
bility. Political stability (PS) negatively affects green GDP in Sub-Sahara African
countries at the 10th and 25th quantiles, considerably impacting the 10th. From the
50th to the 90th quantiles, the link between these two variables becomes positive
and significant. This indicates that PS positively impacts the region’s Green GDP
attainment later on. The OLS output reveals a positive but negligible correlation.
In the model situation, it is assumed that the institutional efficiency components of
growth are emphasized. As a result, when estimating the degree of green GDP, met-
rics of political stability are thought to be more relevant and favorable. The BQR
method shows that the degree of political stability in SSA aids in achieving the
highest level of green GDP between the 50th and 90th quantile levels of estimation.
According to the absence of political turbulence and improved SSA stability, the
green GDP improves. Green GDP is usually accomplished under fair and favorable
political conditions.

The result remained positive and insignificant in the OLS regressions, with a nega-
tive and insignificant affirmation in the 10th quantile and median. For the 25th, 75th,
and 90th quantiles in Africa’s Sub-Saharan regions, there is a positive but minor asso-
ciation between rule of law (ROL) and Green GDP. This insignificant nature of the
results does not prove any strength on the claim that ROL in Sub-Saharan Africa is
aimed toward green GDP. After accomplishing their economic goals, most emerg-
ing countries including the SS African countries, are only considering the concept of
green GDP by believing in the laid down rules and regulations. Although rule of law
was not significant to green growth in the case of SSA, the result from Barrett and
Graddy (2000) confirms that rule of law can promote growth.

The results and estimates indicate that the impact of voice and accountability
(VA) on the Green GDP index is similar across all quantiles. In addition, the results
also vary in the coefficients, with the lowest being -1.2540 for the 25th quantile and
highest for the 90th quantile with the value -0.5208. The results across all quantiles
validate the results of the OLS. Compared to previous assumptions, the impact of
voice and accountability remains that more excellent voice and accountability con-
tribute to higher stress on sustainable growth. VA is associated with the dependent
variable. Voice and accountability have a robust negative effect on GGDP, where the
coefficient shows that the dependent variable changes 1 unit when VA changes one
unit (which is minimal for an index ranging from O to 5).

Looking at the control variables, the results based on energy utilization showed
that its effect on Green GDP is positive and statistically significant in all the quan-
tiles in SSA countries (i.e. 10th, 25th, 50th, 75th, and 90th quantiles). This finding
could be attributed to the introduction and usage of renewable energy by industries.
If this is the case, it is expected that the impacts of industrialization on Green GDP
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would be positive, and this was the case based on the results. Besides, the impacts of
the two variables (energy utilization and industrialization) are highly significant in
all quantiles, suggesting that SSA countries are advancing towards the use of mod-
ern technologies for production with more renewable energy. On the other hand, the
relationship between population growth and green GDP is negative and insignificant
across all quantiles and the OLS estimates for the SSA countries. It notably indicates
that from the 10th quantile, the impact of population growth on green GDP con-
tinues to reduce as per the coefficients to the 90th quantile. This phenomenon also
exists in many provinces in the case of China (Li & Lang, 2010).

In this work, the DH causality test was used to examine and validate findings
from other analyses such as quantile regression and OLS estimations. The causality
estimation further assists in emphasizing the importance of institutions in achieving
GGDP. The analysis establishes the movement and origin of the effect and shows
the direction of the relationship that existed among the variables. Table 6 shows
the results of the causality evaluation. The findings confirmed a single-track causal
relationship between GGDP, government effectiveness, political stability, regula-
tory quality, energy consumption, and population increase. There are four examples
showing a link between government efficiency, political stability, energy use, popu-
lation, and GGDP. Finally, there was double-track causation between GGDP and VA
in SSA countries. This further stresses the role of the various institutional quality
measures that are adopted in understanding green GDP in Sub-Saharan Africa.

Table 6 Causality Results

CAUSAL VALUATION BAR (W) BAR TILDE (Z) CAUSAL TRACK
GGDP— COC 1.0342 -0.1994 No-Causation

COC— GGDP 2.9703 3.3540

G.GDP.—»GE 1.2656 0.2253 Single-Track causation
GE - GGDP 3.6680 4.6347%%*

GGDP—PS 1.0177 -0.2298 Single-Track causation
PS— GGDP 2.4875 2.4680%*

G.GDP.—-RQ 2.5790 2.6359%** Single-Track causation
RQ— GGDP 1.9406 0.2860

GGDP—ROL 1.1374 -0.0101 No-Causation

ROL — GGDP 1.2987 0.2860

G.GDP.— VA 2.3604 2.2347%* Double-track causation
VA — GGDP 3.8920 5.0458%**

GGDP—IND 1.7583 1.1295 No-Causation

IND —» GGDP 1.5463 0.7405

GGDP—ENE 1.6953 1.0140 Single-Track causation
ENE — GGDP 2.4623 2.4217%%*

GGDP—POP 1.8653 1.3259 Single-Track causation
POP— GGDP 8.7898 14.0354%**

sk ik 3 sjonificant at the 1%,5% &10% level
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Conclusion and Policy Recommendations

This study provides an understanding of the institutional quality-green GDP nexus
by utilizing broad measures of institutional quality while controlling for industri-
alization, energy use, and population growth. This research uses a panel quantile
regression approach and a balanced annual panel data model to examine the numer-
ous impacts of institutional quality on green GDP in SSA countries from 1996 to
2018. The empirical studies in this research show that despite its significant con-
tribution to environmental deterioration, industrialization, and energy use in SSA
nations surprisingly promotes a higher level of green GDP, unlike population growth
that hurt green GDP in the SSA.

Furthermore, in SSA nations, the voice of accountability performs poorly in sup-
porting green GDP. Meanwhile, the correlations between the rule of law (ROL) and
green GDP appear to vary depending on the extent of the ROL index increase. For
example, in SSA nations, ROL has a more significant rebound impact in the 75th
and 90th quantiles. Furthermore, the amount to which regulatory quality can increase
green GDP in SSA nations varies. Green GDP increases in the early stages, decreases
in the middle stages, and decreases in the last two stages. Regarding political stabil-
ity in SSA countries, it hurts green GDP in the 10th quantile but improves from the
median to the 90th quantile. However, in terms of government effectiveness in SSA
countries, green GDP can only be improved in the 25th, 50th, and 75th quantiles.
There was an increase in green GDP with the influence of corruption control at the
first two and fourth quantiles, including the OLS results, but it became insignificant at
the median and 90th quantiles. For SSA and other developing economies aiming for
green GDP, these findings provide new insights and policy implications.

Based on the findings of the study, there are several policy recommendations that
can be made to policymakers in the investigated bloc, specifically the SSA coun-
tries, to promote green GDP and sustainable development:

Firstly, there is a need to enhance the rule of law. Policymakers should prior-
itize efforts to improve the rule of law and strengthen the legal environment. This
includes refining the legal system, increasing the efficiency of laws and regulations,
and ensuring strict enforcement. By creating a robust legal framework, policymakers
can provide a stable and predictable environment that encourages green investment
and innovation. There is also a need to promote regulatory quality. Policy makers
should focus on enhancing regulatory quality, ensuring that regulations are effec-
tive, efficient, and supportive of green economic activities. They should strive for
consistency and coherence in regulations and ensure that they facilitate sustainable
practices and technologies. Regular evaluation and monitoring of regulatory frame-
works can help identify areas for improvement and encourage continuous progress
in promoting green GDP.

Additionally, adequate emphasis and attention should be paid to issues bordering
on political stability. Policymakers should work towards maintaining political stabil-
ity in SSA countries. This involves fostering peaceful transitions of power, reducing
political instability and conflicts, and creating a conducive environment for long-
term sustainable development. Political stability provides the necessary foundation
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for attracting investments, promoting green initiatives, and ensuring policy conti-
nuity in achieving green GDP. Policymakers should also prioritize enhancing gov-
ernment effectiveness and efficiency in implementing policies related to green
GDP. This includes improving governance structures, streamlining administrative
processes, and enhancing coordination among different government agencies. By
increasing the effectiveness of public institutions, policymakers can better address
environmental challenges, promote green technologies, and ensure the effective
implementation of sustainable development strategies.

Furthermore, public education and awareness should be promoted. Policymak-
ers should prioritize public education and awareness campaigns to highlight the
importance of achieving green GDP and sustainable development. By engaging and
informing the public about the benefits of environmentally friendly practices, sus-
tainable consumption, and renewable energy, policymakers can foster a culture of
sustainability and encourage individual and collective actions toward green growth.
While doing so, there is also a need to encourage international cooperation on sus-
tainability frontiers. Policymakers should actively seek international cooperation
and collaboration to address global environmental challenges. This includes partici-
pating in international agreements, sharing best practices, and accessing financial
and technical assistance for sustainable development projects. By collaborating with
other countries and international organizations, policymakers can leverage global
expertise and resources to accelerate the transition toward green GDP.

Overall, these policy recommendations aim to create an enabling environment
that supports green economic activities, encourages sustainable practices, and facili-
tates the transition towards green GDP in SSA countries. By implementing these
policies, policy makers can promote long-term economic growth, environmental
preservation, and social well-being.

Limitation of the Study and Future Recommendation

The limitations of the present study can be seen from two areas, firstly in terms
of data, secondly in terms of generalization of results. In terms of data availability
and quality, the study relied on existing data sources, which may have limitations in
terms of coverage, accuracy, and consistency across countries. Improving data col-
lection methods and establishing comprehensive databases specific to green GDP
and institutional quality would enhance the robustness of future studies. Also, the
study focused on exploring the associations between institutional quality and green
GDP, but establishing causal relationships is challenging. However, endogeneity
issues may arise due to unobserved variables or reverse causality. Future research
could employ innovative methodologies, such as instrumental variable approaches
or natural experiments, to address these challenges. Lastly, in terms of generaliz-
ability, the findings of this study are specific to the SSA countries and may not be
directly applicable to other regions or country contexts. Replicating the analysis in
different geographical areas would provide a more comprehensive understanding of
the institutional quality-green GDP nexus.
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