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ARTICLE INFO ABSTRACT

Handling Editor: Jian Zuo The complex relationship between institutional quality and ecological footprint (ECF) has been verified in prior
literature; however, the subject is still inadequately explored and often disregarded to highlight areas where
specific policy tensions exist. Therefore, this study aims to delve into the significance of institutional quality on
ECF through a limited information maximum likelihood (LIML) panel analysis in the G20 countries from 2000 to

2022. For a precise evaluation, the study innovatively constructs a composite institutional quality index (IQI) and
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Transparenc s . o, s . . e
Econol:nic urzlcertainty three indices under the accountability, transparency, and participation dimensions. Additionally, the study de-
LIML velops an economic uncertainty predictor to capture the effects of external economic shocks on the subject. The

results obtained from the LIML estimation demonstrate that IQI is substantive in reducing ECF in the recipient
panel. Further, the findings highlight that all three dimensions of IQI are significant in abating ECF, while the
transparency index yields a higher influence on abating ECF. It is also observed that IQI plays an effective role in
modulating the relationships between ECF, financial development, human development, growth, and energy
consumption, while it is found to be insignificant in reducing the negative effects of globalization on ECF. Finally,
the results indicate that IQI is highly influential in eliminating the adverse impact of external shocks on ECF. The
results are robust and have specific policy implications.

1. Introduction

The global ecosystem has been negatively affected by increasing
human interaction, such as soil erosion, air pollution, acidification of the
oceans, and habitat destruction (Santo et al., 2022). It resulted in
long-term tendencies toward rapidly rising environmental degradation
and a significant shortage of natural resources. These trends are intri-
cately linked and will present formidable obstacles over the coming
decades (Shrinkhal, 2019). In a bid to prevent the worst-possible situ-
ation, global actions were called for. One such global action was the
emergence of the Sustainable Development Goals (SDGs) of the United
Nations, in particular SDG7, SDG12, and SDG13, which imply affordable
and clean energy, responsible production and consumption, and climate
action, respectively (United Nations, 2019). They represent an interna-
tional plea for action with specific goals that must be accomplished by
the end of 2030, specifically to direct the available resources towards
sustainable environmental quality. However, while awareness of
reducing the effects of atmospheric changes has grown across all spheres
of society (Saqib et al., 2023), the deterioration of global ecosystems has
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not yet received the necessary attention. Recent estimates show that
nearly 99% of the world’s population is exposed to environmental
pollution, which is worse than the level recommended by the World
Health Organization (WHO, 2022). Indeed, since decades ago, people
have been in an ecological overshoot where demand for resources ex-
ceeds Earth’s periodic regrowth (Borucke et al., 2013). Overfishing,
overharvesting forests, and releasing more carbon dioxide into the at-
mosphere than nature can absorb cause a significant loss in biodiversity
by utilizing more natural resources than nature can replenish.
Specifically, the G20 countries are the primary engine of the world’s
development and growth, governing more than 84% of the international
economy and 65% of the world’s population (Chodor, 2021). Un-
doubtedly, these are advantageous, but the bloc also contributes to more
than 75% of the world’s ecological footprint (ECF). Despite the variety
and divergent routes for development among the members of the G20
countries, the bloc’s influence and power also make it extremely
accountable for a majority of the environmental problems that the world
is currently facing. Rapid globalization, swift urbanization, higher en-
ergy consumption to boost further economic output, unrestricted trade,
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and highly unmaintainable consumption of resources have driven three
key challenges, among all others, including loss of biodiversity, climate
change, and substantial air pollution (Codal et al., 2021). Fig. 1 shows
the ECF across the G20 countries in 2022. It indicates an increase in
ecological deficit compared to 2010, as shown in Fig. 2. It is apparent
that Canada and the USA have the highest ECF, while India, Indonesia,
and Mexico have the lowest one in 2010 and 2022. Nevertheless, all
other G20 nations indicate varying ECF with a general increasing trend,
alarming the sustainable environmental quality trajectory.

The G20 countries must now decide whether it is worthwhile to
make a trade-off between leading nations down an identical resource-
hungry and high-carbon route that threatens to undo the benefits it
has gained and thwart the SDGs or to forge a new and effective decision
to ease urgent actions that ties humanity and nature back together and
preserves its long-standing prosperity.

The above discussion encourages further empirical investigations
and the provision of more precise solutions through more scientific
research to assist relevant policymakers from different perspectives.
Indeed, institutional studies present environmental quality as a pressing
issue for societies and governments to address relevant policies and
actions (Gupta et al., 2022). Therefore, the present study primarily aims
to delve into the effects of institutional quality on ECF in the G20
countries by addressing three contemporary questions: First, what is the
direct impact of institutional quality and its dimensional effects on the
ECF? Second, can institutional quality effectively modulate the nexus
between key socioeconomic indicators and the ECF? Third, can insti-
tutional quality account for the recent unexpected external shocks to the
global economy that influence environmental quality? Answering these
questions will help us offer precise evaluations and highlight specific
areas where policy tensions exist in the recipient panel.

Meanwhile, compared to other exogenous factors, the impact of
institutional quality on economic growth, financial development,
financial inclusion, health outcomes, income inequality, and many other
indicators has been acknowledged in prior studies (Fredriksson and
Gaston, 2000; Neumayer, 2002; Fredriksson et al., 2004; Castiglione
et al., 2012; Azam et al., 2021; Espinosa-Gonzalez et al., 2019; Li et al.,
2021; Nansai et al., 2021; Khan et al., 2022; Li et al., 2022; Ashraf et al.,
2022; Rahman et al., 2023; Sibanda et al., 2023); but the available
literature reports rare cases examining the direct, moderating, and
multidimensional effects of institutional quality on ECF. However,
studies like Goel et al. (2013) for the Middle East and North Africa, Lau
et al. (2014) for Malaysia, Uzar (2021) for the E—7 group, and Hussain
et al. (2023) for Pakistan have examined the effects of institutional
quality on ECF and valuably contributed to the existing literature, but to
the best of our knowledge, the G20 has not been attended by scholars to
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delve into the subject. Thus, in addition to directing our focus toward
achieving the primary objectives of the study, the resulting gaps in the
literature motivates us to carry out this piece of investigation.

This paper is a novel piece and contributes to literature in four as-
pects: First, it builds a foundational analytical framework for
approaching the role of institutional quality spillovers on ECF in the G20
countries. Second, it innovatively constructs a composite institutional
quality index and three-dimensional indices of accountability, trans-
parency, and participation using a distance-based technique to capture
the extensive and precise effects of institutional quality on ECF. Third, it
highlights critical policy areas by establishing the interaction of insti-
tutional quality index with major macroeconomic and pollutant pre-
dictors to capture the extent to which both environmental endogenous
and exogenous predictors are moderated by institutional quality. This
approach reveals unique underlying relationships between ECF and
other socioeconomic variables. For example, it reveals how human
development, economic growth, energy consumption, or globalization
are influenced by effective institutional quality to explain ECF. Fourth,
this study uses the generalized autoregressive conditional hetero-
skedasticity method to construct a predictor of economic uncertainty to
capture the effects of recent global economic uncertainties on environ-
mental quality. However, Ayad et al. (2023), in their study, implicitly
attempted to define how economic uncertainty influences CO5 emissions
in India, but the present study extends the literature and constructs a
novel predictor using the trend of economic growth in the G20 to
explicitly explore both its direct impact and its interactional effects with
institutional quality on the subject. The inferences that can be drawn
from this study drastically alter policymakers’ perspectives and
evidentially assist them in reorienting their subject policies. Therefore,
this study highlights major strategic policy implications for players in
the G20 countries, aside from assumed contributions to current litera-
ture grounded in the approach and style of interaction pursued in this
inquiry. Furthermore, the study adopts an evaluation strategy that
identifies the variability of key socioeconomic indicators impacting ECF
through the increasing complexity and multidimensionality of institu-
tional quality. This approach may influence current policy debates
among the G20 nations to advance sustainable environmental quality by
targeting a zero-carbon atmosphere by the end of 2050.

The remaining parts of the study are structured as follows: Section 2
conceptualizes the study and reviews the relevant and empirical litera-
ture. Section 3 explains the methodology. Section 4 presents the results.
Section 5 provides a brief discussion about the findings. Section 6 con-
cludes the article and highlights specific policy implications.

16 Fig. 1. Ecological footprint per person; G20-2022. Notes:
ARG: Argentina, AUS: Australia, BRZ: Brazil, CAN: Canada,
14 FRA: France, GER: Germany, IND: India, INDO: Indonesia,
12 ITL: Italy, JAP: Japan, KOR: Korea, MEX: Mexico, RUS:
Russian Federation, SUA: Saudia Arabia, SA: South Africa,
10 TRY: Turkiye, UK: United Kingdom, USA: United States of
America, CHN: China, EU: Europe.
8 0 Source: Global Footprint Network (G F N, 2023).
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Fig. 2. Ecological footprint per person; G20-2010.
Source: Global Footprint Network (G F N, 2023).

2. Literature review
2.1. Concept

The impact of institutional quality on ECF either directly or as a
moderating instrument has not been extensively studied. It might be due
to the multidimensional and complex nature associated with predictors
of institutional quality, ECF, and the multifaceted nature of socioeco-
nomic indicators linked to each other, as discussed by Abid et al. (2022),
Rafei et al. (2022), and Homer (2022). Hussain and Dogan (2021), for
instance, observed an adverse impact of economic growth on ECF.
Indeed, it was through the secondary association of institutional quality
as a mediating policy predictor in their recipient panel. Studies
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suggested that a more diverse and comprehensive view is required to
determine the complexity of linkages between institutional quality and
environmental degradation (Azam et al., 2021; Abd Razak et al., 2021;
Omri et al., 2022). Contrary to this background, we conceptualize the
study to draw on the multidimensional and complex link between
institutional quality and ECF in the presence of major socioeconomic
predictors. Fig. 3 illustrates that L1 (line-1) alters the direct impact of
socioeconomic and pollutant indicators on the subject, and thus L3 is an
altered impact. L2 assumes a direct link between institutional quality
and the ECF, while L4-6 indicates the dimensional impact of institu-
tional quality on the ECF. Importantly, L7 presents the interaction ef-
fects of institutional quality and L8 indicates the impact of external
shocks, i.e., economic uncertainty on the subject.
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Fig. 3. Conceptual framework.
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2.2. Links

In an empirical sense, the ECF is affected by major demographic,
macro-, and socio-economic indicators, including urbanization (Gupta
et al., 2022; Sahoo and Sethi, 2022), human capital (Ahmed et al., 2020;
Chen et al., 2022), globalization (Sabir and Gorus, 2019; Apaydin et al.,
2021; Sun et al., 2023), financial development (Omoke et al., 2020;
Ashraf et al., 2022; Gill et al., 2023), economic growth (Baz et al., 2020;
Kazemzadeh et al., 2022a,b,c; Lee et al., 2023), and population growth
(Wu, 2014; Weber and Sciubba, 2019). Most importantly, the available
literature also reveals some studies focusing on the effects of institu-
tional quality on ECF (L1) that are briefly reported in the proceeding
parts of this section.

2.2.1. Urbanization-ECF

Recent studies revealed that urbanization can significantly influence
the ECF, though their presented results are mixed. For instance, Ahmed
et al. (2020) investigated the effects of urbanization on ECF over the
period from 1971 to 2014 in the G-7 nations and found that urbanization
is effective in reducing ECF. Similarly, Nathaniel et al. (2020) and Liang
et al. (2019) found that urbanization exerts negative effects on ECF.
Danish et al. (2018) used a set of time-series data from 1970 to 2011 in
Pakistan and showed that urbanization negatively impacts environ-
mental degradation. In contrast, Salman et al. (2022) evaluated the ef-
fects of urbanization on ECF in Indonesia, Thailand, Malaysia, and the
Philippines from 1980 to 2017. The authors failed to document an
inverted U-shaped curve among the predictors and stated that urbani-
zation is positively associated with the ECF, with a higher impact in
Indonesia and Thailand. Balsalobre-Lorente et al. (2021) delved into the
effects of urbanization on ECF in Italy, Portugal, Spain, and Greece from
1995 to 2015 using generalized and fully modified ordinary least
squares methods. Their findings indicate that urbanization is a key
source of environmental degradation in their recipient countries. Like-
wise, many other studies revealed that urbanization upsurges environ-
mental degradation (Hashmi et al., 2021; Shahbaz et al., 2017a,b; Wang
etal., 2016; Liddle and Lung, 2010). In a similar vein, Kazemzadeh et al.
(2023a,b) have also noticed the influence of urbanization on the ECF
and suggested that due to the complex nature of urbanization’s link with
the ECF, more extensive empirical investigations are required to observe
their true nexus.

2.2.2. Economic-ECF

The effects of growth on environmental degradation are mostly
studied under the environmental Kuznets curve (EKC) hypothesis, and
undisputedly, the literature hosts a large number of such studies. Lee
et al. (2023) examined the effects of economic growth on ECF in Eco-
nomic Cooperation and Development countries from 1995 to 2017. They
observed a nonlinear relationship between growth and the ECF, con-
firming an inverted U-shaped curve in their recipient panel. Further,
Pata and Hizarci (2022) assessed the effects of economic complexity on
ECF and CO. emissions under the EKC hypothesis in Germany,
Switzerland, and Sweden. In the presence of other control variables, the
authors found an inverted U-shaped curve only for Germany and Swe-
den. Likewise, Adebayo et al. (2022) tested the pollution haven hy-
pothesis using foreign direct investment, ECF, CO, emissions, and load
capacity in Thailand. Their findings confirm the validity of the hy-
potheses for load capacity and CO2 emissions while invalidating the
ECF. Ali et al. (2021) examined the effects of growth on ECF in three sets
of panels classified as high-, upper-middle-, and lower-middle-income
countries. Their results validated the EKC hypothesis across all panels,
indicating that growth deteriorates environmental quality up to a
certain level of income, after which it improves it. Contrary to that, there
are a large number of studies that significantly rejected the validity of
the EKC hypothesis (Markandya et al., 2006; Niu and Li, 2014; Wang
et al., 2018; Erdogan et al., 2020). The presentation of mixed results is
caused by at least one of three common reasons, such as the economic
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status of the host country, the duration of the datasets used in the studies
(which might be in a transitional state), or the results sensitivity to
empirical models employed by the authors.

2.2.3. Finance-ECF

Compared to other predictors, the literature reports a limited num-
ber of studies that delve into the finance-ECF nexus. Although financial
development is assumed to suppress ECF by encouraging and supporting
sound financial projects, some studies offer counter-examples. Shahbaz
et al. (2023) examined the impact of financial development on ECF in
the USA, China, Japan, India, Brazil, Indonesia, Korea, Mexico, the UK,
and Turkey. Their findings show that financial development has a pos-
itive impact ECF. Likewise, Kihombo et al. (2021) probed the effects of
financial development and economic growth on ECF in West Asia and
Middle Eastern countries from 1990 to 2017. The authors observed, in
particular, that financial development stimulates ECF. Baloch et al.
(2019) examined the effects of financial development on ECF in Belt and
Road Initiative countries from 1990 to 2016. They also found that
financial development is significant for increasing the ECF across their
recipient panel.

Moreover, Ashraf et al. (2022) evaluated the effects of financial
development dimensions on ECF in a sample of 124 countries. They
found that financial institutions, including depth, access, and efficiency,
are significant indicators of decreasing ECF, while the financial market
has the opposite effect. In the same vein, Usman and Hammar (2021)
analyzed the effects of financial development and innovations on ECF in
Asia-Pacific Economic Cooperation countries from 1990 to 2017. The
authors found that financial development accelerates environmental
quality by reducing the ECF. Omoke et al. (2020) examined the effects of
financial development on ECF in Nigeria and they also found that an
increase in financial development significantly causes ECF to decrease.
An in-depth analysis reveals that the indication of mixed results is
attributed to the compositional scale effect of financial development in
transforming the market economy across countries; that is, the ECF ex-
hibits a positive response to financial development in some countries
and a negative response in others.

2.2.4. Human development-ECF

With respect to the human capital and ECF nexus, there is no general
consensus on the effects of human development on ECF in the existing
literature. For example, Ahmed and Wang (2019) analyzed the effects of
human capital on ECF in India from 1971 to 2014. They observed that
human capital negatively contributes to ECF, while also showing that
human capital has a causal link with ECF. Pata et al. (2021) employed
the human development index and ECF to examine their nexus in the top
ten countries with the highest ECF from 1992 to 2016. Their findings
reject the validity of the human capital Kuznets curve; however, they
found that the human development index negatively effects ECF.
Furthermore, Saleem et al. (2019) investigated the effects of human
capital and biocapacity on environmental degradation in Brazil, the
Russian Federation, India, China, and South Africa from 1991 to 2014.
Their findings revealed that human capital significantly increases
environmental degradation. Meanwhile Unal and Aktug (2022) inves-
tigated the impact of human capital and other control variables on ECF
in G20 countries from 1970 to 2016, using the dynamic common
correlated effects technique. Their findings indicated that human capital
decreases ECF in developed economies while becoming insignificant in
developing economies. Chen et al. (2022) probed the effects of human
capital on ECF from a global perspective using a sample of 110 countries
from 1990 to 2016. They noticed that human capital initially boosts ECF
and then suppresses it. The authors also indicated that human capital is
significant for reducing ECF in high-income countries, whereas it turns
positive in the low-income group.

2.2.5. Globalization-ECF
Recent studies have greatly contributed to enhancing familiarity
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with the nexus between globalization and ECF across various countries.
For instance, Pata (2021) delved into the effects of globalization,
renewable energy, and agricultural activities on ECF and CO, emissions
in Brazil, the Russian Federation, India, and China from 1971 to 2016. In
particular, the author found that globalization is statistically significant
in pressurizing the pollutant predictors. Likewise, Sabir and Gorus
(2019) investigated the effects of globalization on environmental
degradation in South Asia from 1975 to 2017. Their empirical findings
suggested globalization indicators such as trade openness, foreign direct
investment, and the KOF index are significant for increasing ECF. Figge
et al. (2017) examined the effects of the globalization index on ECF in a
panel of 171 countries using multivariate regression analysis. The au-
thors found that the globalization index significantly increases ECF.
Usman et al. (2020) probed the impact of globalization on ECF in the
USA from 1985 to 2014 using the autoregressive distributed lag
approach. Their empirical evidence suggested that globalization posi-
tively pressurizes ECF in the long run. The literature also reveals studies
that found counter results. Shahbaz et al. (2017a,b) investigated the EKC
hypothesis in the presence of globalization in China from 1970 to 2012
using the vector error correction method causality technique. It was
discovered that the EKC is valid in China, while globalization is signif-
icant in reducing environmental degradation. Further, Rafindadi and
Usman (2021) delved into the asymmetric effects of growth and glob-
alization on ECF in Brazil from 1971 to 2014. They also found that the
nexus between the variables is asymmetric. Specifically, their results
indicated that the negative partial sum from globalization highly re-
duces the ECF compared to its positive shocks.

2.2.6. Energy-ECF

Comparatively, the existing literature is immense with studies con-
cerning the effects of energy consumption on ECF. Kazemzadeh et al.
(2023) probed the effects of energy consumption structure on ECF in a
panel of countries classified as high- and middle-income from 1990 to
2017. The authors innovatively employed the club convergence
approach to verify similar ECF patterns over time. They found that, in
general, energy consumption structure in various quantiles up to the
50th, positively pressurizes the ECF, while above that, it has a negative
impact on the ECF. Similarly, Sun et al. (2023) explored the effects of
energy consumption on ECF in Brazil, the Russian Federation, India,
China, and South Africa using quantile regression approach. Their
findings indicate that energy consumption increases ECF in China and
India while decreasing it in South Africa. Moreover, Majeed et al. (2021)
investigated the non-linear effects of energy consumption on ECF in
Pakistan from 1971 to 2014. Using the asymmetric autoregressive
distributed lags model, the author discovered that the negative shocks
from aggregate energy consumption have negative effects, while the
positive shocks increase ECF. Likewise, Baz et al. (2020) have also
examined the effects of energy consumption on ECF in Pakistan from
1971 to 2014 using similar methods and found that energy consumption
is asymmetrically cointegrated with ECF and that it asymmetrically in-
creases ECF in Pakistan. Contrary to that, Rehman et al. (2021) analyzed
the nexus between energy consumption, ECF, and other relevant control
variables in Pakistan from 1974 to 2017. They employed an autore-
gressive distributed lag model and found that energy usage, growth, and
trade have productive interactions with ECF, implying that energy
consumption increases ECF. Further, Nathaniel et al. (2019) explored
the effects of energy consumption and urbanization on ECF in South
Africa from 1965 to 2014. Although they found that economic growth
and financial development decreased the ECF, energy consumption was
found to positively contribute to the ECF. Although prior literature is
vast, results are conflicting and require extensive and complex in-
vestigations to highlight their contextual nexus.

2.2.7. Institutions-ECF
The recent contribution of studies to the literature on the effects of
institutional quality on environmental degradation is valuable, though
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the precision of the presented results is still debatable. Farzin and Bond
(2006), Li and Reuveny (2006), Bernauer and Koubi (2009), Arvin and
Lew (2011), and Satrovic et al. (2021) utilized democracy as a proxy for
institutional quality to test whether it affected air pollution. They found
that democracy is substantive in reducing environmental degradation.
Goel et al. (2013), Lau et al. (2014), Akhbari and Nejati (2019), Uzar
(2021), and Fatima et al. (2022) employed corruption, law, and order as
a substitute for institutional quality predictors and observed their sig-
nificant effects on mitigating carbon emissions. Furthermore, Adedoyin
et al. (2022) tested the link between regulator quality, CO, emissions,
and financial development in Sub-Saharan Africa. The authors showed
that growth highly influences CO, emissions, while regulatory quality
and institutional indicators are significant in reducing carbon emissions.
Differently, Abid (2016) investigated the moderating effects of political
stability, democracy, government effectiveness, and control of corrup-
tion on CO; emissions in Sub-Saharan Africa. The author found that
institutional quality significantly reduces CO, emissions. Hunjra et al.
(2020) assessed the moderating role of institutional quality on envi-
ronmental quality and financial development in South Asia. They
observed that institutional quality effectively moderates the impact of
financial development on the environment.

Finally, the literature reveals that Salman et al. (2019) examined the
effects of government effectiveness on environmental degradation in a
panel of three Asian countries from 1990 to 2016. They observed several
results, among which they concluded that institutional quality increases
carbon emissions, but efficient institutions are impartial to increase
growth and decrease carbon emissions. Somewhat consistent with this,
Azam et al. (2021) used administrative capacity, political stability, and
democratic accountability as proxies for institutional quality. Their re-
sults also concluded that institutional quality has a positive impact on
energy consumption and environmental degradation.

2.3. Gaps

The contribution of recent studies focusing on numerous indicators
influencing ECF is valuable to enhancing the existing knowledge of the
field with respect to the effects of growth, globalization, urbanization,
finance, and energy consumption on ECF. However, based on the subject
of present interest, the review of the above-cited studies reveals several
gaps. First, institutional quality is a broad and multifaceted concept, and
its extensive effects may not be well explored by using single or incon-
clusive proxies. For instance, different studies employed different
proxies, such as corruption, democracy, and government effectiveness.
These indicators may not correspond to the comprehensive concept of
institutional quality. Therefore, to address this issue, the following hy-
pothesis is developed:

Hyp;: The distance-based institutional quality index that accounts
for the variability of institutional quality from the worst to an ideal point
can capture its exact effects on ECF.

Second, the absence of a precise evaluation of institutional quality on
the ECF is another irrationality found in prior literature. Aggregate
indexing, or surprisingly, augmenting individual proxies, may not cap-
ture the true effects of institutional quality on the subject; rather, it may
lead to perplexing conclusions. Thus, the following hypothesis will
address this issue:

Hypg: Institutional quality has a multidimensional impact on ECF
including accountability, transparency, and participation that verifies
specific policy implications.

Third, although the existing literature reports the exceptional work
of Uzar (2021) for E—7 with respect to the deployment of ECF in the
analytical framework of environmental degradation and institutional
quality linkages, the present inquiry failed to find any such empirical
studies focusing on the most comprehensive context, the G20, to delve
into the effects of institutional quality on ECF. To account for this issue,
the following hypothesis is developed:

Hyps: 1QI and its dimensions have a significant impact on ECF in the
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G20 countries.

Fourth, although studies have accounted for the effects of global-
ization on ECF, almost all have ignored the effects of external economic
shocks raised by recent political divisions, trade tensions, and global
pandemics on ECF. The following hypothesis will address this problem:

Hyp4: Economic uncertainties impose an unfavorable impact on ECF
across the G20 nations.

Finally, the spillover effects of institutional quality are acknowl-
edged by recent studies. It is imperative to explore how it modulates the
relationship between ECF and other indicators. The hypothesis below
will address this issue:

Hyps: Institutional quality is effective in moderating the relationship
between ECF and macro- and socioeconomic indicators in the G20
nations.

3. Methodology

In a bid to offer empirical replicability, Fig. 4 presents the key stages
of the methodological framework adopted in the study. This framework
ensures a systematic approach to testing the developed research hy-
potheses and achieving the primary objectives of the study. Similar
methodological approach has been largely used in prior literature (see,
inter alia, Kazemzadeh et al., 2022a,b,c; Ansari et al., 2022). In stage 1,
the G20 countries have been selected as the geographical context of the
study. The choice of the G20 is based on the verification of its holistic
scope. It represents two-thirds of the world’s population, more than 84%
of the global GDP, and 75% of international trade (Bilgili and Ulucak,
2018). Additionally, it is one of the premier international forums for
economic cooperation and has a considerable impact on the architecture
and global governance of key economic and environmental issues.
Importantly, the G20 represents more than 80% of global emissions and
is therefore a crucial domain for key policy initiatives beneficial to other
nations (Ansari et al., 2022). In stage 2, key explanatory variables are
selected. In stage 3, reliable sources are verified for collecting the
required datasets for the variables of interest. In stage 4, the IQI and
economic uncertainty predictor are constructed. In stage 5, the study
specifies key empirical models to explore the effects of IQI on ECF, while
in stage 6, the estimation techniques are presented to examine the direct,
dimensional, and moderating effects of IQI on ECF, using the limited
information maximum likelihood (LIML) method.

2
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Fig. 4. Methodological framework.
Source: Authors’ conception.
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3.1. Selection of variables

The variables used in the study are consistent with prior empirical
literature. ECF has been selected as the dependent variable. However,
some prior studies (Saboori and Sulaiman, 2013; Salahuddin and Khan,
2013; Abbasi and Riaz, 2016; Chen et al., 2019; Ragoubi and Mighri,
2021; Jiang et al., 2022; Shabir et al., 2023) employed CO emissions as
a proxy for environmental degradation; ECF is a more comprehensive
predictor that captures the total affected areas used by human interac-
tion (Hussain et al., 2023; Kazemzadeh et al., 2022a,b,c; Pata and Isik,
2021). The ECF used is based on consumption and expressed in terms of
constant per capita. From Section 2 (literature review), we noticed that
economic growth, urbanization, globalization, financial development,
human development, energy consumption, and population growth are
the key determinants of ECF. For instance, Pata (2018) noticed that
urbanization has a positive impact on environmental degradation,
whereas Wei and Zhang (2017) observed a mixed result. This suggests
probing its effects on ECF. Thus, urbanization (URB), expressed as a
percentage of the total population, has been added to the analysis. The
study accounts for the complex links between financial development and
the ECF and therefore uses the financial development index (FDI), which
includes both the elements of financial markets and financial institutions
like depth, access, and efficiency. FDI is measured in terms of numbers
ranging from O to 1 (perfect). Recent studies are also conducive to
employing FDI (Satyanarayana Murthy et al., 2014; Ito and Kawali,
2018) instead of using proxies such as credit to the private sector or
gross fixed capital formation. Regardless of its magnitude, the effect of
economic growth on environmental quality is undeniable Okonkwo and
Ifeanyi (2021); Lorente and Alvarez-Herranz (2016). The study employs
the GDP growth as a proxy for economic growth (EG), which is
expressed as an annual percentage. Moreover, prior literature (Anand
and Sen, 1994; Khan et al., 2019) suggests that human capital is a key
determinant of environmental degradation. To that end, the study uses
the human development index (HDI), which is a relatively comprehen-
sive measure of human capital elements such as health, education,
knowledge, and well-being. HDI is measured in terms of numbers from
0 (lower) to 1 (higher). In order to observe the social, economic, and
political aspects of globalization on the subject, the study follows Bilgili
et al. (2020) and Cervantes et al. (2020) and employs the globalization
index (GI), measured in terms of numbers spanning from 1 (lower) to
100 (higher). Consistent with studies by Dong et al. (2018) and Ray and
Ray (2011), who observed the significance of population growth on

(1)
Geographical context
G20

| |
[ Direct eftects ][Dimensional effects ][Moderating effects]
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technique: LIML
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environmental quality, the present study employs the population growth
rate (PGR) as a control variable, which is expressed as an annual per-
centage of the total population. Finally, ignoring the influence of energy
consumption (EGY) on ECF may cause bias. Thus, following Rahman and
Vu (2020), Salahuddin and Gow (2019), and many other relevant
studies, we control for the effects of EGY, measured in terms of metric
tons per capita.

3.2. Data collection

The datasets employed range from 2000 to 2022. The time period
was conditioned on the availability of the required datasets for the
variables of interest; however, it represents two global events that are
crucial for the present inquiry: first, the global financial crisis from mid-
2007 to early 2009; and second, the COVID-19 pandemic from early
2020 to early 2022. Both of these events had significant impacts on
major economic, environmental, social, and health outcomes (Stuckler
et al., 2009; Prawoto et al., 2020). To acquire data for the selected
variables, various reliable sources have been identified. The dataset for
ECF was collected from the Global Footprint Network (G F N, 2023). The
datasets for EG, EGY, URB, and PGR were compiled from the World
Development Indicators (WDI, 2023), and data for FDI was accessed
from the International Monetary Fund (IMF, 2023). Furthermore,
sources relevant to the United Nations Development Program (UNDP,
2023) and the KOF Swiss Economic Institute (KOF, 2023) offered the
required datasets for HDI and GI, respectively.

3.3. Construction of new variables

3.3.1. IQI construction

As indicated, in order to allow precision in assessing the extensive
effects of institutional quality on ECF, the study constructs a composite
institutional quality index (IQD) using six measures of the Worldwide
Governance Indicators developed by Kaufmann and Kraay (2020). They
include control of corruption (CoC), rule of law (RoL), government
effectiveness (GoE), regulatory quality (ReQ), political stability (PoS),
and voice and accountability (VoA). These variables are expressed on the
same scale, ranging from 0 to 100 percentile ranks, where a higher value
indicates a higher quality of institutions and vice versa. To construct the
index, the study adopts the methodology proposed by Sarma (2012).
This methodology is based on a distance-point approach from a worst to
an ideal point rather than simply allocating equal average weights to
indicators. It has recently gained prominence in literature due to its
preference over common techniques. Based on notable works by Lenka
and Sharma (2017), Park and Mercado (2018), and Omar and Inaba
(2020), the study begins the construction of IQI with the allocation of
weights using the coefficient of variations of each WGI measure using
equation (1), and then each indicator will be normalized through the use
of equation (2) as:

Vit

Wi = ——
D1V

@

Table 1
IQI's basic estimations.
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where W refers to the allocated weight, v is the coefficient of variation,
N is the normalized value of an indicator, T is the true value of the in-
dicator, L refers to lower limit fixed by 0, and U is the upper limit fixed
by 90th percentile rank for an indicator i at time t. The upper value is set
to remove any excessively high benchmarks across the indicators (Omar
and Inaba, 2020). Table 1 displays the estimated mean, standard devi-
ation, coefficient of variation, allocated weight, and normalized values.
The normalized value (N) indicates the extent to which the panel (G20)
achieved quality at each institutional indicator. The higher the
normalized value, the higher the achievement will be. Next, the distance
of datapoints (d=d;, ...,d,) from a worst situation (0) to an ideal one
(I=1,...,I,) are computed using equations (3) and (4):

dy = (Z:ZIN’ZY>/ <271W'2’> @)
Li=1- (Z}‘l<w,»,—z\f,-)2> / (Zj’lw,%> @

where all other variables are defined before, d; is the normalized
Euclidian distance achieved from the point (d) to the worst point (0) for
the nth-dimensional distance (Sarma, 2012) and (I;) refers to the inverse
Euclidian distance normalized value achieved from point (d) to an ideal
point (I).

Finally, the study takes the ratio of (3) over (4) and constructs the IQI
as:

101, = 0.50 (X" +xi) (5)

Here, the constructed IQI ranges from 0 (imperfect) to 1 (perfect)
institutional quality in country (i=1,2,...,=20) at time (t =1, 2,..., =
2022). Fig. 5 shows the IQI's box plot distribution across the G20 panel.

For the construction of the IQI dimensional indices, the study follows
the same procedure as defined in equations (1)-(5). Thus, accountability
index (A(Q)) includes CoC and RoL variables, transparency index (T
(IQ)) includes GoE and ReQ indicators, and participation index (P(IQ))
includes PoS and VoA indicators. Fig. 6 displays a boxplot of the con-
structed IQI dimensional indices. It also notes that A(IQ), T(IQ), and P
(IQ) are expressed in numbers ranging from 0 (lower) to 1 (higher).

3.3.2. Economic uncertainty

Political divisions and international trade rigidities between some
nations—for instance, Brexit, the US-China trade relationships, and
recent global pandemic (COVID-19)—have ushered in significant tur-
bulence and resulted in a high level of economic uncertainty (Ahir et al.,
2022). Therefore, it is important to explore the extent to which global
economic uncertainty influences ECF. To that end, the study develops an
economic uncertainty variable using the generalized autoregressive

Dimensions Indicators Mean Std. Dev. Coefficient of variation (6; +X;) Allocated wight Normalized values
v+ Yo v SN (T +Ui) Wa

Accountability CoC 73.1406 21.7686 0.29762 0.505246 0.761385

RoL 74.8031 21.8011 0.29144 0.494754 0.749726
Transparency ReQ 77.2622 18.6339 0.24117 0.520765 0.778628

GoE 77.5049 17.2017 0.22194 0.479235 0.732483
Participation PoS 64.8711 24.6790 0.38043 0.553976 0.715529

VoA 75.5529 23.1417 0.30629 0.446024 0.695582

Notes: CoC: Control of corruption, RoL: Rule of law, GoE: Government effectiveness, ReQ: Regulatory quality, PoS: Political stability, VoA: Voice and accountability. All
these indicators were originally expressed in percentile ranks ranging from 0 to 100.

Source: Authors’ computations.
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conditional heteroskedasticity (GARCH) approach to produce data-
points from the GDP annual growth rate for each G20 countries under
review. It is a notable procedure and is extensively employed in prior
literature (see, for example, Asteriou and Price, 2005; Gokbulut and
Pekkaya, 2014; Abaidoo and Agyapong, 2022b). Additionally, the
GARCH model is employed to estimate the volatility of the variable
under review as an indicator of uncertainty. The GARCH model used is
specified as:

66pre. =9 + W»éppg,,l + &66DpPGi-1 (6)

where o is the conditional volatility of GDP growth rate at time (t = 2000
to 2022), 9 presents the model intercept, 0 is the autoregressive condi-
tional heteroskedasticity (ARCH) parameter, and 1 is the parameter of
the GARCH model. Fig. 7 displays the estimated economic uncertainties
for the G20 countries.

3.4. Model specification

The key objective of this inquiry, which is translated into the key
research questions and the hypotheses, is to determine the direct,
moderating, and multidimensional effects of IQI on ECF. In doing so, the
study begins with the specification of the following long-run multivar-
iate dynamic equation to test the direct effects of IQI on ECF as:

ECF; =0+ 8,101, + 9:FDI, + 9HDI, + 9,EGY,,
+95EG;, + 84GI,, + 8,URB; + 95 PGR,, @
+99ECU;, +n; + €

where FDI refers the financial development index, HDI is the human
development index, EGY refers to energy consumption, EG presents the
GDP growth, GI presents the globalization index, URB is the urbaniza-
tion, PGR refers to population growth, ECU is the economic uncertainty,
and ¢; is the error-term. Additionally, 6 is the intercept, 9; to 9g are the
long-run coefficients of the variables, and n, refers the country-specific
effect. Our second focus is to delve into the moderating impact of the
IQI on relationship between ECF and major macro- and socio-economic
indicators. To that end, the study specifies the following model:

ECF;, =0+ 9,101, + 9,FDI;, + 9HDI;, + 9,EGY;
+95EG;, + 9GI,, + 9;URB;, + 93PGR;, ®
+89ECU;, + w(MST, x IQI,) +n, + &

where all other variables are explained before, y is the coefficient of the
interaction term, and MSI refers to the macro- and socio-economic in-
dicators, say, the control variables. To augment (MSI; xIQl;) into
equation (8), the study takes its differentiation as:

United States - 22

Fig. 7. Economic uncertainty plot from 2000 to 2022. Notes: Countries are arranged in alphabetical order; that is, Argentina is the first and the United States is the
last one in the G20 panel. 00 indicates the year 2000 and 22 denotes the year 2022.
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0ECF,
oMSI,

=9, +yIQI; )

where 9; and y capture the extent to which the IQI advances the effi-
ciency of the macro- and socio-economic indicators (MSI), such as FDI,
HDI, EGY, EG, GI, URB, PGR, and ECU on ECF. Furthermore, the study
investigates the effects of key institutional quality dimensions, such as
accountability, transparency, and participation on ECF. To this faith, it
specifies the following model:

ECF; =0+nAwi + ATigi + ¢Pigir + 91 FDI + 9, HDI;
+83EGYy + 9,EGy, + 985Gl + 9 URB;, + 9;PGR;, 10)
+9ECU;, +n, +¢€;

where 5,4, and ¢ refer to the long-run coefficients of accountability
index (A), transparency index (T), and participation index (P) of insti-
tutional quality (IQ), respectively, and all other variables carry the same
meaning as explained before.

3.5. Estimation technique

Prior literature about the direct and spillover effects of IQI on envi-
ronmental degradation is somewhat opaque. There are empirical criti-
cisms about the inconclusive outcomes caused by methodological
deployment that ignores endogeneity issues in panel data analysis
(Barros et al., 2020). Customarily, the most evident source of endoge-
neity is the omission of predictors correlated with the dependent vari-
able. From Section 2, we observed that, for dynamic panel estimations,
the existing literature reports various methods such as pooled ordinary
least squares, random effects (RE), fixed effects (FE), the generalized
method of moment (GMM), two-stage least squares (2 S LS), and panel
autoregressive distributed lags (ARDL) models with both mean group
and pooled mean group estimators. In the presence of heterogeneity and
inverse causality, both RE and FE methods are proven to be inconsistent
and inefficient (Phillips and Sul, 2007; Hahn and Kuersteiner, 2011).
Weak instrumentation is detrimental to GMM estimators (Stock et al.,
2002), and differencing the GMM equation would be affected by sample
distortion. The panel ARDL model of Pesaran et al. (1999) has been
widely used in relevant studies. However, it might be biased in the
presence of cross-sectional dependence among the predictors. While the
cross-sectionally augmented ARDL model of Chudik and Pesaran (2015)
accounts for cross-sectional dependence, its accurate outcome heavily
depends on a large number of observations to allow sufficient lags of
both the dependent and independent variables. It also restricts estima-
tions to a single long-run relationship between variables. Thus, in light
of the above-cited issues, the present study employs the limited infor-
mation maximum likelihood (LIML) method of Anderson and Rubin
(1949), which was initially suggested by Girshick and Haavelmo (1947).
The study initiates fitting the following single structural equation for the
observation (i), which refers to as “limited information” as:

yi=Y_ i +Xi& + & = ZiAd + 6‘; an
where y; presents the dependent variable (say, ECF), X; is the vector of

explanatory variables included in the model, and Y_; is the unspecified
endogenous variables defined in a reduced form as:

Y =X¥+ U 12)

where Y_;,X_;, and X refer to the endogenous, exogenous, and instru-
mental variables (IVs), respectively (Harvey and Amemiya, 1987). Thus,
the LIML model can be expressed as:

1, = (20— 9MZ)Z (1 — M)y, (13)
where M I-X(XX)'X and 9

-1
({;’i}Mi[yi Y,i]> ({gi}M[yi Y,i]> that is the smallest root

denotes refers to
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matrix. In other words, as stated by Young and Theil (1973) and
explained by Hill and William (2019), 9 solves for the smallest gener-
alized eigenvalue issues as |[y; Y_i'Mily: Y.i]— 9y Y]
M[y; Y_i] = 0|. Consequently, T is estimated as a simple IV-re-
gression (ivregress) form (Akashi and Kunitomo, 2015). The LIML has
several advantages over common dynamic panel data techniques. First,
it captures panel endogeneity and estimates consistent and robust co-
efficients in panels, whether or not they are balanced. Second, it is
asymptomatically normal in terms of country-specific fixed effects and
does not remove it from estimation (Stock and Yogo, 2005). According
to Akashi and Kunitomo (2015), the LIML is efficient in the presence of
endogeneity and maintains dynamic individuality effects in the panel.
Third, it does not suffer from weak instrumentation due to the small
sample size. Fourth, it achieves an asymptotic bound where there are a
large number of orthogonal settings (Abaidoo and Agyapong, 2022b).
Fifth, compared to 2 S LS, the LMIL has been proven to be more robust
(Stock and Yogo, 2005; Akashi and Kunitomo, 2012). Sixth, because
panel data is generally subject to cross-sectional dependence issues, the
LIML, which is an IV-regression method, imposes restrictions so that
cross-sectional dependence does not cause y;;—; to be endogenous
(Sarafidis and Wansbeek, 2012; Verdier, 2016). The LIML is an empirical
competitor to the CS-ARDL model in overcoming cross-sectional
dependence in a sample with a small number of observations (De
Hoyos and Sarafidis, 2006). Finally, “the LIML estimators are consistent
and asymptotically normal when the factor loadings in the reduced form
explanatory variables and the reduced form errors are uncorrelated
conditional on the common shocks” (Forchini et al., 2018). Based on
these advantages, the LIML method has recently gained prominence in
the literature and is widely used in studies of a sophisticated nature
concerned with institutional quality predictors (Federici et al., 2023;
Abaidoo and Agyapong, 2022a; Lu et al., 2020; Lin and Liscow, 2013;
Dmitriev, 2013). However, great caution is sought when augmenting IVs
into the model. Thus, as an integral part of the LIML estimation, the
study estimates and reports the robustness of the model using the under-,
over-, and weak-identification tests, respectively, to ensure that the
endogenous predictors are greater than the IVs, that the IVs and ¢; do
not correlate, and that the IVs are sufficient to explain the endogenous
variables in our estimations. All estimations are carried out using Oxi-
metric 6.0, Stata/BE 17.0, and OriginLab 2022 software packages.
Specifically, the sum, corr, xtreg, vif, xtcd, ivregress liml, and estat com-
mands were used in STATA, while the GARCH (1,1) under multivariate
analysis-ARCH modeling has been used in Oximetric for preliminary
analysis and key estimations.

4. Results and discussions
4.1. Preliminary tests

The analysis begins with some important descriptive statistics re-
ported in Table 2. It demonstrates that the mean value for ECF stands at
5.204, with a minimum of 0.745 and a maximum of 17.283 units per
capita. It is observed that a similar pattern exists for ECF across the
panel, while IQI, with a mean value of 0.844 and minimum and
maximum values of 0.265 and 0.944, respectively, shows a non-
monotonic behavior during the period. This is mostly based on the in-
dicators of three countries, such as India, Indonesia, and the Russian
Federation.

Once IQI is split into three dimensional indices [A(IQ), T(IQ), and P
(IQ)1, many similarities are found between them across all G20 coun-
tries that might be due to the similarities in their institutional structures.
The statistics indicate that GI is at its peak, with a mean of 76.798 and a
maximum of 91.141 in the G20 panel. Though one can read through,
interestingly, the study observes that EUC shows an average of 23% with
the highest volatile peak of 273.81%. Nonetheless, as it is delved into its
effects later, it suggests the harmfulness of EUC to environmental
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Table 2
Summary statistics.
Variables Obs.  Mean Std. Minimum  Maximum
Dev.

Ecological footprint 460 5.204 2.319 0.745 17.283

Institutional quality 460 0.844 0.265 0.264 0.964
index

Accountability index 460 0.923 0.091 0.430 0.905

Transparency index 460 0.927 0.078 0.522 0.899

Participation index 460 0.896 0.108 0.313 0.961

Financial development 460 0.518 0.237 0.005 0.967
index

Energy consumption 460 9.553 1.494 4.663 12.019

GDP growth 460 2.836 3.809 —14.839 24.37

Human development 460 0.833 0.114 0.027 0.962
index

Urbanization 460 72.908 15.237 21.637 98.153

Population growth 460 1.137 1.924 —4950 21.260

Global index 460 76.798  9.711 43.582 91.141

Economic uncertainty 460 23.000 19.579 7.871 273.81

Table 4

Cross-sectional dependence test results.
Variables CD-test p-value Corr Abs (corr)
Ecological footprint 32.67*** 0.000 0.221 0.548
Institutional quality index 90.24%** 0.000 0.612 0.661
Accountability index 1.58 0.113 0.011 0.375
Transparency index 1.67 0.110 0.018 0.354
Participation index 1.51 0.115 0.058 0.332
Financial development index 18.04=* 0.000 0.122 0.401
Energy consumption 1.36 0.174 0.009 0.495
GDP growth 85.72%%* 0.000 0.581 0.583
Human development index 28.67%** 0.000 0.372 0.477
Urbanization 88.96*** 0.000 0.603 0.630
Population growth 22.19%** 0.000 0.150 0.352
Global index 134.26%** 0.000 0.710 0.710
Economic uncertainty 37.92 0.000 0.257 0.335

Note: *** indicates significance at 1% level.
Source: Authors’ computations.

Source: Authors’ computations.

quality. To explore the relationship between the variables, the study
estimates the pairwise correlation. However, the results shown in
Table 3 fail to report any significant correlation between variables, but
two methods are used to detect multicollinearity: first, a threshold level
of >0.85 as proposed by Elith et al. (2006); and second, the VIF (vari-
ance inflation factor) derived as a post-estimation of a pooled OLS
regression. The former suggests that, with no exception, all variables
indicate coefficients of <0.85, while the latter supports the estimated
VIF showing fairly low inflated predictors (O’'Brien, 2007). Thus, the
outcomes do not favor any extreme collinearity among the variables.

Furthermore, the study proceeds to estimate the cross-sectional
dependence test of Pesaran and Hashem (2004) and reports the results
in Table 4. The results indicate that except for the accountability index,
transparency index, participation index, and energy consumption, the
remaining variables are statistically significant to reject the null of
cross-sectional independence at a 1% level. The existence of
cross-sectional dependence is common among countries that exhibit
identical economic, social, and infrastructural characteristics (Fuinhas
et al., 2021).

4.2. LIML estimates

Based on the primary objectives, the study proceeds to estimate the
direct effects of IQI on the ECF using LIML method. Additionally, the
estimations include the dimensional effects of institutional quality
indices, such as A(IQ), T(IQ), and P(IQ) on ECF. In Table 4, the results of
the direct effects of IQI on ECF are shown in the first column, while the
dimensional effects are reported in the second, third, and fourth col-
umns. The results indicate that IQI is statistically significant in reducing

the ECF during the period under review by 0.257 units per capita, while
a more precise impact is achieved using the dimensional approach by
splitting the IQI into three indices. It shows that a 1% increase in A(IQ),
T(IQ), and P(IQ) reduces ECF by 0.144, 0.607, and 0.194 units per
capita, respectively. The transparency index, among all others, has
higher effects on ECF and is significantly conducive to existing policy
reorientations. It is consistent with the conceptual framework of bene-
ficial ownership transparency in G20 countries (Bagheri and Zhou,
2021), emphasizing the rearrangement of the concept to reduce the
abuse of transparency, which outweighs social and economic benefits.
Empirically, it supports the findings of Wawrzyniak and Doryn (2020)
and Rahman et al. (2022), who also document that the control of cor-
ruption and transparency are profoundly beneficial to improving envi-
ronmental quality. However, the magnitudes remain unchanged; the A
(IQ) and P(IQ) indices are yet less influential than the transparency
index. Recent studies by Pour (2012), Goel et al. (2013), Abid (2016),
Ibrahim and Law (2016), Dhrifi (2019), Egbetokun et al. (2020), Le et al.
(2020), Mehmood et al. (2021), Jiang et al. (2022), Fatima et al. (2022),
and Borgi et al. (2023) have also found that institutional quality is
substantive to improve environmental quality across various economic
geographies, but there are few studies that have focused on specific
indicator effects of institutional quality on environmental quality. They
include Welsch (2004), Farzin and Bond (2006), Li and Reuveny (2006),
Bernauer and Koubi (2009); Arvin and Lew (2011), Satrovic et al.
(2021), Wu (2017), Akhbari and Nejati (2019), Montes et al. (2019), and
Jahanger et al. (2022). In all four estimations (columns 1-4; Table 4),
the results show that financial and human development indices are
significant at a 1% level to reduce the ECF. Though the expected signs
are achieved, the size of their impact varies across the estimations. Prior
literature is contradictory with respect to the effects of financial devel-
opment on environmental quality. These results are consistent with

Table 3

Pairwise correlation matrix.
Variables ECF 1Q1 A (IQ) T (IQ) P(IQ) FDI EGY EG HDI URB PGR GI EUC VIF
ECF 1
1Q1 -0.12 1 3.36
A (1Q) —0.43 0.19 1 3.25
T (IQ) -0.37 0.24 0.79 1 3.11
P(IQ) —0.24 0.15 0.53 0.74 1 2.88
FDI -0.37 0.15 0.32 0.30 —0.21 1 1.85
EGY —0.47 0.22 0.31 0.32 0.29 0.54 1 1.62
EG 0.05 —0.00 -0.21 0.17 0.24 0.16 0.11 1 1.48
HDI 0.08 0.15 —0.14 —-0.11 —0.06 —-0.22 —0.31 —0.02 1 1.31
URB 0.32 0.09 0.05 0.02 0.09 0.39 0.42 0.04 -0.23 1 1.22
PGR 0.38 0.17 0.29 0.45 0.25 0.08 0.36 0.22 -0.19 —0.05 1 1.19
GI 0.49 -0.27 0.55 0.51 0.36 0.56 0.72 0.11 —0.30 0.33 -0.21 1 1.14
EUC 0.17 —0.24 —-0.25 —-0.23 —0.18 -0.25 —0.36 -0.10 0.34 —0.28 -0.17 —0.33 1 1.08

Source: Authors’ computations.
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Table 5

IQI and its dimensional direct effects on ECF.
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Variables

[1]
Effects of IQI on ECF

[2]
Effects of A(IQ) on ECF

[3]
Effects of T(IQ) on ECF

[4]
Effects of P(IQ) on ECF

Institutional quality index

Accountability index
Transparency index
Participation index

Financial development index

—0.25716*** (-5.37)

—0.898%** (—4.41)

—0.144091*** (—6.25)

—0.406*** (-7.13)

—0.607189*** (—4.67)

—0.194201*** (—4.36)

Human development index —0.806*** (—5.87) —0.787*** (-5.31) ok

Energy consumption 0.386* (2.23) 0.414*** (4.68) 0.303*** (6.17) 0.559*** (—10.33)
GDP growth 0.170 (0.69) 0.110%** (5.04) 0.199%** (4.56) 0.118%** (6.47)
Urbanization 0.192%* (2.94) 0.188** (3.05) 0.1015%** (4.77) 0.101 (0.77)
Population growth 0.009718%** (4.33) 0.00088 (1.45) 0.00022 (1.15) 0.0065 (1.08)
Globalization index (6.05) 0.067 (1.57) 0.084*** (3.79) 0.051%** (4.59)
Economic uncertainty (5.32) 0.622%** (9.34) 0.701* (1.89) 0.433*** (3.92)

Intercept 17.344*** (9.03) —10.057*** (-7.19) —9.551*** (—11.00) —14.329%** (-7.09)
Diagnostics

Observations 437 437 437 437

Groups 20 20 20 20

F-statistics 190.02 188.25 191.17 185.67
Wald-Chi-squared 43.03 66.01 48.12 59.59

R-squared 0.802 0.918 0.888 0.849
Under-identification 16.48 20.67 17.35 16.77
Over-identification 0.69 0.93 1.08 0.63

Weak identification 10.42 14.27 11.46 16.02

Notes: ***, ** and x indicate significance at 1%, 5%, and 10%, respectively. Values in brackets denote z-statistics.

Source: Authors’ computations.

recent studies. For instance, Nasreen and Anwar (2015), Al-Mulali et al.
(2015), and Charfeddine and Ben Khediri (2016) also found that
financial development is instrumental in reducing environmental
degradation, though they employed the EKC framework. Contrary to
this, Shahbaz et al. (2016) employed a bank-based financial develop-
ment index (FDI) and found that FDI impedes environmental quality.
Likewise, Esmaeilpour and Dehbashi (2018) and Jiang and Ma (2019)
noticed that financial development has a negative impact on environ-
mental quality. With respect to the human development index, the
findings are consistent with those of Ahmed and Wang (2019), Ahmed
et al. (2020), lorember et al. (2021), and Chen et al. (2022). Further, the
findings reveal that economic growth, energy consumption, urbaniza-
tion, and population growth impede ECF across all estimated models.
Prior studies by Apergis and Payne (2009) and Favero et al. (2022)
verified that economic growth has a negative effect on environment,
while Ang (2007) and Jalil and Mahmud (2009) documented that en-
ergy consumption increases the level of emissions. Moreover, similar to
our results, studies by Liang et al. (2019) and Nathaniel et al. (2020) also
found that urbanization negatively impacts environmental quality.
Innovatively, the study estimated and incorporated economic un-
certainty into estimations. It shows that economic uncertainty increases
ECF across the G20 countries. Again, the results indicate that when
splitting IQI into dimensional indices, the negativity of economic un-
certainty appears to be higher than the aggregate IQI, A(IQ), and P(IQ)
model estimations. Although studies by Tee et al. (2023), Shouchang
etal. (2023), and Williams et al. (2022) implicitly delved into the impact
of economic policy uncertainty on environmental quality, the present
study explicitly adds to the literature that economic uncertainty caused
by geopolitical tensions negatively impacts the sustainable environ-
mental landscape. Other variables being constant, it is also found that
the globalization index deteriorates environmental quality; that is, it
increases ECF in G20 member countries. The established finding would
alternatively be the consequence of a corresponding rise in globalization
in the wake of rising trade turnover brought in by an economy’s
expanding manufacturing industries, which would then result in a
considerable increase in the deployment of machinery production
wastages and human capital, thus resulting in a higher ECF. Further-
more, when we split the IQI into dimensional aspects of accountability,
transparency, and participation, we still achieve a similar magnitude of
the effects of globalization on ECF. Studies by Sihan Zhang et al. (2022),
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Wu et al. (2022), Farooq et al. (2020), and Tausch and Heshmati (2018)
have also enriched the literature with similar findings. In a bid to offer
more empirical insights, the study augments the interaction terms of IQI
and the control variables into estimations and report the results in
Table 6 from columns 1-8. There are, additionally, five major results to
report. First, when augmenting the interaction of IQI with financial and
human development indices, their impacts on improving environmental
degradation significantly increase. This implies that strong institutional
quality in financial and human capital sectors contributes to sustainable
environmental quality. Second, surprisingly, the findings show that the
effect size of the interaction terms is higher than the direct one (see
Tables 4 and 5). This also suggests that sector-specific institutional
quality is more effective than an overall one. Similar statistical supports
are achieved throughout the other interaction terms of IQI with the
remaining predictors. For instance, when incorporating an overall IQI
(Table 4), the results indicate that energy consumption increases ECF by
0.386; however, when the interaction term of IQI x EGY is used, the
negative impact reduces by 0.168.

The findings are consistent with prior studies by Xiao et al. (2022),
Ouedraogo et al. (2022), Kamalu and Wan Ibrahim (2022), Azam et al.
(2021), Hunjra et al. (2020), Emara (2020), Le et al. (2016), Adam-
s-Kane and Lim (2016), Acemoglu et al. (2014), and Yartey (2010), who
also lend statistical support to the effects of institutional quality on
human capital, financial development, and energy consumption. Third,
interestingly, though aggregate IQI is effective in improving environ-
mental quality to an extent, it is found that the interaction of IQI with
GDP growth, say, IQI x EG, turns its magnitude to a negative scale.
Fourth, however, the interaction term of IQI with urbanization does not
seem to be effective, but the effect of population growth tends to be zero.
Fifth, the results indicate that the interaction of IQI with the GI is sig-
nificant at a 1% and still positive. Finally, it shows that when the
interaction of IQI x ECU is applied, it does not remain significant any
more (column 8; coefficient = 0.000709). In order to capture the key
findings obtained from a series of estimations, the study depicts them in
Fig. 8.

The results presented in Tables 4 and 5 are statistically robust. The F-
statistics are significant at a 1% level, showing that the explanatory
variables are jointly sufficient to explain the movement of ECF across
G20 countries. The R-squared value across all estimations (Table 4;
columns 1-4 and Table 5; columns 1-8) is also significant to support the
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Table 6
Moderating effects of IQI and SEI on ECF.

Variables [11 [2] [3] [4] [5] [6] [71 [8]
Moderating role Moderating Moderating Moderating role ~ Moderating role Moderating Moderatingrole ~ Moderating
of FDI role of HDI role of EGY of EG of URB role of PGR of GI role of EUC

Institutional —0.297%%** —0.310%** —0.291%** —0.305%** —0.416%** —0.338%** —0.284%%** —0.319%**

quality index (—4.18) (-3.94) (-6.13) (=3.77) (4.11) (-5.01)

Financial X —0.448%** B —0.319* —0.444* —0.710%*

development (5.07) (—4.05) (—4.00) (—2.55) (—2.49) (-2.87)
index

Human —1.00098%** —0.882%#*x —0.914* —0.715%* —0.910%** —1.025%** —0.926%** —0.846%**

development (-3.99) (-6.07) (-2.18) (-2.77) (—3.86) (-5.13) (4.44) (4.36)
index

Energy 0.168*** (6.34) 0.095* (2.29) 0.106%** (3.87)  0.08409%** 0.227* (2.14) 0.149%** (5.63)  0.20079%** 0.194%** (5.43)

consumption (4.31) (5.25)
GDP growth 0.104*** (3.91) 0.129*** (4.11)  0.110* (2.61) 0.122* (2.54) 0.169%** (4.32) 0.125*** (3.78)  0.187*** (5.00)  0.10009***
(3.80)
Urbanization 0.171** (2.47) 0.128*** (3.91) 0.146*** (4.08) 0.165%** (3.94) 0.1700069%*** 0.158*** (3.67) 0.160507*** 0.144*** (3.87)
(4.28) (3.95)

Population 0.111%** (5.11) 0.103*** (3.88)  0.142* (2.61) 0.137%** (4.00) 0.092%* (2.69) 0.103*** (6.07)  0.125*** (3.89)  0.108*** (4.10)

growth rate

Globalization 0.233%** (3.82) 0.10991 (1.27) 0.208005** 0.000056 (0.59)  0.129*** (3.91) 0.00041 (1.04) 0.00705 (0.87) 0.000108

index (2.88) (0.47)

Economic 0.067*** (3.71) 0.009*** (8.46) 0.015*** (3.99) 0.078*** (4.15) 0.093*** (5.18) 0.01704%** 0.01502%** 0.066*** (3.67)

uncertainty (6.14) (7.03)
1IQI x FDI —0.917%***
(-3.92)
IQI x HDI —0.844%**
(—4.01)
IQI x EGY 0.227%** (3.99)
IQI x EG —0.10015%**
(—3.84)
IQI x URB 0.10088%**
(4.13)
IQI x PGR 0.0035%**
3.77)
IQI x GI 0.049%** (4.12)
IQI x EUC 0.000709
(1.19)

Intercept 24.733%%* —13.258%%** —19.138%** —21.004*** 14.602%** —11.055%** —18.001%*** —9.3098%**
(6.18) (—3.99) (-8.22) (-5.09) (10.14) (—6.06) (-9.37) (-7.12)

Observations 437 437 437 437 437 437 437 437

F-statistics 133.45 140.16 137.29 131.01 141.27 130.99 135.44 181.04

Wald-Chi-squared ~ 29.88 37.15 29.46 41.09 40.28 38.29 40.13 29.26

R-squared 0.825 0.817 0.805 0.899 0.765 0.911 0.792 0.801

Under- 17.47 15.99 19.07 28.12 16.44 16.89 21.57 14.86

identification

Over- 0.66 0.91 1.17 0.86 1.12 0.54 0.99 1.04

identification

Weak 16.32 11.98 15.39 17.01 28.45 15.33 17.91 15.82

identification

Notes: ***, ** and x indicate significance at 1%, 5%, and 10%, respectively. Values in brackets denote z-statistics.

Source: Authors’ computations.

fitness of the estimated models. The test statistics reported for the under-
identification authenticate that the instruments used are significantly
less than those of the endogenous predictors at a 1% level. In terms of
the correlation of the error term with the instruments, the test statistic
for over-identification is insignificant enough to reject the null, and thus
it confirms the healthy estimation of our models. As a final robustness
check, the test statistic for the null of weak instrumentation is rejected at
the 1% significant level, implying that the augmented endogenous
variables are sufficiently defined by the instruments.

5. Discussion

The present study hypothesized multidimensional and moderating
effects of institutional quality index (IQI) on ecological footprint (ECF),
with an emphasis on the G20 nations. From Section 4, we observed
several interesting findings that are discussed herein. For brevity, the
findings are classified into direct, dimensional, and moderating impacts
of IQI on ECF. The results highlight that IQI is instrumental to reduce ECF
in the G20 countries (Table 4). This is supported by both the theoretical
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assumption and recent empirical findings. For instance, institutional
quality, through its effective conduits, imposes pressure on the public
and private sectors and society to advance constructive behavior to-
wards environmental sustainability (Neumayer, 2002; Munger and
North, 1991). He et al. (2007) developed a model of public choice and
introduced environmental regulation as a moderating factor to wealth
and income that drive environmental quality. They observed that a
corrupt bureaucracy is detrimental to the quality of environment in
developing countries. This finding is, however, not as precise as to draw
a comprehensive image of the overall effects of institutional quality, but
Borgi et al. (2023) highlighted a relatively closer link between envi-
ronment and institutional quality. They argued that an increase in the
practice of institutional quality indicators would improve environ-
mental quality in G-7 nations. The results are also consistent with those
of Bernauer and Koubi (2009) Egbetokun et al. (2020), Le et al. (2020),
and Mehmood et al. (2021), who found that institutional quality is
effective in reducing environmental degradation. Of this, at least two
intuitions can be drawn: first, institutional quality should be regarded as
endogenous to ECF; and second, regardless of economic status of
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countries, institutional quality is effective in reducing environmental
degradation.

Besides drawing a general image of the IQI-ECF nexus, it was
important to delve into specific areas where the IQI-ECF nexus can
highlight more specific policy implications. To this faith, the study
developed new institutional quality dimensional indices (see, subsection
3.3) and tested their effects on ECF (Table 4). The results verified that
higher achievement by governments in accountability, transparency,
and participation indices of institutional quality is positively influential
in improving environmental quality by reducing ECF in the G20; how-
ever, among them, the transparency index ranked higher. With respect
to accountability, the results are consistent with the empirical assump-
tion of Gok and Sodhi (2021), who postulated that when accountable
governance comes into real practice, environmental outcomes improve.
Yu et al. (2022) also confirmed that the accountability aspect of in-
stitutions is significant to reducing emissions. From the perspective of
transparency, its magnitude and higher influence on ECF are linked to
the emerging idea of “governance by disclosure”, which is a conceptual
backup to our results. According to Gupta and Mason (2014) governance
transparency is seen as an integral part of solutions to complex arrays of
political, ethical, and economic issues in global environmental gover-
nance. Particularly, it forms the basis of public-private partnership
agreements and voluntary disclosure initiatives. Indeed, it is a trans-
formative force in environmental institutional quality. Regulatory
quality and government effectiveness (transparency indicators) are
profound in three aspects: access to environmental information,
awareness about the environment, and behavioral adjustments towards
the environment (Zhang et al., 2022). An empirical study by Zhang and
Wang (2020) quantified the effects of institutional transparency on
environmental quality. Similar to our findings, they noticed that
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institutional transparency improves environmental quality. Consistent
to the results we obtained for the effects of participation index on ECF,
recent studies by Wu et al. (2020), Tu et al. (2019), and Ngo et al. (2017)
have also found that participation is significant for environmental
quality. For example, Wu et al. (2020) used spatial econometrics across
30 provinces in China and found that participatory governance has a
significantly positive impact on regional environmental quality. From
these results, two specific intuitions can be drawn: first, all dimensions
of institutional quality are instrumental to controlling and reducing ECF
in the G20 countries; and second, it is found that the transparency index,
which includes government effectiveness and regulatory quality in-
dicators, has been comparatively higher than accountability and
participation indices and invites urgent policy intervention.

Finally, the present study explored whether IQI is effective in
modulating the impact of macro- and socio-economic indicators on ECF
(Table 5). It was important to verify how IQI can improve sectoral re-
lationships that could affect environmental quality. It is found that IQI
improves the impact of FDI on ECF. Likewise, Hunjra et al. (2020) also
noticed that institutional quality effectively moderates the negative ef-
fects of FD on environmental quality in South Asia. Similar results were
found by Abaidoo and Agyapong (2022b) for Sub-Saharan African
countries. Furthermore, IQI is found to have a significant moderating
role in improving the effects of HDI on ECF. This suggests that IQI plays
an essential role in improving the performance of sectors engaged with
the development of human capital, such as health, education, and
habitats, that contribute to reducing ECF. The results verified that IQI
moderates the negative effect of growth on ECF. This implies that
economic-sector-specific IQI leads to safe growth without being harmful
to environmental quality. Studies by Dada and Ajide (2021) and Salman
et al. (2019) have also contributed to the literature on the moderating
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effects of institutional quality on economic growth. The result show that
specific sectors engaged in promoting higher globalization, such as
trade, tourism, education, health, technology, and so on, may greatly
benefit from reducing the negative impact of globalization on local
environmental quality. This is supported by the interaction of IQI with
the GI. Although initial estimations confirmed the negative effects of
economic uncertainty on ECF, when IQI interacts with economic un-
certainty, it does not remain significant any more, while the size of its
effects also tends to be zero. These findings highlight the necessity of a
serious shift in relevant policies, giving higher importance to focusing on
sector-specific institutional quality rather than relying on an overall and
general approach to promote it.

In sum, the outcomes of the present study contribute to the existing
body of knowledge on the relationship between institutional quality and
ecological footprint from a different perspective. The results highlight
specific policy areas where prompt attention is sought to reorient
existing policies to support macro-level environmental issues. Since
contemporary environmental quality deterioration is the consequence of
the unmaintainable environmental behavior of various public and pri-
vate institutions at different societal layers, more studies are required on
the subject to better understand how microlayers contribute to envi-
ronmental degradation and how institutional quality helps mitigate it.

6. Conclusions

The present study explored the effects of institutional quality on
ecological footprint (ECF) in the G20 countries from 2000 to 2022. The
primary objectives were to examine the direct, multidimensional, and
moderating impact of institutional quality on ECF. For this purpose, the
study constructed a composite institutional quality index (IQD) and
three-dimensional indices under the accountability, transparency, and
participation dimensions. To control for recent global economic shocks
on ECF, the study developed a predictor of economic uncertainty. It has
been developed using generalized autoregressive conditional hetero-
skedasticity and data points obtained from GDP growth. The required
datasets were compiled from various reliable sources and the main
analysis was performed using the limited information maximum likeli-
hood (LIML) method.

The results of preliminary tests verified that there was no multi-
collinearity among variables. Further, due to common economic, trade,
and cultural characteristics among the GO nations, the existence of cross-
sectional dependence was confirmed. The main results obtained from
the LIML method highlight several key findings. First, the results
confirmed that IQI is significantly instrumental in reducing ECF in the
recipient panel. Second, the study observed more precise results by
splitting the IQI into accountability, transparency, and participation
dimensional indices. Although all institutional quality dimensional
indices were found to be statistically significant in reducing ECF, the
transparency index had a higher negative impact on ECF. Third, by
augmenting the interaction term of IQI with major macro- and socio-
economic variables, the results showed that IQI plays an effective
moderating role in improving the relationships between ECF and the
stated variables. Compared to the conventional approach, the results
verified that the effects of the interaction of the IQI with the financial
development index and the human development index were higher in
reducing ECF. Further, the IQI was found to effectively reduce the pos-
itive effects of energy consumption on ECF, while the moderating role of
the IQI has not been substantive to affect the positive effects of the
globalization index on the subject. This might be due to the impracti-
cality of local institutional quality and its power to influence key
negative factors of globalization like the exploitation of cheap labor
markets (India, China, and Indonesia for the US, UK, and other devel-
oped countries) and higher job displacement across the G20 countries.
However, the conventional model results revealed that economic
growth positively affects ECF, but the interaction of IQI with economic
growth reversed the sign of the growth coefficient. Moreover, the results
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confirmed that the IQI was effective in moderating the impact of eco-
nomic uncertainty on ECF. Although existing literature hosts studies that
build on basic knowledge about the effects of IQI on environmental
quality, the results of the present study conclude that effective institu-
tional quality is essential for controlling and reducing the ecological
footprint of countries in the G20. Notably, splitting institutional quality
into its constituent dimensions like accountability, transparency, and
participation further revealed that improved quality in the institutional
accountability and participation dimensions is critical to the improve-
ment of environmental quality in the G20 nations. However, institu-
tional transparency remains as important as it is reflected. Additionally,
the results also conclude that institutional quality instrumentally mod-
erates the magnitude and direction of the effects of macroeconomic
variables and, importantly, economic uncertainty on the sustainable
development of environmental quality in the G20 countries.

6.1. Policy implications

The outcomes of the present study suggest some specific policy im-
plications that are outlined as follows.

1) Institutional arrangement: The governments of the G20 countries
need to ensure that the existing environmental protection policies
articulate institutional arrangements, that is, to measure environ-
mental monitoring and risk management indicators on a timely
basis. It could be possible to develop or advance the contemporary e-
environmental institution to allow governments to measure the
effectiveness of institutional quality in mitigating spatial environ-
mental risks.

2) Sector-specific arrangement: The findings revealed that the perfor-
mance of various sectors, still at a macro-level, contributes to envi-
ronmental degradation. Policymakers may focus on developing
sector-specific policies based on the institutional quality frame-
work to control and minimize environmental risks. That could be
possible through three conduits, such as environmental awareness,
environmental behavior adaptation, and constituent institutional
regulations and supervision at sectoral levels.
Social engagement: Findings showed that human capital massifica-
tion (say, urbanization) by any reason (employment, business, eco-
nomic shift, or social factors) and growth in population positively
contribute to the ecological footprint in the G20. Thus, social
engagement comes into play. Environmental consumers, land-
owners, and citizens at large participating in almost all policy dis-
courses may play an influential role in environmental sustainability.
On the other hand, institutional quality would be effectively realized
by the parallel engagement of the public, private, and social sectors
(Acemoglu et al., 2014).
External shock management: As shown, external economic shocks
due to global factors could be severely harmful to environmental
quality. Governments need to ensure that they have policies to
mitigate the negative impact of external shocks on environmental
quality. This could be achieved by trading off between short-run pain
and long-run gain, implying a reduction in public investments rather
than a reduction in contemporary spending levels that support
environmental policies. This prescription, however, is a short-term
environmental economic policy for external shock management but
could be beneficial to block the extensive impact of sudden shocks on
environmental quality.

Exported risk management: Globalization, which is at its peak across

the G20, was found to have a negative contribution to environmental

quality, and the existing institutional quality measures fall short of
improving the effects of globalization on ECF. Thus, it requires the

G20 nations to collectively act on the subject. This could be possible

to bring attention to the content and practice of the adopted

Kunming-Montreal Global Biodiversity (KMGB) framework (UNEP,

2023) and emphasize stronger global environmental governance.
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6.2. Limitations and future recommendations

Although this piece of inquiry illuminated the link between institu-
tional quality and environmental degradation, it should still be regarded
in the context of its limitations. Due to data constraints, the analysis and
then the conclusions depend on annual aggregate data that can be dis-
aggregated by sector-specific context. Nevertheless, most of the G20
nations lack access to such disaggregated data. This flaw does not,
however, invalidate or lessen the significance of this work or the con-
clusions obtained. Future studies may adopt the same methodology and
conceptual framework with disaggregated datasets for both sector-
specific endogenous and institutional quality variables to overcome
the limitations of this study. The present study offers an analytical
framework for a particular economic-cooperation bloc (the G20) and
highlights how the existing institutional quality structure of the G20
explains its link with environmental and macroeconomic predictors.
Future studies on different blocs may uncover dissimilar nexuses that
remained undetected in this inquiry.
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