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this purpose, this research probes into the effect of biomass energy usage on ecological footprint in

Available online xxxx the BRICS economies between 1992 and 2018, considering the roles of gross capital formation, natural

Keywords: resources, and globalization. The novel Methods of Moments-Quantile-Regression (MMQR) approach
Biomass energy consumption with fixed effects is used, the outcomes of which reveal that in all quantiles (10th to 90th), globaliza-
Economic growth tion and biomass energy use mitigate environmental degradation, whereas economic growth, natural
Globalization resources, and gross capital formation contribute to environmental degradation. The present research
g;c;lcc;glcal footprint applied a series of techniques such as panel FMOLS, and DOLS, FE-OLS, the outcomes of which disclosed
that globalization and biomass energy utilization help mitigate environmental degradation, while
economic growth, natural resources, and gross capital formation improve environmental degradation.
On the basis of the study’s findings, we suggest a shift in energy policies away from fossil fuels toward
renewable energy alternatives by taking measures regarding the innovation of biomass to improve

conversion efficiency.
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1. Introduction atmosphere to the land, as well as tropical and arctic regions.

Thus, immediate efforts and measures are required to combat

Multiple economies are currently focused on achieving the climate change, mitigate the effects of global warming, and min-
objectives of sustainable growth and development, which covers imize air pollution (Ayobamiji and Kalmaz, 2020; Awosusi et al.,
these three aspects of human life: economic, social, and envi- 2021b; Adebayo et al, 2021b; Rjoub et al, 2021). One of the
Fonmer}tal. However, envi.r(')nmen.tal preservation is becomir}g recommended remedies is to minimize the usage of fossil fuels,
increasingly important (Kirikkaleli and Adebayo, 2021). Rapid  hich are considered the main factors causing climate change.
global economic expansion has boosted energy use and exac-  For jnstance, around 80% of total primary energy consumed in the
erbated environmental deterioration in the last few decades world is accountable 75% of greenhouse gas emissions (GHGs):
('?_WOSLISI %t al, 2021a; Ygdpmgdet al.l,(2021; Adebayo et all]., 2012 1lj)i however, this problem can be alleviated by replacing them with
Clmate. change 15 considered a key constraint to the globa cleaner energy sources (renewable energy) like biomass, solar,
population, affecting every living creature from the oceans to the geothermal, and wind energy. Several scholars (e.g., Adebayo

et al.,, 2021c; Akinsola et al., 2021; Giingor et al., 2021) have rec-
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List of abbreviations

BRICS Brazil, Russia, India, China and South
Africa

CO, CO, emissions

DOLS Dynamic-OLS

ECF Ecological footprint

EKC Environmental Kuznets Curve

FE-OLS Fixed effect OLS

FMOLS Fully Modified OLS

GCF Gross capital formation

GDP Economic growth

GHGs Greenhouse gases

GLO Globalization

MMQR Methods of
Moments-Quantile-Regression

NRR Natural resources rents

SDGs Sustainable Development Goals

efficiency, advancements in scientific research and technological
innovations, as well as supportive legislation (Gyamfi et al., 2021;
Oladipupo et al., 2021; Rjoub and Adebayo, 2021).

Persistent economic expansion has been experienced in
emerging or newly industrialized economies (including the BRICS
economies—Brazil, Russia, India, China, and South Africa). The
gross domestic product (GDP) (in constant 2010) of the BRICS
economies increased from $2,187 billion in 1985 to US$16,266
billion in 2016, representing an averaging annual growth rate of
6.5 percent. The World Bank (2018) estimates that the overall
GDP of the BRICS economies amounted to roughly 18.82 trillion
US dollars in 2017, which is equivalent to around 23.31% of
the global GDP. About 40% of the world’s populace lives in the
BRICS economies and consumes about 40% of the global energy.
The rapid economic expansion of these economies means that
they need energy imports to fulfil their energy needs, while
their environmental problems are also becoming more prevalent.
To address these issues, the BRICS economies should utilize al-
ternative energy sources to satisfy the residential, commercial,
and industrial energy demand. Biomass energy is commonly
accessible, and its generation is quite rapid in this group of
economies; for this reason, the BRICS economies should incor-
porate biomass energy into their sustainable development policy
agendas (Shahbaz et al., 2016).

The most common renewable energy source is biomass en-
ergy. Modern bioenergy supplied over half of the renewable
energy utilized in 2017, accounting for around 12.4% of global
energy consumption (REN21, 2019). Biomass energy will be es-
sential in fulfilling global energy demand in the foreseeable future
(Bilgili et al., 2017). According to the International Energy Agency,
bioenergy will expand at the highest pace (with a 30% estimated
growth rate) among all renewable energy sources between 2018
and 2023. The increasing attention on biomass consumption may
be explained by the benefits of biomass energy over other alter-
native energy sources. Firstly, biomass energy can be employed
for a wide range of purposes, including transportation, electricity
generation, heating, and cooking. Biomass energy is the only
kind of renewable energy that can be transformed into liquid
fuel. Secondly, biomass is an energy source that is renewable,
abundant, and simple to manufacture. The reliance on fossil fuels
and secure national energy security by using biomass energy
(Ozturk and Bilgili, 2015). Thirdly, biomass energy generation
helps in the creation of more job opportunities, thus boosting
income and thereby decreasing the level of poverty amongst the
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labour force residing in rural areas. Lastly, biomass energy is a
“carbon neutral” energy source (Sikka et al., 2013), while certain
biomass with high moisture concentration could also be benefi-
cial for achieving a comprehensive reduction in NOx emissions
(Houshfar et al,, 2012). Biomass energy is cleaner and safer for
the environment than fossil fuels (Aydin, 2019). According to
Shahbaz et al. (2016), about 36.8% of the total energy consumed
in the BRICS economies is generated utilizing biomass energy;
therefore, research into whether biomass energy sources could
solve environmental deterioration since it can function as clean
energy sources would be beneficial.

The excessive exploitation of biomass energy has the potential
consequences of sacrificing natural areas to manage monocul-
tures, polluting bodies of water mostly with agricultural pol-
lutants, endangering supplies of food (causing an increase in
food prices) and lifestyles of the farm due to land competition,
and intensifying net carbon emissions to the atmosphere as a
result of escalating deforestation or energy-intensive production
technology. The potential is considerable, but these threats are
also reasonable. However, there are numerous studies that have
scrutinized the interconnection between biomass and environ-
mental degradation, especially with regard to CO, emissions,
and no consensus has been reached with respect to the subject
matter. For instance, Zafar et al. (2021) established that biomass
helps in decreasing environmental degradation, whereas Solarin
et al. (2018) presented the opposite view that biomass energy
increases environmental degradation. The study of Gao and Zhang
(2021) also confirmed a positive association between biomass
energy and CO, emissions, while the research of Shahbaz et al.
(2019) uncovered a negative association between biomass energy
and CO, emissions. Also, little to no attention has been given to
the association between biomass energy and ecological footprint.
Meanwhile, ecological footprint is a superior metric for evaluat-
ing environmental deterioration since it includes CO, emissions,
forest products, fishing grounds, agriculture, and grazing land,
whereas CO, emissions is arguably flawed. Therefore, this gap in
the literature serves as one of the motivations of this study.

Ecological footprint (ECF) is a comprehensive metric of envi-
ronmental pollution that reflects the proportion of biologically
productive land and water consumed by an individual or pop-
ulation (Lu, 2020; Kirikkaleli et al., 2021; Kihombo et al., 2021b)
and a broad determinant that encompasses anthropogenic stress
on the ecosystem (Yang et al., 2021; Udemba, 2021). The ECF
is extensively utilized for sustainability evaluations, and it was
created for evaluating and managing resource usage throughout
a country, as well as assessing the sustainability of people’s
consumption patterns, goods and services, companies, megacities,
towns, regions, and nations.

Researchers are becoming extremely interested in another so-
cioeconomic component described as globalization. Globalization
is a diverse and complex process that exerts a long-term influence
on economies across the globe (Adebayo and Kirikkaleli, 2021).
Globalization alters economic growth and creates comparative
advantages through trade with other countries’ economies. It
exerts compositional environmental impacts as well as factors
of production domestically. It promotes reforms in trade policy
aimed at eliminating cross-border barriers and boosting the use
of green technology. These modifications could have an adverse
impact on the allocation of resources, ecological management
methods, and the environment. For example, Usman et al. (2020)
and Sabir and Gorus (2019) established a positive interconnection
between ecological footprint and globalization; conversely, the
work of Saud et al. (2020), Ansari et al. (2021) and Yang and Us-
man (2021) uncovered that globalization has a negative impact on
ecological footprint, while Ahmed et al. (2019) confirmed an in-
significant interconnection between globalization and ecological
footprint.
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Several previous studies (Bui et al., 2020; Ulucak and Ozcan,
2020; Jiang et al., 2020; Hassan et al., 2019; Langnel et al., 2021;
Nathaniel et al., 2021; Ahmed et al., 2020) have examined the
possible implications of natural resources rent (NRR) on envi-
ronmental deterioration. Zafar et al. (2019) uncovered a negative
association between NRR and ECF. Bui et al. (2020) established
that an increase in NRR results in a decrease in ECF in the ASEAN
economies. Ulucak and Ozcan (2020) established an insignificant
association between NRR and ECF. Although the investigation of
Hassan et al. (2019) confirmed a positive association between ECF
and NRR, Langnel et al. (2021) discovered that an increase in NRR
causes an increase in ECF. The work of Jiang et al. (2020) detected
a positive interaction between ECF and NRR. Also, Nathaniel and
Adeleye (2021) established a positive interconnection between
ECF and NRR. Therefore, it can be observed that significant de-
bate surrounds the role of natural resources rent on ecological
footprint.

Despite the large volume of research on the factors influencing
ecological footprint, no preceding investigation has been under-
taken to examine the role of gross domestic capital on ecological
footprint for the case of emerging economies like the BRICS. How-
ever, Nathaniel and Adeleye (2021) established a negative and
insignificant association between gross capital formation (GCF)
and ECF, while Zhang et al. (2021) established that gross capi-
tal formation positively affects ecological footprint. Abbas et al.
(2020) and Adebayo and Kalmaz (2021) evaluated the impact of
gross domestic capital on the environment using CO, emissions
as a proxy. Abbas et al. (2020) established a negative association
between GCF and CO,, whereas Adebayo and Kalmaz (2021)
uncovered an insignificant association between GCF and CO,. This
gap in the literature serves as one of the motivations of this
study. Therefore, these recent studies have offered offers a dif-
ferent approach aimed at expanding the scope of environmental
degradation utilizing ecological footprint as the proxy. Against
this background, the current research scrutinizes the influence
of biomass energy usage on ecological footprint in the BRICS
economies between 1992 and 2018, considering the roles of gross
capital formation, natural resources, and globalization

Taking into account the aforementioned discussions and con-
cerns, this study adds to the current literature in three ways.
(i) Based on our knowledge, this current research will be the
first attempt to examine the interaction between biomass en-
ergy usage, economic growth, and ecological footprint for the
BRICS economies by utilizing the novel “Method of Moments
Quantile Regression” (MMQR) technique. (ii) This research adds
to the growing body of literature that has utilized the MMQR
approach. The use of this technique with fixed effects makes
it easier to gain an experiential insight into the heterogeneity
interconnection. Also, this approach allows for the heterogeneity
interconnection at several levels of conditional quantiles distri-
bution (usually 0.1-0.90 quantiles), which is not possible when
using traditional mean regressions. (iii) This study also incorpo-
rates globalization, gross capital and natural resources formation
into the economic-energy-environment nexus for the case of
the BRICS economies. The evaluation of the economic-energy-
environment nexus at various quantiles is motivated by various
factors. Firstly, the conditional-mean evaluations are compared.
These evaluations are prone to misrepresent the effects of outliers
arising from ecological footprint determinants due to the rela-
tively robust conditional quantiles. Secondly, the use of quantile
regression is more attractive in the context of panel regression
analysis owing to its extra intuitive use. Lastly, the distribu-
tional effects of exogenous variables on endogenous factors at
different quantile ranges. However, conditional mean estimates
are incapable of describing the complete distributional influence
of economic growth, biomass energy consumption, natural re-
sources, globalization and gross capital formation on ecological
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footprint. Therefore, categorizing the diverse impacts of groups of
heterogeneous cross-sections becomes easier. The implications of
this study will assist policymakers in this region, as well as those
in other emerging economies, in developing appropriate policies
to understand the effect of these determinants on environmental
degradation.

The following outline is followed in the rest of the study:
Section two gives insights into the relevant literature for this
study, Section three describes the method used for the study,
Section four provides the results, while Section five presents the
concluding remarks.

2. Literature review

There are two main subsections in this segment, the first
offers a brief summary of the study’s theoretical framework, and
later, the related empirical literature is reviewed.

2.1. Theoretical framework

The discourse regarding ecological footprints and its regres-
sors will be primarily discussed in this section. Economic expan-
sion has the potential to affect environmental quality in three
phases. Firstly, it is critical to understand that when manufac-
turing continues to expand, more raw materials are required,
which boosts economic activity while also degrading ecological
quality. As a result, economic expansion raises the ecological foot-
print, and this phase is regarded as the scale effect. The second
phase is the composition effect, which implies that the sectorial
framework of a nation influences the trends of raw material
for manufacturing and pollution levels. For illustration purposes,
the service sector of any nation usually produces less pollution
because raw materials are not needed. This phase marks a turning
point in the effort to limit environmental deterioration. Compo-
sition channels help to minimize some of the negative effects
of economic growth on the environment. Lastly, the technique
effect suggests that governments may enhance environmental
quality by using environmentally friendly technology that pro-
duces less pollution and slows down the rate of environmental
deterioration.

Energy is recognized as an essential manufacturing compo-
nent, and an increase in energy use is beneficial for improving
economic productivity. However, increased energy consumption
has an impact on environmental quality since the burning of
energy resources, particularly fossil fuels, emits GHGs; as a conse-
quence, it is possible to claim that increased energy consumption
is harmful to the environment. Reducing the reliance on fossil
fuels and rationalizing their usage will lead to greater energy ef-
ficiency, resulting in lower energy usage, lessened emissions, and
substitution of fossil fuel (Ansari et al., 2021). To meet this goal,
more renewable energy is being produced to help alleviate the
shortage of the supply of these energy sources. One of the most
common renewable energies is biomass because people can easily
access it. It has been argued that biomass can help to reduce the
dependency on fossil fuels and improve environmental quality
when the generation is performed in a sustainable manner.

The loss of biocapacity has been caused by the usage of the
richness of nature that has significantly outpaced the production
of the earth (Marti and Puertas, 2020). The globe is increasingly
confronted with various environmental issues, such as: forest
exploitation is increasingly surpassing growth in tropical regions
(Pendrill et al., 2019); the excessive extraction of natural re-
sources such as fossil fuels, biomass, minerals and metals that
could not be regenerated; rising GHG emissions, which causes
ecological imbalances, and increased anthropogenic environmen-
tal impacts. Each of these problems underline the necessity of
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investigating the role of natural resources on ecological footprint
in the BRICS. The role of natural resources on ecological foot-
print is negative (Zafar et al., 2019; Bui et al., 2020). Grazing
areas, developed lands, fishing grounds, forests, and croplands
are examples of natural resources that minimize human-induced
carbon emissions. On the contrary, some natural resources, such
as coal and petroleum, adversely impact the ecosystem (Jiang
et al, 2020; Hassan et al, 2019). The significance of natural
resources is closely related to the prosperity of any economy. At
the developmental phase of any nation, the usage of energy is
high (extraction of natural resources) and environmental effects
are not considered, but as growth continues, the focus moves to
cleaner energy. At this point, people begin to seek a clean and
healthy environment, the conservation of natural resources, and
energy-efficient products. As a result, the environmental quality
begins to improve.

Globalization is a term that transcends trade liberalization
and the flow of capital, which comprises economic, social, and
political dimensions. At the global level, the globalization pro-
cess has resulted in several environmental issues like depletion
of the ozone layer, increased resource usage, deforestation, and
desertification (Saud et al., 2020; He et al., 2021). Moreover,
globalization can increase global CO, emissions and other GHGs
by encouraging economic activity and energy usage. Conversely,
it can contribute to enhance the quality of the environment by
promoting ecologically friendly energy technology (Ansari et al.,
2021).

2.2. Summary of related studies

This section presents a comprehensive review of related litera-
ture on the role of ecological footprint. This literature covers eco-
logical footprints, economic growth, biomass energy consump-
tion, natural resources, globalization and gross capital formation,
including the recently published studies of Akinsola et al. (2021),
Umar et al. (2021), Udemba (2020, 2021), Kongbuamai et al.
(2020), Sagib and Benhmad (2021), Qayyum et al. (2021), Lu
(2020), Kihombo et al. (2021a,b), Kirikkaleli and Adebayo (2021),
Yang et al. (2021), Ullah et al. (2021), Ahmed et al. (2020, 2021),
Ajmi and Inglesi-Lotz (2020), Wang et al. (2020), Hadj (2021),
Zafar et al. (2019), Bui et al. (2020), Ulucak and Ozcan (2020),
Jiang et al. (2020), Hassan et al. (2019), Langnel et al. (2021), and
Nathaniel and Adeleye (2021)

2.2.1. Environmental degradation and economic growth nexus

Akinsola et al. (2021) discovered a positive association be-
tween GDP and ecological footprint over the period from 1983
to 2017 in Brazil. Udemba (2020) also found a similar outcome
in the case of Nigeria utilizing the ARDL approach for the period
between 1981 and 2018. Conversely, the study of Kirikkaleli and
Adebayo (2021) utilized the Dual-adjustment method to exam-
ine the ecological footprint-GDP interconnection over the period
between 1985 and 2017 and discovered a negative association.
Therefore, as GDP increases in Turkey, the level of environmen-
tal degradation decreases. Moreover, another study by Udemba
(2021) in the UAE (United Arab Emirates), which covered the
period between 1980 and 2018, validated the EKC in the case of
that country. Also, the study of Ahmed et al. (2021) validated the
presence of the EKC in Japan for the timeframe between 1971
and 2016 using the ARDL approach. Furthermore, this outcome
was supported by the research of Ajmi and Inglesi-Lotz (2020) in
Tunisia over the period from 1965 to 2013.

For the case of grouped countries (panel dataset), the study
of Kongbuamai et al. (2020) on the ASEAN Nations over the
period from 1995 to 2016 employed the Driscoll-Kraay approach
and confirmed the validity of the EKC, finding that as income
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continues to expand, the ecological footprint will also grow until
it reaches a threshold, and then begins to gradually fall. Also,
the study of Saqib and Benhmad (2021) affirmed a similar out-
come in 22 European Nations over the period from 1995 to
2015, where the FMOLS approach was applied as the study’s
estimator. Qayyum et al. (2021) also corroborated this finding
in the South Asian Nations using the ARDL approach over the
period from 1984 to 2019. Moreover, the study of Lu (2020) in
13 Asian Nations established a positive interconnection between
ecological footprint and GDP for the period between 1973 and
2014. Kihombo et al. (2021a) studied the interaction between
GDP and ecological footprint in WAME (West Asia and Middle
East) economies over the period from 1990 to 2017. The authors
suggested that as these economies experience continuous eco-
nomic expansion, the level of ecological footprint also increases.
For the BICS (Brazil, India, China, and South Africa) economies,
Yang et al. (2021) confirmed that the interaction between eco-
logical footprint and GDP over the period from 1990 to 2019 was
positive. Ullah et al. (2021) studied the ecological footprint-GDP
connection in 15 economies between 1996 and 2018, employing
the PSTR technique and establishing a positive interaction in all
regimes.

2.2.2. Environmental degradation and biomass energy usage nexus

Researchers have used various economic approaches to eval-
uate the contentious usage of biomass energy for improving
the quality of the environment. Unfortunately, no consensus has
been reached with regard to whether biomass energy worsens
or improves the environment. For instance, Wang (2019) studied
the interaction between CO, and biomass energy usage (BIO) in
the BRICS over the period from 1992 to 2013 using the GMM
approaches. Using the Dynamic ARDL technique, Ulucak (2020)
also discovered a negative interaction between CO, and BIO over
the period from 1982 to 2017 in China. Furthermore, the work
of Balsalobre-Lorente et al. (2019) on the MENA economies over
the period from 1990 to 2015 uncovered an adverse interaction
between CO, and BIO using the GMM approach. Sulaiman et al.
(2020) collected data ranging from 1990 to 2017 and considered
the CO,-BIO interaction for 27 European economies utilizing the
DOLS approach, where the findings revealed a negative associ-
ation. Likewise, the study of Sulaiman and Abdul-Rahim (2020)
confirmed a negative interaction between CO, and BIO over the
period from 1980 to 2015 in 8 African economies. Conversely, the
study of Solarin et al. (2018) on 80 economies (both developed
and developing) detected a positive connection between CO, and
BIO over the period from 1980 to 2010 using the GMM and
DCEEM approaches. Also, based on data covering a similar period,
the study of Gao and Zhang (2021) found a similar outcome in the
case of 13 Asian developing economies.

Unlike CO, emission, few studies have investigated the inter-
action between BIO and ECF. However, the study of Wang et al.
(2020) attempted to uncover the association between BIO and
ECF in the G-7 economies covering the period from 1980 to 2016.
The empirical analysis established a positive connection between
BIO and ECF. Conversely, the study of Hadj (2021) discovered
that biomass energy usage reduced ecological footprint in Saudi
Arabia between 1984 and 2017 using the ARDL and NARDL.

2.2.3. Environmental degradation and natural resource abundance

Zafar et al. (2019) uncovered a negative association between
natural resources abundance (NR) and ECF in the USA for the
period from 1970 to 2018, employing the ARDL approach. Also,
the study of Bui et al. (2020) collected data spanning from 1995 to
2016 and established that an increase in NR results in a decrease
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in ECF in ASEAN economies. Conversely, using the AMG approach,
Ulucak and Ozcan (2020) studied the NR-ECF interaction using a
dataset spanning the period between 1980 and 2016, and the em-
pirical analysis established an insignificant association between
NR and ECF. Although the research of Hassan et al. (2019) was
able to confirm a positive association between ECF and NR in
Pakistan, Langnel et al. (2021) discovered that an increase in NR
produced an increase in ECF in the ECOWAS region between 1984
and 2016. This finding was also reported by Ahmed et al. (2020) in
their study on China over the period from 1970 to 2016 using the
ARDL approach. The study of Jiang et al. (2020) detected a direct
interaction between ECF and NR over the period from 1984 to
2016 utilizing the CS-ARDL approach. Also, Nathaniel and Adeleye
(2021) utilized a number of techniques to establish a positive
association between ECF and NR over the period from 1992 to
2016 in the BRICS economies.

2.2.4. Environmental degradation and globalization

Using the PMG approach, Saud et al. (2020) examined the ECF
and globalization (GLO) interconnection in the OBOR nations from
1990 to 2014; the empirical analysis established that as the level
of globalization increases, the condition of the environment im-
proves. Also, Yang and Usman (2021) found a negative intercon-
nection between ECF and GLO in 10 selected economies. Ansari
et al. (2021) utilized the DOLS, FMOLS and PMG approaches to
detect the GLO-ECF interconnection in the leading renewable
energy nations from 1991 to 2016. They discovered that glob-
alization reduces ecological footprint. Moreover, the research of
Alola et al. (2021a) for 10 nations found a contradicting outcome
by establishing that globalization increases ecological footprint,
whereas the study of Ahmed et al. (2019) established an in-
significant association between GLO and ECF in Malaysia over the
period from 1971 to 2014. For emerging economies, the study
of Salari et al. (2021) confirmed a negative association between
GLO and ECF across all quantiles for the period between 2002 and
2016. Usman et al. (2020) evaluated the role of globalization in
improving environmental quality, and discovered that globaliza-
tion decreases the quality of the environment by increasing the
ecological footprint in the USA. A similar outcome was uncovered
by Sabir and Gorus (2019) for South Asian nations by applying
the ARDL approach to a dataset spanning between 1975 and
2017.

However, few studies have investigated the association be-
tween gross capital formation and ecological footprint for a panel
of nations. One such study was undertaken by Nathaniel and
Adeleye (2021), who established a negative and insignificant as-
sociation between gross capital formation and ECF over the period
from 1992 to 2016 in 44 African Nations. Zhang et al. (2021) stud-
ied the effect of gross capital formation on ecological footprint
and established that gross capital formation positively affects
ecological footprint in Malaysia. However, with regard to carbon
emissions, Abbas et al. (2020) established a negative interconnec-
tion between GCF and CO, in 24 selected emerging economies
between 1995 and 2014.

After the review of related literature, the dearth of literature
with regards to biomass energy usage and ecological footprint
is not only the motivation of this current study but also the
integrating and evaluating the role of gross capital formation into
the model. It also employed a recently advanced technique called
“method of moments” panel quantile regression approach, which
is an innovation of Machado and Silva (2019). The summary of the
reviewed literature for this study is presented in Table 1.
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3. Data and methods
3.1. Data

This present study attempts to investigate the role of economic
growth, biomass energy usage, natural resource abundance, glob-
alization and gross capital formation using the dataset spanning
from 1992 to 2018 for BRICS economies. However, the period of
consideration is subject to not readily present, especially global-
ization and biomass energy usage. Ecological footprint (environ-
mental deterioration) is the endogenous variable of this current
study and the exogenous variables of this study are: economic
growth, biomass energy usage, natural resource, globalization and
gross capital formation. These parameters are been transmuted
to their natural logarithms. The measurement and origin of the
dataset utilized are stated in Table 2. Also, the flow of analysis is
presented in Fig. 1.

3.2. Model specification
The model for this research is premised on Akinsola et al.

(2021), Langnel et al. (2021), and Hadj (2021), which is con-
structed as follows:

ECF; = f .GDPy; BIO;; NRR¢; GLOy; GCFyf/ (1)
ECF.i; = #y + #,GDPy + #,BIO;, + #3NRR;;
+ #4GLO; + #5GCFye + " (2)

where: i indicates the cross-sections (BRICS economies); period
of study (1992 to 2018) is depicted as t; # denotes the coeffi-
cient of the parameters; " depicts the error term. We envisage
that the signs for the drivers of ecological footprint will be as
follows: it anticipated that a positive connection between GDP
and ecological footprint #; g’gg‘; > 0 . Biomass energy us-
age has been presented in the prior literature to increase and
decrease environmental degradation. However, we anticipate a
negative association between BIO and ECF ie., #, = %g% <0.
For natural resources abundance, we envisage a positive asso-
ciation between NRR and ECF i.e., #3; = gﬁ% >0 . We expect
that there is a negative association between globalization and

ecological footprint i.e., #4 = gg% < 0 . Lastly, for gross capital

formation, we envisage a positive association between GCF and
ECF ie, #5= @@gﬁ > 0 . The trend of ecological footprint, GDP,
biomass energy usage. Figs. 2-7 reveal the historical data of BRICS

for all variables used in this study.

3.3. Estimation procedures

3.3.1. Cross-sectional dependence (CSD) test

Panel data analysis is more prone to cross-sectional depen-
dency now that the world is becoming more interconnected and
trade barriers are being reduced. Unreliable and biased evalu-
ations may arise if the problem of cross-sectional interdepen-
dence cannot be resolved while professing independence be-
tween cross-sections (Adebayo et al., 2020). Cross-sectional de-
pendency is assessed in this study by utilizing the Pesaran (2007)
test, which is computed as follows:

IN(N — 1)
2

where: ~ represents the parameters of pair-wise correlation; the
cross-sectional units with respect to numbers are denoted as N
and the period is denoted as T. Also, assuming a homogeneous
slope coefficient without testing for a heterogeneous slope co-
efficient would provide deceptive estimator outcomes (He et al.,
2021). Therefore, this study employed the Pesaran and Yamagata
(2008) to investigate the cross-sectional slope heterogeneity.

1=2

CSDmy = (3)

N
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Table 1
Overview of the reviewed literature.
Authors Country(s) Period of study Methods Outcome
Ecological footprint and GDP
Akinsola et al. (2021) Brazil 1983-2017 ARDL, FMOLS and DOLS Positive association
Udemba (2020) Nigeria 1981-2018 ARDL Positive association
Kongbuamai et al. (2020) ASEAN Nations 1995-2016 Driscoll-Kraay approach EKC is valid
Saqib and Benhmad (2021) 22 European Nations 1995-2015 FMOLS EKC is valid
Qayyum et al. (2021) South Asian Nations 1984-2019 ARDL EKC is valid
Lu (2020) 13 Asian Nations 1973-2014 PMG Positive association GDP <> ECF
Kihombo et al. (2021a,b) WAME (West Asia and Middle 1990-2017 CUP-FM and CUP-BC Positive association GDP <> ECF
East) Nations
Kirikkaleli and Adebayo (2021) Turkey 1985-2017 Dual adjustment approach Negative association
Yang et al. (2021) BICS Nations 1990-2016 DSUR approach and FMOLS Positive association
Udemba (2021) UAE 1980-2018 ARDL EKC is valid
Ullah et al. (2021) 15 economies 1996-2018 PSTR Positive association in all regimes
Ahmed et al. (2021) Japan 1971-2016 NARDL EKC is valid
Ajmi and Inglesi-Lotz (2020) Tunisian 1965-2013 ARDL EKC is valid
Biomass energy and environmental degradation
Wang et al. (2020) G-7 economies 1980-2016 DSUR BIO — ECF (+)
Hadj (2021) Saudi Arabia 1984-2017 NARDL and ARDL BIO — ECF (-)
Wang (2019) BRICS 1992-2013 GMM BIO — CO; (-)
Ulucak (2020) China 1982-2017 DARDL BIO — CO; (-)
Balsalobre-Lorente et al. (2019) MENA 1990-2015 GMM BIO — CO, (-)
Sulaiman and Abdul-Rahim (2020) 27 European Nations 1990-2017 DOLS BIO — CO; (-)
Sulaiman and Abdul-Rahim (2020) 8 African nations 1980-2015 PMG and DFE BIO — CO; (-)
Solarin et al. (2018) 80 Nations 1980-2010 GMM and DCEEM BIO — CO, (+)
Gao and Zhang (2021) 13 Asian developing economies  1980-2010 FMOLS BIO — CO; (+)
Ecological footprint and Natural resource rent
Zafar et al. (2019) United States 1970-2015 ARDL Negative association
Bui et al. (2020) ASEAN 1995-2016 Driscoll-Kraay approach Negative association
Ulucak and Ozcan (2020) OECD 1980-2016 AMG No significant association
Jiang et al. (2020) 22 economies 1984-2016 CS-ARDL Positive association
Hassan et al. (2019) Pakistan 1970-2014 ARDL Positive association
Langnel et al. (2021) ECOWAS 1984-2016 PMG Positive association
Nathaniel and Adeleye (2021) BRICS 1992-2016 DOLS, CCEMG, FMOLS, AMG, Positive association
and PMG
Ahmed et al. (2020) China 1970-2016 ARDL Positive association
Ecological footprint and globalization
Saud et al. (2020) OBOR 1990-2014 PMG Negative association
Yang and Usman (2021) 10 selected Nations 1995-2018 AMG and CCEMG Negative association
Ansari et al. (2021) Top renewable energy 1991-2016 PMG, DOLS and FMOLS Negative association
economies
Alola et al. (2021a,b) 10 Nations 1995-2016 ARDL Positive association
Salari et al. (2021) Emerging economies 2002-2016 PQR Negative association across all quantile
Usman et al. (2020) USA 1985Q1-2014Q4 ARDL Positive association
Sabir and Gorus (2019) South Asian Nations 1975-2017 ARDL Positive association
Ahmed et al. (2019) Malaysia 1971-2014 ARDL No significant association

ARDL: Autoregressive Distributive lag model, PMG: Pool mean group, AMG: Augmented mean group, PQR: panel quantile regression, GMM: Generalized method of
moment, CS-ARDL: cross-sectional Autoregressive Distributive lag model, DARDL: Dynamic Autoregressive Distributive lag model, NARDL: non-linear Autoregressive
Distributive lag model, BICS: Brazil, India, China and South Africa.

Table 2
Data description.

3.3.2. Panel unit root tests

Cross-sectional stationary tests, also known as CADF and CIPS

Variable Symbol ~ Measurement Source tests, are an innovation of Pesaran (2007) and are used to un-
Ecological footprint  ECF Gha per capita GCA cover the stationary characteristics of the concerned variable. To
Economic growth GDP GDP per capita (constant 2010$) WDI compute the CADF, Eq. (4) provides it as follows:
Biomass energy BIO Tons per capita (second-generation MFD B X X
consumption biomass) Yie = i+ Y1+ Xer+ i Yo+ i Yieor+"ie (4)
Natural resources NR Natural resources rent (% of GDP)  WDI 1=0 =1
Globalization GLO Globalization index in the context  KOF where: Y,_; explains the average lagged; Y,_; depicts the first
of economic, social, and political diff f th
dimensions 1rrerence o € averages. ] ) )
- For CIPS, the Eq. (5) provides it computation as follows:
Gross capital GCF % of GDP WDI
formation o 1 X
Note: WDI—world development indicators; MFD—Material Flows Database; CIPS = N CADF; (5)
GFN—Global Footprint Network; KOF—KOF Swiss economic institute. i=1
where: CIPS: cross-sectional augmented IPS; CADF: cross-

1984

sectional augmented ADF. These unit root methods are known as
second-generation unit root testing. As opposed to the first gen-
eration of unit root testing, these approaches produce accurate
estimates when attempting to deal with CSD.
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Fig. 1. Flow of analysis.

3.3.3. Panel cointegration test

When the outcome of the stationary test revealed that the
concerned variables are integrated at level, the ordinary least
square (OLS) method will be utilized in estimating the long run
association. Conversely, when it is evident that these variables are
integrated at the first difference, the OLS cannot be employed to
verify the co-integration among these variables. For this reason,
several co-integration approaches such as McCoskey and Kao
(1998), and Pedroni (2004) can be undertaken; however, this
approach lack the capacity to detect the co-integration in the
presence of CSD; therefore, their outcomes will be erroneous.
Thus, this study employed the bootstrap LM panel co-integration,
which is the innovation of Westerlund (2007), which is computed
as follows:

1 XX

" NT? Wi
i—1 t—1

2

LMy sh (6)

where: W; represents the error terms’ long-term variance; sample
size denoted as N; sl-zt denotes the residuals’ partial sum procedure
and the period is denoted as T.

1985

3.3.4. Panel estimator approach

This study utilized the Fully Modified OLS, Dynamic-OLS and
fixed effect OLS for the sole purpose of comparison. Accord-
ing to Pedroni (2004), the main causes for concern in evalu-
ating dynamic cointegrated panels are heterogeneous concerns
with variations in averages between cross-sections and varia-
tions in cross-sectional modification to the cointegrating equilib-
rium. Pedroni’s FMOLS model incorporates individual intercepts
and accommodates heterogeneous serial correlation characteris-
tics of the error procedures among specific cross-sections, and
hence addresses these concerns appropriately. However, spe-
cific intercepts in the FMOLS approach allows for heterogeneous
serial-correlation among different cross-sections. Kao and Chi-
ang (2001) developed the DOLS estimator to panel data setups,
premised upon Monte Carlo simulation findings; the DOLS es-
timate was shown to remain impartial in finite samples , par-
ticularly in comparison to both the OLS and the FMOLS estima-
tors. The DOLS estimator additionally accounts for endogeneity
by boosting lead and lag differences to minimize endogenous
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Fig. 3. GDP per capita.

feedback. The DOLS is computed as follows:
X
i+ iXie +
k=—Ki

Yie = i Xie—k+ Eir (7)
where; the leads and lags are denoted by K; and -K; correspond-

ingly.
The estimates of the FMOLS is computed as follows

BGFM =N~'  BFM;i

i=1

(8)

where: 1§FM, i indicates the ith term of the FMOLS estimator.

3.3.5. Method of moments quantile regression

Given the constraints of prior estimator (FMOLS and DOLS)
techniques, a panel quantile regression approach was used to
investigate the distributional and heterogeneous influence across
quantiles (Sarkodie and Strezov, 2019). The foundational work of

1986

Koenker and Bassett (1978) established the panel quantile regres-
sion technique. It is common to use quantile regression models
to estimate the conditional median or various quantiles of the
endogenous variable under certain conditions of the exogenous
variables, as opposed to regular least-squares regression mod-
els, which yield estimates of the conditional mean the response
under certain conditions of the exogenous variables. Quantile
regressions seem to be more robust to estimates that contain
outliers and they may also be used to evaluate the weak connec-
tion between conditional means between two parameters (Binder
and Coad, 2011). It is indeed important to note that in this re-
search, we utilized the methods of Moments-Quantile-Regression
(MMQR) approach that takes fixed-effects into account, which
Machado and Silva (2019) developed. This approach allows the
conditional heterogeneous covariance effects of ecological foot-
prints factors to be identified. This approach also permits the
individual-effect to impact the overall distribution rather than
adjusting means amongst the other. This method is also useful in
the sense that the model has endogenous explanatory variables
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