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Abstract
Nowadays, paying attention to globalization and the consumption of renewable energy on the ecological footprint is one of the
most important issues in the world. In the age of globalization, all countries are trying to prevent the spread of ecological
degradation by enacting laws and regulations at the national level and regulating international agreements. This study investigates
the effect of explanatory variables of globalization, renewable energy consumption, and agricultural production on the ecological
footprint in emerging countries using fixed-effect panel quantile regression of 10th, 25th, 50th, 75th, and 90th in the period 2002
to 2016. The results showed that the consumption of renewable energy at all levels except the 25th quantile has a positive and
significant effect on the ecological footprint; this effect is more in higher quantiles. Globalization in all quantiles has a negative
and significant impact on the ecological footprint and has had the most excellent effect among other explanatory variables.
Agricultural production variable at the 25th and 50th quantile levels had the most significant and positive effect on the ecological
footprint. Therefore, it can be concluded that the increase in agricultural production, income, renewable energy consumption,
population, and trade openness can lead to increased environmental degradation. However, the effects of globalization have had
the most negligible negative impact on the ecological footprint.
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Introduction

Globalization is a complex and multidimensional process that
encompasses economics, ideology, politics, culture, and the
environment (Mesino Rivero 2009; Victoria Flores 2016).
Globalization emerged with rapid industrialization, increased
energy demand, transfer of knowledge and technology, in-
creased flow of trade and economic investment, and agricul-
tural production (Etokakpan et al. 2020; Ibrahiem and Hanafy
2020). Studies show that with the increase in world trade,

environmental resources are changing, and substantial chang-
es have occurred (Xu and Lin 2018). As a result, ecosystem
change has faced detrimental effects such as over-exploitation
of energy resources, scarcity of natural resources (agricultural
and freshwater), and biodiversity loss (Dogan and Seker 2016;
Ibrahiem and Hanafy 2020). In recent years, environmental
degradation has been a concern among economists
(Enfedaque and Martínez 2014; Hynes and Wang 2012), so-
cial scientists (Curutchet et al. 2012; Robert and Castañeda
2014), academics (Kattumuri 2018), environmental thinkers
(Abid 2016; Daigle and Vasseur 2019), policymakers (Wang
et al. 2019), governments, and other stakeholders (Sarkodie
and Strezov 2019). Since the beginning of globalization, a
2.7% increase in greenhouse gas (GHG) emissions has been
reported in 3 years following Paris Agreement (Wang et al.
2019). According to Musibau et al. (2020), CO2 emissions
have increased by almost 20% in the last 5 years.

Globalization can be harmful to the environment and bene-
ficial if sufficient regulations are used (Sarkodie and Adams
2018). Thus, globalization, energy, and environment
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encompass various dimensions and can be classified into three
categories: (A) Scale effect shows that globalization encour-
ages economic growth, and its energy consumption increases
environmental pollution (Cole 2006; Dedeoğlu and Kaya
2013). (B) The combined effect shows that globalization in
the production process using technology reduces CO2 emis-
sions (Stern 2007). (C) The technical effect occurs when glob-
alization, due to its use of advanced technology, technical
knowledge, and research and development, helps enhance a
country’s economic growth and reducing energy consumption
and environmental degradation (Antweiler et al. 2001; Dollar
and Kraay 2004).

In globalization, competition between developed and de-
veloping countries in energy consumption and agricultural
production has increased and has affected the global economy
(Danish 2019). Emerging countries invested $ 131 billion in
the energy sector in 2014 (Kozlova et al. 2015). Therefore, the
desire to expand economic activities to attract investment in
energy, trade development, and agricultural production is one
of the goals of emerging countries (Danish 2019). These ac-
tivities have increased investment in industry and agricultural
products, increased energy demand and consumption, and led
to increased carbon dioxide (CO2) emissions and a threat to
human health and sustainable development to achieve eco-
nomic growth. (Asongu and Odhiambo 2019a). Thus, the de-
cisions and actions of emerging countries have a significant
impact on global energy systems and environmental
degradation.

In most studies, the ordinary least squares (OLS) method
has been used to analyze environmental pollution factors. The
OLS method can only determine the average effect of
influencing factors on the dependent variable and fails to show
the heterogeneous effect of different quantiles (Bouhajeb et al.
2018). One of the methods that can overcome the shortcom-
ings of the OLS method is panel quantile regression methods
(Meraya et al. 2018).

Very few studies have been conducted on the effects of
globalization and agricultural production on ecological foot-
print; these studies have examined farm production and re-
newable energy consumption as environmental indicators.
But the ecological footprint is a more comprehensive indicator
of the agricultural output in this study. Therefore, this research
is one of the few studies that has examined the ecological
footprint on a large scale. A list of emerging countries in terms
of indicators (globalization, renewable energy consumption,
and agricultural production) that in the future can be econom-
ically strong and have important effects on the world’s eco-
logical footprint has been studied and been considered as the
first contribution of this study.

The rest of the article is as follows. In Sect. 2, a review of
the literature is provided; in Sect. 3, emerging countries are
introduced, and the importance of these countries in the world
is stated; Sect. 4 discusses the methodology and model

specifications, in Sect. 5, the results are presented, In Sect.
6; The results and discussion are reviewed, and finally the
conclusions are presented in Section 7.

Literature reviews

In recent decades, globalization has changed the world and
has led to the interaction of countries economically, socially,
institutionally, and politically. These economic, social, and
political factors affect the environment (Kirikkaleli et al.
2020). For example, in resource-rich countries such as
Australia, Brazil, Canada, China, India, and the USA, invest-
ments in this country have a measurable contribution to the
development of the financial system, and their impact on GDP
includes globalization and human and natural capital (Ma
et al. 2021). Globalization is predicted to accelerate internal
and external migration, increase poverty, and change climate
(Leal et al. 2020). Therefore, a greater understanding of glob-
alization and changes in energy consumption and increased
production has caused environmental concerns and paved the
way for the coordination of foreign initiatives, including the
Kyoto Protocol and the Paris Agreement, by intergovernmen-
tal institutions (Kirikkaleli et al. 2020). For example, Dreher
et al. (2008) state a significant relationship between the effects
of globalization and climate pollution. The development of
globalization has led to an increase in the consumption of
wood products and a wide range of sulfur dioxide and bio-
chemical consumption. Also, the conversion of half of the
world’s land to crops and pastures has contributed to
humanity’s environmental challenges for three important rea-
sons: (1) Agriculture is a quarter of the human greenhouse gas
emissions in vegetation and soil. (2) Agriculture is a major
cause of habitat loss, which is the biggest threat to global
biodiversity. (3) Agriculture sector has used more than 70%
of freshwater (Beyer et al. 2018). Besides, experts examining
the ecological footprint of developed and emerging countries
stated factors such as trade openness, investment and financial
development, overuse of energy, increased agricultural pro-
duction, and institutional and political factors affect the eco-
logical footprint (Irfan and Faisal 2021). Thus, in the age of
globalization, the world’s countries have turned to the use of
renewable energy and have put it at the forefront of their
development plans (Majeed 2018). International Energy
Agency considers the use of renewable energy to reduce pol-
lution and to have energy security and sustainable economic
growth.

Meanwhile, the reduction of pollution due to the impor-
tance of the issue for the planet attracts a lot of attention; for
example, the International Energy Agency (IEA) places the
environment at the center of ET (Hasanov et al. 2021). In
2015, about 146 countries worldwide introduced renewable
energy policies to improve the environment in four
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significant sources of electricity generation, transportation,
air/water cooling/heating, and rural and urban energy ser-
vices (Ren et al. 2010). The use of renewable energy poten-
tials is widespread, as it can, in principle, be a lever to meet
global energy demand while reducing environmental deg-
radation (Martínez et al. 2009; Owusu and Asumadu-
Sarkodie 2016; Pehnt 2006). In this regard, Asongu and
Odhiambo (2019b) believe that small hydropower plants
and wind, solar, biomass, and geothermal power plants
can provide significant energy services for indigenous
people.

In recent years, researchers and environmental activists
(e.g., Abid 2016; Apergis and Payne 2009; Destek and
Ozsoy 2015; Pao and Tsai 2010; Shahbaz et al. 2015;
Shahbaz et al. 2014) have shown interest in the relationship
among globalization, renewable energy, agricultural
production, and the environment. They examined the
indicators of economic growth, energy consumption,
globalization, urbanization, and environmental degradation
and reported that energy consumption and economic growth
lead to environmental degradation, but the globalization and
economic growth index reduce CO2 emissions. Dogan and
Seker (2016) surveyed the relationship among renewable
energy consumption, environmental degradation, and
commercial production growth and reported that renewable
energy is inversely related to environmental degradation but
has a positive effect on production growth. Apergis and
Payne (2009) reported that reforming regulatory policies on
production costs and economic growth reduces ecological
degradation. Research has shown that environmental degra-
dation is caused by greenhouse gas emissions (GHG) caused
by the overuse of non-renewable resources (Daigle and
Vasseur 2019). Zafar et al. (2019) reported that the use of
renewable energy leads to improved environmental quality
and reduced CO2 emissions. Renewable energy, economic
development, actual production, and globalization have
been reported to be positively associated with ecological
footprint. There is a two-way causal relationship between
agricultural production, globalization, and financial devel-
opment (Usman et al. 2020b). Moreover, by examining the
relationship between natural resources and globalization
with energy consumption in Asian countries, they reported
that natural resources and globalization significantly impact
energy efficiency in these countries (Hussain et al. 2020).
Increased real incomes and fossil fuel consumption have a
negative impact on ecology. The existence of a two-way
causal relationship between real incomes and globalization
and ecological footprint has been proved (Ibrahiem and
Hanafy 2020; Ike et al. 2020). G20 countries’ research found
that renewable energy prices have a negative effect on CO2

emissions. Still, increased trade has a strong positive effect
on CO2 emissions. A summary of this research is given in
Table 1.

Emerging countries

The beginning of the twenty-first century was marked by the
emergence of a range of new economic powers, the emer-
gence of new players, and the issue of global power shifts.
These new economic powers are called “emerging powers.”
The most important emerging powers are Brazil, Russia,
India, China, and South Africa. These countries have
accounted for almost twice the growth of world GDP and
more than half of new consumption in the last 15 years
(Shaw et al. 2009). Within this large group of countries,
economic performance is very different. Some of these
countries have achieved sustained economic growth over
a long period, enabling them to narrow their gap with de-
veloped, high-income countries. These countries account
for the bulk of the world’s population and territory, GDP,
and world trade. The emergence of these countries has in-
troduced shifting political-economic power in the world
(Lopes Jr 2015). The selection and classification of emerg-
ing countries in this study were based on the EM bond
index method and access to data from these countries.
Table 2 refers to emerging countries.

Methodology and model specifications

Panel quantile regression

Panel quantile regression model was introduced by Koenker
and Bassett Jr (1978) and became a comprehensive method
for statistical analysis of linear and nonlinear models in vari-
ous fields (economic, social, and environmental) (Andrews
and Phillips 1987; Koenker and Hallock 2001). This model
provides a more robust and more efficient coefficient esti-
mate than OLS (Marasinghe 2014; Xu and Lin 2018). Panel
quantile regression method has been used by researchers in
the field of climate (Paltasingh and Goyari 2018), agricul-
ture (Balducci et al. 2018), soil resource improvement
(Steers et al. 2011), economics (Zhu et al. 2016), and the
environment (Xu et al. 2017). Therefore, panel quantile
regression method has been used in this study to evaluate
the effects of globalization, renewable energy consump-
tion, and agricultural production on the ecological footprint
in emerging countries.

The mathematical Eq.1 of the quantile regression model is
as follows:

yi ¼ xibθi þ μθi:0 < θ < 1
Quantiθ yi=xið Þ ¼ xiβθ

ð1Þ

where x is the vector of explanatory variables and y represents
the dependent variable. μ is a random error whose conditional
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quantile distribution is zero.Quantiθ(yi/xi) is the quantile value
of the described variable. Theβ_θ estimate shows the quantile
regression θth and solves Eq. 2.

min∑yi≥ x0iβ
θjyt−x

0
iβj þ ∑

yi< x0iβ
1−θð Þjyt−x

0
iβj ð2Þ

When θ is equal to different values, estimates of other pa-
rameters are obtained. Mean regression is a particular case of
quantile regression under conditions where θ = 0.5 (Xu and
Lin 2018).

Model specifications

The STIRPAT model is a classical model for determining
environmental pollution factors (Ge et al. 2018). Equation 3
is as follows:

I t ¼ aPb
t A

c
t T

d
t et ð3Þ

I indicates pollution, P indicates population size, A indi-
cates financial ability, and T indicates technical factors. The
pressure on the environment is not only through the popula-
tion, economic development, and technology. It is affected by
many other factors. Therefore, many researchers have used the
extended STIRPAT model (Eq. 4) to investigate the effects of
different environmental factors (Xu and Lin 2018).

EFPt ¼ aPOPb
t NIC

c
tEF

d
t REC

α
t ARG

β
t GI

γ
t TO

Z
t et ð4Þ

Table 2 List of
emerging countries Argentina Mexico

Colombia Morocco

Brazil Pakistan

Chile Peru

China Philippines

Czech Republic Poland

Egypt Russia

Greece South Africa

Hungary South Korea

India Thailand

Indonesia Turkey

Malaysia

Table 1 Summary of studies on the effects of globalization, renewable energy consumption, and agricultural production on ecological footprint

Researcher Indicator Summary of results

Pao and Tsai (2010);Shahbaz
et al. (2014);Shahbaz
et al. (2015)

Economic growth, energy consumption,
globalization, agricultural production, and
environmental degradation

The results showed that energy consumption and economic growth
indices lead to ecological degradation, but globalization and
economic growth indices reduce CO2 emissions

Destek and Ozsoy
(2015);Dogan and Seker
(2016)

Free trade, renewable energy consumption, and
environmental degradation

The results showed that renewable energy is inversely related to
environmental degradation but positively affects production
growth

Apergis and Payne (2009) Institutional-political, economic growth, and
ecological footprint

The results showed that the reform of regulatory policies on
production costs and economic growth reduces environmental
degradation

Daigle and Vasseur (2019) Carbon dioxide emissions, renewable energy,
environmental degradation

This study showed that the cause of environmental degradation is the
emission of greenhouse gases (GHGs) that excessive use of
non-renewable resources causes large volumes of waste

Zafar et al. (2019) Renewable energy, CO2 emissions; agricultural
production, globalization, ecology

The results of this study showed that on the one hand, the use of
renewable energy leads to improved environmental quality and
reduced CO2 emissions. On the other hand, renewable energy,
economic development, actual production, and globalization are
positively related to the ecological footprint. There is a two-way
relationship between agricultural production, globalization, and
financial growth

Usman et al. (2020a) Globalization, agricultural production, energy
consumption, environmental degradation

The results showed that natural resources and globalization have an
essential causal effect on energy efficiency in these countries

Hussain et al. (2020) Income, energy consumption, ecological The results showed that the increase in real income and fossil fuel
consumption are severe ecological factors

Ibrahiem and Hanafy (2020) Globalization, rising incomes, ecological footprint The results showed that there is a two-way causal relationship be-
tween real income and globalization and ecological footprint

Ike et al. (2020);Yilanci and
Gorus (2020)

Renewable energy, free trade, CO2 emissions The results showed that renewable energy at energy prices has a
negative effect on CO2 emissions, but increased trade has strong
and positive effects on CO2 emissions
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EFP represents ecological footprint measured in global
hectares; REC is renewable energy consumption, which in-
cludes wind, solar, hydropower, and biomass and is calculated
in million tons oil equivalent; AGR is total value of agricul-
tural products; GI is globalization index used as a variable to
measure the economic, social, and political dimensions of
globalization; EF is energy efficiency, which is calculated
through dividing GDP by energy consumption and is consid-
ered as a technology variable; the NIC is the adjusted net per
capita income that is used as a proxy for economic viability;
POP refers to total population; and TO is trade openness that
measures the sum of exports and imports in GDP.

Econometric theory points out that the model variables
must be logarithmic to eliminate possible heterogeneity phe-
nomena. Therefore, Eq. 5 is as follows:

LEFPit ¼ Laþ β1LRECit þ β2LAGRit þ β3LGI it

þ β4LEF IT þ β5LNICit þ β6LPOPit

þ β7LTOit þ δit ð5Þ

This study used quantile regression to measure ecological
footprints in emerging countries. For this purpose, Eq. 6 is
converted to the following form:

Qτ LEFPitð Þ ¼ Lað Þτ þ β1τLRECiτ þ β2τLAGRiτ

þ β3τLGI iτ þ β4τEF iτ þ β5τLNICiτ

þ β6τLPOPiτ þ β7τLTOiτ þ δiτ ð6Þ

In this regard, Qr means the estimation of the quantile re-
gression τth in the ecological footprint and (la)r is a constant
component. The coefficients β1τ. β2τ. β3τ. β4τ. β5τ. β6τ. β7τ
are the quantile regression parameters and show the influenc-
ing factors.

Data source and data description

The data used in this study are in the form of panels for 21
emerging countries in 2002–2016. The data obtained for

ecological variables in terms of global hectares are taken from
the Global Footprint Network (GFN); the total value of agri-
cultural products in (constant = 2010 US $) is obtained from
the Food and Agriculture Organization (FAO); globalization
index data is received from KOF Swiss Economic Institute;
REC is renewable energy consumption data (wind, solar, hy-
dropower, biomass); EF is energy efficiency; NIC Adjusted
Net Per capita Income (constant = 2010 US $); POP total
population; TO (trade openness), calculated from total imports
and exports as a percentage of GDP, is obtained from the
World Development Indicators (WDI). Table 3 provides def-
initions of all variables.

WDIWorld Development Indicator,GFNGlobal Footprint
Network, FAO Food and Agriculture Organization

Table 4 shows the descriptive characteristics of the indica-
tors used in terms of mean, standard deviation, maxim, and the
minimum of variables.

Figure 1 shows the relationship between ecological foot-
print and agricultural production (a), globalization (b), and
renewable energy consumption (c) in emerging countries
(Fig. 1a). This figure shows that the relationship between eco-
logical footprint and agricultural production is positive; Fig. 1b
shows that the relationship between the globalization index
and the ecological footprint is negative, meaning that the lower
the globalization index in these countries, the greater the eco-
logical footprint. Figure 1c shows the positive relationship be-
tween renewable energy consumption and ecological footprint
among emerging countries.

Results

Multicollinearity test

Multicollinearity is a condition that indicates that an indepen-
dent variable is a linear function of other independent vari-
ables. Suppose the multicollinearity in a regression equation is
high. In that case, there is a high correlation between the
independent variables, and the model may not have high va-
lidity despite the high R2. Therefore, multicollinearity test

Table 3 Variable definitions
Abbreviation Variables Sources

EFP Ecological footprint (In global hectares) GFN

REC Renewable consumption = million tonnes oil equivalent WDI

AGR Agriculture Total (gross production value (constant=2010 US$)) FAO

GI Globalization index (KOF Index) KOF Index

EF Energy efficiency = calculated by dividing GDP to total energy consumption WDI

NIC Adjusted net national income per capita (constant 2010 US$) WDI

POP Total population WDI

TO Total openness= (import+export)/GDP WDI
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methods including stepwise regression, comprehensive test-
ing, and Klein’s criterion methods can be used (Klein and
Marquez 1985).

In this research, Klein’s method has been used to test the
multicollinearity. To perform this method, a comparison is
made between the correlation coefficient (r) of the explanatory
variables and the coefficient of R2 determination obtained

from estimating the fixed effect panel model. If rxi:x j

�
�

�
� > R2,

then the multicollinearity between the variables xi and xj is
harmful. Otherwise, the multicollinearity between the vari-
ables can be ignored. As shown in Table 5, the absolute value
of all correlation coefficients between the explanatory vari-
ables is less than R2 = 0.9807. This means that there is no
multicollinearity problem.

Unit root test

One of the important characteristics of variables is their sta-
tionary status. In the panel model, the stationary status of the
data must be tested before performing regression (Wang et al.
2015). Using non-stationary data leads to spurious regression,
and the regression result is not reliable. In this study, to assess
the stationary status of variables, three panel unit root tests,
namely, Levin-Lin-Chu (LLC) test (Levine and Kendall
2006), Fisher-ADF test and Fisher’s test (Maddala and Wu
1999), and PP, have been used.

Table 6 shows the results of the panel unit root test. The
variables REC, AGR, and EF for all three tests are the root of
the panel unit, and reject the null hypothesis of non-stationary
of data at the 1% significance level. The variables EFP and
NIC for LLC and PP test are at the stationary level, and reject
the null hypothesis that the data are non-stationary at the level
of less than 1%. The variables EF and TO are stationary only
for the LCC test at the significance level of 10% and 1%, and
POPwith the PP test is stationary at the level of 1%. However,
when the first-order difference is taken into account by the
relevant tests, all variables are stationary at the significance
level of 1%. Therefore, since all variables are stationary in the
first-order difference, the relationship between the ecological

footprint and other variables can be determined by the co-
integration test.

Panel cointegration test

Cointegration panel tests can examine the long-run balance
between variables. Cointegration theory states as long as there
is cointegration between the dependent and independent var-
iables, these variables can be used to make a model. The
results of Table 6 shows the stationary status of all variables
at the first-order difference. To examine the correlation be-
tween ecological footprint (EFP) and its variables, the Kao
test (1999) was used. The results in Table 7 show that ADF
= −3.5645, P value = 0.0002, and a long-run balance relation-
ship between ecological footprint (EFP) and the factors affect-
ing it can be used to estimate the model. The results obtained
from the significance of the cointegration test are the basic
assumptions for estimating quantile regression.

Normal distribution test

When the sample data are not normally distributed, the esti-
mation results from quantile regression are more robust than
the OLS estimation. If the ordinary least squares (OLS) meth-
od is used to estimate regression, the skewed distribution of
economic variables is ignored. This will have negative conse-
quences such as increased variance and low robustness of the
model (Koenker and Xiao 2002). Therefore, before
performing regression analysis, the normality of all available
variables must be tested. Two methods have been used to
normalize the data: graphic (Fig. 2) and numerical method
(Table 8). As shown in Table 7, the skewness coefficients of
LEFP, LREC, LAGR, LGI, LEF, LNIC, LPOP, and LTO are
significantly non-zero, indicating that these variables are not
normally distributed. Moreover, the results of the kurtosis co-
efficients are not equal to 3 in any of the variables, which
means the variables are not normally distributed.

Table 8 shows that the probability values of the Shapiro-
Wilk and Shapiro-France tests for all variables are less than
1%. This means that these variables can reject the null hypoth-
esis that the variable is distributed normally. In other words,
the above variables are not normally distributed.

Sig. represents the significance level. Obs. indicates the
number of observations

In this study, the most common normal data distribution
test (Q-Q test plot) is used (Fig. 2). The Q-Q diagram is a
probability graph that can graphically show whether the data
follow a normal distribution. If the Q-Q diagram overlaps the
straight blue line in Fig. 2, it means that the data is normally
distributed. Otherwise, it indicates that the data distribution is
skewed. The results in Fig. 2 show that the Q-Q diagrams of
all variables deviate from the straight line, which indicates that
the distribution of these variables is not normal.

Table 4 Summary of descriptive statistics

Variable Mean Std. dev. Min Max Obs

EFP 4.19e+08 8.89e+08 2.93e+07 5.26e+09 345

REC 16.98662 38.14958 0.0534009 275.0157 345

AGR 78195.07 180020.4 4009.033 1219569 345

GI 68.51565 8.642986 47.8 86.8 345

EF 174.2381 220.7617 1.52606 924.5416 345

NIC 7045.473 5309.623 -1955.68 24896.9 345

POP 1.85e+08 3.44e+08 9814023 1.39e+09 345

TO 69.79017 39.38225 22.10598 210.3743 345

Environ Sci Pollut Res



According to the results in Table 8 and Fig. 2, it can be seen
that these variables are not normally distributed. The tail of
data distribution reveals essential information that cannot be

demonstrated by OLS regression. This proves that the use of
the quantile regression model for experimental analysis is
more appropriate and reasonable.

Fig. 1 Relationship between a
ecological footprint and
agriculture, b globalization, and c
renewable energy for emerging
countries

Environ Sci Pollut Res



Panel quantile regression results

The results of normality tests show that all variables used
in this study are distributed normally. In such cases, it is
more appropriate to use panel quantile regression to esti-
mate the model. This regression can obtain independent
variables on the dependent variable in different quantiles
between 0 and 1. However, due to data fluctuations, it is
impossible to estimate each of the quantile values effec-
tively. According to most researchers, quantile values of
10, 25, 50, 75, and 90 are used as representative values for
experimental analysis. In this study, based on the ecolog-
ical footprint scale, emerging countries are classified into
six groups shown in Table 9.

According to the level of ecological footprint, we divided
23 countries into six grades

Furthermore, ordinary least squares regression (OLS) was
used in this study to estimate the results of the fixed effects of
the panel data model, which can only estimate the average
impact of explanatory variables on the dependent variable.
The results of quantile regression are graphically shown in
Fig. 3.

Discussion

Different quantiles (10th, 25th, 50th, 75th, and 90th) have
been used to estimate in this study. The results of these
estimates are given in Table 10 and Fig. 3. To facilitate
comparative analysis, the results of the OLS estimation are
shown in Table 10. This table shows that the impact of
influential factors on ecological footprint is different in
different quantiles. These other effects need to be analyzed
to support countries to adopt policies to reduce the ecolog-
ical footprint.

Effects of renewable energy consumption on
ecological footprint

As shown in Table 10, renewable energy consumption on the
ecological footprint in all quantiles of countries is positive and
significant. This variable has the most negligible effect on
ecological footprint. The results show that this effect is more
significant in quantiles higher than 75th and 90th. It can be
concluded that renewable energy consumption positively af-
fects ecological footprint (Bilgili et al. 2016). Nathaniel

Table 5 The correlation coefficient matrix

LREC LAGR LGI LEF LNIC LPOP LTO

LREC 1.0000

LAGR 0.7663 1.0000

LGI −0.5083 −0.4479 1.0000

LEF −0.6479 −0.8448 0.6232 1.0000

LNIC −0.2225 −0.2734 0.7417 0.6284 1.0000

LPOP 0.7595 0.8199 −0.6110 −0.8888 −0.5594 1.0000

LTO −0.5911 −0.4478 0.7291 0.3789 0.2962 −0.4784 1.0000

Table 6 Results of unit root tests
for panel data Series Level data First-order difference data

LLC Fisher-
ADF

PP LLC Fisher-
ADF

PP

EFP -4.702*** 45.649 65.473** -6.457*** 130.559*** 285.993***

REC -5.401*** 91.350*** 106.683*** -9.445*** 165.451*** 326.585***

AGR -5.672*** 63.946** 81.566*** -6.465*** 91.483*** 139.061***

GI -9.2081*** 107.941*** 164.672*** -6.297*** 100.450*** 153.318***

EF -1.5453* 49.177 47.605 -6.261*** 101.153*** 187.106***

NIC -4.591*** 42.785 94.702*** -7.229*** 91.397*** 146.291***

POP -0.681 54.019 166.891*** -7.513*** 115.445*** 115.365***

TO -2.377*** 49.885 58.386 -7.417*** 114.753*** 227.081***

Note: Level indicates the logarithmic variable value, PP represents Phillips-Perron test, LLC denotes Levin-Lin-
Chu test. *, ** and *** indicates that the tested variable sequence passed the significance test at significance levels
of 10%, 5%, and 1%, respectively
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(2020) also reported that renewable energy consumption re-
duces environmental degradation. Therefore, he proposed pol-
icies to reduce greenhouse gas emissions, reduce urban anom-
alies, and maintain a sustainable environment. Therefore,
while renewable energies improve the quality of the environ-
ment, non-renewable energy consumption and urbanization
are the leading cause of environmental degradation in
CIVETS countries.

Effects of agricultural products on ecological footprint

Agricultural production also has a positive and significant
effect on ecological footprint in all quantiles, but their coeffi-
cients are different. Since the greatest impact of agricultural
production on the ecological footprint is in the quintile of the
25th countries, and with higher deciles, this effect decreases, it
can be concluded that the increase in agricultural production
has a positive effect on the ecological footprint and has created
the ground for environmental degradation and the increase in
CO2 emissions (Lustigová and Kuskova 2006). Agricultural
production is a major cause of biodiversity loss, a quarter of
greenhouse gas emissions, and the consumption of 70% of
freshwater (Beyer et al. 2018). In recent decades, global trade
in agricultural products has grown significantly and has expe-
rienced annual growth of 6% from 2000 to 2016 (Balogh and
Jámbor 2020). Agricultural products show 36% growth from
2008 to 2018; the top 10 exporters of agricultural products
(EU, USA, Brazil, China, Canada, Indonesia, Thailand,
India, Australia, Mexico) account for 72% of total world

exports in 2018 (WTO 2018). The most significant increase
in agricultural exports in the top 10 exporters was recorded by
China (9%), Brazil (6%), and Mexico (6%) in 2018 (WTO
2018). Emerging economies such as Brazil, China, India,
and Indonesia were the main drivers of this growth as
they accounted for 14.5% of the value of global exports
in 2016, compared to 8.5% in 2000, which paved the way
for environmental and ecological degradation (Balogh and
Jámbor 2020).

The effects of globalization on the ecological
footprint

Globalization has the greatest effect on ecological footprint.
The globalization index in all quantiles has a negative and
significant effect on the ecological footprint. This effect is
greater in the 10th and 50th countries. This index considers
the economic, social, and political dimensions of
globalization. It can be said that the development of
countries and their global relationship lead to environmental
protection and ecological sustainability. These results can be
seen in research conducted by Sarkodie and Adams (2018)
They stated that the effects of globalization on the ecological
footprint can be both positive and negative. The study by Saud
et al. (2020) showed that globalization has led to significant
investments in new production methods, technology, and op-
erational productivity in green industries and has reduced en-
vironmental and ecological degradation. That is, 1% growth in
global indicators reduces ecological footprint in the long run
by 0.0038% (gha), and this indicates an inverse relationship.
However, in some countries, due to old technologies and high
consumption of fossil fuels, we are witnessing more environ-
mental degradation. In other studies, globalization criteria
such as FDI, trade openness, and KOF index positively and
significantly affect ecological footprint. Yet, improvement in
technological changes has little effect on the quality of the
environment. The study reported that globalization and

Table 7 Kao
cointegration test t statistic Prob.

ADF −3.5645 0.0002

Residual variance 0.00279

HAC variance 0.00230

Table 8 Tests of normal
distribution Variable Skewness Kurtosis Shapiro-Wilk test Shapiro-France test Obs

Statistic Sig. Statistic Sig.

LEFP 1.044541 3.987408 0.92419 0.0000 0.92567 0.0000 345

LREC 0.248910 2.811579 0.98299 0.0004 0.98400 0.0011 345

LAGR 0.927923 3.968911 0.94163 0.0000 0.94294 0.0002 345

LGI −0.164740 2.570924 0.97888 0.0000 0.98076 0.0000 345

LEF −0.684082 3.263253 0.94326 0.0000 0.94557 0.0000 345

LNIC −0.451363 2.495522 0.96702 0.0000 0.96906 0.0000 345

LPOP 0.574589 3.209068 0.93455 0.0000 0.93716 0.0000 345

LTO 0.430368 2.689647 0.96877 0.0000 0.97075 0.0000 345
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unsustainable economic development have increased environ-
mental degradation in South Asian countries (Sabir and Gorus
2019). Also, globalization can have a negative impact on the
environment due to industrial production (Herrmann and
Hauschild 2009).

Effects of energy efficiency on ecological footprint

As shown in Table 10, this factor negatively affects the eco-
logical footprint in different quantiles. Increasing energy effi-
ciency will lead to an improvement in energy consumption

Fig. 2 The normal Q-Q plot of a
LEFP, b LAGR, c LREC, d LGI,
e LNIC, f LEF, g LTO, h LPOP
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relative to GDP, which will reduce the emission of pollutants
and, consequently, a reduction in ecological footprint. The
effect of this factor is greater in the 10th and 90th quantiles
of countries than in other levels. These results were obtained
by researchers such as Rosen (2002) who reported that in-
creasing energy efficiency leads to reduced environmental
pollution and increased competition. Monitoring environmen-
tally friendly energy efficiency policies is very important for
countries’ economic development, and progress development
based on energy efficiency should be the basis for countries’
energy policies. Suppose governments balance economic
growth with energy consumption. In that case, their energy
efficiency will increase, and as environmental performance
improves, countries will have to increase their economic

activities and reach a good level of energy efficiency.
Therefore, energy efficiency is important to ensure
sustainable development to reduce CO2 emissions and the
effects of climate change in countries around the world.
Levine and Kendall (2006) showed that efficiency and energy
saving are the best and most cost-effective ways to solve the
ecological crisis.

Effects of net income on ecological footprint

As shown in Table 10, net income is one of the most important
and influential variables. The effect of this variable at all levels
on the ecological footprint is positive and significant. The
results show that the greatest effect of this variable is in the

Table 9 Country distribution in
terms of ecological footprint Quantile Country

The lower 10th quantile group Hungary, South Africa

The 10th and 25th quantile group Czech Republic, Greece, Morocco, Peru

The 25th and 50th quantile group Argentina, Colombia, Chile, Pakistan, Philippines

The 50th and 75th quantile group Egypt, Mexico, Poland, South Korea, Thailand, Turkey

The 75th and 90th quantile group Russia, Indonesia, Brazil

The upper 90th quantile group China, India, Malaysia

Fig. 3 Quantile estimate: Shaded areas represent 95% confidence band for the quantile regression estimates. The vertical axis indicates the elasticities of
the explanatory variables. The red horizontal lines depict the conventional 95% confidence intervals for the OLS coefficient.
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lower quantiles, and as quantile levels increase, this coeffi-
cient decreases. It can be concluded that the impact of GDP
per capita on environmental footprint varies at different in-
come levels. NIC coefficients are significant and have a pos-
itive sign in other quantiles. This finding is similar to the
results (e.g., Wang et al. 2015; Xu et al. 2017; Zhu et al.
2016). Besides, the effects of income on the ecological foot-
print are steadily declining from low-quantile to high-quantile
countries (Fig. 3). This shows that economic growth will have
less impact as the ecological footprint increases because as the
economy grows, the contradiction between environmental
pollution and economic growth gradually intensifies. As a
result, rapid economic growth has led to a rapid increase in
the ecological footprint. Although the ecological footprint has
steadily increased in countries with high ecological footprints,
its intensity has decreased. China, for example, is one of the
largest countries in the world in terms of ecological impact.
Changes in China’s economic growth have led to a steady
increase in per capita net income from $ 1536.19757 (fixed
dollar 2010) in 2002 to $ 5157.712177 in 2016, but the growth
rate of the ecological footprint has fallen from 0.11 in 2004 to
−0.006 in 2016. As developing countries pursue economic
growth, they leave their impact on the environment.
Therefore, the analysis of panel data and revenue classifica-
tion on the effect of exports on the environment is essential
(Chen and Chang 2016).

Effects of population on ecological footprint

Population in the quantiles of 10th, 25th, and 50th countries
has a positive and significant effect on ecological foot print,
and this effect is greater in the 25th quantile than in other
levels. It can be said that population growth causes more
destruction of the environment. This result can be compared
with the results of studies conducted by York et al. (2003) and
Mostafa (2010). They reported that the ages 15 to 63 had the

most effect on the ecological footprint and its positive corre-
lation. Reports show that from 1961 to 2010, the demand for
renewable energy resources and environmental services in-
creased by approximately 14% (from 7.6 to 18.1 billion hect-
ares worldwide) and the earth’s bio-production level increased
from 9.9 to 12 billion hectares worldwide (Galli et al. 2015).
On a large scale, Li et al. (2019) conducted a study on the
ecological footprint of 52 countries comprising 85% of the
world population and 95% of the world economy and found
that 35 countries are at risk in this regard. In South Africa
which has rapid economic development and population ex-
pansion, the effects of human activities on the ecological foot-
print are increasing. In 2003, the World Wildlife Fund report-
ed that for Africa, the ecological footprint is 1.1 hectares per
capita, slightly less than the global footprint of 2.23 hectares
per capita, 6.4 hectares per capita (Musibau et al. 2020).
However, there is no reason for satisfaction in this regard in
Africa because the data collected often ignore local problems.
There seems to be little specific information about the envi-
ronmental footprint of African cities (Clancy 2008).

Effects of trade openness on ecological footprint

Trade openness in the quantile of 10th, 50th, and 75th countries
is positive and significant on the ecological footprint. This ef-
fect is greater in the quantile of 75th countries than in other
levels. It can be concluded that there is a two-way causal rela-
tionship between the effects of trade openness, bio-capacity,
human capital, and environmental degradation (Saleem and
Shujah-ur-Rahman 2019). Also, trade openness and industrial
development increase environmental damage, while political
stability can reduce the damage to the environment in the long
run (Al-Mulali and Ozturk 2015).

Based on the analysis of this study, it can be said that due to
the trend of economic growth in emerging countries and is-
sues such as globalization, consumption of renewable energy,

Table 10 Panel quantile regression model and linear fixed effects during the period 2002–2016

Variable Quantiles

10th 25th 50th 75th 90th OLS fixed

LREC 0.0504*** 0.0109 0.0208** 0.0614*** 0.0855*** 0.0356***

LAGR 0.0548** 0.1647*** 0.1591*** 0.1531*** 0.1216*** 0.1454***

LGI −1.1950*** −0.5813*** −1.0320*** −0.5952** −0.3165* −0.6887***

LEF −0.7067*** −0.6554*** −0.6494*** −0.6818*** −0.7251*** −0.6439***

LNIC 0.8466*** 0.6879*** 0.6551*** 0.5927*** 0.5287*** 0.6527***

LPOP 0.1006*** 0.1297*** 0.0996*** 0.0296 −0.0375 0.1082***

LTO 0.1074*** 0.0304 0.1154*** 0.1354*** 0.0309 0.0845***

Constant 6.7368*** 4.0973*** 6.5915*** 6.7048*** 8.2947*** 5.2116***

Pseudo 0.8351 0.8455 0.8639 0.8837 0.9039 0.9807

***, **, and * indicate statistical significance at 1%, 5%, and 10%
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and increasing agricultural production, we are witnessing the
uncontrolled expansion of ecological footprint. Table 10
shows that the study of the effects of renewable energy con-
sumption, increasing agricultural production, increasing net
income, population, and trade openness has had positive and
significant effects among emerging countries. On the one
hand, a study of the effects of renewable energy consumption
in these countries shows that it is a good indicator for its use in
economic and environmental issues. This result by Destek and
Ozsoy (2015); Dogan and Seker (2016) Approved. So, the use
of renewable energy can have positive and balanced effects on
the ecological footprint in the long run. On the other hand, the
effects of agricultural production indices in countries
(Czech Republic, Greece, Morocco, Peru), increase in net in-
come in countries (Hungary, South Africa), the effects of pop-
ulation in countries (Czech Republic, Greece, Morocco, Peru;
Argentina , Colombia, Chile, Pakistan, Philippines), and the
effects of trade openness in countries (Czech Republic,
Greece, Morocco, Peru, Argentina, Colombia, Chile,
Pakistan, Philippines, Egypt, Mexico, Poland, South Korea,
Thailand, Turkey) are positive and they are meaningful. This
result is confirmed by researchers such as Ike et al. (2020) and
Yilanci and Gorus (2020). The findings of this study also
showed that the effects of globalization indicators in countries
(Czech Republic, Greece, Morocco, Peru; Argentina,
Colombia, Chile, Pakistan, Philippines) and energy efficiency
in countries (Czech Republic, Greece, Morocco, Peru and
Russia, Indonesia, Brazil) are negative and significant. So
the results of this research by Kirikkaleli et al. (2020) and
Shahbaz et al. (2015) were examined.

Conclusions

Using quantile regression, this study examines the effects of
globalization, renewable energy consumption, and agricultur-
al production on ecological footprint in emerging countries.
The study framework for panel data was in 21 emerging coun-
tries from 2002 to 2016. Klein’s method was used for
multicollinearity test, and the absolute value of all
correlation coefficients between variables was less than R2 =
0.9807. Kao (1999) test was used to investigate the
cointegration between ecological footprint (EFP) and its var-
iables. The results of this test showed that ADF = −3.5645 (P
value = 0.0002) and there is a long-term equilibrium relation-
ship between ecological footprint (EFP) and the factors affect-
ing it. As Fig. 1 shows, in emerging countries, the relationship
between ecological footprint and agricultural production is
positive (Fig. 1a); the relationship between globalization in-
dex and ecological footprint is negative (Fig. 1), and there is
positive relationship between renewable energy consumption
and ecological footprints (Fig. 1c). This study showed that as
agricultural production, income, renewable energy

consumption, population, and trade openness increase, envi-
ronmental degradation increases. Population, renewable ener-
gy consumption, agriculture, and trade openness have the
most negative effect on the environment in the selected sam-
ple. However, globalization reduces the ecological footprint
and does not harm the environment. Globalization plays a key
role in economic development by introducing foreign invest-
ment, new methods of production, and the use of technology.
Globalization encourages countries to attract foreign invest-
ment and use new production methods, advanced industrial
technology, and knowledge and skills. Renewable energy
consumption has positively affected the ecological footprint,
but this effect has been weak. Given that the consumption of
non-renewable energy is one of the most important sources of
environmental degradation, planning to develop renewable
energy infrastructure for further use in the future can reduce
environmental degradation.
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