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Abstract
We employ the new Method of Moments Quantile Regression approach to expose the role of natural resources, renewable
energy, and globalization in testing Environment Kuznets Curve (EKC) in MINT panel covering the years 1995–2018. The
outcome validates the EKC curve between economic progress and carbon emissions from the third quantile to the extreme
highest quantile. The result also shows that natural resources increase CO2 emissions at the lowest quantile and then turn
insignificant from the middle to the highest quantiles due to the potential utilization of resources in a sustainable manner. The
renewable energy mitigates CO2 emissions at the lower half quantiles. Still, for upper quantiles, the results are unexpected and
imply that the countries’ total energy mix depends heavily on fossil fuels. As far as globalization is concerned, the significant
results from medium to upper quantiles reveal that as globalization heightens due to foreign direct investment or trade, energy
consumption also expands, leading to the worst environment quality. Thus, the present study’s consequences deliver guidelines
for policymakers to utilize natural resources sustainably and opt technologies based on clean energy, which may offset environ-
mental degeneration.
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Introduction

Environmental degradation is one of the most precarious chal-
lenges faced by the contemporary world. The issue of envi-
ronmental degradation has attained enormous attention from
researchers and academia. In the previous few decades, the
world has been experiencing considerable economic growth
due to progress and development (Dong et al. 2018; Scherer

et al. 2018). As per World Bank, the world GDP has doubled
to the US $73.73 trillion from the US $37.88 trillion (constant
2010 US$) over the period 1990 to 2014. Globally, energy
usage in the same period has also risen to 1922.5 kg of oil
equivalent from 1662.93 kg (World Bank 2019). The growing
utilization of energy triggers many environmental concerns
(Huaman and Jun 2014). In 2018, the total world emissions
of carbon upraised to 33,890.80 million tons, i.e., 1.37 times
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more than those reported in the 1970s (British Petroleum
2018). These concerns are currently the core subject matters
for environmental specialists and economists. These emis-
sions alter the environment and pose serious health issues
for human beings, along with the disruption of infrastructure
and depletion of natural resources.

Natural resource depletion due to intensive economic de-
velopment is the primary cause of environmental deterioration
(Sarkodie 2018). The natural resources’ extraction has tripled
over half-past dozen years, such as the gas, coal, and oil ex-
traction enlarged from 6 to 15 billion tons. The yield of bio-
mass rose from 9 to 24 billion tons, and further resources of
minerals also extended to fivefold (Global IRP 2019).
According to Giljum et al. (2009), annually, approximately
60 billion tons of natural resources are being grabbed by hu-
man beings, 50% more than the situation happened 30 years
back.Moreover, social development also leads to the overcon-
sumption of resources that is more than the world’s potential
for regenerating resources (Global Footprint Network 2017).
So, it is imperative to take into consideration the concerns
regarding the overconsumption of natural resources.

Furthermore, the expansion of economic growth by coun-
tries’ collaboration increases countries’ interdependency,
which endorses competition. But such competition occurs at
the cost of environmental pollution throughout the globe
(Shahbaz et al. 2017). Though globalization facilitates the
transmission of innovative technology from developed to de-
veloping economies, expands productivity by increasing in-
ternational trade, and boosts investment opportunities through
FDI but at the cost of jeopardizing environmental sustainabil-
ity (Simas et al. 2015; Audi and Ali 2018). The reason is that
the developed countries cut back their dirty production of
goods by taking benefit of globalization, which ends in sturdy
and high-energy demands in emerging economies and results
in global warming, biodiversity loss, and natural resources
depletion in emerging economies (Shahbaz et al. 2018a, b;
You and Lv 2018).

Generally, developed countries are more liable to emit the
bulk of gases worldwide, but the emissions in developing
countries in recent years are also increased (IEA 2014). In
developing economies, the world had immensely given atten-
tion to Brazil, Russia, India, China, and South Africa, called
the BRICS economies, a potent emergent bloc worldwide. But
in 2013, other rising markets such as Mexico, Indonesia,
Nigeria, and Turkey (MINT) were also recognized by Jim
Eugene Gladstone O’Neill (O’Neill 2013). According to
O’Neill, MINT countries are individually yielding about 1 to
2% of the world economy and have the probability of
distinguishing themselves as technologically and economical-
ly the world’s largest economies in forthcoming decades.
According to Gold Sachs, a stable growth trend for MINT
countries is predicted across 2020, but a 5% growth rate for
each of MINT countries globally is also forecasted by the

USA (Ghosh 2002; Wright 2014). Now the question arises,
does economic nations like MINT countries maintain sustain-
able development with natural resources and globalization
without damaging the environment? To answer this question,
the current study is conducted to validate the hypothesis of the
Environment Kuznets Curve (EKC). EKC’s concept validates
the U-shaped curve between income and pollutants
(Grossman and Krueger 1991).

In recent years, the EKC hypothesis has generally attained
substantial importance in understanding how to retain eco-
nomic development and simultaneously preserve environ-
mental quality (Sarkodie and Strezov 2018; Aziz et al.
2020a). But it is also pertinent to highlight the theoretical
and methodological censures raised up against the EKC in
the former studies. Different EKC studies have applied diverse
methods, used different data, and eventually resulted in differ-
ent findings with contradictory explanations (Cavlovic et al.
2000; Grossman and Krueger 1995; Stern 2017). It is claimed
that the quality of the environment is not easy to be measured
correctly, and EKC cannot be generalized to all pollutants
(Harbaugh et al. 2002). For instance, Cole et al. (1997) evi-
denced that EKCs exist only for contaminants such as SO2,
suspended particulates, carbon monoxide (CO), and nitrous
oxides (NOx). In contrast, Shafik and Bandyopadhyay
(1992) demonstrated that the global environmental indicators
like CO2 emissions increase perpetually following per capita
income. Stern et al. (1996) also argued that for specific indi-
cators such as SO2 and NOx emissions and deforestation, fu-
ture per capita income levels would weaken environmental
degradation in the future. However, this assumption is argued
as income is not normally distributed but very skewed, as
massive number of people live below the mean income per
capita. Consequently, it is not the mean income but median
(IBRD 1992).

Moreover, the bulk of studies examined the EKC hypoth-
esis by using cross-sectional data for a panel of countries by
supposing that all countries in the group would follow the
same economic development route. This notion is critiqued
as countries in the panel own diverse social-economic and
political variations that may alter environmental conditions.
In the last few decades, transformations are also observed in
EKC studies from econometric perspectives, i.e., fromOLS to
broad dynamic models such as fixed effect model (Heil and
Wodon 1997; Lee and Oh (2015), random effect (Brajer et al.
2011), CGE model (Copeland and Taylor 2005), dynamic
models (Agras and Chapman 1999; Coondoo and Dinda
2008), and panel Spatial Durbin models (Huang 2018).
Consequently, EKC studies’ displayed significant heterogene-
ity such as the curve of N-shape or inverted U-shape in re-
sponse to different methods, used. Even several studies have
not endorsed EKC.

So keeping in view the above critics, in our analysis, we
focus on CO2 emissions, which are viewed to be the most
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critical global pollutant contributing to 72% of the global
warming effects. Nonetheless, the empirical support for the
EKC for CO2 emissions is not found globally; some signifi-
cant associations have been seen between income and CO2

(Dijkgraaf and Vollebergh 1998). As the bulk of studies in
the prevailing literature have found the EKC model enduring
econometric misspecification. So it is supposed that the appli-
cation of appropriate methods may specify higher turning
points or even show a monotonic curve for the pollutant.
Moreover, It is also presumed that the speedy growth and
globalization ofMINT economies cause substantial resources’
depletion and expedite the environmental concerns (Satoglu
2017). In this vein, various former studies have explored the
natural resources’ association with CO2 such as Kwakwa et al.
(2018) in Germany, Balsalobre-Lorente et al. (2018) in 5 EU
countries, Mudakkar et al. (2013) in Pakistan, Danish et al.
(2019) in BRICS countries, Shahbaz et al. (2018a, b) in the
USA, Ahmed et al. (2016) in Iran, but no study considered the
same phenomenon for MINT economies. Therefore, the study
is the pioneer one that explores the EKC nexus among the
desired variables in MINT panel.

Therefore, the current research investigates the EKC notion
by including natural resources, globalization, and renewable
energy in MINT economies by primarily employing the di-
verse estimation approaches of fixed effect ordinary least
square (FE-OLS), fully modified ordinary least square
(FMOLS), and dynamic ordinary least square (DOLS) to con-
trol the heterogeneity as well as cross-sectional dependence.
The study further employs methods of the moment of quantile
regression (MMQR) by Machado and Silva (2019) as earlier
studies using panel data have assessed regression quantiles
under conditional mean and deals with merely mean esti-
mates of the complete panel data and ignores the individ-
ual’s distributional heterogeneity of the panel data, which
may lead to inexplicit regression results (Sarkodie and
Strezov 2019). This study attempts to put forth additional
consistent results by including both the conditional mean
estimates and the distributional heterogeneity by revealing
the latent effects of independent variables across depen-
dent variables’ conditional distribution. Recently, Aziz
et al. (2020b) in BRICS panel and An et al. (2020) in
Belt and Road host countries also used the same ap-
proach. It is believed that this exploration will possibly
recommend policymakers to form their policies based on
the findings obtained through this analysis.

The paper’s remaining structure is organized below. The
subsequent “Literature review” section reviewed the potential
existing studies on the topic focused in the present study. Data
sources and analytical strategies are presented in the “Data
sources and methodology” section. The results based on esti-
mations are presented in the “Estimation results” section and
conclusion with possible policy recommendations is revealed
in the “Conclusion and policy recommendations” section.

Literature review

Various studies have used globalization, natural resources,
renewable energy, and the environment in different countries
in the existing literature. Therefore, the next subsections are an
attempt to unveil the previous efforts of the researchers. We
split the literature into subsections based on variables
employed in the study.

Natural resources and CO2 emissions

Natural resource extraction refers to the move out of the
solid, liquid, and gaseous materials in raw form from
the environment by anthropogenic activities (Genty
et al. 2012). In this vein, Danish et al. (2019), in the
context of natural resources in BRICS nations, investi-
gated the natural resources’ effects on CO2 emissions
over the period 1990 to 2015. The research infers that
the CO2 can be mitigated by the adequate availability of
natural resources in Russia, while in South Africa, the
results are inverse as natural resources exploitation can
end in pollution. The desirable natural resources’ coef-
ficient in Russia accredits to its extensive availability.
Simultaneously, in South Africa, unmaintainable and
conventional energy sources exert stress on the environ-
ment. Balsalobre-Lorente et al. (2019b) in 5 European
Union countries expounded that natural resources, re-
newable energy, and economic growth are crucial fac-
tors of CO2 emission. They have found that the abun-
dance availability of natural resources and reliance on
renewable energy counterbalance the quality of environ-
ment. Shahabadi and Feyzi (2016) explored the linkage
of abundant natural resources with carbon emissions by
counting foreign direct investment. The outcome dem-
onstrated that abundant natural resources appeal to for-
eign direct investment, which regenerates the environ-
ment by executing energy-efficient technologies. Other
studies have also examined the environmental effects of
natural resources (Dadasov et al. 2017). In research of
Wu et al. (2017), it is determined that the utilization of
natural resources during the era of advanced economic
progress arouses severe environmental concerns. Pao
and Tsai (2010) used the gray prediction model (GM)
to explore the association between energy, economic
growth, and CO2 emissions from 1980 to 2007. They
showed that with economic growth, both energy and
environment degradation primarily trigger, then stead,
and at last decline. In the study of Kwakwa et al.
(2018), the natural resources’ extraction effects on
Ghana’s environment for the period 1971–2013 com-
menced that urbanization, resource depletion, and eco-
nomic growth contribute to Ghana’s CO2 emissions due
to increased utilization of energy.
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Renewable and CO2 emissions

In the available literature, the linkage of renewable energy
with the environment has been observed by several studies
(see Bélaïd and Youssef 2017; Irandoust 2016, Sharif et al.
2020). In emerging countries, Zafar et al. (2019) probed the
association between both renewable and non-renewable ener-
gy under the EKC hypothesis. The study confirmed that re-
newable energy negatively impacts CO2 emission, but non-
renewable energy impacts the CO2 positively with the confir-
mation of the EKC. Qiao et al. (2019) also established the
EKC curve for G20 economies by elaborating on the nexus
between renewable energy, agriculture, and CO2. The results
found that agriculture induces CO2 emission, but renewable
energy reduces CO2 emission. It accredits that developed
nations have been significantly progressing and increasing
their renewable and clean energy in their overall energy
consumption. Danish et al. (2019) found that renewable
energy’s coefficient in Brazil, China, Russia, and India is neg-
atively significant because technologies allied with renewable
energy are inevitable and viable. But the positive and insig-
nificant coefficient in South Africa reflects the heavy utiliza-
tion of fossil fuels in the respective region. Many other re-
searchers have also studied the same phenomenon, such as
Balsalobre-Lorente and Shahbaz (2016), in their study, report-
ed that renewable energy supports CO2 mitigation. Gill et al.
(2018), in their research in Malaysia, also confirmed that re-
newable energy and CO2 emissions have a significant nega-
tive association, but they could not establish EKC’s existence.

Globalization and CO2

There are much researches carried out during the last
decade, expounding the link between globalization and
CO2 emissions in the perspective of a single country or
group of countries in the panel. Shahbaz et al. (2015b)
revealed that globalization is useful in the Australian
economy. But, in the Indian economy, Shahbaz et al.
(2015a) did not catch any beneficial environmental ef-
fects. Khan et al. (2019a, b) proved the same positive
outcome in Pakistan. They inferred that as Pakistan’s
relationship with other countries increases, the devel-
oped countries are motivated to invest in Pakistan and
results in the emergence of pollution by shifting their
pollution-created industries. Some other authors also ex-
plored the same phenomenon in the panel data set and
found mixed results such as Salahuddin et al. (2019) in
countries of Sub-Saharan African evidenced that global-
ization’s effect on the environment is not significant;
however, urbanization exacerbates the environmental
quality. Kalaycı and Hayaloğlu (2019) though validated
the Environmental Kuznets Curve for the NAFTA coun-
tries but revealed a positive association and entailed that

higher energy demand due to growing trade activities
increases the CO2 emissions as like Saint Akadiri
et al. (2019). In perspectives of the lower, middle-,
and higher income economies, Shahbaz et al. (2019)
illustrated that higher and middle-income countries en-
courage investments, both domestic and foreign, for
more massive output but at the expense of their
sustainable environmental quality. You and Lv (2018)
interestingly found that economic globalization impacts
the CO2 emissions indirectly. The indirect effects mean
the effects brought by the neighboring country’s eco-
nomic globalization. As the economic development in
all adjacent countries increases, the CO2 emissions also
increase in the local region. Haseeb et al. (2018) evi-
denced an insignificant negative association of globali-
zation with emissions in BRICS countries. The insignif-
icant relationship accredits to the fact that countries’
social and environmental situation is unsustainable and
Shahbaz et al. (2017) claimed in their study that social
as well as environmental sustainability acts as globaliza-
tion’s preconditions. An additional explanation may be
industrial development, as industrial development de-
mands more energy, then globalization also triggers
more emissions (Shahbaz et al. 2015c). Zaidi et al.
(2019) in Asia Pacific Economic Cooperation countries
found the negative association of globalization on CO2

emission. The negative association is due to the strong
international ties through which green technologies can
be imported under existing environment protection rules
and regulations. Liu et al. (2020) also found the same
outcome for the G7 countries. The results validated the
EKC hypothesis and state that globalization helps to
recover environmental quality through transparency to-
wards markets and new forms of trading partners.

By reviewing the literature, it is found that there is a
dearth of studies exploring the role of natural resources,
globalization, and renewable energy in testing EKC in
the MINT panel. Given the clear picture of the impor-
tance of globalization and natural resources and clarify-
ing CO2 emissions is necessary to identify strategies for
emissions reduction and reasonable development, and
this association should be considered means for devising
strategies to keep a balance between economic growth
and environmental sustainability.

Data sources and methodology

To meet the objectives of the study, variables such as CO2

emissions measured in metric tons (mt), economic growth
(GDP) measured in dollars (constant US $), renewable energy
(RE) measured in percentage of consumption of energy, and
globalization as an index (KOF index) are involved in the
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empirical analysis. The data spanning from 1995 to 2018 for
panel countries is collected from the World Development
Indicators (WDI) data bank.1 Moreover, the data for CO2 as-
sembled from the British Petroleum database, and the global-
ization data gathered from the KOF globalization index man-
aged by the KOF Swiss Economic Institute. The description of
the variables is clarified in Table 1.

Descriptive statistics

Primarily, we portray the variables’ descriptive statistics in
Table 2. The findings show that the minimum and maximum
value of CO2 for MINT countries ranges between 35,199 and
637,078. The GDP based on all countries’ mean values is
approximately 491, with a standard deviation of 362.
Moreover, MINT countries’ natural resources have a mean
value of 6.97, and a standard deviation of 6.74, with the
smallest and largest value ranges from 0.123 to 31.81.
Renewable energy’s mean value is 39.54, with the smallest
and largest values are 8.96 and 88.832, respectively, with a
standard deviation of 30.203. Finally, globalization has a
mean value of 58.83 with a standard deviation of 6.67.

The visual representation of the trend of variables
concerning mint countries is illustrated in the figure presented
below. Figure 1 shows the emission of CO2 in MINT coun-
tries over the period 1995–2018 exhibits an ascending trend in
the panel. It demonstrates that MINT panel is among the na-
tions flourishing to keep pace with economic growth and de-
velopment but with rising in CO2 emission. The previous few
years show descending trend but not much. In the context of
natural resources, the graph shows a mix of ascending and
descending trends but overall, a descending trend is shown
that illustrates that with countries’ development, the consump-
tion of natural resources is faster than it can be replenished. It
infers that economic growth in the mint countries initiates
industrial development that increases natural resource extrac-
tion. Especially in the last few years, natural resources are
being unsustainably consumed in the panel. The results in
the context of renewable energy show the descending trend
and reflect the relying on fossil fuels to keep pace with eco-
nomic growth and development. The MINT countries are in-
creasing collaboration to keep pace with economic growth.
The figure shows that though the trend is ascending and the
difference is not quite much. However, the results still explic-
itly portray the interdependency of MINT countries, which is
slightly increasing with time.

Techniques of panel estimation

The techniques such as fully modified ordinary least squares
(FMOLS), dynamic ordinary least squares (DOLS), and the
fixed effect ordinary least squares (FE-OLS) are used in the
present study. FE-OLS technique is compounded with stan-
dard errors of Driscoll and Kraay, which are vigorous in
forming broad autocorrelation and cross-sectional dependen-
cy up to a definite lag. The main reason behind estimating the
dynamic cointegrated panels is heterogeneity (Pedroni 2004),
as mean differences within cross-sections and variations in
cross-sections alter to the cointegrating equilibrium.
Pedroni’s FMOLS model solves these problems effectively
by embedding properties of intercepts of entity-specific and
endorsing heterogeneous characteristics of the errors’ serial
correlation through the individual members in the panel. The
DOLS model was applied by Kao and Chiang (2001) to the
panel setups concerning the effect of Monte Carlo simulations
and noticed unbiased as compared to models of OLS and
FMOLS in the finite samples. The endogeneity problem can
also be tackled via the lead and lagged adjustments.

According to Sarkodie and Strezov (2019), to observe the
heterogeneous and distributional effects, the flaws of previous
classic analytical techniques have led to the method being
applied across quantiles. Koenker and Bassett introduced the
practice of quantile regression to the panel in 1978. The
quantile regressions are usually used to estimate the condition-
al mean or variance of the quantiles of outcome variable arbi-
trary to the explanatory parameters compared to the regression
of the least squares. The quantile regression is far more rigor-
ous to the incidence of outliers in estimates. Furthermore, in
scenarios where the linkage between two variables’ condition-
al means is insignificant, it is the practical approach (Binder
and Coad 2011).

Nonetheless, the fixed effect Method of Moments Quantile
Regression (MMQR) by Machado and Silva (2019) is used in
this analysis. Although quantile regression is resilient to out-
liers, it fails to recognize the possible non-observed individual
heterogeneity within the panel. This approach inevitably ex-
amines the effect of covariance of the conditional heteroge-
neous CO2 indicators by triggering the individual effect to
impact the overall distribution instead of merely changing
means, as stated by Canay (2011), Koenker (2004), and some
others. This approach is entirely valid in situations where in-
dividual effects engulf the panel data model and that there are
endogenous properties of the explanatory variables. Because
of generating regression quantiles in non-crossing estimates, it
is very insightful. The conditional quantiles estimate Qy(τ|X)
of the model of the location-scale variant is written in the
equation mentioned below:

Y it ¼ αi þ X
0
itβ þ δi þ Z

0
itγ

� �
Uit ð1Þ1 The data used in this study can be provided upon request to the correspond-

ing author of this paper.
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where the probability P δI þ Z
0
itγ > 0

� � ¼ 1: α;β
0
; δ; γ

0
� �0

and parameters are to be assessed. The individual i fixed ef-
fects are designated by (αi, δi), i = 1, …, n and k-vector of
known elements of X is signified by Z, which are differentia-
ble conversions with component l mentioned below:

Zl ¼ Zl Xð Þ; l ¼ 1;…; k ð2Þ

Xit is distributed identically and independently across time
(t) for any fixed i. Uit is also distributed the same way through
time (t) across individuals (i) and are orthogonal to Xit and
generalized to fulfill momentary conditions while other vari-
ables do not entail rigorous exogenous patterns. Equation (1)
denotes by the equation given below:

Qy τ X itjð Þ ¼ αi þ δi τð Þð Þ þ X
0
itβ þ Z

0
itγq τð Þ ð3Þ

In Eq. (3), independent variables’ vectors are defined by

X
0
it, i.e., natural log form (LGDP) is used to describe GDP,

natural log form (LGDP2) is used for GDP squared, the same
with natural resources (LNR), renewable energy (LREN), and
globalization (LGLO). The quantile distribution of the ex-
plained variable (CO2 emissions per capita) is signified by
QY(τ| Xit)and its natural log is symbolized by Yit, which is

conditional on explanatory variables’ location and X
0
it−αi τð Þ

≡αi þ δiq τð Þ displays the scalar coefficient, i.e., visual illus-
tration of the individual i at quantile τ fixed effect. Unlike the
typical fixed least-squares effects, the individual effect shows
no intercept change. Such parameters are time-invariant
whose heterogonous effects are appropriate to diverge along
the conditional distributional quantiles of the endogenous

variables. The τ-th sample quantile is symbolized by q (τ),
which is evaluated by addressing the resulting problem of
optimization;

minq∑i∑tρτ Rit− δi þ Z
0
itγ

� �
q

� �
ð4Þ

where ρτ(A) = (τ − 1)AI{A ≤ 0} + TAI{A > 0} implies the
check function.

Estimation results

Cross dependence and unit root test of the second
generation

In the analysis of panel data, cross dependence (CD) test along
with augmented cross-sectional IPS (CIPS) tests given by
Pesaran (2007) are encouraged to employ (Ahmad and Zhao
2018) as these tests are performed for assessing the series’
heterogeneity and cross-sectional dependence to get more ro-
bust results which are likely to remain unnoticed in Levin, Lin
and Chu, Im, Pesaran, and Shin’ first-generation test (Raza
and Shah 2017; Phillips and Hansen 1990). In Table 3, the
findings of CD and CIPS are shown. The test assumes the null
hypothesis, i.e., the variables have unit root. In contrast, the
alternative hypothesis assumes that the series’ variables are
stationary as they do not have a unit root. The CD test rejects
the cross-sectional independence null hypothesis, i.e., cross-
sectional dependency exists. However, according to CIPS
findings, the null hypothesis, i.e., variables at level are not
stationary, is rejected. In contrast, the alternative hypothesis
is accepted which means that these variables are stationary
and unveiling the cointegration in the long run.

Unit root test of the first generation

According to the tests of unit root presented by Im, Pesaran,
and Shin, the variables at level unveil the unit root issue. The
outcome, including both with and without trend terms, is
displayed in Table 3. From the first difference results in
Table 4, it is clear that the variables’ series at first difference
are integrated.

Table 1 Description of variables
Abbreviation Variable Explanation Data sources

CO2 Carbon emissions Metric tons British Petroleum database

GDP Gross domestic product Constant US dollars World Development Indicators

NAR Natural resources % of GDP World Development Indicators

RE Renewable energy % of energy consumption World Development Indicators

GLOB Globalization KOF index KOF Swiss Economic Institute

Table 2 Descriptive statistics

Variables CO2 GDP NAR REN GLO

Mean 275,438.554 491.350 6.970 39.543 58.839

Minimum 35,199.534 27.752 0.123 8.965 43.446

Maximum 637,078.947 1314.564 31.812 88.832 71.378

Std. Dev. 155,660.324 361.638 6.746 30.203 6.671

Observations 116 116 116 116 116

Source: estimation of author(s)
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Panel cointegration test

From unit root results, it is ensured that the series’ variables
are integrated, and now the panel cointegration and
bootstrapped cointegration test are valid to employ (Pedroni
2004; Westerlund 2007) to avoid the spurious long-run re-
sults. Pedroni’s (2004) test of panel cointegration involves
two steps. The first step monitors the parameters of the
short-run and deterministic trends of individual-specific to
control the heterogeneity. Under this approach, seven different
test statistics based on estimated residuals are derived, i.e.,

pooled or within-dimension to assume a standard process
and grouped or between-dimension to assume individual
functions. The within-dimensions approach includes four sta-
tistics, such as panel v, panel ρ, panel PP, and panel ADF.

In comparison, between-dimension includes the other three
statistics, such as group ρ, group PP, and group ADF. Table 5
displays the panel cointegration test of Pedroni findings and
depicts that the alternative hypothesis at a 1% significance
level is accepted, revealing the variable’s cointegration. The

Fig. 1 Trend of variables in MINT countries from 1995 to 2018

Table 4 Results of analysis of stationarity

Variables Im, Pesaran, and Shin

I(0) I(I)

C C&T C C&T

CO2 0.343 0.360 − 5.697*** − 5.536***
GDP − 1.101 − 0.933 − 6.736*** − 6.619***
NAR 1.292 0.928 − 5.318*** − 5.021***
REN 0.870 0.940 − 5.713*** − 6.170***
GLO − 0.379 − 0.461 − 7.312*** − 7.510***

***, **, and * signify the level of significance at 1%, 5%, and 10%
respectively

Source: estimation of author(s)

Table 3 Test results of CD and CIPS unit root

Variables CD test p value CIPS test

Level 1st difference

CO2 29.539 0.000 − 0.185 − 5.049***

GDP 18.421 0.000 − 0.884 − 4.662***

NAR 12.002 0.000 − 0.274 − 7.486***

REN 22.473 0.000 − 0.947 − 6.795***

GLO 14.648 0.000 − 1.039 − 5.697***

At 1%, 5%, and 10%, the significance level are signified by ***, **, and
*, respectively

Source: estimation of author(s)
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statistics of three tests within the measurement and two tests
between the dimensions approach support this finding and
unveil the long-run cointegration of variables.

The structural breaks seeming for the countries are
displayed in Table 6 using Westerlund and Edgerton (2008)
approach. Presently, if we take a gander at the primary breaks
showing up in the information for nations, at that point, we
can see that those years are somewhat connected with raw
petroleum costs developments, which are mainly related to
Asian financial crisis, energy issues, and natural resource ex-
traction for MINT countries. Besides, having a major fall in
1997 because of Asian financial crisis. On the other hand, in
2009, costs climbed in 2010, trailed by a decrease in 2011.
This was the year when the Arab Spring issue appeared, and it
influenced the worldwide raw energy gracefully. Besides, it
affected the international situation. These occasions had af-
fected globalization, renewable energy, and natural resources
examples of such creating economies from international and
energy supply aspects. Consequently, these occasions have a
significant effect on energy costs. During these break periods,
for accumulating growth, globalization, resources, and energy
have established the acknowledgment merely accessible to the
countries for their processes.

Under Westerlund (2007), the no-cointegration hypothesis
with four additional tests is also implemented as a
cointegration test of second generation. This method can offer

far more reliable results by decreasing the distortional effects
of cross-sections. The test of bootstrapped cointegration can
offer more vigorous support by keeping the number of repli-
cations at 500. The results are shown in Table 7, which con-
firms the alternative hypothesis acceptance and null hypothe-
sis rejection, inferring that desired variables have
cointegration in the long run.

Panel estimation results

The study illustrates FMOLS, DOLS, and FE-OLS outcomes
in Table 8 to identify the impact of GDP, GDP2, natural re-
sources, renewable energy, and globalization on CO2 emis-
sions. In a natural log, the coefficient of variables is taken to
express the long-run elasticity. The result displays that the
statistical significance estimates of all three models are close
enough. The findings depict that at a 1% significance level, all
explanatory variables have a significant effect on CO2 emis-
sions in all three model’s specifications, i.e., FMOLS and
DOLS and FE-OLS. The hypothesis of EKC is also verified
in all the models as the GDP coefficients show the positive
results and the GDP2 shows the negative result. Across the
model specifications, the results of GDP2 depict that a 1% rise
of GDP2 negatively impacts the emissions by ~ 18% in DOLS
estimator and 15% in the FE-OLS estimator. The outcome
recommends that income after reaching a certain threshold
starts to contribute to CO2 emission mitigation. The result of
the current study is consistent with several other panel studies
(see Balsalobre et al. 2015; Pata 2018; Rafindadi and Usman
2019; Sapkota and Bastola 2017; Sarkodie 2018; Shahbaz
et al. 2018a, b; Usman et al. 2019). In recent years in MINT
countries, other scholars’ econometric findings corroborated
the hypothesis of EKC (see Dogan et al. 2019; Öztürk and
Yildirim 2015). The current study’s outcome implies that
emerging countries are now flourishing economically and
are less relying on coal-based energy sources by opting tech-
nologies more inclined to environment friendly.

Moving forward to the natural resources perspectives, nat-
ural resources’ environmental influence is significant in

Table 5 Results of panel cointegration of Pedroni (Engle-Granger
based) in MINT panel

Estimates Stats. Prob.

CO2 = f (Y + Y2 + NAR +REN+GLO)

Panel v-statistics 6.472 0.000

Panel rho-statistics 0.657 0.745

Panel PP-statistics − 5.385 0.000

Panel ADF-statistics − 5.095 0.000

Alternative hypothesis: individual AR coefficient

Group rho-statistic 1.192 0.883

Group PP-statistic − 11.048 0.000

Group ADF-statistic − 10.856 0.000

Panel co-integration null hypothesis is no cointegration (Pedroni’s 1999)

Source: estimation of author(s)

Table 7 Results of Westerlund (2007) bootstrap panel cointegration

Statistics Value Z value p value Robust p value

Gt − 6.975 − 6.019 0.000 0.000

Ga − 30.599 − 25.016 0.000 0.000

Pt − 36.570 − 20.956 0.000 0.000

Pa − 41.878 − 40.945 0.000 0.000

The panel cointegration null hypothesis is no cointegration (Westerlund
2007). The robust p value is for a one-sided test, based on 500 bootstrap
replications

Source: estimation of author(s)

Table 6 Structural
breaks for Westerlund
and Edgerton (2008)
cointegration

Country Structural breaks

Mexico 2001–2008–2013

Indonesia 1997–2008–2010

Nigeria 2008–2014–2017

Turkey 1997–2008–2011

Source: author estimations
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MINT nations. In Table 8, the results of natural resources
(NAR) depict that 1% exploitation in natural resources esca-
lates the emissions by 28%, 30%, and 27% in the case of
FMOLS, DOLS, and FE-OLS, respectively. In our study,
the natural resources’ positive coefficient attributes the unsus-
tainable consumption of natural resources and lesser renew-
able energy share in the energy mix. Our findings are consis-
tent with the recent study of Hussain et al. (2020), who states
that increased natural resource depletion leads to CO2 emis-
sions in sample countries of belt and road projects. Wu et al.
(2017), in their study for BRICS panel, believe that about one-
third of worldwide resources pulled out to meet the needs of
which China had the highest footprint. Our results contradict
the studies of Balsalobre-Lorente et al. (2018), who state that
the application of private natural resources curtails fossil fuel
import, which yields fewer emissions. Moreover, the recent
study of Danish et al. (2019) infers that natural resource abun-
dance alleviates CO2 emission in Russia and boosts pollution
in South Africa. Shahabadi and Feyzi (2016), in their study,
probe that natural resources improve environmental quality by
attracting foreign direct investment cum efficient-energy
technologies.

Various research related to the impact of renewable energy on
the environment is available in the economic literature. Our out-
comes align with the surplus of empirical studies that are evi-
dence that environmental quality can be improved by switching
to clean sources based on renewable energies (Sharif et al.
2019b; Bekhet and Othman 2018; Attiaoui et al. 2017).
Likewise, the negatively significant renewable energy’s coeffi-
cient substantiates renewable energy as a practicable measure to
decrease carbon emissions (Attiaoui et al. 2017; Mert et al.
2019). Gill et al. (2018), in their research for the case of
Malaysia, found that renewable energy and CO2 are negatively
associated. Mehmet et al. (2015) found the same result and as-
sured that renewable energy could be utilized as a substitute to
reduce GHG emissions. Balsalobre-Lorente et al. (2019a) in
MINT countries also confirmed that renewable energies aremore
efficient to lessen the ecological footprint in the long term.Many

other studies focusing on the causal interactions among different
variables such as renewable energy use, income growth, and
environmental degradation are available in the literature
(AlFarra and Abu-Hijleh 2012; Apergis et al. 2010a, b; El
Fadel et al. 2013; Sbia et al. 2014).

In Table 8, the results of globalization describe that rise in
globalization upturns the CO2 emission by 17%, 29%, and
40% in FMOLS, DOLS, and FE-OLS, respectively. It is
aligned with Ahmed et al. (2015), Danish et al. (2019), and
Khan et al. (2019a, b), who pointed out that globalization
causes environmental degradations by the exploitation of nat-
ural resources. Additionally, the industrialized nations of the
world are interested in investing in developing countries by
taking advantage of globalization that result in industries cre-
ating pollution (Kolcava et al. 2019). Our results contradict
the findings of Shahbaz et al. (2017), who examined global-
ization’s impact on China’s CO2 emissions for 1970–2012.
The finding reveals that globalization general index and sub-
indexes (social, economic, and political globalization) de-
crease CO2 emissions in China. Haseeb et al. (2018) also
revealed that globalization has a negative but non-significant
association with CO2 in BRICS economies. Liu et al. (2020)
strongly supported the EKC hypothesis between globalization
and CO2. Sharif et al. (2019a) found that the extent of the
relationship among variables depends upon countries as their
empirical results exposed that in perspectives of Belgium,
Sweden, Norway, the Netherlands, Denmark, Switzerland,
Portugal, and Canada, the globalization’s effect on the ecolog-
ical footprints is positive in the long run while in context of
France, UK, Germany, and Hungary, the effect is negative.
Correspondingly in a recent study of Zaidi et al. (2019), it has
been shown that globalization significantly reduced emissions
in APEC economies.

Method of Moments of Quantile Regression results

The current study discusses the association of natural re-
sources, renewable energy, economic growth, globalization,

Table 8 Results of panel estimation for MINT countries

Variables FMOLS DOLS FE-OLS

Coeff. t-stats Prob. Coeff. t-stats Prob. Coeff. t-stats Prob.

GDP 0.458 6.482 0.000 0.337 7.4483 0.000 0.401 6.228 0.000

GDP2 − 0.204 5.685 0.000 − 0.184 4.594 0.000 − 0.154 3.994 0.000

NAR 0.284 8.291 0.000 0.301 7.643 0.000 0.275 6.227 0.000

REN − 0.375 − 5.684 0.000 − 0.318 − 5.221 0.000 − 0.352 − 4.983 0.000

GLO 0.179 4.058 0.000 0.296 5.185 0.000 0.148 2.094 0.045

***, **, and * represent significance level at 1%, 5%, and 10%, respectively

Source: estimation of author(s)
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and CO2 for MINT Panel by focusing on the MMQR ap-
proach. The outcome reveals that income effect in GDP form
is significantly positive for emissions of CO2 across all
quantiles, and it is evident that more economic growth leads
to more pollution by depending on traditional fuels for the
production of goods. A mainstream of studies, such as the
study conducted by de Vita et al. (2015), Katircioǧlu (2014),
and Lee and Brahmasrene (2013), also proved the same re-
sults. But in the case of GDP2, the study affirms the EKC
hypothesis from 1st to 7th quantiles as the coefficient is
negative and infers that upsurge in economic growth reduces
the CO2 emissions after passing through the threshold level. It
is consistent with many other previous studies conducted by
numerous researchers in various countries such as Ali et al.
(2015) in Pakistan; Saboori and Sulaiman et al. (2013) in
ASEAN countries; Shahbaz et al. (2017) in China; Shahbaz
et al. (2016) in African countries; Shahbaz et al. (2013) in
Turkey; and Solarin et al. (2017) in Ghana. The results further
provide shocking results that the results turn insignificant at
the higher quantiles and not endorse the EKC. The reason
could be that a further increase in income does not help coun-
tries to conserve their environment. The results at upper
quantiles are aligned with the study of Taguchi (2012),
Shafik (1994), Zencey (2012), and Stern (2017), who invali-
dates the EKC hypothesis and affirms that CO2 increases with
increased income.

The NAR significantly increases CO2 emissions at the low-
er half quantiles. The positive coefficient indicates the emis-
sion of CO2 emissions inMINT nations byNAR. It shows that
CO2 emissions can be increased with the exploitation of nat-
ural resources. Our outcome provides the possible reason that
natural resources’ role in rising emissions in industrialized
economies is attributed to the economic growth with exces-
sive natural resource withdrawal and unsustainable use. In
addition to this, the country’s reliance on importing fossil fuel
also leads to the emission of gases and worsens the
environment.

The significant and negative coefficient of renewable
energy at lowest quantiles implies that renewable energy
decreases the CO2 emissions at the lowest quantiles but
later became insignificant from medium to upper
quantiles which posited that emerging economies are
experiencing a considerable change in energy demand
due to economic changes, so more dependency on
non-renewable energy exerts pressure on the ecosystem
and elevates the quantity of the pollutant in the envi-
ronment. The renewable energy life span in mitigating
CO2 emissions is considerably less compared to fossil
fuels as renewable energy belongs to clean energy and
is pervasive and sustainable (Evans et al. 2009).
Therefore, the use of renewable energy is deliberated
as a most significant factor contributing to lessen the
carbon emissions, which corresponds well with the

former findings (Bélaïd and Youssef 2017; Ben Jebli
et al. 2016; Mahmood et al. 2019).

For globalization, positive and significant coefficients im-
ply that globalization leads to more carbon emissions across
medium to highest quantiles. The reason could be that certain
emerging countries are not taking into account environmental
issues. To seek additional profits from the trade, they permit
the developed countries’ pollution-intensive industry to carry
out their activities. Moreover, industrial development, as in-
dustrial development, exerts more pressure on energy de-
mand, so fossil sources at a high rate are utilized, thereby
inducing more carbon emissions (Shahbaz et al. 2015a). So,
in a nutshell, it is clear that these regions are progressing
towards natural resources and globalization-induced releases
of pollution. The consequence provokes that effective envi-
ronmental policies are required to reduce pollution (Table 9).

By looking at each panel estimationmodel’s results such as
DOLS, FMOLS, and FE-OLS and MMQR, it is evident that
for all variables, the MMQR coefficient is varied throughout
the quantiles and proves that MMQR is distinct from DOLS,
FMOLS, and FE-OLS for all variables. Unlike the other esti-
mators, in MMQR, the GDP increases CO2 emissions from
lowest to highest quantile, demonstrating that GDP produces
more emissions across quantiles and entails that the liaison
hugely depends on quantiles. As anticipated, the GDP2 results
certify the EKC curve and show a reduction of CO2 emission
from lower to higher quantiles, but at the higher quantile, the
results turn insignificant. The results in the context of natural
resources portray that in DOLS, FMOLS, and FE-OLS esti-
mations, the results are not much different across all specifi-
cations. Still, in MMQR, the natural resources’ consumption
highly and significantly degenerates the environment. The
result additionally adverts exciting findings that the natural
resources increases CO2 emissions at the lowermost quantile
and reduces at median to upper quantile, which means emis-
sions of carbon are at their minimum levels at quantiles where
effects of natural resources on CO2 emissions are maximum
and then become insignificant at upper half quantile. Besides,
the coefficient of renewable energy in all estimators of panel
data is someway adjacent, but in MMQR, the results also
demonstrate that through renewable energy recovers the envi-
ronment and reduces CO2 emission but from lowest to highest
quantiles, the coefficient not only minimizes but also becomes
insignificant which points to the fact that the renewable energy
portion in total energy portfolio in developing economies is
not increasing with the increase of economic growth. In the
case of globalization, the results in the context of MMQR
provide a clear depiction that globalization does not induce
CO2 emissions at initial quantiles but increases emission from
4th to uppermost quantiles, and the coefficient also signifi-
cantly increases from 18 to 42%. When the effects of all esti-
mations are compared, it is apparent that the MMQR is the
optimal and the better approach to examine the transparent
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and comprehensive representation of the combination of var-
iables. It is proper at measuring both the value of coefficients
and the significance of the impact of variables.

Test of heterogeneous panel causality

The selection of structure that supports the model’s heteroge-
neity by exploring the bivariate causal association of desired
variables such as GDP, GDP2, NAR, REN, GLO, and CO2 in
the short run along the cross-sections is vital. In this context,
Dumitrescu and Hurlin (2012) have implemented the hetero-
geneous causality technique based on the useful panel data
that allows all coefficients to remain to diverge throughout
cross-sections. Furthermore, the prerequisite of this test is that
all variables are obligatory to be stationary. The finding asso-
ciated with the panel causality test is offered in Table 10. The
bi-directional causality is found between all variables taken in
the study, i.e., natural resources, renewable energy and glob-
alization, and economic growth cause CO2 emissions. In re-
turn, CO2 also influences these variables that point to the
increased level of CO2 emission in MINT economies both
ways.

Conclusion and policy recommendations

The current study examines the EKC hypothesis for natural
resources, economic growth, renewable energy, and globali-
zation and CO2 panel in MINT from 1995 to 2018. As per the
author’s knowledge, only a few former studies have explored
the causal relationship between the selected variables. In the
existing literature, Danish et al. (2019) studied the natural
resources’ role for BRICS and Balsalobre-Lorente et al.
(2018) for five countries of EU. But this study incorporated
natural resources with additional variable globalization for
MINT countries and found that natural resources and global-
ization causes environmental pollution. We may argue that
unsustainable natural resource consumption and the share of
fossil and other too contaminated energy mix sources are the
major factors responsible for environmental pollution in
emerging MINT nations.

Moreover, it is the first study that used methods moment of
quantile regression to elaborate the association between pa-
rameters under EKC. All conclusions and goals of this study
are well focused. Since the GDP effect on CO2, in the long
run, is positive, and the long-run GDP2 effects on CO2 is
negative, so the EKC hypothesis is verified in the sample
regions but not certified at the highest quantiles from the
MMQR outcome. It has been revealed that NAR increases
CO2 emissions at the extreme lowermost quantiles to middle
quantiles and does not affect CO2 emissions at upper quantiles
(7th–9th). And it is plausible that at the early and intermediary
phases, the emerging economies exploit the natural resources
to keep pace with the economic growth. Then, the implemen-
tation of more environmentally friendly technologies, later on,
enables them to maintain balance. In renewable energy, the
results are unexpectedly insignificant at higher quintiles, i.e.,
renewable energy increases CO2 emissions at upper quantiles.
It entails that when economies require a rise in energy require-
ments, the renewable energy share decreases, which imply
that an increase in environmental pollution occurs from fossil
sources.

Table 9 Panel quantile estimations (MMQR) results

Variables Method of Moments Quantile Regression

Location Scale Quantiles

0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90

LGDP 0.295*** 0.136** 0.375*** 0.331*** 0.352*** 0.385*** 0.401*** 0.361*** 0.301*** 0.285*** 0.251***
LGDP2 − 0.185*** − 0.112** − 0.141** − 0.124* − 0.132* − 0.144** − 0.150** − 0.135* − 0.113* − 0.107 − 0.094
LNAR 0.402*** 0.326*** 0.298*** 0.263*** 0.239*** 0.217*** 0.192** 0.156* 0.102 0.084 0.052
LREN − 0.201*** − 0.111* − 0.204** − 0.196** − 0.191** − 0.159* − 0.098 − 0.058 − 0.031 − 0.012 0.006
LGLO 0.174*** 0.142** 0.074 0.092 0.145 0.189* 0.245** 0.295*** 0.321*** 0.385*** 0.427***

At 1%, 5%, and 10%, ***, **, and * represent the significance level, respectively

Source: estimation of author(s)

Table 10 Results of heterogeneous panel causality test

Null hypothesis Stats Prob.

GDP does not homogenously cause CO2 16.437 0.000

CO2 does not homogenously cause GDP 7.428 0.000

NAR does not homogenously cause CO2 10.548 0.000

CO2 does not homogenously cause NAR 16.657 0.000

REN does not homogenously cause CO2 6.468 0.000

CO2 does not homogenously cause REN 7.593 0.000

GLO does not homogenously cause CO2 12.493 0.000

CO2 does not homogenously cause GLO 17.422 0.000

Source: author estimation
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Although the globalization effects on CO2 are insignificant
at low quantiles, the impact gets more robust from the middle
to highest quantiles, which indicates the sharp boost in CO2 by
globalization from middle to highest quantiles. The causality
findings also suggested a bi-directional association between
all parameters and CO2 emissions, proposing that MINT
countries should work efficiently in such a sustainable way
and impose environmental policies in association with CO2

reduction. Moreover, the significant results for EKC portray
the potential of MINT nation to reduce CO2. Sustaining eco-
nomic development without causing environmental degrada-
tion is one of the significant challenges for emerging MINT
economies. Governments should enforce environmental rules
and promote new consumer influxes to use renewable energy
as their prime energy source and implement cleaner produc-
tion processes to lessen polluting input supplies from devel-
oped countries. Investors from developed countries should be
stimulated to invest in green energy projects to balance sus-
tainable economic growth and the ecosystem.
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