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Abstract

Environmental Kuznets curve literature mostly uses a single indicator as a measure for environ-

mental degradation. However, each single variable captures only a part of the environmental

problem, and a reduction in any single measure does not indicate that the environmental problem

is diminishing in general. Our study is the first one which investigates the validity of the envi-

ronmental Kuznets curve hypothesis for the Mexico, Indonesia, Nigeria, and Turkey (MINT)

countries by employing the ecological footprint as the measure of environmental degradation.

Autoregressive distributed lag results indicate that the environmental Kuznets curve hypothesis is

valid for each of the MINT countries for the period of 1971–2013. The long-run coefficients of

our augmented environmental Kuznets curve model show that fossil fuel energy consumption,

exports, urbanization, and financial development are the most common causes of anthropogenic

pressure on the environment. The effects of exports and imports are negative and positive on

environmental degradation, respectively. The long-run coefficients of urbanization, financial devel-

opment, and renewable energy consumption differ at certain levels for the sampled countries.

The results of the analysis point to a number of different policy proposals for each country.
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Introduction

The world is faced with the challenge of confronting the two pertinent issues of economic

development and environmental preservation. The issue of environmental preservation has,

1Department of Economics, Abdullah Gul University, Kayseri, Turkey
2Department of Banking and Finance, Eastern Mediterranean University, Famagusta, North Cyprus via Mersin 10, Turkey

Corresponding author:

Nigar Taspinar, Department of Banking and Finance, Eastern Mediterranean University, Famagusta, North Cyprus via

Mersin 10, Turkey.

Email: nigar.taspinar@emu.edu.tr

Energy & Environment

0(0) 1–22

! The Author(s) 2019

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/0958305X19834279

journals.sagepub.com/home/eae

http://orcid.org/0000-0003-3012-4920
mailto:nigar.taspinar@emu.edu.tr
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0958305X19834279
journals.sagepub.com/home/eae
http://crossmark.crossref.org/dialog/?doi=10.1177%2F0958305X19834279&domain=pdf&date_stamp=2019-03-11


however, become one of the greatest interest given its unique attention as a serious contem-
porary issue of both developed and developing countries because of the accumulation of
greenhouse gases (GHGs) in the atmosphere which leads to an increase in mean global
temperatures.

Rapid industrial growth over the recent centuries has heightened demand for energy
resources, making it increasingly difficult to trade-off between economic development and
environmental impacts because this demand is met mostly from energy production from
non-renewable fuels that cause GHG emissions. Despite the genuine concerns about the
resultant effects of increased GHG emissions, they are grudgingly seen as a necessary cost of
rapid economic development. It is therefore crucial to understand the inter-temporal links in
the environment-income nexus if GHG emissions are to be reduced.

The environment-income nexus, commonly referred to as the environmental Kuznets
curve (EKC) hypothesis, was proposed by Grossman and Krueger1 and Selden and
Song2. It is represented by a quadratic function and has an inverted U-shaped curve.3–7

The EKC hypothesis is based on the notion that environmental quality deteriorates with the
increase in gas emissions during the initial stages of social economic development; however,
there exists a certain threshold above which an economy ought to grow and environmental
quality increases, forming an inverted U-shaped curve. Many studies have been carried out
to test the EKC hypothesis for different countries and country groups. Some scholarly
works that verify the existence of the EKC hypothesis include Apergis and Ozturk,8

Balaguer and Cantavella,9 Bilgili et al.,10 Charfeddine and Mrabet,11 Heidari et al.,12

Kasman and Duman,13 Li et al.,14 Mrabet and Alsamara15, Pablo-Romero et al.,16 and
Wang et al.17

One profound shortcoming of most studies examining the relationships among economic
growth, energy consumption, and the environment is the use of carbon dioxide (CO2)
emissions as an indicator of environmental impacts.18 However, according to studies,
such as that of Al-Mulali, Saboori & Ozturk,19 CO2 emissions constitute only a small
part of the total environmental damage caused by higher levels of energy consumption.
On the other hand, the ecological footprint (EF) indicates anthropogenic pressure on the
environment.20–29

Since 2001, the world’s attention has been drawn to Brazil, Russia, India, and China––
known as the BRIC countries––as a potentially powerful growing bloc of the global econ-
omy. Moreover, Jim O’Neil of Goldman Sachs identified another emerging economic bloc,
which he referred to as the MINT, meaning Mexico, Indonesia, Nigeria, and Turkey (see
http://www.bbc.com/news/magazine-25548060, accessed 24 September 2017). These coun-
tries have shown tremendous economic progress displaying very similar economic features,
such as large and growing populations, which provide them with unique potential prospects,
and they have been greatly acknowledged as emerging economic giants that play significant
roles in global economics.30–34

According to Jim O’Neill, MINT countries are now poised to be the world’s largest
economies in the next three decades given their unique advantages. Gold Sachs predicts a
steady growth trend through 2020 for these countries, while US investments forecast an
annual growth of 5% in each of the MINT countries. Based on these prospects, MINT
countries will likely individually yield from about 1% to 2% of the world economy over
the next decades. Statistics from 2016 show that MINT countries had a population of
654.1million (Indonesia 261.1 million, Nigeria 186.0 million, Mexico 127.5 million, and
Turkey 79.5 million) with a tendency of steady, rapid growth, and a similar positive trend

2 Energy & Environment 0(0)

http://www.bbc.com/news/magazine-25548060


is expected over the future horizons (see https://data.worldbank.org/indicator/SP.POP.
TOTL, accessed 24 September 2017). According to scholars such as Ghosh,35 Jumbe,36

Mehrara,37 Nnaji et al.,38 Nnaji et al.,39 and Shiu and Lam,40 empirical studies have estab-
lished strong positive energy-economic growth/activity relationships, echoing the need for
vibrant energy in speedy developments of the MINT. It is the economic agenda of the
MINT countries to transform themselves into fully industrialized economies as soon as
possible, and to achieve this, efficient energy consumption is needed as inefficient energy
systems lead to wastage, such as the rapid reduction of energy resources, environmental
degradation, and increased cost of energy products and services.41

This study, therefore, aims to analyze the relationships among the EF, gross domestic
product (GDP), fuel, renewable resources, trade, urbanization, and financial development in
the EKC framework for the MINT countries by applying autoregressive distributed lag
(ARDL) methods. According to authors’ best knowledge, this study investigates the aug-
mented EKC hypothesis with fossil fuel, renewable energy consumption, trade, urbaniza-
tion, and financial development for the case of MINT countries separately by adopting
EF as an indicator of environmental degradation for the first time in energy economics
literature. To this aim, we adopt time series analysis for each country to provide robust
estimation results and separate policy implications for MINT countries.

This paper consists of five sections with a literature review, an overview of data and
methodology, empirical results, conclusion, and policy implications, respectively.

Literature review

Following the pioneering article of Kraft and Kraft,42 the economic growth-energy nexus
has been extensively studied by many researchers. Many of these studies found a causal
relationship between economic growth and energy consumption.43 The required energy for
economic growth has been mostly satisfied with fossil fuels which are detrimental to the
environment. The trade-off between economic growth and environmental quality presents a
bitter choice between the two; thus, the relationship between the sustainable use of natural
resources and sustainable economic growth has become a vital subject among researchers.44

Growth-environment nexus literature has been developed on several strands, and one of the
most important is the EKC hypothesis. The EKC hypothesis reinterpreted the idea of
Kuznets45 which claims that there is an inverted U-shaped relationship between economic
growth and income inequality and applied it to the growth-environmental degradation issue.
Grossman and Krueger1 investigated the relationship between income and environmental
degradation and found a similar inverted U-shaped relationship. Basically, this hypothesis
asserts that, although there will be environmental degradation during the first phase of
economic growth, after a certain threshold is reached, degradation will decrease. This opti-
mistic idea gained great attention from various scholars, and many early studies found
support for this hypothesis.2,46–48 However, later studies provided mixed results which trig-
gered the criticism that EKC hypothesis testing very sensitive to econometric methodolo-
gies,49 choice of country and region,50 time span, and data availability.6,51,52 Also, the results
are quite sensitive to model building, that is, the determination of dependent variables and
independent variables.53

EKC studies use an environmental quality indicator as a dependent variable. Most of the
previous studies used a single variable as a proxy of environmental degradation.54–57

The most widely used single indicator for environmental pollution is CO2 emission.58 As
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an alternative to CO2 emission, a wide variety of single measure indicators have been used to
represent environmental damage, such as nitrogen dioxide (NO2),

59,60 sulfur dioxide
(SO2),

61–63 industrial waste,64 water pollution,65 threatened species,66 and deforestation.67

There are also studies that use several single variables to enhance the context of the
research.53 However, there are several problems regarding the use of these variables.
First, they only represent a portion of the problem, which is criticized as the major weakness
of most of the EKC studies.68 Also, as a result of technological progress, some specific
pollution indicators might decline. But, this does not mean that overall pollution is declin-
ing. There might be a shift from one pollutant type to another.69 Another point is that, even
though the EKC hypothesis might be valid for a specific emission, the more important
consideration is whether or not there is deterioration in resource stocks.70 Thus, the use
of a composite indicator might reduce the aforementioned problems.

There have been many efforts made to measure the environmental damage created by
human actions. In fact, several environmental performance indexes that capsulize various
environmental indicators have been proposed.71 The EF shows the human demand for
natural resources, and it is one of the most comprehensive indicators of natural resource
consumption currently available,72 a comprehensive indicator of anthropogenic pressure on
regenerative biological capacity,73,74 and one of the most widely recognized measures of
environmental sustainability.75

The EF has been used by many EKC analysts as a dependent variable.11,15,76–82 However,
studies that use the EF to investigate the EKC hypothesis have provided mixed results. York
et al.27 conducted a study of 139 countries by using the EF as a dependent variable and
found that the EKC is generally only relevant in developed countries. Bagliani et al.78

investigated the EKC hypothesis for 141 countries, and they could not find any support
for the hypothesis. Indeed, the results showed that the EF increases when income per capita
gets higher. The findings of Caviglia-Harris et al.83 also support those of Bagliani et al.78 and
confirm that the EKC hypothesis did not hold for their sample. Boutaud et al.79 found
partial empirical evidence for the validity of the EKC for their sample of 128 countries. Al-
Mulali et al.84 found strong evidence for the validity of the EKC hypothesis for the upper-
middle- and high-income countries, which is compatible with the theoretical expectations.
Ozturk et al.80 also provided similar findings. Charfeddine and Mrabet11 tested the EKC
hypothesis for 15 Middle East and North Africa (MENA) countries for the period of 1975–
2007 and found support for oil-exporting countries and for most of the entire sample.
However, for the non-oil exporting countries, the EKC was not validated. Acar and
Aşıcı76 found weak support for the EKC. Their results indicated a relationship only between
income per capita and the EF of production. Mrabet and Alsamara15 used two different
environmental indicators, EF and CO2, for comparison purposes, to investigate the EKC
hypothesis for the case of Qatar. Their results validated the EKC hypothesis for the EF
indicator. Wang et al.82 used the spatial econometrics approach and could not find support
for the inverted U-shaped relationship between the EF and economic growth. Saboori
et al.81 found evidence for the EKC hypothesis for 6 organization of petroleum exporting
countries (Algeria, Iraq, Venezuela, Nigeria, Qatar, and Kuwait) out of 10 for 1977–2008 by
comparing short- and long-run income elasticities.

The core of the EKC model includes an environmental degradation indicator as a depen-
dent variable and GDP and GDP square as independent variables.81 However, there are also
other determinants for this relationship.86 The omission of relevant control variables has
been criticized by researchers because it causes omitted variable bias. Energy use is one of

4 Energy & Environment 0(0)



the most employed variables as a result of its powerful link with GDP growth.8,86 Because of

its vital importance, several forms of energy consumption are explored in the energy-

growth-environment literature.87,88 Theoretically, we expect that different energy types

might have different effects on environmental degradation. So, it is preferable to use renew-

able energy as a separate variable rather than using an aggregate energy figure.89 Also, the

trade–environment relationship has been extensively elaborated in the literature90–92 and has

become one of the most important control variables in the EKC literature.93 The relation-

ship between trade and the EF is explained by Andersson and Lindroth94 in detail. They

suggest that trade causes increases in income and consumption in the host country.

Therefore, higher consumption leads increases in EFs of the countries. Following the

study of Liddle,95 we include international trade as a control variable by splitting it as

exports and imports to check whether they have opposite-signed coefficients or not in our

model. Financial development is also an important determinant of environmental studies,

and there is an abundance of findings which claim that financial development might con-

tribute to environmental protection.96–98 It is suggested that financial development in a

country attracts foreign direct investments and increases trading activities. Therefore, it

stimulates economic growth and energy consumption. This leads increases in environmental

degradation. On the other hand, financial development may decrease environmental degra-

dation with higher investments in environmental friendly projects. In their recent study, Ali,

Abdullaha, and Azam93 incorporated financial development and trade openness variables in

their EKC model and concluded that EKC holds for the case of Malaysia. Moreover,

urbanization has gained importance in environmental studies. Urban lifestyle might have

important implications for the EF as well. Urbanization has been investigated in many EKC

studies, most of which report significant coefficients for the variable.80,84,99–104

Data and methodology

The variables used in this study are the EF (gha per person) (ECO), GDP per capita (con-

stant $2010) (GDP), renewable energy consumption (percentage of total) (REN), fossil fuel

energy consumption (percentage of total) (FUEL), exports of goods and services (percent-

age of GDP) (EXP), imports of goods and services (percentage of GDP) (IMP), urban

population (percentage of total) (URBAN), and domestic credits provided by the financial

sector (percentage of GDP) (FD). Time series data were used from the period of 1971–2013.

GDP, fossil fuel energy consumption, exports, imports, urban population, and domestic

credits were collected from the World Bank Development105 Indicators; EF data were col-

lected from the Global Footprint Network Database;106 and renewable energy consumption

was collected from the OECD Database.107

Unit root tests

Augmented Dickey and Fuller (ADF) and Philips–Perron (PP) unit root tests were adopted

in order to investigate the integration levels of the conducted variables.108,109 The ADF test

eliminated the possibility of rejecting a true null hypothesis of non-stationarity. The PP test

was used as an alternative technique to the ADF test. The PP test computed a residual

variance that was robust to autocorrelation by adopting non-parametric statistics for

residuals.109
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The bounds test for level relationship

The bounds test through the ARDL approach for level relationship was developed by Pesaran

et al.,110 and it can be applied whether the independent variables are integrated of order one,

I(1), order zero, I(0), or mutually co-integrated. One of the biggest advantages of the ARDL

approach is that it estimates the error correction model (ECM) by choosing the optimal lag

lengths for regressors separately, and it eliminates bias estimations in ECMs. The bounds test

through the ARDL approach suggested the estimation of the following ECM:

DlnECOt ¼ a0Y þ
Xn
i¼1

biYDlnECOt�i þ
Xn
i¼0

ciYDlnGDPt�i þ
Xn
i¼0

diYDlnGDP2
t�i

þ
Xn
i¼0

eiYDlnFUELt�iþ
Xn
i¼0

fiYDlnRENt�i þ
Xn
i¼0

giYDlnEXPt�i

þ
Xn
i¼0

hiYDlnIMPt�i þ
Xn
i¼0

IiYDlnURBANt�i þ
Xn
i¼0

jiYDlnFDt�i

þ k1Y lnECOt�1 þ k2Y lnGDPt�1 þ k3Y lnGDP2
t�1

þ k4Y lnFUELt�1 þ k5Y lnRENt�1 þ k6Y lnEXPt�1

þ k7Y lnIMPt�1 þ k8Y lnURBANt�1 þ k9Y lnFDt�1 þ et

(1)

where a0Y indicates the intercept and e1t is the error term. The error correction dynamics of

the model is represented in the first part of Equation 1, and a long-run relationship can be

estimated with the second part of the equation. The bounds test suggests the null hypothesis

of k1Y¼ k2Y¼ k3Y¼ k4Y¼ k5Y¼ k6Y¼ k7Y¼ k8Y¼ k9Y¼ 0 indicating that there is no long-run

equilibrium relationship among the variables. The alternative hypothesis of the bounds

test suggests that there is a long-run equilibrium relationship among variables and can be

represented as k1Y 6¼ k2Y 6¼ k3Y 6¼ k4Y 6¼ k5Y 6¼ k6Y 6¼ k7Y 6¼ k8Y 6¼ k9Y 6¼ 0. The critical values

of Pesaran et al.110 were generated for 500 observations. Therefore, the critical values of

Narayan111 for small samples ranging from 30 to 80 observations were compared with the

computed F-statistics.
After revealing the long-run equilibrium relationship among variables in Equation 1,

short-run and long-run coefficients were estimated by adopting the ECM. The speed of

adjustment of the short-run values of the regressors to the long-run equilibrium level of

the dependent variable was also estimated by the following ECM model:

DlnECOt ¼ a0Y þ
Xn
i¼1

biYDlnECOt�i þ
Xn
i¼0

ciYDlnGDPt�i þ
Xn
i¼0

diYDlnGDP2
t�i

þ
Xn
i¼0

eiYDlnFUELt�iþ
Xn
i¼0

fiYDlnRENt�i þ
Xn
i¼0

giYDlnEXPt�i þ
Xn
i¼0

hiYDlnIMPt�i

þ
Xn

i¼0

IiYDlnURBANt�iþ
Xn

i¼0

jiYDlnFDt�iþaECTt�1þet

(2)

where ECTt�1 represents the speed of adjustment to the long-run equilibrium level. Goodness

of fit of the ARDL model should be investigated by several diagnostic tests. In this study,
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presence of serial correlation, functional form, normality, and heteroscedasticity were tested

by diagnostic tests. Also, the stability of the ARDL model was tested by Brown, Durbin, and

Evans112 using cumulative sum (CUSUM) and cumulative sum of squares (CUSUMSQ) in

the long run, as well as in the short run, as suggested by Pesaran and Pesaran.113

Causality test

This study employs the Granger causality test through the ECM in order to estimate the

directions of possible long-run equilibrium relationships among the variables.
The Granger causality test suggested the estimation of the following ECM:
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where D indicates the difference of the variables. The ECTt�1 is the lagged error correction

term, which was estimated from the long-run equilibrium model. Finally, e1,t, e2,t, e3,t, e4,t, e5,
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t, e6,t, e7,t, e8,t, and e9,t are serially independent random errors with a mean of zero and a

finite covariance matrix. According to the Granger causality test through the ECM, statis-

tically significant t-ratios for ECTt�1 suggest the existence of long-run causal relationships,

while statistically significant F-ratios suggest short-run causal relationships among

variables.114

Empirical results

ADF and PP tests were applied in order to investigate the integration orders of the variables

in the conducted models.a All variables for Turkey and Mexico were not stationary at their

level forms, and they became stationary when their first differences were taken, meaning that

Table 1. Bounds test results for level relationship.

With deterministic trend Without deterministic trend

Countries FV tV FIII tIII Conclusion

Mexico

H0 rejected

p¼ 1* 13.051a �6.197a 13.532a �6.308a

2 4.908a �3.370a 4.781a �3.692a

3 3.163a �2.028a 2.841a �2.854a

4 3.276a �2.515a 3.528a �3.247a

Indonesia

H0 rejected

p¼ 3* 4.125a �2.682a 4.160b �2.722c

4 3.313a �1.852a 3.665b �2.158c

5 2.849a �1.302c 3.043b �1.553b

6 3.042a �2.139a 3.051b �2.242b

Nigeria

H0 rejected

p¼ 1* 7.656c �4.509c 2.686a �2.476c

2 5.526b �3.733b 1.752c �1.816c

3 3.801b �2.387b 0.765b �0.061b

4 3.405b �2.194b 0.836b 0.326b

Turkey

H0 rejected

p¼ 1* 12.370c �5.864c 8.915a �5.121c

2 6.296b �4.302b 6.104c �4.232c

3 2.002b �2.108b 1.886b �2.255b

4 1.196b �0.572b 1.433b �0.662b

Note: Schwarz (SBC) and Akaike (AIC) Information criteria are used to select the number

of lags in the co-integration test. p shows lag levels and *denotes optimum lag selection in

the model, as suggested by SBC and AIC. FIII represents the F-statistic of the model with

unrestricted intercept and no trend, and FV represents the F-statistic of the model with

unrestricted intercept and trend. tV and tIII are the t-ratios with and without a deterministic

linear trend.
aStatistic lies above the upper bound.
bStatistic lies below the lower bound.
cStatistic falls within the lower and upper bounds.
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they were all integrated of the same order, I(1). On the other hand, fuel energy consumption
and trade openness for the case of Indonesia and financial development and fuel energy
consumption for Nigeria were stationary at their level forms, meaning that they were inte-
grated of order zero. In summary, ADF and PP unit root test results provided a mixed order
of integration of the variables for Indonesia and Nigeria, while variables for Turkey and
Mexico had the same order of integration.

The level of relationships among environmental degradation, real income, squared real
income, fuel energy consumption, renewable energy consumption, exports, imports, urban-
ization, and financial development were revealed by the bounds test under the ARDL
approach for MINT countries individually. Table 1 indicates the results of the bounds
test for the level of relationship. F-statistics for scenarios 3 and 5 of Pesaran et al.110

were compared with the critical values of Narayan111 for small samples, and t-statistics
were compared with the critical values of Pesaran et al.110 in order to reject the null hypoth-
esis of there being no level relationships among variables.

After revealing the level relationship between variables in the conducted models, the
robustness of the ARDL models was investigated. Existence of serial correlation, functional
form, normality, and heteroscedasticity were investigated by calculating Lagrange multiplier
(LM) and F-statistics for the ARDL models. Diagnostic test results in Table 2 suggest that
the ARDL models for the MINT countries have no diagnostic problems as probability
values of both LM and F-statistics are insignificant at a 5% level of alpha.

The stability of the ARDL models was investigated using the CUSUM and CUSUMSQ
methods. Figure 1 indicates the CUSUM and CUSUMSQ graphs for Mexico, Indonesia,

Table 2. Diagnostic test results.

Test statistics LM version F version

Mexico

Serial correlation 0.206 (.650) 0.106 (.748)

Functional form 0.517 (.472) 0.268 (.610)

Normality 4.450 (.108) –

Heteroscedasticity 0.255 (.613) 0.244 (.624)

Indonesia

Serial correlation 0.257 (.612) 0.155 (.697)

Functional form 0.371 (.542) 0.225 (.639)

Normality 3.368 (.186) –

Heteroscedasticity 0.149 (.699) 0.142 (.708)

Nigeria

Serial correlation 0.369 (.543) 0.232 (.634)

Functional form 2.763 (.096) 1.855 (.185)

Normality 1.921 (.383) –

Heteroscedasticity 0.010 (.919) 0.009 (.922)

Turkey

Serial correlation 1.665 (.197) 1.197 (.283)

Functional form 2.582 (.108) 1.899 (.179)

Normality 2.535 (.282) –

Heteroscedasticity 0.406 (.524) 0.390 (.536)

LM: Lagrange multiplier.
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Nigeria, and Turkey, respectively. According to these methods, the conducted ARDL
models were stable in both the long and the short run.

The level coefficients were estimated by applying separate long-run ARDL models for
each country individually. Table 3 summarizes the results of the long-run ARDL estima-
tions. The existence of the EKC hypothesis can be tested by comparing the long-run coef-
ficients of the GDP and squared GDP. If the coefficient of the GDP is statistically significant
and positive while the squared GDP is statistically significant and negative, the EKC
hypothesis holds for the host country. When we compared the estimated long-run

Figure 1. Stability test results. (a) CUSUM for Mexico, (b) CUSUMSQ for Mexico, (c) CUSUM for
Indonesia, (d) CUSUMSQ for Indonesia, (e) CUSUM for Nigeria, (f) CUSUMSQ for Nigeria, (g) CUSUM for
Turkey, and (h) CUSUMSQ for Turkey. The straight lines represent critical bounds at 5% significance level.
CUSUM: cumulative sum; CUSUMSQ: cumulative sum of squares.
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coefficients of the GDP and the squared GDP for Mexico, Indonesia, Nigeria, and Turkey,
respectively, the estimated coefficients of the GDP were statistically significant and positive
while the estimated coefficients of the squared GDPs were negative. Our findings suggest the
existence of the EKC hypothesis for the cases of MINT countries. Turning points of per
capita GDPs for Mexico, Indonesia, Nigeria, and Turkey are calculated as US$14,013, US
$4483, US$2079, and US$14,705, respectively. These findings indicate that turning points of
Mexico, Indonesia, and Turkey are not within the range of sample per capita GDP, meaning
that they have not reached their turning points yet. On the other hand, turning point of
Nigeria is within the sample per capita GDP. Our empirical findings show that in term of
implied turning point there is no uniformity among the countries under investigation.

The findings of the ARDL estimations suggest that, in the long run, fossil fuel energy
consumption, exports, urbanization, and financial development are the common significant
determinants of the EF, which is used as a proxy for environmental degradation for the
cases of the MINT countries. Renewable energy consumption is statistically significant and
has an elastic, negative impact on the EF for the cases of Mexico, Nigeria, and Turkey.
This finding suggests that increasing the usage of renewable energy reduces the environmen-
tal degradation, and this contradicts the findings of Apergis et al.115 and B€olük and Mert.87

In the literature, exports and imports are well-known determinants of environmental deg-
radation. Our findings indicate that imports contribute to environmental degradation in
Indonesia, Nigeria, and Turkey, while exports reduce the environmental degradation, mean-
ing that imports increase the domestic consumption and contribute to EF of the host
countries. Our results are consistent with Liddle95 and Hasanov, Liddle, and
Mikayilov.116 Moreover, urbanization in Indonesia, Turkey, and Mexico have a statistically
significant and positive impact on the EF in the long run. On the other hand, there is
a significant long-run negative relationship between urbanization and EF in Nigeria.

Table 3. Level coefficients in the long-run model through the autoregressive distributed lag approach.

Dependent

variable
Regressors

lnGDP lnGDP2 lnFUEL lnREN lnEXP lnIMP lnURBANlnFD Intercept Trend

Mexico

lnECO 28.185** �1.476** 3.883**�0.054 0.362* �0.129 1.013* �0.294*�75.742* –

(0.031) (0.041) (0.024) (0.777) (0.000) (0.121) (0.000) (0.001) (0.001) –

Indonesia

lnECO 3.481** �0.207** 0.314** 0.377**�0.293* 0.250* 0.591* �0.094* 0.471 �0.067

(0.022) (0.032) (0.032) (0.031) (0.006) (0.006) (0.002) (0.000) (0.934) (0.521)

Nigeria

lnECO 3.830***�0.250*** 0.426**�3.477* �0.062** 0.175* �1.313* �0.050* 5.627 –

(0.074) (0.083) (0.000) (0.000) (0.031) (0.000) (0.000) (0.000) (0.589) –

Turkey

lnECO 12.763* �0.665* 4.279* �0.442**�0.106* 0.072** 0.825* �0.009 �25.508* 0.035*

(0.000) (0.000) (0.000) (0.011) (0.000) (0.033) (0.001) (0.793) (0.009) (0.006)

Note: Numbers in parentheses are prob. values of t-statistics in each model. GDP: gross domestic product; ECO: EF (gha

per person); REN: renewable energy consumption; FUEL: fossil fuel energy consumption; EXP: exports of goods and

services; IMP: imports of goods and services; URBAN: urban population; FD: domestic credits provided by the finan-

cial sector.

*, **, and *** denote statistical significance at the 1%, 5%, and 10% levels, respectively.
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The estimated negative impact of urbanization in the case of Mexico supports the findings of
Ozturk et al.80 Finally, financial development has statistically significant and negative
impact on EF for the case of Mexico, Indonesia, and Nigeria, meaning that these countries
are successful in allocating their financial resources to improve environmental quality in the
long run.

The speed of adjustments and short-run coefficients were estimated by adopting the ECM
through the ARDL approach. Table 4 indicates the results of the ECMs through the ARDL
approach for the cases of MINT countries. The ECM models suggest that the EFs of the
MINT countries converge to their long-run equilibrium levels by 162.4%, 93.7%, 68.4%,
and 99.9% speed of adjustments every year by the contributions of the short-run values of
the GDP, GDP squared, fuel, renewable energy consumption, exports, imports, urbaniza-
tion, and financial development, respectively. In addition, there are statistically significant
short-run impacts of regressors on the EF at different lag levels for the cases of the
MINT countries.

Table 4. Conditional error correction model through the autoregressive distributed lag approach.

Dependent

variable

Mexico

lnECO

(1,0,2,2,2,2,0,1,2)*

Indonesia

lnECO

(0,2,2,0,0,1,0,0,0)*

Nigeria

lnECO

(2,0,0,2,0,0,1,2,2)*

Turkey

lnECO

(1,1,2,0,0,0,0,1,0)*

Regressor Coefficient p Coefficient p Coefficient p Coefficient p

ût�1 �1.624 0.000 �0.937 0.000 �0.684 0.000 �0.999 0.000

DlnECO(�1) – – – – �0.322 0.001 – –

DlnGDP 10.328 0.637 4.157 0.190 �1.772 0.438 9.957 0.012

DlnGDP(�1) – – 9.299 0.005 – – – –

DlnGDP2 �0.567 0.642 �0.244 0.237 0.129 0.406 �0.488 0.026

DlnGDP2(�1) �0.145 0.000 �0.641 0.003 – – �0.013 0.029

DlnFUEL 5.673 0.005 �0.227 0.043 0.337 0.001 1.763 0.016

DlnFUEL(�1) 11.906 0.000 � � 0.142 0.005 � �
DlnREN 0.944 0.002 0.263 0.006 �2.031 0.003 �0.314 0.057

DlnREN(�1) 1.833 0.000 � � � � � �
DlnIMP �0.164 0.017 0.181 0.000 0.097 0.000 0.111 0.000

DlnEXP 0.381 0.000 �0.129 0.000 �0.055 0.000 �0.109 0.000

DlnEXP(�1) �0.374 0.000 � � � � � �
DlnURBAN �47.617 0.000 0.998 0.033 5.339 0.000 0.744 0.143

DlnURBAN(�1) 104.038 0.000 � � �4.811 0.000 � �
DlnFD �0.303 0.000 �0.086 0.000 �0.094 0.000 �0.068 0.183

DlnFD(�1) � � � � 0.011 0.183 � �
Intercept �0.047 0.183 �0.011 0.345 �0.001 0.920 0.001 0.888

R2 0.902 0.788 0.787 0.923

Standard error

of regression

0.037 0.014 0.022 0.024

F-prob. 0.000 0.000 0.000 0.000

Note: GDP: gross domestic product; ECO: EF (gha per person); REN: renewable energy consumption; FUEL: fossil fuel

energy consumption; EXP: exports of goods and services; IMP: imports of goods and services; URBAN: urban population;

FD: domestic credits provided by the financial sector.

*p-lag structures in the model.
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The directions of the long-run relationships among variables were revealed by adopting
Granger causality test through the vector error correction model. Results of the Granger
causality test are summarized in Appendix 1. Panels (a), (b), (c), and (d) indicate results of
the causality test for the cases of Mexico, Indonesia, Nigeria, and Turkey, respectively.
There are unidirectional causal relationships running from the GDP, squared GDP, renew-
able energy consumption, fuel energy consumption, exports, imports, urbanization, and
financial development to the EF. Unidirectional causal relationships suggest that, when
there is a change in real income, squared real income, renewable energy and fossil fuel
energy consumption, exports, imports, urbanization, and financial development, respective-
ly, there is a change in the EF of MINT countries. Moreover, as it can be seen in panel (b),
there are unidirectional causal relationships running from the GDP, squared GDP, renew-
able energy consumption, fuel energy consumption, exports, imports, financial develop-
ment, and the EF to urbanization for the case of Indonesia. Causal relationships which
are running from energy consumption variables to urbanization are in line with Liddle
and Lung.117

Conclusion

Our study investigated the validity of the EKC hypothesis for each of the MINT countries.
In contrast to the majority of empirical studies that use a single variable as a measure for the
environmental pollution to test the EKC hypothesis, we used a more inclusive measure,
namely, the EF as a proxy for the pressure on the environment. We used a time series
approach to estimate the country-based coefficients which enabled us to identify the most
suitable policy implications for each country in our sample. The long-run equilibrium
relationships among the EF, fossil fuel energy, renewable energy consumption, exports,
imports, financial development, and urbanization were revealed by adopting the bounds
testing approach for the cases of the MINT countries. The ARDL model estimations con-
firmed the validity of the EKC hypothesis for each of the four countries under investigation.
Another common finding for each of these countries is the significant effects of exports,
urbanization, and fossil fuel consumption on the environmental degradation index. This
finding signifies the importance of energy efficiency in emerging countries. In order to
increase their energy efficiency, emerging countries should take some actions to achieve
the usage of clean energy in their industries. Creating financial incentives, such as tax credits,
subsidies, and grants, and setting national regulations can lead to increases in the adoption
of clean technology and, in turn, efficient usage of energy by polluting industries. They can
also provide an award mechanism to encourage polluting industries to adopt clean energy.

Our results show that the effects of renewable energy, international trade, urbanization,
and financial development differ among these countries. Financial development has statis-
tically significant and negative impacts for Mexico, Indonesia, and Nigeria, which means
that financial systems of the host countries are successful to direct the financial resources to
environmental friendly sectors. Financial resources can be used to increase the level of
public awareness and to encourage polluting industries to adopt clean energy and new
pollution mitigating technologies by providing subsidies and soft loans. Also, financial
resources can be used to encourage polluting industries for investing in environmental
friendly projects to reduce environmental degradation. The inverse relationship between
urbanization and environmental pressure that was observed in Nigeria shows that the
urban planning strategies of these countries can overcome the negative effects of
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urbanization on the use of environment. The long-run coefficient of renewable energy con-

sumption for the cases of Nigeria and Turkey suggests a negative relationship between

renewable energy and environmental pollution. This finding indicates that increasing the

level of renewable energy consumption for these countries is a possible solution for envi-

ronmental pollution. The policy makers of Mexico and Indonesia should invest more in

research and development (R&D) activities in order to achieve the efficient usage of renew-

able energy and promote the adoption of clean technology in the production phase of

renewable energy. Another remarkable result, in terms of policy implementation, is the

effects of exports and imports on environmental pollution. Exports contribute to the envi-

ronmental quality in Indonesia, Nigeria, and Turkey, while imports increase the level of

environmental degradation. Policy makers of these three countries should be aware of the

positive impacts of imports and take precautions against the negative impact of imports on

environmental quality.
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Appendix 1

Table 5. Granger causality test results under vector error correction model.

Dependent

variable

v2-statistics (probability values) v2-stat
(prob)

for ECTt�1DlnGDP DlnGDP2 DlnFUEL DlnREN DlnEXPO DlnIMP DlnURBAN DlnFD DlnECO

Panel (a). Mexico

DlnGDP � 0.414

(0.666)

0.246

(0.784)

0.322

(0.727)

1.570

(0.232)

1.520

(0.242)

0.229

(0.797)

0.634

(0.540)

0.2048

(0.816)

0.542

(0.593)

DlnGDP2 0.445

(0.646)

� 0.241

(0.788)

0.320

(0.729)

1.560

(0.234)

1.507

(0.245)

0.224

(0.801)

0.621

(0.547)

0.201

(0.818)

0.540

(0.595)

DlnFUEL 0.060

(0.941)

0.059

(0.942)

� 0.033

(0.967)

0.820

(0.454)

0.840

(0.446)

0.122

(0.885)

2.987***

(0.073)

0.902

(0.421)

�0.393

(0.697)

DlnREN 0.077

(0.926)

0.081

(0.922)

0.202

(0.818)

� 0.002

(0.997)

0.730

(0.494)

0.338

(0.716)

2.201

(0.136)

1.029

(0.375)

0.086

(0.931)

DlnEXPO 0.605

(0.555)

0.592

(0.562)

0.030

(0.970)

0.236

(0.791)

� 0.081

(0.922)

1.247

(0.308)

0.429

(0.657)

0.087

(0.917)

0.076

(0.939)

DlnIMP 0.616

(0.550)

0.606

(0.555)

0.011

(0.988)

0.244

(0.785)

1.302

(0.294)

� 0.097

(0.907)

0.126

(0.882)

0.060

(0.941)

0.140

(0.890)

DlnURBAN 0.498

(0.614)

0.447

(0.645)

1.448

(0.258)

2.422

(0.114)

0.836

(0.447)

1.513

(0.244)

� 1.690

(0.209)

0.303

(0.741)

�1.063

(0.300)

DlnFD 0.905

(0.420)

0.885

(0.428)

0.387

(0.683)

0.113

(0.893)

3.255***

(0.059)

0.338

(0.716)

0.712

(0.502)

� 0.430

(0.656)

�0.901

(0.378)

DlnECO 0.023

(0.976)

0.016

(0.984)

2.482

(0.108)

1.878

(0.178)

1.851

(0.183)

1.715

(0.205)

9.497*

(0.001)

0.443

(0.647)

� �2.892*

(0.009)

Panel(b). Indonesia

DlnGDP � 0.266

(0.768)

0.022

(0.977)

0.020

(0.979)

0.021

(0.979)

0.019

(0.980)

0.526

(0.598)

0.089

(0.914)

0.221

(0.803)

�0.461

(0.649)

DlnGDP2 0.247

(0.783)

� 0.017

(0.982)

0.021

(0.978)

0.021

(0.979)

0.019

(0.980)

0.540

(0.590)

0.075

(0.927)

0.232

(0.795)

�0.476

(0.639)

DlnFUEL 0.848

(0.442)

0.815

(0.456)

� 0.082

(0.920)

0.051

(0.949)

0.010

(0.990)

0.185

(0.832)

0.325

(0.725)

0.370

(0.695)

�0.391

(0.699)

DlnREN 0.209

(0.812)

0.202

(0.818)

0.470

(0.631)

� 0.666

(0.524)

0.597

(0.559)

0.165

(0.848)

1.579

(0.230)

0.484

(0.623)

�0.381

(0.706)

DlnEXPO 0.789

(0.467)

0.790

(0.467)

2.022

(0.158)

0.211

(0.811)

� 0.109

(0.897)

0.203

(0.817)

0.666

(0.524)

1.034

(0.373)

0.747

(0.463)

DlnIMP 0.329

(0.723)

0.348

(0.709)

0.594

(0.561)

0.061

(0.940)

0.768

(0.477)

� 0.154

(0.857)

0.404

(0.672)

0.568

(0.575)

0.611

(0.548)

DlnURBAN 4.514**

(0.024)

4.403**

(0.026)

1.163

(0.332)

1.715

(0.205)

1.772

(0.195)

0.003

(0.996)

� 0.845

(0.444)

2.925***

(0.076)

�2.562**

(0.018)

DlnFD 1.623

(0.222)

1.581

(0.230)

1.443

(0.259)

2.329

(0.123)

3.992**

(0.034)

3.672**

(0.043)

0.109

(0.897)

� 1.736

(0.201)

�1.513

(0.145)

DlnECO 1.971

(0.165)

1.983

(0.163)

0.155

(0.857)

0.215

(0.808)

0.178

(0.837)

0.255

(0.776)

0.067

(0.934)

0.348

(0.710)

� �2.054***

(0.053)

Panel (c). Nigeria

DlnGDP � 0.699

(0.409)

0.028

(0.867)

0.036

(0.850)

1.059

(0.312)

0.223

(0.639)

0.155

(0.696)

0.170

(0.682)

0.352

(0.557)

0.639

(0.527)

DlnGDP2 0.683

(0.415)

� 0.037

(0.848)

0.045

(0.833)

0.940

(0.340)

0.253

(0.618)

0.152

(0.699)

0.150

(0.701)

0.329

(0.570)

0.634

(0.530)

DlnFUEL 0.157

(0.694)

0.154

(0.696)

� 2.915

(0.098)

0.754

(0.392)

0.032

(0.857)

0.118

(0.733)

0.291

(0.593)

0.026

(0.870)

�0.865

(0.394)

(continued)
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Table 5. Continued

Dependent

variable

v2-statistics (probability values) v2-stat
(prob)

for ECTt�1DlnGDP DlnGDP2 DlnFUEL DlnREN DlnEXPO DlnIMP DlnURBAN DlnFD DlnECO

DlnREN 0.172

(0.680)

0.168

(0.684)

1.855

(0.184)

� 0.496

(0.486)

0.180

(0.674)

0.377

(0.544)

0.441

(0.511)

0.117

(0.734)

1.227

(0.229)

DlnEXP 0.124

(0.727)

0.113

(0.738)

9.213*

(0.005)

5.711**

(0.023)

� 0.157

(0.694)

0.007

(0.931)

3.255***

(0.082)

3.301***

(0.079)

�0.093

(0.926)

DlnIMP 0.538

(0.469)

0.531

(0.472)

1.296

(0.264)

1.299

(0.264)

0.241

(0.627)

� 0.089

(0.767)

2.286

(0.141)

0.021

(0.885)

0.254

(0.800)

DlnURBAN 0.006

(0.937)

0.003

(0.951)

0.237

(0.629)

0.424

(0.520)

1.152

(0.292)

0.316

(0.578)

� 0.043

(0.835)

0.105

(0.748)

0.270

(0.788)

DlnFD 0.007

(0.933)

0.007

(0.930)

0.361

(0.552)

0.224

(0.639)

1.250

(0.273)

2.80E�05

(0.995)

0.014

(0.905)

� 0.652

(0.426)

�0.087

(0.931)

DlnECO 0.100

(0.754)

0.103

(0.749)

6.018**

(0.020)

6.802**

(0.014)

0.003

(0.953)

0.185

(0.669)

0.355

(0.555)

4.581**

(0.041)

� �3.475*

(0.001)

Panel (d). Turkey

DlnGDP � 0.553

(0.462)

3.916***

(0.057)

5.868**

(0.0217)

1.758

(0.194)

0.944

(0.339)

0.017

(0.894)

6.312**

(0.017)

0.221

(0.641)

�0.611

(0.545)

DlnGDP2 0.671

(0.419)

� 3.967***

(0.055)

6.066**

(0.019)

1.694

(0.202)

0.840

(0.366)

0.006

(0.936)

6.405**

(0.016)

0.208

(0.651)

�0.609

(0.546)

DlnFUEL 0.000

(0.979)

0.000

(0.990)

� 0.100

(0.753)

0.010

(0.919)

0.002

(0.958)

2.071

(0.160)

0.271

(0.606)

0.293

(0.591)

�1.145

(0.261)

DlnREN 1.237

(0.274)

1.269

(0.268)

0.253

(0.618)

� 0.018

(0.892)

0.004

(0.944)

1.101

(0.302)

0.422

(0.520)

0.104

(0.749)

0.973

(0.337)

DlnEXP 0.066

(0.797)

0.040

(0.842)

4.895**

(0.034)

2.838

(0.102)

� 3.314***

(0.078)

1.530

(0.225)

0.675

(0.417)

0.423

(0.520)

1.461

(0.154)

DlnIMP 0.213

(0.647)

0.169

(0.683)

1.861

(0.182)

0.287

(0.595)

0.705

(0.407)

� 1.478

(0.233)

0.891

(0.352)

0.002

(0.962)

0.686

(0.497)

DlnURBAN 1.757

(0.195)

1.470

(0.234)

0.059

(0.809)

0.312

(0.580)

5.318**

(0.028)

4.574**

(0.040)

� 0.111

(0.740)

1.796

(0.190)

0.226

(0.822)

DlnFD 2.649

(0.114)

2.358

(0.135)

1.383

(0.248)

1.551

(0.222)

2.888***

(0.099)

1.144

(0.293)

0.032

(0.858)

� 4.544**

(0.041)

�0.249

(0.804)

DlnECO 0.390460

(0.5368)

0.372088

(0.5465)

3.471633

(0.0722)

4.026668

(0.0539)

1.140342

(0.2941)

0.170161

(0.6829)

0.058739

(0.8101)

3.015849

(0.0927)

� �2.392**

(0.023)

Note: BBC117. GDP: gross domestic product; ECO: EF (gha per person); REN: renewable energy consumption; FUEL:

fossil fuel energy consumption; EXP: exports of goods and services; IMP: imports of goods and services; URBAN: urban

population; FD: domestic credits provided by the financial sector.

*, **, and *** indicate the rejection of null hypothesis at 1%, 5%, and 10% level of significance, respectively.
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