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Abstract
This article investigates the effects of real income, trade openness, and energy consumption on the ecological footprint using a
panel data of 13 Asian countries over the 1973–2014 period. The empirical findings suggest that the panel variance-ratio test
confirms the existence of a long-run equilibrium relationship among ecological footprint real income, trade openness, and energy
consumption. Results from panel pooled mean group estimates confirm that the long-run elasticity of real income, trade
openness, and energy consumption is 0.16, −0.07, and 0.51, respectively. The real income and energy consumption have a
positive impact on the ecological footprint. There are three bidirectional causal relationships that were found between ecological
footprint and real income; between energy consumption and ecological footprint; and between trade openness and ecological
footprint. In addition, three unidirectional causalities can be found: a unidirectional causality running from real income to trade
openness; from real income to energy consumption; and from trade openness to energy consumption. Those causal relationships
show that economic indicators are highly related to ecological footprint. The findings recommend that various governments
should fund more in renewable energy and efficiency upgrade and continue sustaining their growth without hurting the
environment.
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Introduction

In recent decades, the Asian region has experienced rapid
economic growth. With the fast growth in Asia, many coun-
tries have become more competitive and richer. However, the
growth and economic development consumes lots of natural
resources (crude oil, mineral resources and gas) and followed
at the cost of air or water pollution. The living environment is
getting worse, and subsequently environmental protection
groups protest to their governments and urge for serious envi-
ronmental regulations. Nowadays human desires from ecolog-
ical resources have exceeded the supply of environmental

biocapacity. As the ecological footprint network indicated,
more than 80% of the world’s population lives in countries
that are running ecological deficits, using more resources than
what their ecosystems can renew.1 Environmental degradation
brings climate change and global warming, so good perfor-
mance in the macroeconomic and socioeconomic indicator
may reflect numerous ecological waste and costs. The index
of environmental damage in previous studies is usually by
CO2 emissions (Halicioglu 2012; Soytas and Sari 2009;
Lean and Smyth 2010; Shahbaz et al. 2013; Saboori and
Sulaiman 2013; Jebli et al. 2016; Bulut 2017; Solarin and
Bello 2018; Lu 2018; Shahbaz and Sinha 2019). However,
Al-mulali et al. (2015a) indicated that using CO2 emissions
to weigh environmental degradation has some drawbacks, be-
cause CO2 emissions only explain a small portion of the total
environmental degradation. The ecological footprint provides
a more complete perspective of environmental damage, and
the ecological environment is increasingly evaluated. More
and more researchers have used the ecological footprint to

1 The data and description can be found at following address: https://www.
footprintnetwork.org/our-work/ecological-footprint/
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measure environmental pressure in recent decades. Therefore,
the purpose of this study is to utilize the ecological footprint
instead of CO2 emissions to measure environmental damage
and to investigate the relationship among ecological footprint,
real income, trade openness, and energy consumption in 13
Asian countries. The conclusions obtained in this study can be
contrasted with previous researches and provide some insights
for policymakers.

The past studies viewed CO2 emissions as an indicator of
environmental degradation, while very few papers have ex-
plored the ecological footprint as a measure of environmental
decadence. Acknowledging economic development relies on
every kind of natural resources (solid resource, forestry re-
source, and so on) not only to generate air pollution and
CO2 emissions. The stock of natural resource is increasingly
respected by various governments. According to the use of
natural resources, every country has diversified resource utili-
zation and has implemented various energy policies. Under
this background, this study will contribute to the literature
on the link of ecological footprint, real income, trade open-
ness, and energy consumption in two novel ways. First, the
previous literature has emphasized the relationship between
CO2 emissions and its determinants by estimating the envi-
ronment Kuznets hypothesis (hereafter EKC). However,
many scholars have argued that the ecological footprint can
provide a more complete perspective of environmental degra-
dation than the CO2 emissions does. The per capita value of
the ecological footprint becomes more important for analysis.
This study introduces the ecological footprint instead of CO2

emissions to measure environmental degradation and investi-
gates the long-run relationship among ecological footprint,
real income, trade openness, and energy consumption in 13
Asian countries. Second, there are some literature examining
the nexus of ecological footprint and macroeconomic indica-
tors focused on various countries including the EKC hypoth-
esis test for Qatar (Mrabet and Alsamara 2017), the EKC
hypothesis test for 116 countries (Aşici and Acar 2016), the
EKC hypothesis test for 21 countries (Ulucak and Bilgili
2018), the nexus of ecological footprint and economic devel-
opment for 146 countries (Caviglia-Harris et al. 2009), the
nexus of ecological footprint and development index for
128 countries (Boutaud et al. 2006), the nexus of ecologi-
cal footprint and socio-economics variables for 15 MENA
countries (Charfeddine and Mrabet 2017), and the ecolog-
ical footprint-energy-income-trade nexus for the 27 highest
emitting countries (Uddin et al. 2017). As the above-men-
tioned, many published studies consider the link between
ecological footprint and macroeconomic indicators around
the world. The main objectives of the paper will focus on
the dynamic link among ecological footprint, real income,
trade openness, and energy consumption. To deal with this
issue, we expect to get more helpful insights and achieve
environmental goals for policymakers.

The remainder of this paper is organized as follows. The
“Literature Review” section describes a brief literature, the
“Methodology” section provides methodology and data used
in this study, the “Empirical results and discussion” section
illustrates the empirical results and discussion, and the final
section concludes the study.

Literature review

Many researchers began to study environmental degradation and
economic development because of the severity of climate change
and global warming. The relationship among GDP, energy con-
sumption, environmental degradation, and the other determinants
of environmental quality has been exhaustively studied by dif-
ferent scholars. The empirical framework of past literature main-
ly focused on the EKC hypothesis. Environmental degradation
that depends on income, energy consumption, and some other
variables such as trade openness, urbanization, electricity con-
sumption, and financial development have been incorporated
into the EKC framework to understand their impacts on the
environment. These studies have already applied different econo-
metric methods and have also considered different samples of
regions or countries. As far as I know, the results of the EKC
from previous studies attained to different conclusions, whereas
most of the previous studies used CO2 as an indicator of envi-
ronmental degradation (Halicioglu 2012; Soytas and Sari 2009;
Lean and Smyth 2010; Acaravci and Ozturk 2010; Al-Mulali
2011; Saidi and Hammami 2015; Zhu et al. 2016; Liu and Hao
2018; Chandia et al. 2018). Another examples regarding the
research of a single country or region includes Soytas et al.
(2007) for the USA, Al-mulali et al. (2015a, b) for Vietnam,
Shabbir et al. (2014) for Pakistan, Saboori et al. (2012) for
Malaysia, Magazzino (2014) for Italy, Chang (2009) for China,
Ang (2007) for France, Soytas and Sari (2009) for EU, Saidi and
Hammami (2015) for 58 countries, and Lean and Smyth (2010)
for five ASEAN countries. Overall, earlier empirical researches
are built on the EKC framework and obtain inconsistent results,
with the exception of the above-mentioned studies, when we
keep an eye on the environmental indicators of greenhouse gas
emissions such as Lu (2017), Tsaurai (2018), andBaležentis et al.
(2019).

Recently, many scholars have become well aware of the
incomplete measure of environmental degradation such as car-
bon emissions. The most important cause is that the carbon
emissions solely considers to reduce the level of CO2

emissions and ignores other kinds of deterioration resource,
including land stock, forestry stock, mining stock, and so on.
Stern (2014) argued that the CO2 emissions per capita gradually
decreased by virtue of carbon reduction technology, but other
pollutants per unit of output are increasing in developed coun-
tries. Therefore, more and more researchers, including Al-
Mulali et al. (2015b), Ozcan et al. (2019), Ulucak and Lin
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(2017) have found that when we utilized the ecological foot-
print to represent an indicator of environmental degradation, it
is more suitable. In the field of ecological footprint and energy
economics, there are two strands of literature that are shown in
the literature. First, a few studies focused on the time series
characteristics of ecological footprint. Solarin and Bello et al.
(2018) investigated the persistence of ecological footprint for
128 developing and developed countries. Ulucak and Lin
(2017) analyzed the persistence of policy shocks to ecological
footprint for the USA. For the purpose of the ecological foot-
print forecast, if the ecological footprint is alerted to be nonsta-
tionary, forecasting may not be feasible based on previous data
of the series. Knowing that the existence of the long-term per-
sistence of ecological footprint implies the ecological footprint
is nonstationary and the environmental policies, such as provi-
sion of subsidy on cleaner energy or the imposition of carbon
tax, will have long-term effects. Those studies provide the in-
fluential policy insight for environmental policy. Another
strand of literature has heavily focused on ecological footprint,
income, and other determinants of ecological footprint includ-
ing (1) the ecological footprint-electricity consumption nexus
(Bello et al. 2018); (2) the income-ecological footprint nexus
(Aşici and Acar 2016); (3) the relationship among ecological
footprint, tourism GDP growth, trade openness, and urbaniza-
tion (Ozturk et al. 2016); (4) the income-ecological footprint for
27 emitting countries (Uddin et al. 2017); (5) the link among
real income, trade openness, human capital, and ecological
footprint for low-, middle-, and high-income countries
(Ulucak and Bilgili 2018); (6) The relationship among ecolog-
ical footprint, natural resources, and economic growth (Hassan
et al. 2019); (7) the impact of economic development and
social-political factors on ecological footprint (Charfeddine
andMrabet 2017); (8) the relationship among energy consump-
tion, urbanization, trade openness, financial development, and
income for 93 countries (Al-mulali et al. 2015a, b); (9) the
hydroelectricity, fossil fuels consumption, real income and eco-
logical footprint for Malaysia (Bello et al. 2018); (10) the im-
pact of energy and economic development on ecological foot-
print for 146 countries (Caviglia-Harris et al. 2009); and (11)
the dynamic link among financial development, trade open-
ness, and ecological footprint in Qatar (Mrabet and Alsamara
2017). Those researches mainly concentrated on the ecological
footprint and its relative determinants; performing those issues
have followed two crucial reasons: first, verifying the EKC
hypothesis to get an income and environmental degradation
relationship, and second, considering other economic and so-
cial variables by the framework of the STIRPAT model is to
affirm those variables’ impact on ecological footprint. The con-
clusions in literature are inconsistent and depend on the dataset.
The important results of past literature are summarized and
reported in Table 1.

This study addresses this gap in the literature and focuses
on the dynamic links between ecological footprint, real

income, trade openness, and energy consumption. Third, a
major criticism of previous studies is that their empirical re-
sults are inconsistent. These inconsistent conclusions were
due to their use of different countries, environmental degrada-
tion measurements, time intervals, and econometric methods.
To address these issues, we consider a relatively new panel
method for investigating the relationships between the vari-
ables we have considered.

Methodology

Panel unit root test

Before performing cointegration tests, we should find the
long-run relationships between variables and implement the
panel unit root tests to detect whether all variables are station-
ary or nonstationary. If a variable contains a unit root, it im-
plies an important implication for econometric theory. For
instance, through understanding the stationary of an environ-
mental indicator such as the ecological footprint, we can know
the shocks to the pollutions resulting from better adoption of
environment technologies (Solarin and Bello 2018). In addi-
tion, knowing the stationary properties of an environmental
indicator allows us to check the EKC hypothesis, because the
existence of EKC relies on the stationary properties of each
variables used in research. For the purposes and a panel data
setting in this study, following the specification of Pesaran
(2007), the panel data model for checking the existence of
the unit root is as follows:

yt ¼ 1−ρð Þμþ ρyt−1 þ et t ¼ 1;⋯;T ð1Þ
where yt = (y1t,⋯, ynt)

′, yt − 1 = (y1t − 1,⋯, ynt − 1)
′, et = (e1t,⋯,

ent)
′, yt denote each of the variables we analyzed in this study,

and et distributed with mean zero and covariance Ωt. As the
setting of Eq. (1), we apply two heteroscedasticity-robust
tests: the white-type test of Herwartz and Siedenburg (2008)
and the white-type Cauchy test of Demetrescu and Hanck
(2012) to address the stationary or not. Both tests are robust
to heteroscedasticity, and the first test is robust to cross-
sectional dependence.

tHS ¼
∑
T

t¼1
y
0
t−1Δytffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

∑
T

t¼1
y0
t−1betbe

0

tyt−1

s t ¼ 1;⋯;T ð2Þ

tDH ¼
∑
T

t¼1
sgn yt−1ð Þ0Δytffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

∑
T

t¼1
sgn yt−1ð Þ0betbe

0

tsgn yt−1ð Þ
s t ¼ 1;⋯;T ð3Þ
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where tHS is the test statistic of Herwartz and Siedenburg
(2008), tDH denotes the test statistic of Demetrescu and
Hanck (2012), and sgn(.) represents the sign function. In lit-
erature, both tHS and tDH can be applied to the panel unit root
test even if the error term is heteroscedasticity. If the tHS or tDH
exceeds the critical value, thenH0 : ρ = 1 is rejected against an
alternative hypothesis (H1 : ρ < 1) of a stationary process.

Panel cointegration test

As a next step, this study is to verify for the absence of
cointegration. According to the econometric theory, if there
exists a cointegration relationship, those variables may have
long-run equilibrium; in other words, the variables including
ecological footprint, real income, trade openness, and energy
consumption may have long-run equilibrium; they move con-
temporaneously, and various governments could provide en-
vironmental policies to resist environmental degradation. In
order to investigate the relationship between ecological foot-
print, real income, trade openness, and energy consumption in
13 Asian countries, this study specified the following model:

EFit ¼ β0 þ β1GDPit þ β2TRDit þ β3EUit þ εit ð4Þ
where EFit is the ecological footprint per capita, GDPit is the
real income per capita, and TRDit is trade to GDP, and EUit

represents energy consumption per capita. All variables rep-
resent the natural log form. The parameters in equation (4)
from β1 to β3 stand for the long-run effect of ecological foot-
print per capita with respect to real income, trade openness,
and energy consumption, respectively.

With regard to the expected signs in Eq. (4), one would
think that the sign of β1 is expected to be positive. The reason
of expected signs of β1 is similar with the definition of the
EKC hypothesis; initially, pursuing economic development
brings both higher income and pollutants and then eventually
increases environmental awareness and reduces pollution by
environmentalist initiative or social pressure. The sign of
β2was expected to be positive because an increase in trade
openness will lead to high pollution, and because the dirty
industry immigrates to the countries with loose environmental
regulations (Halicioglu 2012). The sign of β3 was expected to
be positive because an increase in energy consumption will
result in environmental degradation (Charfeddine and Mrabet
2017).

Several studies have assessed the link among ecological
footprint, real income, trade openness, energy consumption,
and other determinants by exploring panel econometric
models such as Pedroni’s panel cointegration test (Uddin
et al. 2017), dynamic generalized method of moments (Al-
mulali et al. 2015b; Ozturk et al. 2016), and the cointegration
tests of Gregory and Hansen (Mrabet and Alsamara 2017)
which assume the presence of structural breaks, (Westerlund

and Edgerton 2008) panel cointegration applied by Ulucak
and Bilgili (2018) which consider common factors as a cross
sectional dependence. This study conducts the panel variance-
ratio test of Westerlund (2005) (hereafter VR) on our panel
dataset. The features and merits of the VR test include simple
and allowance of short-run dynamics and temporal dependen-
cies. According to the VR test designed byWesterlund (2005),
it follows two steps to obtain the test statistic: First, using
ordinary least squares to estimate Eq. (4), getting the estimated
residuals (bei;t ) from Eq. (4) and then fitting the following
autoregression:

bei;t ¼ ρbei;t−1 þ vi;t ð5Þ

where ρ is the AR parameter and vi, t is a stationary error
term. Second, the group mean and panel variance-ratio statis-
tics are derived from

VRG ¼ ∑
N

i¼1
∑
T

t¼1

bE2

i;t
bR−1

i and VRP ¼ ∑
N

i¼1
∑
T

t¼1

bE2

i;t ∑
N

i¼1

bRi

� �−1

; ð6Þ

in which bEi;t ¼ ∑
t

j¼1
beij and bRi ¼ ∑

T

t¼1
be2i;t, respectively. This test

has a common null hypothesis of no cointegration. The two
alternative hypotheses of the VR test are that the series in
some of the panels (group-mean statistic) are cointegratied
and all series in the panel (panel statistic) are cointegrated,
respectively. The test results will be shown in the next section.

Common correlated effects mean group (CCEMG)
estimators

According to Pesaran (2006), the CCEMG estimators are ad-
vantageous because they are robust to cross-sectional reliance
and slope heterogeneity. I revised the description on page 9. It
reads as follows: “The empirical model is expressed as:

yi;t ¼ α
0
idt þ β

0
ixi;t þ ui;t ð7Þ

ui;t ¼ wi1 f 1;t þ wi2 f 2t þ…þ wim f mt þ eit ¼ w
0
i f t þ eit ð8Þ

where xi, t stands for the regressors on the ith cross-
sectional countries at time t. dt signifies the common effects.
ft = (f1, t, f2t,…fmt) and wi = (wi1,wi2,…wim) represents the
common factors and factor loadings, respectively. eit is the
error term which could be cross-sectionally weakly depen-
dent. Pesaran (2006) shows that Eq. (7) can be estimated by
approximating the unobserved common variables with cross-
section means of the explained variables yi;t and xi;t.

2 The

following auxiliary regression must be estimated:

yi;t ¼ βi xi;t þ cixi;t þ ϑiyi;t þ ui;t: ð9Þ

2 yi;t ¼ 1
N ∑

N

i¼1
yi;t and xi;t ¼ 1

N ∑
N

i¼1
xi;t
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Based on above equation, the common correlated effect

estimators bβi;CCE are expressed as

bβi;CCE ¼ X
0
iDX i

� �−1
X

0
iDY i; ð10Þ

where Xi = (xi1, xi2,…, xjT)
′, Yi = (yi1, yi2,…, yjT)

′,

D ¼ I t−M M
0
M

� �−1
M

0
, M ¼ D; Z

� �
, D and Z are the ma-

trices of observations on dt and Zit ¼ ðyi;t; xi;t ). The CCEMG

estimators are expressed as:

bβi;CCEMG ¼ 1

N
∑
N

i¼1

bβi;CCE ð11Þ

Pesaran shows that under some general conditions,
bβi;CCEMG is asymptotically unbiased for β and as (N, T)→∞.

Pooled mean group regression

If the panel cointegration test confirms a cointegrating re-
lationship between the variables, this study will then apply
the pooled mean group regression method to estimate the
long-run and short-run effects and adjustment speeds in
our sample. The empirical model is expressed in Eq. (4).
It may be reparameterized into the error correction equa-
tion as:

Δyi;t ¼ φi yi;t−1−θ
0
ixi;t

� �
þ ∑

p−1

j¼1
bijΔyi;t−1 þ ∑

p−1

j¼1
a

0
ijΔxi;t− j

þ μi þ ei;t ð12Þ

where j = 1, 2, …, p − 1, φi represents the error-correcting
speed of adjustment term. If φi = 0, then there is no long-run
relationship. φi is expected to be negative under the assump-
tion that the variables show a return to long-run equilibrium.
bij and aij are short-run coefficients. θi represents long-run
coefficients. μi and eit denote country-specific fixed effects
and time variant effects, respectively. Finally, this study fol-
lows the econometric procedures of Pesaran et al. (1999) and
Blackburne and Frank (2007) in estimating the parameters.

The empirical results will be discussed in the next section.

Panel causality test

When the long-run cointegration relationship exists, it implies
the existence of Granger causality. As causality analysis
Granger developed, the following step should examine the
direction of the causality relationship between the variables.
Therefore, we test the Granger causality among ecological
footprint, real income, trade openness, and energy consump-
tion. This study applies the panel causality test introduced by
Dumitrescu and Hurlin (2012). The panel data model is

considered as follows:

yi;t ¼ αi þ ∑
K

k¼0
γ kð Þ
i yi;t−k þ ∑

K

k¼1
β kð Þ
i xi;t−k þ ϵi;t ð13Þ

where K denotes the lag length; x and y represent each
variable under consideration, variables observed for N indi-
viduals in T periods in our model; αi are fixed individual

effects; γ kð Þ
i denotes autoregressive parameters; and β kð Þ

i are
regression coefficients varied across countries. The homoge-
neous non-Causality hypothesis and its null are defined as:

H0 : βi ¼ 0;∀i ¼ 1;…;N with βi ¼ β1
i ;β

2
i…β kð Þ

i

� �
ð14Þ

H1 : βi≠0;∀i ¼ 1;…;N ð15Þ
βi≠0;∀i ¼ N1 þ 1;N1 þ 2…;N ð16Þ

Dumitrescu and Hurlin (2012) proposed the average statis-

ticWHNC
NT ¼ 1

N ∑
N

i¼1
Wi;t, andWi, t includes individual Wald sta-

tistical values for the each country. Under the null hypothesis
of non-causality, each individual Wald statistic converges to a
chi-squared distribution. The average statistic (WHNC

NT ) has an
asymptotic distribution associated with the null hypothesis.

The standardized test statistic ZHNC
NT for T, N→∞ is as fol-

lows:

ZHNC
NT ¼

ffiffiffiffiffiffiffi
N
2K

r
WHNC

NT −K
� �

→N 0; 1ð Þ ð17Þ

For fixed T samples, the standardized test statistic ZHNC
NT is

as follows:

ZHNC
NT ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
N
2K

� T−2K−5
T−K−3

r
� T−2K−3

T−2K−1
WHNC

NT −K
	 


→N 0; 1ð Þ

ð18Þ

Data

The data set is a balanced panel of 13 Asian countries and
covers the period from 1973 to 2014. The dimensions of the
panel data set are selected to include as many countries as
possible with a reasonable time length of observations. The
Asian countries contained in the sample are Bangladesh,
China, Japan, South Korea, Malaysia, Nepal, Pakistan,
Thailand, Turkey, Sri Lanka, the Philippines, Singapore, and
India. The ecological footprint per capita is taken from the
Global Footprint Network [49]. The real income per capita
is measured using real GDP per capita (constant 2000 US
dollars). The trade openness is measured by the sum of exports
and imports of goods and services to GDP. The energy con-
sumption per capita is measured by energy use (kg of oil
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equivalent per capita). The real income per capita, trade
openness, and energy consumption are obtained from the
World Development Indicator of the World Bank (2013) on-
line data base. Table 2 shows the descriptive statistics of the
five variables for all countries. For convenience, we also
sketch the time series plots of real income, energy consump-
tion, and trade openness reported in Fig. 1 and the time series
diagrams of ecological footprint in Fig. 2 for all countries
showing the plots of ecological footprint. As we expected in
Fig. 1, the time series data among energy consumption, real
income, and trade openness tend tomove together across time.
This result is consistent with past empirical research and re-
veals that those variables have long-run links and deserve to
be studied. Figure 2 shows the time variation for each country,
displaying the fact that the ecological footprint increases over
time except in the Philippines and Nepal. That is, the slope of
ecological footprint curve is positive and a threat of environ-
ment exists. After reading Figs. 1 and 2, we think that the
relationship between those variables is worth exploring.

Empirical results and discussion

Based on Eq. (1), this study utilized the white-type test of
Herwartz and Siedenburg (2008) (tHS) and the white-type
Cauchy test of Demetrescu and Hanck (2012) test (tDH) to test
the stationarity of the various variables. The traditional unit
root test such as the Levin et al. (2002), and the Im et al.
(2003) can generate biased and spurious results by reason of
their inability to account for heteroscedasticity or cross-
sectional dependence. Compared with the traditional panel
unit root test, those two tests are robust to heteroscedasticity
and cross-sectional dependence. The results of the unit root
test are reported in Table 3. Both tHS and tDH in Table 3 do not
exceed critical value in levels but significantly surpass critical
value in first differences. Thus, all variables used in this study
are nonstationary and integrated of order 1 (i.e., I(1)), so we
will explore whether the five variables are cointegrated in this
section. The nonstationary conclusion of ecological footprint
is in accordance with previous evidence of the persistence of
policy shocks to ecological footprint. For example, Ulucak
and Lin (2017) found that ecological footprint is nonstationary
in the USA, whereas Solarin and Bello et al. (2018) also point
out that the 96 of 128 countries are nonstationary for ecolog-
ical footprint in 128 developed and developing countries. The
results suggest that government policies affecting the ecolog-
ical footprint have long-term effects.

Turning to the panel cointegration tests, this study finds,
based on Eq. (4) under the alternative hypothesis, that all
series in the panel are cointegrated and the panel VR statistic
(VRP) rejects the null hypothesis of no cointegration at a 10%

Fig. 1 Time series plots of GDP,
energy consumption, and trade
openness

Table 2 Descriptive statistics

Mean Std. Dev. Minimum Maximum

EF 0.52 0.77 −0.77 2.14

GDP 7.84 1.50 5.54 10.86

GDP2 63.73 24.49 30.65 118.02

TRD 3.94 0.85 2.08 6.09

EU 6.65 1.03 4.53 8.91
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statistically significant level. This implies that all panels are
cointegrated. Regarding to the mean group variance-ratio tests
(VRG), used to test the null hypothesis of no cointegration
against the alternative hypothesis that some panels are
cointegrated under the framework of Westerlund (2005),
VRG indicates that it rejects the null hypothesis of no
cointegration among ecological footprint, real income, trade,
and energy consumption in favor of the alternative that at least
some panels are cointegrated at a 1% statistically significant
level. The test results are reported in Table 4. Those findings in
cointegration tests reveal that a long-run equilibrium exists
among these macroeconomic variables and the environmental
variable (ecological footprint). Knowing of their relations
helps us to estimate and establish environmental policy.
Based on the previous studies which use ecological footprint
as an indicator of environmental degradation, Ozturk et al.

(2016) found that there is a cointegration relationship among
ecological footprint, GDP from tourism, trade openness and
urbanization. In the case of Malaysia, Bello et al. (2018) also
probed and proved the long-run relationships among ecolog-
ical footprint, GDP, and urbanization. Other similar results
from Uddin et al. (2017), Ulucak and Bilgili (2018), and
Aşici and Acar (2016) also checked and confirmed the long-
run relationship between ecological footprint and other control
variables. The results in this study also clarified the long-run
relationship between ecological footprint, real income, trade
openness, and energy consumption.

Based on Eq. (7), the CCEMG estimation results of this
study are reported in Table 5. For the relationship between real
income and ecological footprint, this study found that a 1%
increase in real income increases the ecological footprint by
0.57. That is, when real income increases, the ecological foot-
print rises. However, the nexus of trade openness and ecolog-
ical footprint is not significant and is quite weak. This result is
consistent with past evidence in the field of CO2 emissions
and GDP (Lean and Smyth 2010; Saboori and Sulaiman

Table 3 Panel unit root heteroscedasticity-robust test results

Level First difference

tHS tDH tHS tDH

EF 1.11 2.12 −1.66∗ −1.77∗∗

GDP 0.88 1.01 −2.04∗∗ −1.99∗∗

GDP2 0.94 1.16 −2.01∗∗ −1.61∗

TRD 0.52 1.09 −3.01∗ ∗ ∗ −3.48∗ ∗ ∗

EU 1.04 2.11 −2.33∗ ∗ ∗ −2.08∗∗

“***”, “**”, and “*” indicate significance at the P < 0.01 level, P < 0.05
level, and P < 0.01 level, respectively

Table 4 Variance ratio
tests for panel
cointegration

Statistic P value

VRG −2.24∗ ∗ ∗ 0.007

VRP −1.31∗ 0.091

Note: “***”, “**”, and “*” indicate signif-
icance at the P < 0.01 level,

P < 0.05 level and P < 0.01 level ,
respectively

Fig. 2 Time series plots of
ecological footprint
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2013). For the use of the ecological footprint as an environ-
mental indicator, the GPD-ecological footprint nexus of this
study can be compared with the previous studies of high-in-
come, middle-income, and low-income countries (Ulucak and
Bilgili 2018), including Pakistan (Hassan et al. 2019) and
Malaysia (Bello et al. 2018). It partly supports the EKC hy-
pothesis as discussed in Aşici and Acar (2016), Charfeddine
and Mrabet (2017), and Solarin and Bello (2018). The impact
of energy consumption on ecological footprint is significant.
A 1% increase in energy consumption increased the ecologi-
cal footprint by 0.34%. The changes in energy consumption
affecting the ecological footprint have the same sign but a
different magnitude, as other scholars have found, including
Al-mulali et al. (2015b) and Charfeddine and Mrabet (2017).
Energy consumption is an important source of environmental
damage. Trade does not have material effect on ecological
footprint and its coefficient is estimated by −0.01. The impact
of trade openness on ecological footprint is not noticeable.
Because trade openness does not hurt the environment,
policymakers should provide regulatory policies for energy
use that address environmental needs.

Based on Eq. (12), the pooled mean group regression
(PMG estimators) are listed in Table 6. The findings indicate
that a 1% rise in GDP causes a 0.16% increase in ecological
footprint in the long run. However, there is a significantly
negative relationship between trade and ecological footprint

in the long run. A 1% increase in trade will cause a 0.07% fall
in ecological footprint. The long-run coefficient between en-
ergy consumption and energy use is 0.51. This means that a
1% increase will cause 0.51% rise in ecological footprint in
the long run. The coefficient of the error correction term is
−0.32, which is statistically significant at the 1% level. This
means that a deviation from the long-run equilibrium is
corrected by 32% each year, and the convergence process
reasonably exists in the target region. For the short-run evi-
dence, the effect of GDP on ecological footprint is significant-
ly positive. Therefore, GDP has an important influence in both
the short run and the long run. Both trade and energy con-
sumption have significantly positive effects on ecological
footprint in the short run. Since control of energy use remains
important for environmental protection, policy makers should
create regulatory policies for energy use. This result is similar
with the past evidence in the field of CO2 emissions and GDP
(Lean and Smyth 2010; Saboori and Sulaiman 2013).
Regarding using ecological footprint as an environmental in-
dicator, the EKC hypothesis is confirmed as including high-
income, middle-income, and low-income countries (Ulucak
and Bilgili 2018); Pakistan (Hassan et al. 2019); Malaysia
(Bello et al. 2018); and partly support EKC hypothesis, in-
cluding Aşici and Acar (2016), Charfeddine and Mrabet
(2017), and Solarin and Bello et al. (2018). The changes in
energy consumption affecting the ecological footprint have
the same sign but a different magnitude as the other scholars
found, by Al-mulali et al. (2015b) and Charfeddine and
Mrabet (2017). Energy consumption is an important source
for environmental damage. Finally, the impact of trade open-
ness on ecological footprint seems not to be noticeable. Trade
openness does not hurt the environment and the policymaker
should directly provide a regulation policy in energy use.

The results of the Dumitrescu-Hurlin panel causality test
across all countries are revealed in Table 7. It’s not surprising
that a bidirectional causal relationship was found between
ecological footprint and real income. Two bidirectional causal
relationships were also found between energy consumption
and ecological footprint and between trade openness and eco-
logical footprint. The existence of those bidirectional causal
relationships also confirms the results of the panel
cointegration test and is consistent with the previous literature,
although most of the studies in the literature have used carbon
emissions (CO2) as the environmental index. Additionally,
there exist three unidirectional causal relationships running
from income to trade openness, from income to energy con-
sumption, and from trade openness to energy consumption.
As discussed in the energy economic literature, income (GDP)
is highly connected with trade openness and energy consump-
tion. It goes without saying that most of the countries in our
sample are developing countries and their economic growth
relies on energy consumption and trade openness.While those
countries experienced rapid growth and an increase in GDP,

Table 6 Results from PMG estimation

Variables Coefficient Standard error

Long-run coefficients

GDP 0.16∗ ∗ ∗ 0.01

TRD −0.07∗ ∗ ∗ 0.01

EU 0.51∗ ∗ ∗ 0.02

Error correction coefficient −0.32∗ ∗ ∗ 0.06

Short-run coefficients

ΔGDP 0.39∗ ∗ ∗ 0.16

ΔTRD 0.04∗∗ 0.02

ΔEU 0.26∗ ∗ ∗ 0.09

“***”, “**”, and “*” indicate significance at the P < 0.01 level, P < 0.05
level, and P < 0.01 level, respectively

Table 5 CCEMG
estimation results Variables Coefficient t-

statistic

GDP 0.57∗ ∗ ∗ 2.71

TRD −0.01 −0.39
EU 0.34∗ ∗ ∗ 2.66

“***”, “**”, “*” indicate significance at
the P < 0.01 level, P < 0.05 level, and
P < 0.01 level, respectively
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more foreign investment will be introduced in domestic pro-
duction. Finally, the continual increase in the income and trade
openness has led to the increasing demand of energy
consumption.

Conclusion and policy implications

Most of the researches have focused on the relationship
among carbon emissions, real income, trade openness, and
energy consumption over the last few decades. The interest
here does not utilize carbon emissions as an index of environ-
mental degradation because many scholars have become
alerted that carbon emissions is a small portion of environ-
mental degradation. Instead, this study introduced the ecolog-
ical footprint as an environmental degradation to investigate
the long-run link among real income, trade openness, energy
consumption and ecological footprint based on the framework
of EKC hypothesis. The results from our empirical analysis
have drawn the following conclusion:

& The empirical results show that the existence of long-run
cointegration among the variables because of the variance-
ratio (VR) test of Westerlund (2005).

& Long-run estimates reveal that real income have an signif-
icantly positive impact on the ecological footprint.
Moreover, the trade openness has a negative effect on
ecological footprint, and energy consumption has a posi-
tive impact on ecological footprint. Energy consumption
is an important source of environment degradation, but
trade openness is not. Those results recommended that
countries have to improve energy efficiency and saving,

and reduce the energy consumption to sustain the ecolog-
ical system.

& Not surprisingly, three bidirectional causal relationships
were found between ecological footprint and real income;
between energy consumption and ecological footprint; and
between trade openness and ecological footprint. Granger
causality results indicate the existence of a unidirectional
causality running from real income to trade openness; from
real income to energy consumption; and from trade open-
ness to energy consumption. Those causal relationships
show that economic indicators interrelate with ecological
footprint. When governments make economic policy, the
environmental regulation needs to be taken into account.

Through the above-mentioned empirical findings, this
study provides following policy implications: first, heavy pol-
lution, global warming, and climate change are increasingly
serious and policymakers should enact urgent strategies to
address these problems. Second, the ecological footprint rep-
resents the exhaustion of forests, water, fresh air, and other
resources. Consideration of ecological footprint will give us
a broader prospective for investigation of environmental
needs. Third, the environment-GDP-energy nexus is an im-
portant issue for every country. Understanding their relation-
ships can help us generate novel ideas for environmental and
energy policies. The results of this study are robust and offer
several important policy implications.

1. Since GDP growth increases the ecological footprint and
reduces environmental quality, national energy plans
should focus on improving energy efficiency, enhancing
environmental regulation, and exploiting renewable and
sustainable energy to facilitate economic growth.

Table 7 Panel Granger causality results

Direction of causality WHNC
NT ZHNC

NT P − value

EF→GDP 4.30∗ ∗ ∗ 3.49∗ ∗ ∗ 0.001

GDP→ EF 7.32∗ ∗ ∗ 8.33∗ ∗ ∗ 0.000

EF→ EU 3.24∗ 1.79∗ 0.073

EU→ EF 6.33∗ ∗ ∗ 6.73∗ ∗ ∗ 0.000

EF→ TRD 3.87∗ ∗ ∗ 2.79∗ ∗ ∗ 0.005

TRD→ EF 6.60∗ ∗ ∗ 7.16∗ ∗ ∗ 0.000

GDP→ TRD 4.25∗ ∗ ∗ 3.40∗ ∗ ∗ 0.001

TRD→GDP 2.96 1.34 0.179

EU→GDP 2.05 0.12 0.903

GDP→ EU 4.17∗ ∗ ∗ 3.29∗ ∗ ∗ 0.001

EU→ TRD 3.01 1.42 0.155

TRD→ EU 5.91∗ ∗ ∗ 6.06∗ ∗ ∗ 0.000

1. “X→Y” indicates that there is a causality running from X to Y

2. “***”, “**”, and “*” indicate significance at the P < 0.01 level, P < 0.05 level, and P < 0.01 level, respectively

3. All lag lengths selected automatically on the criterion of the AIC
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2. Since production and consumption consume more physi-
cal resources and reduce environmental quality, resource
utilization must change. Instead of fossil energy, we need
use energy from sustainable resources (such as wind and
solar). Successful experiences of alternative energy must
be transplanted to home countries to reduce the failure rate
of new energy resource development.

The pollution haven hypothesis contends that weak envi-
ronmental policies attract pollution-intensive industries from
advanced (developed) countries to poor (developing) coun-
tries. The richer countries tend to externalize ecological dam-
age by outsourcing dirty production to poor countries. The
trade-ecological footprint relationship has different signs for
the long-run and short-run effects. This study finds insuffi-
cient evidence to support the pollution haven hypothesis.
Policies that lead to environmental protection and at the same
time raise energy efficiency and renewable energy investment
can reduce such critiques of globalization.

This study recommends that the various governments
should plan to improve energy efficiency, enhance environ-
mental regulations, and exploit renewable and sustainable
fuels because those solutions could be a good project to de-
crease pollution and subsequently improve the ecological en-
vironment. Another way is to transplant the successful expe-
rience of alternative energy to home country to reduce the
failure opportunities of developing new energy sources.
Besides pollution prevention, efficient energy saving and re-
newable energy investment projects not only bring the growth
of its own economic development without environmental
damage but also reduce the protests against the rise in
pollution.
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