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Abstract
A great majority of the environmental Kuznets curve (EKC) literature use CO2 emissions to proxy for environmental degrada-
tion. However, this is an important shortage in application of the EKC concept because environmental degradation cannot be
captured by CO2 emissions only. By using a broader proxy, ecological footprint, this study aims to investigate the presence of
environmental Kuznets curve hypothesis for the EU countries. The annual data from 1980 to 2013 is examined with second
generation panel data methodologies which take into account the cross-sectional dependence among countries. The results show
that there is U-shaped relationship between the real income and ecological footprint. In addition, non-renewable energy increases
the environmental degradation while renewable energy and trade openness decrease the environmental degradation in the EU
countries. Policy implications are further discussed.
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Introduction

The environmental Kuznets curve (EKC) hypothesis claims
that there is an inverted U-shaped relationship between envi-
ronmental degradation and economic growth. This relationship
implies that initial stage of economic growth and development
make environmental quality worse, and after per capita income
reaches a threshold, economic growth and development en-
hance environmental quality (Grossman and Krueger 1991,
1995). It, hence, implies that environmental degradation first
rises and later falls with increasing development. According to

Grossman and Krueger (1995), there are three contributing
causes behind the shape of the EKC. First one is scale effect
which is first stage of the curve that the environment gradually
deteriorates since economic growth needs more resource and
sparks off more waste and pollution. As economy grows, how-
ever, its structure starts to change from energy intensive indus-
try to services and technology intensive industries. Besides, as
technology advances, it reverses polluting production process
which also uses more resource, and obsolete technologies are
replaced by upgraded new and cleaner technology. These prob-
able positive effects of economic growth on environmental
quality are named composition and technique effects respective-
ly. The composition and technique effects are also supported by
individual preferences (Selden and Song 1995; McConnell
1997). These preferences crop out with the environmental
awareness. This awareness leads people to increase their de-
mand for eco-friendly goods and services. Thereby people can
achieve a higher standard of living and can care more about the
quality of environment they live in (Dinda 2004). Additionally,
one argument claims that the income elasticity of the environ-
ment is greater than one. This means that the demand for clean
environment will increase by more than 1% as income rises by
1% (Baldwin 1994). As a natural consequence of these argu-
ments, main policy recommendation for a decent environment
is to increase the economic growth and to become rich as stated
by Beckerman (1992). If this mechanism really works, policy
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makers should not be concerned that economic growth is driv-
ing force of environmental improvements. From this point of
view, a large number of studies have been carried out to test the
EKC hypothesis for different countries and country groups, and
a large part of these studies verify the existence of the EKC
hypothesis (Apergis and Ozturk 2015; Hao et al. 2016;Wang et
al. 2016; Bilgili et al. 2016; Charfeddine and Mrabet 2017;
Mrabet and Alsamara 2017; Pablo-Romero et al. 2017;
Álvarez-Herránz et al. 2018; Shahbaz et al. 2017; El
Montasser et al. 2018; Balsalobre-Lorente et al. 2018; Sinha
and Shahbaz 2018; Aslan et al. 2018).

The most important question thus is not whether the anal-
ysis of the EKC hypothesis is necessary—to that it seems
there is an overall consensus in society—but Bwhat should
be used to proxy for environmental pollution?^ A great ma-
jority of the EKC literature use CO2 emissions to represent
environmental degradation. Indeed, this is an important
shortage in application of the EKC concept because environ-
mental degradation cannot be captured by CO2 emissions
only. There are also other parts of the environmental degra-
dation such as degradation in soil stock, forestry stock, min-
ing stock, oil stock, and so forth. Additionally, CO2 emis-
sions may really decrease owing to technological innova-
tions or stringent environmental regulations made by gov-
ernmentswhile aggregatewaste andpollution level increases
(Stern 2014). Hence, the inverted-U relationship might be
valid for emissions of pollutants, but might not be valid for
resource stocks (Arrow et al. 1995). So, results may be mis-
leading policy makers when CO2 emissions is solely used to
proxy for environmental degradation.Therefore, researchers
should use an inclusive environmental variable to obtain
more dependable results.

Ecological footprint developed by Wachernagel and Rees
(1996) can potentially be more appropriate representative for
the environment. It is the sum of six subcomponents (crop-
land, grazing land, fishing grounds, forest land, built-up land,
and carbon footprint (see Lin et al. 2016 for details) and in-
cludes in any case CO2 emissions within the carbon footprint.
The ecological footprint answers the question of how much of
the regenerative biological capacity of the planet is demanded
by given human activities like resources consumption and
goods and services production (Kitzes and Wackernagel
2009). It also helps highlighting direct and indirect impacts
of production and consumption activities on the environment
(McDonald and Patterson 2004). Conceptually, it can be de-
scribed as the pressure of human activities on the nature
(Bartelmus 2008). According to Costanza (2000), it has been
widely praised and is an effective heuristic and comprehensi-
ble device for considering total resource consumption. It can
be used to forecast natural resource consumption limits, inter-
national distribution of world resources, and sustainability of
resource consumption in the world (Borucke et al. 2013).
Since it is a mature aggregate indicator for analysis of human

demand on the nature, the ecological footprint has been used
as a variable of environmental degradation for the EKC anal-
ysis (Bagliani et al. 2008; Caviglia-Harris et al. 2009; Wang et
al. 2013; Al-Mulali et al. 2015; Hervieux and Darné 2015;
Aşıcı and Acar 2016; Ozturk et al. 2016; Charfeddine and
Mrabet 2017; Mrabet and Alsamara 2017; Ulucak and
Bilgili 2018).

The motivation of this paper is to investigate the EKC
hypothesis for the EU countries by using the ecological foot-
print. To the best of our knowledge, this is the first study that
analyzes the EKC hypothesis by the ecological footprint for
the EU countries. We preferred EU countries because the
European Union (EU) is considered by some to have the most
extensive environmental laws of any international organiza-
tion (Jordan and Adelle 2012). Its environmental policy is
significantly intertwined with other international and national
environmental policies (Selin and VanDeveer 2015). The en-
vironmental legislation of the European Union also has sig-
nificant effects on those of its member states. The EEA
(European Environment Agency) provides environmental in-
formation to policymakers and the public. According to EEA,
the ecological footprint is already developed and produced by
the Global Footprint Network and has matured significantly
over its 20 years of existence, both with regard to data sources
and methodology. It is of high policy relevance because it
indicates the overall resource demand of European societies
compared to resource availability in Europe. It is a powerful
tool for reaching and communicating with a wide range of
audiences to promote an understanding of how people’s activ-
ities have an impact on the environment, and to support people
in making choices to reduce this impact (EU 2018). Based on
these reasons, analyzing ecological footprint of EU countries
are preferred in this study to make practicable policy implica-
tions. Furthermore, this paper includes trade openness, renew-
able and non-renewable energy as control variables to observe
their effects on the environment. The rest of the paper is or-
ganized as follows: BLiterature review^ section summarizes
the EKC literature made for European countries. Later, data
andmethodologies are introduced in BData andmethodology^
section and empirical results are presented in BEmpirical
results^ section. Finally, the paper is completed with conclu-
sion and policy implications in BConclusions and policy
implications^ section.

Literature review

The EKC hypothesis has been tested for either EU member or
European countries using different econometric techniques
and variables by many studies so far. However, it is difficult
to say that there is a consensus about that economic growth
helps to ameliorate environmental quality as claimed by the
EKC hypothesis. Some verifies the EKC relationship for the
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EU or European countries (e.g., Markandya et al. 2006;
Vehmas et al. 2007; Coondoo and Dinda 2008; Lee et al.
2010; Donfouet et al. 2013; Rafaj et al. 2014; López-
Menéndez et al. 2014; Arbulú et al. 2015; Kasman and
Duman 2015; Al-Mulali et al. 2016b; Dogan and Seker
2016; Ahmed et al. 2016; Pablo-Romero et al. 2017) and some
does not (e.g., Mazzanti 2008; Mazzanti and Zoboli 2009;
Marrero 2010; Acaravci and Ozturk 2010; Lapinskienė et al.
2014; Bölük and Mert 2014; Abid 2017). These studies may
differ from each other in terms of environmental variable as
well as methodology and data set and control variables. In
their analyses, air pollutants, e.g., CO2, SO2, NOx GHG, water
pollution, solid wastes, oil, gas, coal, and other specific envi-
ronmental indicators are used to represent the environment.
CO2 is the most common used one among these variables
as it is in many EKC studies made for different country

or groups. Table 1 briefly summarizes the studies made
for EU and European countries by author, period, coun-
try, method, and environmental variable used in the
analysis and result.

As seen from Table 1, each environmental variable used for
the EKC analysis represents only a small portion of
total environmental damage. We could not reach any
paper that directly analyzes the EKC using the ecolog-
ical footprint for the EU or European countries.
However, Holm and Englund (2009) examines the dis-
crepancy between the potential decrease of use of natu-
ral resources for the USA and six West European coun-
tries comparatively. They analyze IPAT equation that can
be commented as a basis for a description of human
impact on the ecosystems and mention that the exis-
tence of an environmental Kuznets curve is not verified.

Table 1 Summary literature review of EKC

Author/s Period Country Method Environmental
variable/s

EKC relationship

Markandya et al. (2006) 1870–2001 EU12 Panel FE, panel RE SO2 Yes

Vehmas et al. (2007) 1980–2000 EU15 Linking analysis DMF Yes

Mazzanti (2008) 1997–2001,
1995–2000

EU15, EU28 Panel FE, panel RE PW, MW No

Coondoo and Dinda (2008) 1960–1990 Europe and other
regions

Panel FE, panel RE CO2 Yes for Europe

Mazzanti and Zoboli (2009) 1995–2005 EU25 Panel FE Wastes No

Marrero (2010) 1990–2006 EU27 Panel GMM GHG No

Acaravci and Ozturk (2010) 1960–2005 EU19 ARDL CO2 No

Lee et al. (2010) 1980–2001 Europe and other
regions

Panel GMM Water pollution Yes

Donfouet et al. (2013) 1961–2009 41 European countries Panel GMM and
spatial panel

CO2 Yes

Rafaj et al. (2014) 1960–2010 39 European countries Index decomposition
analysis

CO2 SO2 NOx Yes

Lapinskienė et al. (2014) 1995–2010 EU27 OLS GHG Mixed results

López-Menéndez et al. (2014) 1996–2010 EU27 Panel FE, panel RE CO2 Yes

Bölük and Mert (2014) 1990–2008 EU16 Panel FE, panel RE CO2 No

Arbulú et al. (2015) 1997–2010 32 European countries Panel FE Municipal wastes Yes

Kasman and Duman (2015) 1992–2010 EU15 Panel FMOLS CO2 Yes

Menegaki and Tsagarakis (2015) 1990–2010 33 EU member and
candidates

Panel RE and GMM RES, oil, gas, coal Yes for RES and oil;
no for gas and coal

Al-Mulali et al. (2016a) 1980–2010 Central, East, and
West Europe

Panel DOLS CO2 Yes

Dogan and Seker (2016) 1980–2012 EU15 Panel DOLS CO2 Yes

Ahmed et al. (2016) 1980–2010 24 European countries Panel ARDL CO2 Yes

Khan et al. (2016) 2000–2013 9 European countries Panel GMM PFC, ED, RD Yes for ED and RD;
no for PFC

Pablo-Romero et al. (2017) 1995–2009 EU27 Panel RE EC Yes

Abid (2017) 1990–2011 41 European countries Panel GMM CO2 No

Pablo-Romero and Sanchez-Braza (2017) 1990–2013 EU28 FGLS REC Yes

PW packaging wastes, MW municipal wastes, DMF direct material flows, PFC per fluorocarbons, ED energy depletion, RD resource depletion, GHG
greenhouse gases, EC energy consumption, RES renewable energy sources, REC residential energy consumption
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The IPAT is the form of an equation combining envi-
ronmental impact (I) with population size (P), affluence
(A, per capita consumption or production), and technol-
ogy (T) known as I = PAT (Fan et al. 2006).

Contrary to most of the aforementioned studies that use
CO2, SO2, NOx, waste or any specific and limited variable
for environmental degradation, there is a growing body of
research utilizing the ecological footprint as an indicator of
environmental degradation. Table 2 exhibits the limited num-
ber of studies in the relevant literature following the ecological
footprint as an environmental indicator for estimating the
EKC hypothesis. Aşıcı and Acar (2016), Charfeddine
and Mrabet (2017), Mrabet and Alsamara (2017),
Ulucak and Bilgili (2018) find evidence for the EKC
while Bagliani et al. (2008), Caviglia-Harris et al.
(2009), Wang et al. (2013), Hervieux and Darné
(2015) and Al-Mulali et al. (2016a) could not find ev-
idence for the EKC. The other two studies find similar
results. Their results confirm the EKC for upper-middle
and high income countries but disconfirm it for low and
lower-middle income countries. Brief details for these
studies are presented in Table 2.

Data and methodology

In order to investigate the validity of EKC hypothesis for the
ecological footprint and compare relative performances of re-
newable and non-renewable energy consumption on en-
vironmental pollution, the annual data of 1980–2013 is
examined for the 15 EU countries: Austria, Belgium,
Bulgaria, Denmark, Finland, France, Germany, Greece,
Ireland, Italy, Netherlands, Portugal, Spain, Sweden, and

the UK. The other EU countries could not be included
into our analyses since they do not have data for the
period of 1980–2013. The panel version of empirical
model is constructed as follows:

lnEFit ¼ γ0 þ γ1lnY it þ γ2lnY
2
it þ γ3lnRCit þ γ4lnNCit

þ γ5lnTRit þ μit ð1Þ

where t, i, and μit refer to time period, cross-section, and re-
sidual term respectively. In addition, lnEFit is natural log of

the ecological footprint per capita, lnYit (lnY
2
it ) is natural log of

real GDP per capita (natural log of the square of real GDP per
capita), lnRCit is natural log of renewable energy con-
sumption per capita, lnNCit is natural log of non-
renewable energy consumption per capita and lnTRit is
trade openness. The ecological footprint is measured in
the sum of cropland, grazing land, fishing grounds, for-
estland, and carbon and built-up land footprints; the real
GDP is measured in 2010 constant US dollar; renewable
and non-renewable energy consumption is measured in
Kwh and the trade openness is measured in the total trade
share in GDP. The data of real GDP and trade openness is
obtained from World Development Indicators, the data of re-
newable energy and non-renewable energy use is retrieved
from US Energy Information Administration, and the data of
the ecological footprint is downloaded from Global Footprint
Network.

Panel data methodologies which ignore the cross-sectional
dependence may lead to unreliable results due to high integra-
tion throughout the world. Therefore, we first test the exis-
tence of cross-sectional dependence among EU countries.
Breusch and Pagan (1980) developed Lagrange Multiplier

Table 2 Summary literature review of EKC using ecological footprint

Author Period Country Method Results

Bagliani et al. (2008) 2001 144 countries Cross section, OLS, weighted LS No

Caviglia-Harris et al. (2009) 1961–2000 146 countries Panel FE, 2SLS, GMM No

Wang et al. (2013) 2005 150 countries Spatial econometric approach No

Hervieux and Darné (2015) 1961–2007 7 Latin American
countries

Time series cointegration No

Aşıcı and Acar (2016) 2006 105 countries Cross-section analysis Yes

Al-Mulali et al. (2015) 1980–2008 93 countries Panel FE, GMM No for low and lower middle income,
yes for upper-middle and high income

Ozturk et al. (2016) 1988–2008 144 countries Time series GMM, S-GMM No for low and lower-middle income,
yes for upper-middle and high income

Aşıcı and Acar (2016) 2004–2008 116 countries Panel FE Yes

Al-Mulali et al. (2016b) 1980–2009 58 countries Panel FE and GMM No

Charfeddine and Mrabet (2017) 1995–2007 MENA 15 Panel FMOLS panel DOLS Yes

Mrabet and Alsamara (2017) 1980–2011 Qatar ARDL Yes

Ulucak and Bilgili (2018) 1961–2013 45 countries CUP-FM, CUP-BC Yes
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(LM hereafter) test on the purpose of examining the cross-
sectional dependence. LM test is examined with the use of
the following equation;

yit ¼ ai þ βixit þ εit for i ¼ 1…;N and t ¼ 1…;T ; ð2Þ

where i and t state respectively the cross-section dimension
and the time period. While the null hypothesis of H0 :
Cov(εit, εjt) = 0 states that there is no any dependency between
the cross-sections, the alternative hypothesis of H1 :
Cov(εit, εjt) ≠ 0 indicates the dependency between at least
one pair of cross-sections. And the computation of the LM
test is as follows;

LM ¼ T∑N−1
i¼1 ∑

N
j¼iþ1ρ̂

2

ij□χ
2
N N−1ð Þ=2 ð3Þ

where ρ̂ij is the sample of the pair-wise correlation of the

residuals from ordinary least squares estimation of Eq. 2 for
each cross section. While the LM test is suitable for panels
providing the condition of small N and sufficiently large T, for
situations where T→∞ and N→∞, the Lagrange multiplier
statistic for cross-sectional dependence (CDLM hereafter) ver-
sion developed by Pesaran (2004) is as follows;

CDLM ¼ 1

N N−1ð Þ
� �1=2

∑N−1
i¼1 ∑

N
j¼iþ1 T ρ̂

2

ij−1
� �

□N 0; 1ð Þ ð4Þ

Due to CDLM test tends to dimension failures in case of
large N and small T, Pesaran (2004) developed a more com-
prehensible test. The calculation of the new cross-sectional
dependence test (CD hereafter) is as follows;

CD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2T

N N−1ð Þ
� �s

∑N−1
i¼1 ∑

N
j¼iþ1 ρ̂ij−1

� �
□N 0; 1ð Þ ð5Þ

However, the CD test will lack power in certain situations
where the population average pair-wise correlations are zero.
Therefore, Pesaran et al. (2008), suggest a bias-adjusted test
which is a modified version of the LM test. The bias-adjusted
LM test (LMadj hereafter) is;

LMadj ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2

N N−1ð Þ
� �s

∑N−1
i¼1 ∑

N
j¼iþ1ρ̂ij

T−kð Þρ̂
2

ij−μTijffiffiffiffiffiffiffi
ν2
Tij

q □N 0; 1ð Þ

ð6Þ
where k, μTij, and ν2

Tij are the number of regressors, exact

mean, and variance of T−kð Þρ̂2ij (Pesaran et al. 2008).

In order to take into account the cross-sectional depen-
dence, we use well-known and frequently used unit root test
developed by Pesaran (2007). The computation of the cross-
sectional ADF (CADF) regression is as following:

Δyit ¼ ai þ ρiyit−1 þ βiyt−1 þ ∑k
j¼0γijΔyit−1 þ ∑k

j¼0δijyit−1 þ εit

ð7Þ
where ai is deterministic term, k is the lag order, yt is the cross-
sectional mean of time t. Following above equation, t-statistics
are obtained with the computation of individual ADF statis-
tics. Furthermore, CIPS is retrieved from the average of
CADF statistic for each i as follows;

CIPS ¼ 1

N

� �
∑N

i¼1ti N ; Tð Þ ð8Þ

The critical values ofCIPS for different deterministic terms
are given by Pesaran (2007).

To test the validity of the long-run relationship between real
income, the square of real income, renewable energy con-
sumption, non-renewable energy consumption, trade open-
ness, and ecological footprint, we utilize error correction
based cointegration method proposed by Westerlund (2007).
In testing procedure, there are four statistics (Gt, Gα, Pt, Pα) to
test the null hypothesis of no cointegration. The test can be
performed by testing the significance of the error correction
term in the constrained panel error correctionmodel. Themain
error correction model of the test can be written as follows:

ΔY it ¼ δ
0
idt þ aiY i;t−1 þ λ

0
iX i;t−1 þ ∑pi

j¼1aijΔY i;t− j

þ ∑pi
j¼−qiγijX i;t−1 þ eit ð9Þ

where dt refers to the deterministic terms; dt = 0 (no determin-
istic term), dt = 1 (with constant term), and dt = (1, t) (with
constant term and trend). Moreover, ai determines the speed
at which the system returns to the equilibrium, after an
unpredictable shock.

Empirical results

In the first step of analysis, we examine the presence of cross-
sectional dependence among countries. According to the find-
ings from Table 3, the null of cross-sectional independence is
rejected for all tests. This means a shock occurred in one of
sample country may spill over other countries. The validity of
cross-sectional dependence implies that we should using
second-generation panel tests which allow cross-sectional
dependence.

In the second step of analysis, we use augmented IPS
(CIPS) unit root test of Pesaran (2007) which allows the
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cross-sectional dependence among countries to determine the
degree of integration level of variables. The findings reported
in panel A of Table 4 show that the null hypothesis of unit root
process cannot be rejected for the level form of all variables.
However, at first differenced form, the null hypothesis is
rejected and all series become stationary. The next step should
be to investigate whether the ecological footprint, the real
income, renewable and non-renewable energy consumption,
and trade are cointegrated; or, in other words, they have a
long-run relationship.

Next, we examine the presence of long-run relationship
between variables using three cointegration tests which are
illustrated in panel B of Table 4. First, the results from ADF-
and PP-based statistics of Pedroni (1999) show that null or
having no cointegration is strongly rejected. Similarly ADF-
based statistic of Kao (1999) also rejected the null hypothesis.
Moreover, we utilized the error correction-based cointegration
test of Westerlund (2007) to check the consistency of our

findings. At a first glance, it can be seen that the results from
Westerlund’s test are quite mixed. The findings from Gα and
Pα confirm the null hypothesis while Gt and Pt statistics show
the evidence of rejection of null hypothesis which im-
plies there is no cointegration. Therefore, it is concluded
that real GDP per capita, the square of real GDP per
capita, renewable energy use per capita, non-renewable
energy use per capita, trade openness, and the ecological
footprint per capita are cointegrated. Because we find that the
analyzed variables have a long-run relationship, we should
estimate the impact of each independent indicator on
the ecological footprint.

In the next step, we examine the effect of selected explan-
atory variables on the ecological footprint for the whole panel
using with the group-mean FMOLS estimator of Pedroni
(2000) and the group-mean DOLS estimator of (Pedroni
2001). In addition, we also utilized the dynamic common
correlated effect estimator (DCCE) of Chudik and Pesaran
(2015) to consider the cross-sectional dependence among
countries. The findings from Table 5 reported that the coeffi-
cient of real income on the ecological footprint is negative and
the coefficient of the square of real income is positive for both
estimators. This result confirms the invalidity of EKC hypoth-
esis. In addition, according to the results of FMOLS estimator,
it is concluded that an increase in renewable energy use by 1%
will decrease the ecological footprint by 0.109%; an increase
in non-renewable use by 1% will increase the ecological foot-
print by 0.274% and an increase in trade openness by 1% will
decrease the ecological footprint by 0.229% for the EU coun-
tries. Similarly, based on the DOLS results, the coefficient of
real income (square of real income) is negative (positive),

Table 3 Cross-sectional dependence test results

lnEF lnY lnY2 lnRC lnNC lnTR

LM 168.424 [0.000] 1591.691 [0.000] 1510.072 [0.000] 789.026 [0.000] 818.846 [0.000] 688.279 [0.000]

CDLM 4.377 [0.000] 102.591 [0.000] 96.959 [0.000] 47.202 [0.000] 49.260 [0.000] 40.250 [0.000]

CD − 2.964 [0.002] − 3.632 [0.000] − 3.658 [0.000] − 2.496 [0.006] − 2.605 [0.005] − 3.369 [0.000]

LMadj 2.094 [0.009] 37.305 [0.000] 37.019 [0.000] 13.427 [0.000] 13.427 [0.000] 12.343 [0.000]

Numbers in brackets are p values

Table 4 Panel unit root and cointegration test results

Panel A:unit root CIPS-stat. (level) CIPS-stat. (first differences)

lnEF − 2.162 − 6.016a

lnY − 1.597 − 3.428a

lnY2 − 1.642 − 3.413a

lnRC − 2.215 − 6.193a

lnNC − 2.239 − 5.929a

lnTR − 2.065 − 4.287a

Panel B: cointegration Statistic p value

Pedroni-ADF − 3.466a 0.000

Pedroni-PP − 3.127a 0.000

Kao-ADF − 3.216a 0.000

Gt − 3.108b 0.010

Gα − 7.485 0.370

Pt − 11.393b 0.020

Pα − 8.091 0.100

Critical values for the CIPS test of Pesaran (2007) are − 2.56, − 2.64, and
− 2.81 at 10, 5, and 1% level, respectively. Pedroni-ADF, Pedroni-PP and
Kao-ADF indicate ADF-based, PP-based test of Pedroni (1999), and
ADF-based test of Kao (1999). Gt, Gα, Pt, and Pα stand for the
cointegration test of Westerlund (2007).
a, b, and c indicate the statistical significance at 1, 5, and 10%
level, respectively

Table 5 Panel mean group estimator results

MG-FMOLS MG-DOLS DCCE-MG

lnY − 10.638a [0.000] − 13.781b [0.011] − 3.760b [0.013]
lnY2 0.530a [0.000] 0.675b [0.011] 0.205a [0.009]

lnRC − 0.109a [0.000] − 0.093b [0.023] − 0.045c [0.057]
lnNC 0.274a [0.000] 0.216c [0.095] 0.162c [0.093]

lnTR − 0.229a [0.000] − 0.485a [0.000] − 0.181a [0.002]

a, b, and c indicate the statistical significance at 1, 5, and 10% level,
respectively. Numbers in brackets are p values
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therefore the U-shaped relationship is found. Dynamic OLS
estimator results also show that an increase in renewable en-
ergy use and trade openness by 1% will decrease the ecolog-
ical footprint by 0.093% and 0.485%, respectively. In addi-
tion, an increase in non-renewable energy use by 1% will
increase the ecological footprint by 0.216% in the EU coun-
tries. In case of cross-sectional dependence, obtained findings
from DCCE estimation also show that the validity of EKC
hypothesis is rejected because the U-shaped relationship exists
between real income and ecological footprint. Furthermore,
DCCE results indicate that an increase in renewable energy
usage and trade openness by 1% will decrease ecological
footprint by 0.045% and 0.181%, respectively. However, an
increase in non-renewable energy consumption will increase
ecological footprint by 0.162%.

Finally, country-specific fully modified OLS and dynamic
OLS estimator results are reported in Table 6. In case of the
findings from the FMOLS, the coefficient of real GDP (square
of real GDP) is negative (positive) and statistically significant
in Austria, Denmark, Germany, Italy, Netherlands, Portugal,
Spain, and the UK. Therefore, the U-shaped relationship be-
tween real GDP and the ecological footprint is found for these
countries. However, the inverted U-shaped EKC hypothesis is
found only for Portugal. In addition, the negative and statisti-
cally significant coefficient of renewable energy use is found
in almost all countries except Austria, Netherlands, and
Sweden. The coefficient of trade openness is also negative
and statistically significant in Denmark, Germany, Italy,
Netherlands, Portugal, and the UK. Moreover, we found
the positive coefficient of non-renewable energy use in
Austria, France, Germany, Greece, Ireland, Portugal, and
the UK. As seen in Table 6, the dynamic OLS estima-
tion results are highly consistent with the results of fully
modified OLS estimation. In case of dynamic OLS es-
timation, the U-shaped relationship between income and
the ecological footprint is confirmed for Austria,
Denmark, Finland, Germany, Italy, Netherlands, Spain,
and the UK while the inverted U-shaped relationship
is supported for France and Portugal. Additionally, the
negative coefficient of renewable energy use is valid for
10 EU countries.

To sum up, based on the mean-group results, it is
concluded that the U-shaped relationship exists between
economic growth and the ecological footprint. Contrary
to EKC hypothesis, these results mean that economic
growth sparks off environmental degradation after a
threshold although it leads degradation to decrease at
earlier process of its trend path till that threshold. In
addition, we found that increasing renewable energy
consumption (non-renewable energy consumption) de-
creases (increases) the ecological footprint. Moreover,
increasing trade openness reduces environmental degradation
in the EU countries. Ta
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Conclusions and policy implications

The purpose of this study is to examine the validity of envi-
ronmental Kuznets curve on the ecological footprint and to
compare the relative effect of renewable and non-renewable
energy consumption on environmental pollution for the period
from 1980 to 2013 in the 15 EU countries. For this purpose,
the relationship among the real income, the square of
real income, renewable energy use, non-renewable ener-
gy use, trade openness, and the ecological footprint is
investigated using with second generation panel data
methodologies which take into account the cross-
sectional dependence.

The cross-sectional dependence among countries is an ex-
pected situation because of globalization and international
agreements and empirical findings confirm that the cross-
sectional dependence is valid across the EU countries.
According to the mean group estimators, it is concluded that
there is U-shaped relationship between real income and the
ecological footprint. In addition, we found that renewable en-
ergy consumption usage and trade openness decreases the
ecological footprint while non-renewable energy consumption
increases the environmental pollution. When the findings are
evaluated for each cross-section, according to the FMOLS
estimation results, it seems U-shaped relationship between
real income and the ecological footprint is valid in Denmark,
Germany, Italy, Netherlands, Portugal, Spain, and the UK
while the inverted U-shaped EKC hypothesis is found only
for Portugal. The negative and statistically significant coeffi-
cient of renewable energy use is found in Belgium, Denmark,
Finland, France, Germany, Greece, Ireland, Italy, Portugal,
Spain, and the UK. Moreover, non-renewable energy con-
sumption usage increases environmental pollution in
Austria, France, Germany, Greece, Ireland, Portugal, and the
UK. In case of the DOLS estimation results, U-shaped rela-
tionship between real income and the ecological footprint is
valid in Austria, Denmark, Finland, Germany, Italy,
Netherlands, Spain, and the UK while the inverted U-shaped
relationship is supported for France and Portugal.

The message from this research to policy makers is the
importance of renewable energy source in reducing environ-
mental degradation. Based on this implication, policy makers
should introduce legislations and set regulations that support
the production and consumption of renewable energy and dis-
courage the production and consumption of non-renewable
energy. It seems that this strategy should be supported by
subsidies and tax credits.

Overall, we found that the inverted U-shaped EKC hypoth-
esis does not hold in the EU countries and existing environ-
mental regulation standards of the EU countries are inade-
quate for the purpose of reducing environmental degradation.
In addition, based on the empirical finding that renewable
energy (non-renewable energy) consumption reduces

(increases) the environmental degradation, it is recommended
that reducing environmental degradation will be possible by
sweeping away from fossil-fuel energy consumption-based
growth policies in the EU countries.
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