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ABSTRACT

The goal of this paper is to detect the determinants of ecological footprint (EF) in Turkey within
the scope of the environmental Kuznets curve (EKC) hypothesis over the period 1970-2016. For
this purpose, the paper sets up an empirical model including GDP, the square of GDP, foreign
direct investments, renewable energy consumption, and industrialization. Hence, the paper
also searches for the validity of the pollution haven hypothesis (PHH) for Turkey. The findings of
the paper indicate that the EKC hypothesis prevails, whereas the PHH does not dominate in
Turkey. The findings also imply EF is negatively related to renewable energy consumption
while industrialization does not affect EF. Theoretical and practical implications are discussed.

1. Introduction

The interaction between environment and economic
development has been a major research field for scien-
tists since the Club of Rome's report titled ‘Limits to
Growth’ and prepared by Donella H. Meadows, Dennis
L. Meadows, Jorgen Randers, and William W. Behrens llI
in 1972 (Meadows et al. 1972). This report denotes that
the demographic pressure in the world reached a very
high level as the needs of people were met by over-
exploiting the natural environment. The main out-
comes of the report are as follows: (1) If the growth
trends in world population, industrialization, pollution,
and resource exhaustion remain unchanged, the limits
to growth on the Earth will become apparent by 2072.
(2) It is possible to change the growth trends to
achieve ecological and economic stability. (3) To
achieve these outcomes, people in the world should
go into action right away. Then, in 1987, the report that
was titled ‘Our Common Future’ and prepared by the
United Nations made a basic definition for the concept
of sustainable development. Accordingly, sustainable
development means ‘to meet the needs of the present
without compromising the ability of future genera-
tions to meet their own needs’ (United Nations 2014).
Besides, this report denotes that the so-called free
goods like air and water are also resources and may
be scarce and that the negative effects of economic
activities on the quality of air, water, and other natural
elements should be minimized to achieve sustainable
development. According to both reports, sustainable
development is directly associated with ecological sta-
bility along with economic and social development
(Gliney 2019; Gliney and Kantar 2020). In addition to
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these attention-grabbing reports, to reduce environ-
mental problems, some meetings have been estab-
lished in the last decades, such as the Rio de Janeiro
Earth Summit in 1992, the Kyoto protocol in 1997-
2005, and the 2015 United Nations Climate Change
Conference in Paris.

Despite these efforts, environmental problems in
the world have dramatically increased in the last dec-
ades. For instance, World Health Organization (2018)
remarks that 7 million premature deaths occurred
because of air pollution exposure in 2012 all around
the world and that air pollution is the greatest envir-
onmental health risk in the world. Additionally, the
Earth’s average surface temperature has increased
nearly 0.9°C/1.62°F since the late nineteenth century
due to enhanced carbon dioxide (CO,) and other
greenhouse gas emissions (GHGs) and also the year
2016 was the hottest year as yet (NASA 2018a). These
data reveal the world faces with serious global warm-
ing and climate change risks. NASA (2018b) remarks
that climate change is likely to result in higher tem-
peratures, a change in precipitation patterns, more
draughts and heat waves, and more intense and stron-
ger hurricanes.

Due to this huge environmental degradation that
the world confronts, a large economic literature has
examined the causes of environmental degradation
(Isik et al. 2017). Put differently, the factors leading to
environmental problems constitute an important part
of the research agenda on environmental economics.
Within this scope, the earlier studies used CO, emis-
sions and/or other GHG emissions as an indicator of
environmental degradation (Ulucak and Bilgili 2018;
Danish et al. 2019; Danish and Khan 2020; Dogan et
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al. 2020; Zmami and Ben-Salha 2020). Yet, these vari-
ables are not able to reflect the comprehensive nature
of environmental degradation (Ulucak and Apergis
2018; Ulucak and Bilgili 2018; Danish et al. 2019;
Dogan et al. 2019, 2020; Danish and Khan 2020;
Destek and Sinha 2020). Therefore, the recent empiri-
cal literature has used ecological footprint (EF) as a
relatively new indicator for the proxy of environmental
degradation and EF has become a very popular envir-
onmental degradation indicator in recent years (Ulucak
and Bilgili 2018; Danish et al. 2019; Danish and Khan
2020; Destek and Sinha 2020; Dogan et al. 2020). EF
which was suggested as an indicator of environmental
pressure gauges human exploitation of natural capital
(Wackernagel and Silverstein 2000; Bartelmus 2008).
Hence, one can observe through EF that the degree
to which the biological capacity of the Earth is used by
human activities (Kitzes and Wackernagel 2009; Ulucak
and Bilgili 2018). Activities here mean resource con-
sumption and the production of goods and services for
a population (Kitzes and Wackernagel 2009). EF sig-
nifies how much biologically productive land and
water area is required for a given population to pro-
duce the resources consumed and to absorb the
wastes generated by using the current technology
(Wackernagel and Silverstein 2000; Bagliani et al.
2008; Bartelmus 2008; Caviglia-Harris et al. 2009;
Kitzes and Wackernagel 2009). Put differently, it
demonstrates the required natural capital to pursue
the current production of an economy in the presence
of current production executions (Wackernagel and
Silverstein 2000). EF can be compared to biocapacity
that is a measure of the quantity for biologically pro-
ductive land and water areas, namely forest, cropland,
and fishing grounds (Kitzes and Wackernagel 2009;
Borucke et al. 2013). There exists an ecological deficit
where EF is higher than biocapacity for a population
and an ecological surplus otherwise. One may interpret
ecological surplus as a precondition for sustainability
while he/she may consider ecological deficit as an
indicator of unsustainability (Bagliani et al. 2008;
Ulucak and Bilgili 2018). A great strength of EF is that
it aggregates a wide variety of environmental gauge
into a single indicator, which can be handily compared
to biocapacity (Costanza 2000). Hence, the public can
easily understand the possible environmental sustain-
ability problem by observing EF and biocapacity
(Caviglia-Harris et al. 2009)."

One can observe throughout the environmental
economics literature that some hypotheses are com-
monly tested to clarify the reasons for the environmen-
tal degradation. The first and best-known hypothesis is
the environmental Kuznets curve (EKC) hypothesis. The
EKC hypothesis was suggested by Grossman and
Krueger (1991, 1995), who revised the original study
of Kuznets (1955), focusing on income distribution and
economic growth, for the relationship between

environmental deterioration and economic growth.
According to the EKC hypothesis, the initial process
of economic growth is characterized by high energy
consumption mainly met by fossil energy sources
which are cheaper than renewables (Sarkodie and
Strezov 2019a). For this reason, the environmental
quality decreases as more sources are utilized for eco-
nomic activities and many wastes and GHGs show up
at this stage, i.e. the scale effect (Sun and Fang 2018;
Ulucak and Bilgili 2018; Bulut 2019). Then, the econ-
omy is able to replace old and dirty technologies with
new and clean technologies after income attains a
turning point/threshold value (Copeland and Taylor
2003). In other words, the later stages of economic
development will result in a stronger demand for
green goods and environmental regulation, which in
turn will lead to allocation of more sources to research
and development in order to substitute fossil sources
with renewable sources, i.e. the composition and tech-
nique effects (Bagliani et al. 2008; Sarkodie and Strezov
2019a). Additionally, the structure of an economy is
likely to shift to technology-intensive industries and
services (Ulucak and Bilgili 2018). Hence, the EKC
hypothesis argues that the environmental destruction
level first enhances due to economic growth and then
starts to diminish after output reaches a brink, indicat-
ing an inverted U-shaped relationship between
income and environmental deterioration (Dinda 2004;
Stern 2004; Hao and Liu 2015; Sun and Fang 2018; Pata
2018a; Isik et al. 2019). The validity of the EKC hypoth-
esis implies that economic growth complies with envir-
onmental progress (Dinda 2004; Su and Chen 2018).
Besides the EKC hypothesis, researchers commonly
test the pollution haven hypothesis (PHH) which links
environmental deterioration with foreign direct invest-
ments (FDI). The liberalization of trade and free move-
ment of capital across countries have led to intensive
FDI inflows to developing countries since the 1990s
(Acharyya 2009; Hao and Liu 2015; Kocak and
Sarkglinesi 2018). Besides the positive influences of
FDI to the host countries, such as the transfer of capital
and technology, increases in export, improvement in
the balance of payments, positive externalities, new
processes, and managerial skills (Acharyya 2009;
Shahbaz et al. 2015; Sarkodie and Strezov 2019b), FDI
inflows to developing countries have also become an
environmental issue (Mert and Bolik 2016). The PHH
posits that weak environmental regulations in devel-
oping countries will attract multinational firms in terms
of transferring their dirty and heavily polluting indus-
tries to developing economies as developed econo-
mies usually have more stringent environmental
policies (Akbostanci et al. 2007; Seker et al. 2015;
Baek 2016; Mert and Bolik 2016; Zhang and Zhou
2016; Shao et al. 2019; Sarkodie and Strezov 2019b).
Therefore, developing economies will suffer from the
environmental deterioration further compared to
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developed economies with regard to the PHH (Baek
2016; Zhang and Zhou 2016). On the other hand, the
pollution halo hypothesis concentrates on better man-
agement practices and the modern and eco-friendly
technologies used by the multinational firms (Jalil and
Feridun 2011; Shahbaz et al. 2015; Mert and Bolik
2016; Kogak and Sarkgiinesi 2018). According to this
hypothesis, FDI is likely to improve environmental
quality in the host countries as multinational firms
will bring their better environmental management sys-
tems and cleaner technologies that will diffuse in time
(Seker et al. 2015; Shahbaz et al. 2015; Mert and Bolik
2016; Zhang and Zhou 2016).

Some other indicators are incorporated into the
empirical model when investigating the validity of
the EKC hypothesis. As is explained above, the EKC
hypothesis postulates that the positive impact of eco-
nomic growth on environmental quality emerges due
to the utilization of renewable energy which can
decrease environmental problems. Besides, the shift
of the structure of the economy from the industrial
sector to the services sector is an important factor
leading to a negative relationship between environ-
mental deterioration and economic growth as the
industrial sector is more pollutant compared to the
service sector. Put differently, an empirical model of
which purpose is to search for the validity of the EKC
hypothesis should also contain renewable energy and
industrialization. For this reason, renewable energy
and industrialization should be included in the EKC
models to find unbiased findings (Shen 2006). For
instance, while some papers consider renewable
energy as a determinant of EF (Destek et al. 2018;
Alola et al. 2019; Balsalobre-Lorente et al. 2019;
Dogan et al. 2019; Altintas and Kassouri 2020; Danish
and Khan 2020; Destek and Sinha 2020; Usman et al.
2020), some others examine the impact of the indus-
trial sector on environmental quality (Shi 2003; York et
al. 2003; Shen 2006; He and Richard 2010; Apergis and
Ozturk 2015; Asici and Acar 2015; Dai et al. 2018).

Based on the explanations above, this paper sets up an
empirical model to detect the determinants of EF for
Turkey over the period 1970-2016. The model includes
output, the square of output, FDI, renewable energy con-
sumption, and industrialization. Hence, the paper not
only tests the EKC and PHH hypotheses but also examines
the influences of industrialization and renewable energy
consumption on EF. This paper contributes to the existing
literature in four ways. First, Turkey has been suffering
from the ecological deficit over the last decades, meaning
EF is greater than biocapacity in Turkey. Therefore, detect-
ing the determinants of EF and designing environmental
policies to decrease EF are crucial within the scope of the
goal of sustainable development for Turkey. Second,
although there is an expanding empirical literature on
the estimation of EKC for Turkey, a great part of the
previous papers uses CO, emissions as the indicator of

environmental degradation. Besides, the PHH seems to
be ignored in the empirical literature as only a few papers
search for the validity of this hypothesis for Turkey (see
Table 1). Hence, there appear to be research gaps on
these topics. This paper tries to fill these gaps to some
degree. Third, most of the previous papers searching for
the validity of the EKC hypothesis for Turkey do not
incorporate renewable energy consumption and indus-
trialization into the empirical models even though these
variables have critical roles in the EKC hypothesis (see
Table 1). Therefore, the previous papers may have suf-
fered from the omitted variable bias. This paper avoids
this possible problem by using an empirical model that
includes these variables. Fourth, a major part of the pre-
vious papers does not check the empirical findings’
robustness as they employ only one estimation technique
(see Table 1). This paper first performs the autoregressive
distributed lag (ARDL) approach propounded by Pesaran
and Shin (1999) and Pesaran et al. (2001). Then, to control
the robustness of the empirical findings, the paper
employs the dynamic ordinary least squares (DOLS) esti-
mator of Saikkonen (1991) and Stock and Watson (1993).
Hence, the paper aims to provide unbiased and efficient
findings. In addition, both methods can report efficient
results in small samples.

The rest of the paper is organized as follows: Section
2 gives empirical literature. Model and data set are
introduced in Section 3. Section 4 presents the estima-
tion methodology. Estimation results are reported in
Section 5. Section 6 concludes the paper.

2. Literature review

The empirical literature on the EKC estimation for the
Turkish economy is exhibited in Table 1. As is seen from
the table, a major part of the previous studies used CO,
emissions as the indicator of the environmental degrada-
tion, while some of the recent papers (Ozcan et al. 2018;
Destek and Sarkodie 2019; Dogan et al. 2019; Kdksal et al.
2020) used EF. Hence, it can be argued that a great part of
the previous literature on the EKC estimation for Turkey is
not able to capture the broad nature of the environmen-
tal destruction. Besides, while most of the previous papers
explored the EKC prevailed in Turkey, two out of four
papers using EF as the environmental variable found the
EKC dominated. When it comes to testing the PHH for
Turkey, it is seen that only four papers examined the PHH
for Turkey within the scope of the EKC hypothesis (Seker
et al. 2015; Gokmenodglu and Taspinar 2016; Kocak and
Sarkglinesi 2018). One can observe that none of these
papers used EF as a proxy for environmental destruction
and that three out of four papers (Seker et al. 2015;
Gokmenoglu and Taspinar 2016; Kogak and Sarkgiinesi
2018) discovered the PHH was valid in Turkey. Finally,
some of the previous papers, namely Boliik and Mert
(2015), Bilgili et al. (2016), Pata (2018a, 2018b), Dogan et
al. (2019), Karasoy and Akcay (2019), and Uzar and
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Finding(s)

U and FD do not affect CO,.
EKC
FD, O, and SE increase CO,.

EC and EX decrease CO..
U does not affect CO,.

EC, I, O, and G increase CO,.
Note: AMG: augmented mean group, ARDL: autoregressive distributed lag, CC: coal consumption, CO,: CO, emissions, DOLS: dynamic ordinary least squares, EC: energy consumption, EF: ecological footprint, EKC: environmental Kuznets

NREC and O increase CO,.
REC decreases CO,.

EKC
EKC

Covariate(s)
NREC, REC, O
EC,I,U,FD, 0, G
EC, FD, U, O, SE, EX

Method

Johansen

ARDL
ARDL

Period
1965-2016
1961-2014

1984-2014

Environmental Variable

co,
co,
EF

Karasoy and Akgay (2019)
Uzar and Eyuboglu (2019)

Table 1. (Continued).

Author(s)
Koksal et al. (2020)
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Eyuboglu (2019), utilized renewable energy and/or indus-
trialization as the other determinants of the environmen-
tal deterioration. While Boliik and Mert (2015), Bilgili et al.
(2016), Dogan et al. (2019), Karasoy and Akcay (2019)
found that renewable energy improved environmental
quality, Pata (2018a) and Uzar and Eyuboglu (2019)
explored industrialization increased environmental
destruction.

3. Model and data set

Following a time series analysis for Turkey, the present
paper defines ecological footprint as a function of GDP,
the square of GDP, foreign direct investments, renewable
energy consumption, and industrialization. Hence, the
model in this paper can be described as the following:

INEF;=B,+B;InYi+B, (InY;)*+B5InFDI+B,InREC;

(M
+B5InIND;+¢;

where In, EF, Y, Y2, FDI, REC, IND, and &, respectively,
stand for natural logarithm, real GDP per capita (con-
stant 2010 USD), the square of real GDP per capita,
foreign direct investments (net inflows, current USD),
renewable energy consumption (the share of renew-
able energy in total final energy consumption, %),
industrialization (industry (including construction),
value added (% of GDP)), and the error term. Annual
data covering the period 1970-2016 are used in the
paper. It must be noted that the paper uses the longest
publicly available data. The data for EF are extracted
from the Global Footprint Network (2020). GDP, FDI,
and IND data are obtained from the World Bank (2020),
renewable energy data are received from the World
Bank (2020) and International Energy Agency (2020).

4. Methodology
4.1. Unit root tests

Prior to estimating long-run parameters in the empirical
model, the paper examines the stationarity properties of
the variables in the model to avoid the possible spurious
regression problem, namely inappropriate t and/or F sta-
tistics. Hence, the paper first performs some unit root tests
to detect the order of integration of the variables.
Accordingly, the paper first uses unit root tests of Dickey
and Fuller (1981, henceforth ADF), Phillips and Perron
(1988, henceforth PP), and Kwiatkowski et al. (1992, hen-
ceforth KPSS) without structural breaks. Then, the paper
performs the unit root test developed by Zivot and
Andrews (1992, henceforth ZA) with one break by relax-
ing the strong assumption of no break during the
observed period. While the null hypotheses of ADF, PP,
and ZA are that the series has a unit root and thus is not
stationary, the null hypothesis of the KPSS tests is that the
series is stationary.

curve, EPD: export product diversification, EPRS: electricity production from renewables, EX: exchange rate, FEC: fossil energy consumption, FD: financial development, FDI: foreign direct investments, FMOLS: fully modified ordinary least
squares, G: Gini coefficient, M: import, NCEC: noncarbohydrate energy consumption, NREC: non-renewable energy consumption, O: trade openness, OLS: ordinary least squares, PHH: pollution haven hypothesis, REC: renewable energy

consumption, SE: size of shadow economy, U: urbanization, X: export.
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Table 2. Unit root tests.

ADF PP KPSS ZA?

Variable Level 15t dif. Level 1t dif. Level 15t dif. Level 15t dif.

InEF —0.848 -7.481° —0.794 —7.4752 0.871° 0.034 -3.761 —-7.568°
(1979)

InY 0.442 -6.431° 0.473 -6.4312 0.887° 0.111 -3.237 -6.730°
(1979)

(InY)Z 0.629 —-6.387° 0.671 —6.388% 0.884° 0.141 -3.010 —-6.750°
(1979)

InFDI -0.473 —-9.796° —0.494 -10.7112 0.839° 0.334 —4.384 -10.216°
(2004)

InREC -1.539 -7.156° —1.544 -7.167% 0.843° 0.227 -1.691 -8.888°
(1999)

InIND —-2.062 —6.966° —2.042 —6.968% 0.240 0.166 —4.245 —-7.705°
(1999)

Note: @ Implies 1% significance.
Values in parentheses show break dates.

4.2. ARDL approach to cointegration

The ARDL approach is commonly exploited in econo-
metric analyses to consider the cointegration relationship
among nonstationary variables in a model. The ARDL
method has two considerable advantages over the
other cointegration tests. First, this technique can be
employed irrespective of whether the independent vari-
ables are stationary at level or at first difference. Second,
this method can display efficient and reliable results in
small samples. For this technique, the first step is to test
the null hypothesis of no cointegration by way of the
bounds testing method suggested by Pesaran et al.
(2001). If there is cointegration, then researchers can
pass to the second step. In the second step, the long-
run parameters are estimated through the model pro-
pounded by Pesaran and Shin (1999). This model can be
described as follows:

P q
Ye=at+ D aYeit Y BXeitu )
i=1 i=0

The long-run parameters can be computed using the
model above. After one calculates the long-run para-
meters, he/she can estimate the short-run relationship

Table 3. ARDL cointegration test.
Panel A: The bounds test to search for cointegration®

Test statistic 5.596°

Panel B: Long-run coefficients®

Variable Coefficient Std. error t-statistic
InY 11.621° 2.662 4364
(Inv)? —0.584° 0.139 —4.184
InFDI —0.002 0.006 —-0.375
InREC -0.175¢ 0.075 2.305
InIND -0.072 0.069 —1.042

Panel C: Diagnostic tests®

R%: 0.9, R: 0,98, F-ist.: 180.323 (0.000), x2¢: 2.349 (0.100), X3scr: 1696
(0.428), XZyr: 16.327 (0.500)

Notes: ? Critical values are received from Narayan (2005), who provide
critical values for relatively small samples.

The coefficient of the one-period lagged error correction term is found to
have the value of —0.961, supporting the presence of cointegration.

Pyt Xaascrr and xaur respectively indicate Ramsey reset test, Breusch-
Godfrey serial correlation test, and White heteroskedasticity test statis-
tics. Values depicted in parentheses show prob. values.

‘Implies 1% significance.

YImplies 5% significance.

in the model by way of the error correction model that
is illustrated as below:

P q

AYi=00+01ECc_1+ > SAYe i+ Y AlXeitur  (3)

i=1 i=0
The coefficient of the one-period lagged value of the
error correction (6,) implies how much deviation in the
short run is corrected in the long-run. Therefore, this
coefficient must be significant and negative to confirm
cointegration.

The last step is to test the stability of the coefficients
through the CUSUM and CUSUM-Q tests suggested by
Brown et al. (1975). When CUSUM and CUSUM-Q test
statistics take part in the bounds, then it can be argued
that the estimated long-run coefficients are consistent
and that the findings reported by the ARDL model are
efficient.

4.3. DOLS estimator

Saikkonen (1991) and Stock and Watson (1993) produce
the DOLS estimator to estimate long-run coefficients in
an empirical model. This method is robust to the pos-
sible serial correlation and endogeneity problems. Their
model incorporates independent variables together
with leads and lags of differences of independent vari-
ables. The model can be exhibited as the following:

P
Ye=Bo+B1t+B%c+ E Yil\Xeti+& (4)
i=—q

In Equation (4), y is the dependent variable, t denotes
the time trend, x stands for the independent variable
(s), q indicates the optimal lag length, p shows optimal
lead length, A describes the first difference operator,
and € stands for the error term.

5. Findings

The ADF, PP, KPSS, and ZA unit root tests’ results are
demonstrated in Table 2. On one hand, the ADF, PP,
and ZA tests indicate that all variables are stationary at
first differences, meaning all variables are integrated of
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Figure 1. CUSUM and CUSUM-Q tests.

Table 4. DOLS estimator.

Variable Coefficient Std. error t-statistic
InY 6.987° 1.924 3.630
(Inv)? -0.347° 0.103 -3.366
InFDI -0.012 0.014 —0.844
InREC —-0.241° 0.129 -1.860
InIND 0.059 0.081 0.734

Notes: @ Implies 1% statistical significance.
®Implies 10% statistical significance.

order one. On the other hand, the KPSS test implies
InIND is stationary at level while other variables are
stationary at first differences. Hence, the ARDL method
can be executed to search for the cointegration rela-
tionship in the model. Additionally, (i) the Turkish
economy’s transition to a neo-liberal development
model may account for the breaks detected in 1979,
(ii) breaks in 1999 correspond to an earthquake and
economic recession period in Turkey, and (iii) high FDI
inflows after the 2001 economic crisis can account the
break in 2004.

Table 3 depicts the results of the ARDL cointegra-
tion test. Accordingly, the results for the bounds test
are reported in panel A. As is seen, the test statistic
indicates that there occurs cointegration in the empiri-
cal model and that the long-run parameters can be
estimated. Panel B of the table presents the long-run
coefficients of the independent variables. Accordingly,
InY, (InY)?, InFDI, InREC, and InIND have the estimations
of 11.621, —0.584, —0.002, —0.175, and —0.072, respec-
tively. In addition, while the coefficients of InY, (InY)?,
and InREC are statistically significant, other coefficients
appear to be statistically insignificant. Hence, the out-
put of the ARDL test implies that the EKC hypothesis
prevails, whereas the PHH is not valid in Turkey. The
ARDL method also indicates EF is negatively related to
InREC and is not related to InIND, implying renewable
energy consumption improves environmental quality
while industrialization does not have any effects on the
environmental destruction.

The findings of CUSUM and CUSUM-Q tests are
exhibited in Figure 1. Accordingly, both CUSUM and
CUSUM-Q statistics remain in the bounds throughout

T T T T T T
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the observed period, implying the long-run para-
meters are stable over the period 1970-2016.

Finally, to check the robustness of the empirical
findings, this paper employs the DOLS estimator. The
findings obtained from the DOLS estimator are illu-
strated in Table 4. As is seen, the coefficients of InY,
(InY)?, InFDI, InREC, InIND are 6.987, —0.347, —0.012,
—0.241, and 0.059, respectively. Additionally, the coef-
ficients of InY, (InY)?, and InREC are statistically signifi-
cant, while other coefficients are statistically
insignificant. Thus, the DOLS estimator yields the EKC
hypothesis is valid and the PHH does not prevail in
Turkey. The DOLS estimator also explores that EF is
negatively associated with InREC and is not associated
with InIND, meaning renewable energy consumption
decreases environmental deterioration while industria-
lization does not influence environmental deteriora-
tion. Therefore, the findings of the DOLS estimator
concur with those of the ARDL test, meaning the
empirical findings are robust.

Overall, the empirical findings of the present paper
about the EKC hypothesis conform to those of the
previous papers which yield the EKC hypothesis dom-
inates. Besides, if EF is considered as the environmental
degradation, the findings of this paper concur with
those of Dogan et al. (2019) and Koksal et al. (2020)
and conflict with those of Ozcan et al. (2018) and
Destek and Sarkodie (2019). The findings of the paper
for the PHH conflict with those of the previous papers
as three out of four papers discover the PHH is valid
and the other paper explores the pollution halo
hypothesis prevails. The findings of the paper for the
influence of renewable energy on environmental
destruction are consistent with those of Bolik and
Mert (2015), Bilgili et al. (2016), Dogan et al. (2019),
and Karasoy and Akcay (2019) and contradict with
those of Pata (2018b). Finally, the output of the paper
for the impact of industrialization on environmental
deterioration conflict with those of Pata (2018a) and
Uzar and Eyuboglu (2019), who yield industrialization
decreases environmental quality.
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6. Conclusion

This paper investigated whether the EKC hypothesis
prevailed in Turkey using EF as the indicator of envir-
onmental destruction for the period 1970-2016. The
empirical model established in the paper included FDI,
renewable energy consumption, and industrialization
as the control variables. Therefore, the paper also
tested the PHH and examined the impacts of renew-
able energy consumption and industrialization on
environmental degradation in Turkey. The paper first
performed some unit root tests and detected the ARDL
technique to cointegration could be used to search for
cointegration in the empirical model. Then, the paper
estimated long-run parameters through both the ARDL
method and the DOLS estimator. The findings indi-
cated that (i) the EKC hypothesis prevailed, (ii) the
PHH was not valid, (iii) renewable energy consumption
decreased EF, implying renewable energy could
improve environmental quality, and (iv) industrializa-
tion did not influence EF.

Turkey has been stuck in an upper-middle-income
level for many years, implying the Turkish economy is
in the middle-income trap. Moreover, fossil energy
sources still dominate the energy mix of Turkey with
a share of 87% in 2016. Put differently, the share of
renewable energy sources in total energy consump-
tion was about 13% for Turkey in 2016. Therefore, the
data shows that the Turkish economy has not experi-
enced the later stages of economic development and
that fossil sources have not been replaced by renew-
able sources in Turkey yet. The empirical findings of
this paper indicate that the EKC hypothesis prevails for
Turkey despite the income level and the low share of
renewable sources in the energy mix of Turkey. One
can argue that these findings result from the increase
in the share of the services sector in GDP in Turkey as
the service sector is cleaner compared to the industrial
sector. While the shares of the industrial and service
sector were, respectively, 21.93% and 36.28% in 1970,
these ratios, respectively, increased to 29.47% and
54.26% in 2018 (World Bank 2020). These figures
show that the production structure of the Turkish
economy shifted from the agricultural sector to the
service sector without the industrial maturation.
Indeed, the insignificant coefficient of industrialization
supports such a transformation of the Turkish econ-
omy. Besides, the trend and the sectoral distribution of
FDI inflows towards the Turkish economy let us explain
the invalidity of the PHH in Turkey. Accordingly, FDI
inflows towards Turkey have increased since the early
2000s particularly because of the privatization of state-
owned enterprises. Moreover, it is seen that a major
part of FDI flew into the service sector. For instance, the
share of the service sector in FDI inflows was about
62% during the period 2005-2019 (Central Bank of the
Republic of Turkey 2020). Hence, the PHH does not

prevail in Turkey as multinational firms did not transfer
their dirty and heavily polluting industries to Turkey.

When one examines the renewable energy policies
in Turkey, he/she can observe that these policies
mainly concentrate on increasing electricity produc-
tion from renewable energy sources. For instance,
many legislative efforts, namely Electricity Market Law
in 2001 (No: 4628), Law on Utilization of Renewable
Energy Sources for the Purpose of Generating Electrical
Energy in 2005 (No: 5346), and Amendments to the
Electricity Market Law in 2008 (No: 5784), have been
made to stimulate electricity generation from renew-
ables (Bulut and Muratoglu 2018). Within this frame,
the Turkish governments have implemented many
policies towards electricity production from renewable
energy sources, such as feed-in tariff scheme, incentive
to promote the use of local equipment, land usage fee
incentives, reinforce international electricity inter-con-
nections (Republic of Turkey Ministry of Energy and
Natural Resources 2014; Bulut and Muratoglu 2018).
Due to these policies, the share of electricity genera-
tion from renewables reached 32.7% in 2018, while this
ratio was 20% in 2001 (Turkish Statistical Institute
2020). Hence, one can argue that the low share of
renewable energy sources in total energy consump-
tion in Turkey arises from the underutilization of
renewable energy sources in heating and transport.
On the other hand, the empirical findings indicate
that renewable energy increases environmental qual-
ity in Turkey despite the low share of renewable energy
sources in Turkey’s energy mix.

As Zhao (2019) points out, environmental regulations
in developing countries can negatively affect economic
growth if they are not efficient. However, these regula-
tions can not only correct market failures (Organisation
for Economic Co-operation and Development 2012) but
also create resources for R&D expenditures for energy
efficiency and renewable energy sources. Even though
the International Energy Agency (2020) data show R&D
expenditures for energy have remarkably increased in
Turkey since 2013, they are still low compared to those
of developed countries. Within this scope, an increase in
R&D expenditures for renewable energy sources and the
utilization of energy more efficiently can affect eco-
nomic growth through the multiplier mechanism posi-
tively and increase environmental quality in Turkey. Last
but not least, the Republic of Turkey Energy Market
Regularity Authority is responsible for regulations in
the energy sector in Turkey while the Republic of
Turkey Ministry of Energy and Natural Resources plans
future energy policies in Turkey. Hence, the coordination
and harmonisation between these two institutions
should increase in Turkey for more efficient legal
arrangements and energy policies.

Hence, the paper argues that, for the goal of sus-
tainable development, the Turkish government should
(i) promote electricity generation from renewables
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further to make electricity cheaper, which in turn
increases the utilization of electricity in heating, (ii)
consider energy crops for the utilization of biofuels in
transportation, (iii) increase R&D expenditures for
energy to improve energy efficiency, and (iv) work
more co-ordinately with the institution which provides
the legal infrastructure for the energy sector in Turkey.

Note

1. Among others, see Ewing et al. (2010) for details about
how the EF is calculated.
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