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Abstract
The pollution haven hypo thesis (PHH) postulates that foreign direct investment (FDI) inflows can increase environmental
deterioration in developing countries as multinational firms tend to transfer their dirty industries to these countries. Turkey, as
a developing economy, has witnessed intense FDI inflows over the last decades. Within this scope, the goal of this paper is to
examine whether the pollution haven hypothesis (PHH) prevails in Turkey within the scope of the environmental Kuznets curve
(EKC) hypothesis over the period 1970–2016. To that end, the paper employs unit root and cointegration methods based on the
nonlinear smooth transition models. The empirical findings of the paper indicate that both hypotheses are valid in Turkey. The
findings also imply that environmental quality in Turkey is negatively related to electricity production from renewable energy
sources.

Keywords Foreigndirect investment .Pollutionhavenhypothesis .EnvironmentalKuznetscurve .Renewableenergy .Nonlinear
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Introduction

The literature has undoubtedly confirmed that one of the
greatest obstacles for economic development is the insuf-
ficient capital accumulation for developing countries.
Within this scope, foreign direct investment (FDI) can play
a key role in the development process of these countries.
FDI can be described as the expansion or the creation of
firms which operate across national boundaries (Graham
and Krugman 1993). The globalization trend that began
in the 1980s accelerated the mobility of capital and FDI
inflows towards economies (Akbas et al. 2013). Hence,
FDI began to play an important role in financing current
account deficits for countries with current account imbal-
ances (Graham and Krugman 1993). On one hand, in

addition to helping countries finance the current account
deficits, FDI can (i) create new jobs and lower the unem-
ployment rate, (ii) contribute to economic growth by im-
proving productivity, (iii) close the technology gap be-
tween low-income and high-income economies, (iv) im-
prove managerial skills, (v) create positive externalities,
and (vi) develop countries’ export markets (World Bank
1993; Anyanwu 2006; Acharrya 2009; Shahbaz et al.
2015). On the other hand, the influence of FDI inflows
on environmental deterioration has been discussed in the
environmental economics literature within the scope of the
pollution haven hypothesis (PHH) over the past decades.

The PHH assumes that when advanced economies that
are industrialized aim to expand and transfer their produc-
tion capacity outside their physical borders, they do so
after evaluating and choosing the most cost-effective coun-
try with regard to natural resources, labour, land, and tax
system. The PHH focuses on the negative impact of FDI on
environmental quality. The PHH postulates that multina-
tional firms may be fascinated by weak environmental reg-
ulations in developing economies as there exist strict envi-
ronmental regulations in developed economies stemming
from the high environmental concerns in these countries
(Akbostanci et al. 2007). Therefore, dirty industries can
migrate from developed economies to developing
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economies (Baek 2016; Mert and Caglar 2020; Sarkodie
and Strezov 2019a). Because of this migration, developing
economies can be exposed to environmental destruction
according to the PHH (Baek 2016; Zhang and Zhou
2016). Hence, FDI inflows can negatively affect the sus-
tainable development process of a developing economy.
On the contrary, some studies in the literature stress that
multinational firms have more modern and environmental
friendly technologies compared to the domestic firms (Jalil
and Feridun 2011; Shahbaz et al. 2015). Hence, FDI may
decrease environmental pollution in a country since multi-
national firms bring their cleaner technologies to the host
country (Seker et al. 2015; Mert and Boluk 2016). This
view is called the pollution halo hypothesis in the
literature.

One can observe from the World Bank (2020) data that
the Turkish economy has experienced large current ac-
count imbalances except for a few years during the period
1974–2019. Additionally, the magnitude of these imbal-
ances increased in the last two decades. For instance, while
the ratio of the current account balance to GDP was
−1.69% over the period 1974–2000 on average, this ratio
reached –3.65% during the period 2001–2019. Hence, the
current account balance problem of the Turkish economy
increased in the last years. On the other hand, the FDI
inflows towards the Turkish economy dramatically in-
creased in the last years. For instance, as per the World
Bank (2020) data, while the total FDI inflows to the
Turkish economy were 11 billion USD over the period
1974–2000, this figure was 222.7 billion USD during the
period 2001–2019. Hence, based on these figures, one can
make two implications for Turkey about the trend of FDI
inflows towards the Turkish economy. First, FDI inflows
played an important role in financing the current account
deficits of the Turkish economy. Second, intensive FDI
inflows to the Turkish economy may increase environmen-
tal deterioration in Turkey, implying the PHH may prevail
for Turkey.

Starting from this point of view, this paper investigates
whether the PHH prevails in Turkey using annual data over
the period 1970–2016. The paper does so within an envi-
ronmental Kuznets curve (EKC) framework that hypothe-
sizes an inverted U-shaped relationship between income
level and environmental deterioration. Additionally, the
paper inspects the influence of renewable energy on the
environmental destruction as renewables are considered
as clean and eco-friendly energy sources. One can observe
from the existing environmental economics literature that
the previous papers make a very strong assumption while
examining the val idi ty of the PHH for Turkey.
Accordingly, all of them employ linear time series methods
without investigating the possible nonlinearity in the rela-
tionship between variables in the model. However, as

Enders (2015) stresses, many time series variables exhibit
nonlinear behaviours. Besides, the transition between re-
gimes in a time series model may be smooth rather than
sharp. Put differently, in a nonlinear model, the parameters
may change slowly. These models are called smooth tran-
sition models and are considered as more realistic for eco-
nomic data sets. Therefore, this paper contributes to the
existing environmental economics literature. Accordingly,
the distinctive feature of this paper is that it is the first
paper that examines the validity of the PHH for Turkey
by performing nonlinear time series estimation methods.
Put differently, the key strength of the paper is that it em-
ploys nonlinear methods to examine the PHH for Turkey.
While doing that, the paper employs smooth transition
models to produce more efficient and unbiased outputs
about the validity of the PHH in Turkey.

The rest of the paper is structured as follows: the second
section gives the literature review. Model, data, and hypothe-
ses are presented in the third section. The fourth section intro-
duces the methods employed in the paper. Empirical findings
are reported in the fifth section. The sixth section concludes
the paper with a summary of the main findings and some
implications.

Brief literature review

The empirical literature on the PHH estimation for Turkey
is illustrated in Table 1. As is seen from the table, some
papers, namely, Seker et al. (2015), Gokmenoglu and
Taspinar (2016), Kocak and Sarkgunesi (2018), and Terzi
and Pata (2020), find evidence in favour of the PHH in
Turkey. Besides, some others explore that the PHH does
not prevail for the Turkish economy (Mutafoglu 2012;
Destek and Okumus 2019; Bulut 2020; Mert and Caglar
2020). When it comes to testing the EKC hypothesis, four
out of eight papers consider the EKC hypothesis for
Turkey (Seker et al. 2015; Gokmenoglu and Taspinar
2016; Kocak and Sarkgunesi 2018; Bulut 2020), and all
of them confirm the validity of the EKC hypothesis for
Turkey.

Additionally, only Bulut (2020) examines the impact of
renewable energy on environmental deterioration within
the scope of the PHH. He finds that renewable energy
decreases environmental destruction, meaning renewable
energy has positive impacts on environmental quality in
Turkey. Finally, as was denoted in the previous section,
all these papers perform linear estimation methods and do
not take nonlinear relationships into account in the empir-
ical analysis. Hence, a considerable contribution of the
present paper to the extant environmental economics liter-
ature is that it is the first paper which considers nonlinear
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relationships between FDI and environmental deterioration
for Turkey.

Model, data, and hypotheses

Model and data set

Based on the previous discussion, this paper follows a nonlin-
ear time series analysis to examine whether the PHH prevails
in Turkey. The paper uses CO2 emissions as the indicator of
the environmental destruction. Accordingly, the paper con-
siders the following empirical model:

lnCO2t ¼ α0 þ α1lnYt þ α2 lnYtð Þ2 þ α3lnFDIt þ α4lnREt þ εt ð1Þ

where CO2, Y, Y
2, FDI, RE, and ε indicate CO2 emissions

per capita (metric tons), GDP per capita (constant 2010 USD),
the square of GDP per capita, foreign direct investments (net
inflows, current USD), electricity production from renewable
energy sources (GWh), and the error term, respectively (all
variables are in their natural logarithms denoted by ln). The
data are annual and cover the period from 1970 to 2016.While
data for CO2 emissions, GDP, and FDI are obtained from the
World Development Indicators (WDI) World Bank (2020),
data for renewable energy are sourced from the Turkish
Statistical Institute (2020) (hereafter TSI).

Graphical observations for the variables are illustrated in
Fig. 1. It can be observed from the figure that all series tend to
increase over the sample period. The figure also exhibits that
(i) environmental deterioration proxied by CO2 emissions has
increased in Turkey; (ii) Turkey has experienced many eco-
nomic crises in certain years, such as 1978–1980, 1989, 1991,
1994, 1999, 2001, and 2008–2009; (iii) FDI inflows towards
the Turkish economy have increased since 1980, when
Turkey began to adopt liberal economic policies; and (iv)
Turkey has utilized renewable energy sources further to pro-
duce electricity over time. Overall, the graphical analysis pro-
vides evidence that the series may not be stationary at level,
implying time series properties, such as unit root and
cointegration, of the variables should be investigated.

Hypothesis development

The main purpose of this paper is to examine whether the
PHH is valid for the Turkish economy. If α3 > 0 in Eq. 1,
the PHH prevails in Turkey. Hence, we first propose the fol-
lowing hypothesis:

H1. The FDI inflows towards the Turkish economy in-
crease CO2 emissions in Turkey, ceteris paribus.

The paper studies the first hypothesis within the theoretical
framework of the EKC for Turkey. Grossman and Krueger

Table 1 Empirical literature on
the PHH estimation for Turkey Author(s) Period Method EKC

estimation
RE
investigation

Findings

Mutafoglu
(2012)

1987–2009 Johansen
cointegration/Gran-
ger causality

No No No PHH

Seker et al.
(2015)

1974–2010 ARDL cointegration Yes No PHH/EKC

Gokmenoglu
and Taspinar
(2016)

1974–2010 ARDL cointegration Yes No PHH/EKC

Kocak and
Sarkgunesi
(2018)

1974–2013 DOLS estimator Yes No PHH/EKC

Destek and
Okumus
(2019)

1982–2013 CCEMG estimator No No No PHH

Bulut (2020) 1970–2016 ARDL cointegration,
DOLS estimator

Yes Yes No PHH/EKC

RE decreases
environmental
pollution.

Mert and Caglar
(2020)

1974–2018 Hidden cointegration

Asymmetric causality

No No No PHH

Terzi and Pata
(2020)

1974–2011 Toda-Yamamoto
Granger causality

No No PHH

PHH, pollution haven hypothesis; EKC, environmental Kuznets curve; ARDL, autoregressive distributed lag;
DOLS, dynamic ordinary least squares; RE, renewable energy
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(1991, 1995) revised the study of Kuznets (1955), who exam-
ined the relationship between economic growth and income
distribution, for environmental economics and developed the
EKC hypothesis that focuses on the relationship between en-
vironmental quality and economic growth.

The EKC hypothesis assumes that fossil energy sources are
heavily utilized in the first phases of the economic develop-
ment process of a country as fossil energy sources are cheaper
and in many cases in abundance than renewable energy
sources (Sarkodie and Strezov 2019b). Therefore, the environ-
mental deterioration in a country initially increases as lots of
greenhouse gas (GHG) emissions and wastes come about
(Ulucak and Bilgili 2018; Bulut 2019). Afterwards, dirty and
old technologies are expected to be substituted with clean and
new technologies after income reaches a threshold value as the
demand for green technologies increases, more sources are
allocated for research and development in the field, and the
policies are more directed towards energy sustainability
(Copeland and Taylor 2003; Bagliani et al. 2008). Besides,
the structure of an economy shifts from pollution-intensive
industries to technology-intensive industries (Ulucak and
Bilgili 2018) as the economy grows. For this reason, the
ECK hypothesis postulates there is an inverted U-shaped re-
lationship between income and environmental degradation,
meaning the environmental quality first decreases and then
begins to increase after income reaches a threshold value
(Dinda 2004; Pata 2018; Sun and Fang 2018). Overall, if α1

> 0 and α2 < 0, then the EKC hypothesis dominates. Hence,
the following hypothesis is proposed in the paper:

H2. The EKC hypothesis is confirmed in Turkey for the
period 1970 to 2016.

While explaining the arguments of the EKC hypothesis
above, the paper denoted that the positive influence of the
economic growth process on environmental quality arises
from the use of renewable energy sources in economic activ-
ities along with the change in the structure of the economy.
Renewable energy technologies are considered to be clean
energy sources (Bilgili et al. 2016; Bulut and Inglesi-Lotz
2019). The optimal use of renewable energy sources can de-
crease environmental problems as minimum wastes are pro-
duced with the utilization of renewable energy sources
(Panwar et al. 2011). For this reason, the last hypothesis, sig-
nifying α4 < 0, which will be tested in the paper is as the
follows:

H3. Renewable energy decreases CO2 emissions in
Turkey, ceteris paribus.

Figure 2 exhibits the relationships in the proposed
hypotheses.

Last but not least, we aim to test these hypotheses within a
nonlinear framework as the previous papers ignore the
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Fig. 1 Graphical presentation of the variables in the study
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possible nonlinearity about the relationship in the empirical
model. Hence, we will test the hypotheses above after testing
the linearity hypothesis.

Econometric methodology

Unit root test

Kapetanios et al. (2003) (hereafter Kapetanios et al. (2003))
produce a unit root test to test for the null hypothesis of a unit
root process against the alternative hypothesis of a nonlinear
exponential smooth transition autoregressive (ESTAR) pro-
cess that implies stationarity. They first use the following
ESTAR model:

yt ¼ βyt−1 þ γyt−1 1−exp −θy2t−d
� �� �þ εt ð2Þ

Equation (2) can be rewritten as follows:

Δyt ¼ φyt−1 þ γyt−1 1−exp −θy2t−d
� �� �þ εt ð3Þ

where φ =β − 1.
They consider φ as 0 and d as 1 and present the following

specific ESTAR model:

Δyt ¼ γyt−1 1−exp −θy2t−1
� �� �þ εt ð4Þ

They use a first-order Taylor series approximation for the
ESTAR model and obtain the regression below:

Δyt ¼ δy3t−1 þ εt ð5Þ

They obtain the following t-statistic (tNL) for δ = 0 against δ
< 0 as follows:

tNL ¼ bδ=s:e: bδ
� 	

ð6Þ

where bδ and s:e: bδ
� 	

respectively denote the ordinary least

squares (OLS) estimation of δ and the standard error of bδ. If
tNL statistic is greater than the critical values, then the null
hypothesis of a unit root is rejected, meaning the series is
stationary.

Cointegration test

Kapetanios et al. (2006) (hereafter Kapetanios et al. (2006))
produce a cointegration test via nonlinear exponential smooth
transition (ESTR) error correction models. They test the null
hypothesis of no cointegration against the alternative of ESTR
cointegration. They stress that the small-sample performance
of their nonlinear cointegration test is better than those of
linear Engle and Granger (1987) and Johansen (1995)
cointegration tests. After using some mathematical and statis-
tical models, they obtain the following ESTR error correction
model:

Δyt ¼ ϕut−1 þ γut−1 1−e−θ ut−1−cð Þ2
� 	

þ ω
0
Δxt þ ∑p

i¼1ψ
0
iΔzt−i þ et ð7Þ

Δxt ¼ ∑p
i¼1ΓxiΔzt−i þ εxt ð8Þ

but ¼ yt−bβ
0

xxt ð9Þ

where bβx is the OLS estimation of βx. One of the test
statistics used by Kapetanios et al. (2006) is called tNEG.
They estimate the following model to produce the tNEG statis-
tic:

Fig. 2 Hypotheses of the study:
relationship to the dependent
variables

38567Environ Sci Pollut Res (2021) 28:38563–38572



Δbut ¼ δbu
3

t−1 þ ∑p
i¼1φiΔbut−i þ εt ð10Þ

The null hypothesis of no cointegration is defined as H0: δ
= 0. If the tNEG statistic is greater than the critical values, then
the null hypothesis of no cointegration is rejected, meaning
there exists cointegration in the empirical model.

Empirical findings

The paper first employs both the traditional Broock et al.
(1996) (hereafter BDS) nonlinearity test and the Terasvirta
(1994) nonlinearity test that is particularly developed for non-
linear smooth transition models. If the null hypothesis of lin-
earity is rejected, we can perform nonlinear smooth transition
methods.

Table 2 presents the results for the BDS and Terasvirta
(1994) nonlinearity tests. Accordingly, panel A and panel B
of the table, respectively, give the findings for the BDS and
the Terasvirta (1994) tests. As is seen, the null hypothesis of
linearity is rejected with regard to both tests, meaning the
nonlinear smooth transition Kapetanios et al. (2003) unit
root and the Kapetanios et al. (2006) cointegration methods
explained above can be employed.

The findings of the Kapetanios et al. (2003) unit root test are
reported in Table 3. Accordingly, the null hypothesis of a unit
root cannot be rejected at level, while it is rejected at first differ-
ence. Hence, the Kapetanios et al. (2003) unit root test discovers
that all variables in the empirical model are integrated of order
one and that the cointegration relationship in the model can be
examined through the Kapetanios et al. (2006) cointegration test.

Table 4 depicts the results for the Kapetanios et al. (2006)
cointegration test along with the long-run parameters of the
independent variables in the model. Accordingly, the findings
obtained from the Kapetanios et al. (2006) cointegration test
are given in panel A of the table. As is seen, the null hypoth-
esis of no cointegration can be rejected, implying there exists
cointegration in the model and the long-run parameters can be
estimated. Panel B of the table presents the long-run parame-
ters. Accordingly, lnY, (lnY)2, lnFDI, and lnRE have the es-
timations of 1.115, –0.026, 0.061, and 0.285, respectively.
Additionally, all these coefficients are statistically significant.
Hence, the empirical findings of the paper imply that both the
EKC hypothesis and the PHH dominate in Turkey. Besides,
the findings yield that electricity production from renewables
has a negative effect on environmental quality in Turkey.

Overall, the output of this paper for the EKC hypothesis
corresponds to those of Seker et al. (2015), Gokmenoglu and
Taspinar (2016), Kocak and Sarkgunesi (2018), and Bulut
(2020). Besides, specifically, the findings of the paper for
the PHH concur with those of Seker et al. (2015),
Gokmenoglu and Taspinar (2016), Kocak and Sarkgunesi
(2018), and Terzi and Pata (2020) and contradict with those
of Mutafoglu (2012), Destek and Okumus (2019), Bulut
(2020), and Mert and Caglar (2020). Finally, the empirical
findings of this paper for renewable energy are not consistent
with those of Bulut (2020).

Table 2 Results of nonlinearity tests

Panel A: BDS test

Variable Dimensions

2 3 4 5 6

lnCO2 0.191*
(0.000)

0.329*
(0.000)

0.424*
(0.000)

0.495*
(0.000)

0.545*
(0.000)

lnY 0.174*
(0.000)

0.284*
(0.000)

0.357*
(0.000)

0.406*
(0.000)

0.444*
(0.000)

(lnY)2 0.171*
(0.000)

0.276*
(0.000)

0.346*
(0.000)

0.390*
(0.000)

0.426*
(0.000)

lnFDI 0.147*
(0.000)

0.237*
(0.000)

0.290*
(0.000)

0.323*
(0.000)

0.336*
(0.000)

lnRE 0.176*
(0.000)

0.300*
(0.000)

0.390*
(0.000)

0.455*
(0.000)

0.500*
(0.000)

Panel B: Terasvirta (1994) test

Test statistic Prob. value

4.684** 0.0149

* and **, respectively, indicate 1 and 5% statistical significance. Values
in parentheses show prob. values.

Table 3 Kapetanios
et al. (2003) unit root test Variable Test statistic

Level First difference

lnCO2 5.744 −2.225**
lnY 4.407 −4.728*
(lnY)2 2.311 −2.201***
lnFDI 1.506 −2.065***
lnRE 1.582 −4.379*

*, **, and ***, respectively, indicate 1, 5,
and 10% statistical significance.

Table 4 Kapetanios et al. (2006) cointegration test and long-run
parameters

Panel A: Kapetanios et al. (2006) cointegration test

Test statistic −3.703***
Panel B: Long-run parameters

Variable Coefficient Std. error t-statistic

lnY 1.115* 0.047 23.486

(lnY)2 −0.026** 0.010 −2.579
lnFDI 0.061* 0.016 3.666

lnRE 0.285* 0.032 8.746

*, **, and ***, respectively, indicate 1, 5, and 10% statistical
significance.
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Conclusion

This paper examined whether the PHH was confirmed in
Turkey over the period 1970–2016, within an EKC hy-
pothesis framework assessing in parallel the role that re-
newable energy can play on environmental degradation for
the country. The paper first performed linearity tests and
determined nonlinear estimation methods must be
employed instead of linear methods. Second, the paper
performed a nonlinear ESTAR unit root test and detected
all the variables in the model were integrated of order one
(I(1)). Third, the paper carried out a cointegration test
based on the nonlinear ESTAR error correction model
and explored there occurred cointegration in the model.
Finally, the paper estimated long-run parameters. The find-
ings indicated that both the PHH and the EKC hypotheses
were confirmed in Turkey and that electricity production
from renewable energy sources had negative impacts on
environmental quality in Turkey.

In theory, FDI inflows can positively affect the devel-
opment process of a country as FDIs have many benefits
for the host country. Indeed, many papers in the literature
yield some empirical findings about the positive effects of
FDIs on the Turkish economy. For instance, studies indi-
cate that FDI inflows positively affect economic growth by
increasing total factor productivity and technological dif-
fusions (Gunaydin and Tatoglu 2005; Ozturk and
Kalyoncu 2007; Arisoy 2012) or through an increase in
exports (Eryigit 2012; Tapsin 2016); while some others
explore FDI inflows decrease the unemployment rate
(Gocer et al. 2013; Gunsen 2015; Ercakar and Guvenoglu
2018; Karimov et al. 2020). However, despite these bene-
fits of FDI inflows to the Turkish economy, FDI appears to
increase environmental deterioration in Turkey based on
the empirical findings.

In Turkey, the Environment Law No. 2872 came into
effect for environmental management and protection in
1983. Then, in 1993, the directive for the environmental
impact assessment (EIA) was published. According to
Article 10 of the Environment Law, an institution or enter-
prise which may lead to environmental problems because
of its planned activity has to prepare an EIA report that
introduces the project. Unless this project is approved, it
cannot be permitted. Accordingly, the EIA is a process to
assess the beneficial and adverse environmental influences
of a project (Elvan 2018) in the country. Hence, the EIA
system can be considered as a considerable tool aiming to
prevent the negative environmental impacts of a project
and to protect the environment before these negative im-
pacts occur (Coskun and Turker 2011). However, in prac-
tice, it is very hard to argue that the EIA system in Turkey
is efficient and unbiased. For instance, the EIA regulation
has been revised many times since 1993 because of the

pressures of the investors and project owners (Elvan
2018). Additionally, the public participation is not suffi-
cient even though it is very important for the EIA regula-
tion (Coskun and Turker 2011). Besides, the authorized
firms and the investors prepare the EIA report together,
which may result in tendentious decisions (Elvan 2018).
It is with no doubt that this paper supports FDI inflows
for the Turkish economy as FDIs have many benefits.
However, FDI inflows appear to not only finance the cur-
rent account deficit and positively affect economic growth
and employment but also threaten the environmental sus-
tainability in Turkey. Therefore, this paper argues that for
the goal of environmental sustainability, an unbiased and
efficient EIA mechanism should be designed in Turkey,
and policymakers in Turkey should consider not only eco-
nomic but also environmental impacts of FDI inflows.
Otherwise, FDI inflows can threaten environmental sus-
tainability while contributing to macroeconomic stability
in Turkey.

As per Turkish Statistical Institute (2020) data, in elec-
tricity production, the share of hydro was 60.3%, while the
share of other renewables, namely, solar, wind, geother-
mal, and biomass, was 0.1% in 1988 in Turkey. In the
following years, the share of hydro dramatically decreased,
while the share of other renewables did not change too
much. For instance, the shares of hydro and other renew-
ables in electricity generation were 24.7 and 0.3% in 2000,
implying fossil energy sources dominated electricity pro-
duction in Turkey. Afterwards, renewable energy policies
in Turkey aimed to increase electricity production from
renewables. For example, the Electricity Market Law in
2001, the Law on Utilization of Renewable Energy
Sources for the Purpose of Generating Electrical Energy
in 2005, and the Amendments to the Electricity Market
Law in 2008 came into force to encourage electricity pro-
duction from renewable energy sources (Bulut and
Muratoglu 2018).

Additionally, many policies, such as incentives to pro-
mote the use of local equipment, incentives for energy
crops, incentives to reinforce international electricity inter-
connections, land usage fee incentives, and feed-in tariff
scheme, are implemented in Turkey for electricity produc-
tion from renewables (Bulut and Muratoglu 2018;
Republic of Turkey Ministry of Energy and Natural
Resources 2014). Due to these legal arrangements and pol-
icies, the share of renewable energy sources not including
hydro reached 12.7% in Turkey, while the share of hydro
was 19.7% in 2018. Hence, these figures mean that fossil
energy sources, particularly coal and natural gas, still dom-
inate the energy mix of Turkey, and that increases in the
share of other renewables in electricity production cannot
offset the decrease in the share of hydro in electricity pro-
duction. As was denoted in the section on hypotheses, the
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optimal utilization of renewables is likely to decrease en-
vironmental deterioration. Within this scope, some papers
in the literature try to explain why renewable energy can-
not improve environmental quality. Accordingly, Jager-
Waldau (2007), Lewis and Wiser (2007), Apergis et al.
(2010), and Li et al. (2020) stress that renewable energy
is not able to improve environmental quality when the re-
newable energy industry is in its early stage of develop-
ment, leading to a lower share of renewable energy sources
in total energy supply compared to fossil energy sources.
Besides, Dong et al. (2018) emphasize that the coefficient
of renewable energy can be affected by the share of renew-
able energy in the total energy supply. Hence, in Turkey,
the share of renewable energy may not have reached a
threshold value where a renewable energy begins to de-
crease CO2 emissions. Chiu and Chang (2009) test this
argument and find that the share of renewable energy in
total energy supply must be at least 8.39% in China before
the positive impact of renewable energy on environmental
quality shows up. Moreover, the International Energy
Agency (2009) (hereafter IEA) argues that stronger finan-
cial incentives can be needed for renewable energy.
Additionally, Nemet and Kammen (2007) highlight the
importance of R&D expenditures for renewable energy
sources. Within this frame, it can be observed from the
IEA (2021) data that the research, development, and dem-
onstration (RD&D) expenditures for renewable energy in-
creased in the last years, while they were very low for
many years in Turkey. For instance, RD&D expenditures
for renewable energy sources were 1 million USD in 1994;
they reached only 4 million USD in 2009. In addition, they
were 35 million USD in 2014 and increased to 74 million
USD in 2018. Hence, more resources should be allocated
for the development and diffusion of renewables in
Turkey.

Therefore, this paper argues that the negative coefficient of
renewable energy in the empirical analysis may stem from the
low share of renewables in electricity production and that the
Turkish government should proceed to stimulate electricity
production from renewables and to boost RD&D expendi-
tures. Hence, when the share of other renewables in electricity
production reaches a certain level and offsets the decrease in
the share of hydro, renewables can improve environmental
quality in Turkey as renewables are much cleaner compared
to fossil energy sources.

Finally, the paper invites further possible researches which
may employ nonlinear estimation methods for testing the
PHH and the EKC hypothesis and for examining the impact
of renewable energy on environmental quality as linearity is a
very strong assumption for an econometric time series analy-
sis. For instance, future papers may employ other nonlinear
methods, such as threshold autoregressive models, self-
exciting threshold autoregressive models, momentum

threshold autoregressive models, and Markov regime
switching models. In this way, the findings of these papers
can help policymakers in Turkey exploit efficient empirical
findings and design strong energy and environmental policies.
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