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Abstract

There are discussions in the literature on whether there are disadvantages in terms of environmental quality
and the economic advantages provided by foreign direct investments in developing countries. These
discussions, which were studied within the framework of the Pollution Haven Hypothesis, have been the
subject of many empirical studies. This study aims to investigate the relationship between carbon emissions,
economic growth, amount of energy use, foreign direct investments, and trade openness for Turkey within
the Pollution Haven Hypothesis framework and test whether the hypothesis mentioned above is valid in
Turkey. In the study, the validity of the hypothesis in Turkey was tested using the NARDL method between
1970 and 2018. The findings validate that the Pollution Haven Hypothesis is valid for Turkey in the long
term. It was also determined that negative shocks in growth and energy use reduce carbon emissions, while
positive shocks in energy use and trade openness increase carbon emissions in the long term. The findings
that the Pollution Haven Hypothesis is not valid in the short term are among the other findings obtained from
the study. Also, it was determined that the negative shock in growth and trade openness and negative and
positive shock in the amount of energy use are significant in the short term.

Keywords: Environmental quality, foreign direct investments, pollution haven hypothesis, NARDL method.

Oz

Gelismekte olan iilkelerde dogrudan yabanct yatiruimlarin sagladigi ekonomik avantajlar ve ¢evre kalitesi
agisindan dezavantajlarin olup olmadigi konusunda literatiirde tartismalar bulunmaktadir. Kirlilik Siginag
Hipotezi ¢ercevesinde incelenen bu tartismalar bir¢ok ampirik ¢alismaya konu olmustur. Bu ¢alisma, Kirlilik
Siginag Hipotezi ¢ercevesinde Tiirkiye icin karbon emisyonlari, ekonomik biiyiime, enerji kullanim miktari,
dogrudan yabanci yatirimlar ve ticarete agiklik arasindaki iliskiyi arastirmayr ve séz konusu hipotezin
Tiirkiye'de gegerli olup olmadigini test etmeyi amaglamaktadir. Calismada hipotezin Tiirkiye'deki gegerliligi
1970-2018 yillarina ait veriler kullanilarak NARDL yéntemi ile test edilmistir. Bulgular, Kirlilik Siginagi
Hipotezinin uzun vadede Tiirkiye igin gegerli oldugunu dogrulamaktadir. Biiyiime ve enerji kullammindaki
olumsuz soklarin karbon emisyonlarini azalttigi, enerji kullanimi ve ticarete agikliga yonelik pozitif soklarin
ise uzun vadede karbon emisyonlarmi artirdigi belirlenmistir. Kirlilik Siginagi Hipotezinin kisa vadede
gecerli olmadigina iliskin bulgular da ¢alismadan elde edilen diger bulgular arasindadir. Ayrica kisa
donemde biiyiime ve ticarete agikliktaki negatif sok ile enerji kullanim miktarindaki negatif ve pozitif sokun
anlamli oldugu tespit edilmistir.

Anahtar Kelimeler: Cevre kalitesi, dogrudan yabanci yatirimlar, kirlilik siginagi hipotezi, NARDL yéntemi.
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1. Introduction

In recent years, the acceleration of capital mobility, the liberalization of trade, and the spread of
information and communication technologies have been seen among the most basic results of
globalization in the world economy. Along with the globalization of the economy, opinions regarding
the contribution of the mobility of foreign direct investments not only between developed countries
but also from developed countries to developing countries in the potential growth and development
processes of these countries in the development process constitute a wide area of discussion in the
literature. Foreign direct investments (FDI) support growth mainly through two channels: (I) by
promoting the adoption of new technologies in production processes through the diffusion of capital,
promoting knowledge transfer in terms of workforce training and skill acquisition, and (II) by
providing better organizational arrangements with alternative management practices (Hansen and
Rand, 2006).

Within the scope of globalization, it is observed that FDI activity continues to increase to a
great extent worldwide, especially in the last twenty to thirty years. Thus, it is remarked that growth
is supported by capital accumulation and productivity increase in countries that have succeeded in
attracting these investments. In this context, the efforts of developing countries to attract the
investments mentioned are observed as a normal result of this fact. However, a new area of discussion
has emerged regarding the potential effects of increased FDI inputs on environmental quality despite
their potential contribution to growth in national economies (Chandran and Tang, 2006). Since the
beginning of the 2000s, the world has experienced the problems of global warming and climate
change. It is stated that carbon emissions resulting from economic activities are at the forefront of the
factors that cause global warming. It can be expressed that there is a general public consensus in most
developed and developing countries that there are steps and measures to be taken to solve the
problems. Various restrictive measures can be brought to foreign direct investments that can cause an
increase in carbon emissions, and a more distant approach can be developed towards these
investments, especially by more developed countries. On the other hand, some of the underdeveloped
and/or developing countries lean towards foreign direct investments compared to other countries in
order to benefit from the macroeconomic advantages of these investments. Therefore, it is considered
that these countries are less willing to take precautions and necessary steps in the fight against the
global warming problem. The willingness of underdeveloped and developing countries to attract
investments in the face of restrictive measures adopted by developed countries has made developing
countries more attractive than developed countries for FDI investors. In this context, the opinions that
environmental pollution has increased due to foreign direct investments in developing countries have
created a new discussion area in the literature within the framework of Pollution Haven Hypothesis
(PHH).

According to PHH, FDI investors prefer investing in developing countries because of the fact
that they have various incentives for investments and their restrictive practices are limited, and as a
result of these investments, they cause an increase in the environmental pollution in these countries
(Mutafoglu, 2012). There are many studies in the literature, which that test the validity of this
hypothesis. Along with the studies that found results in favor of the hypothesis (Kearsley and Riddel,
2010; Kilicarslan and Dumrul, 2017; Singhania and Saini, 2021; Waldkirch and Gopinath, 2008;
Wang and Chen, 2014), there are also studies that showed the results that the hypothesis was invalid
(Adewuyi and Awodumi, 2017; He, 2006; Tang and Tan, 2015). There is still no general consensus
on this issue in the literature. In this study, unlike other studies, the Pollution Haven Hypothesis was
tested for Turkey using the NARDL (Non-linear ARDL) method. Unlike the ARDL method, the
NARDL method allows testing of long and short-term non-linear effects in the analysis. No
known/accessed study was found in the Turkish sample for PHH analysis using the NARDL method.
Therefore, the study fills this gap and shows its contribution to the literature.
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The study consists of four main parts following the introduction. The second and third parts of
the study consist of the relevant literature, data set, and model parts, respectively. In the fourth part,
the findings and discussion part of the study were presented, and the study was completed with the
conclusion part, which is the fifth part.

2. Literature Research

Pioneering studies basing the pollution haven hypothesis on the relationship between environmental
quality and the globalization of the economy (Cole, 2004; Copeland and Taylor, 2004) suggested that
the validity of this hypothesis seems to be quite significant theoretically should be based on empirical
findings. Cole (2004) argued that the development of trade, and Copeland and Taylor (2004) argued
that besides trade development, the increase in growth also affected environmental quality.
Accordingly, it is important to investigate the relationship between foreign direct investments and
carbon emissions in testing the validity of the Pollution Haven Hypothesis. Therefore, most of the
studies on the relationship between FDI and carbon emissions have investigated this relationship
within the framework of the Pollution Haven Hypothesis (Al-Mulali and Ozturk, 2015; Assamoi et
al., 2020; Chen, 2021; Hoffman et al., 2005; Kogak and Sarkgiinesi, 2018; Lau et al., 2014; Liang,
2008; Mutafoglu, 2012; Rahman et al., 2019; Solarin et al., 2017; Tamazian and Rao, 2010; Zhu et
al., 2016). According to this hypothesis, multinational companies operating in sectors with high
pollution levels tend to shift their activities to developing countries with more flexible environmental
regulations. From this point of view, the pollution haven hypothesis suggests that the flow of foreign
direct investments into the country causes pollution in the country (Assamoi et al., 2020; Grossman
and Krueger, 1991; Keho, 2016).

The effect of FDI on carbon emissions (COz), in other words, pollution, has recently been a
topic of intense discussion. This subject of discussion also reflects on the empirical studies conducted
within the framework of the pollution haven hypothesis. Although many studies have confirmed that
this hypothesis is valid, some studies have argued that it is not. The literature of the studies testing
this hypothesis is presented in Table 1.

Table 1. Summary of Literature Studies

. PHH
Author(s) Country Period Methodology Validity
Hoffmann et al. (2005) 112 countries 1971-1999 Panel VAR/FE/RE Yes
He (2006) 29 Chinese cities 1994-2001 Panel GMM No

Panel OLS
Akbostanci et al. (2007) Turkey 1994-1994 Panel LSDV/GLS Yes
. 1991/1992
Dietzenbacher and . .
Mukhopadhyay (2007) India 1996/1997 Input-Output Analysis No
Liang (2008) 231 Chinese cities 1996-2002 Panel OLS/FE Yes
Waldkirch and .
Gopinath (2008) Mexico 1994-2000 OLS Yes
Tamazian et al. (2009) BRIC 1992-2004 Panel RE No
Tamazian and 24 transition 1993-2004 Panel RE/GMM No
Rao (2010) economies
Zheng et al. (2010) 35 Chinese cities 1997-2006 Panel OLS No
Kearsley and
Riddel (2010) OECD 1980-2004 Panel FE Yes
Pedroni, Kao, and
Pao and Tsai (2011) BRICS 1980-2007 Fisher cointegration Yes
OLS/VECM/Granger
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Table 1 (Cont.). Summary of Literature Studies

Cole et al. (2011) 112 Chinese cities 2001-2004 Panel FE/RE Yes
Shahbaz et al. (2011) dgglggﬁg’é’ﬁn&t‘fﬁs 1985-2006 Panel OLS/FE/RE Yes
1987Q1- Johansen
Mutafoglu (2012) Turkey 200904 cointegration/Granger Yes
causality
Cinar et al. (2012) deljeﬁf]:iiglzzir?gijes 1985-2009 Pedroni/Westerlund/ PMG/MG Yes
Al-Mulali (2012) 12 Middle Eastern 1990-2009 Pedrom/FMOLS/Granger Yes
countries causality
Al-Mulali and Tang Gulf Cooperation Council Pedroni/FMOLS/Granger
(2013) (GCC) Countrics 1980-2009 causality Yes
Ren et al. (2014) China 2000-2010 GMM Yes
Lau et al. (2014) Malaysia 1970-2008 ARDL/Granger causality Yes
Europe, Central Asia,
. Latin America, Caribbean,
Omri et al. (2014) Middle East, North, and 1990-2011 Panel GMM Yes
Sub-Saharan Africa
Wang and Chen China 2002-2009 Panel 2SLS/FE Yes
(2014)
Kivyiro and . .
Arminen (2014) Sub-Saharan Africa 1971-2009 ARDL/Granger causality Yes
Sahindz and Johansen
Fotourehchi (2014) Turkey 1975-2011 comteg,;r;;lsc:lli/granger No
Seker et al. (2015) Turkey 1974-2010 ARDLéIj;;egrgga‘l’l‘;ﬁfygmon Yes
. . Pedroni/FMOLS
Shahbaz et al. (2015) ng}ilr;;;nr;lidizﬁr?trrliiow- 1975-2010 Dumitrescu and Hurlin Yes
causality
Johansen
Tang and Tan (2015) Vietnam 1976-2009 cointegration/Granger No
causality
Neequaye and . .
Oladi (2015) 27 developing countries 2002-2008 Panel FE Yes
Azam et al. (2015) I“don‘;sflz’ﬂﬁ*gay“a’ 1980-2012 OLS Yes
Ghouali et al. (2015) BRICS countries 1990-2012 P e‘}gﬁggﬁ?ﬁ; ?igLs Yes
Al-Mulali and . Pedroni/FMOLS
Ozturk (2015) MENA countries 1996-2012 Granger causality Yes
Zhu vd. (2016) ASEAN-5 countries 1980-2010 Panel quantile regression No
Panel second generation
heterogeneous linear panel
Rafiq vd. (2016) Developing countries 1980-2010 models njr?—tﬁnear panel No
data techniques
Kiligarslan and . .
Dumrul (2017) Turkey 1974-2013 Johansen cointegration Yes
Solarin et al.
(2017) Ghana 1980-2012 ARDL Yes
2;1(1)c1117r;m ctal Turkey 1974-2013 ARDL/Granger causality Yes
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Table 1 (Cont.). Summary of Literature Studies
South and .
Behera and . Pedroni and Westerlund
Dash (2017) Southeast Asian 1980-2012 Cointegration/FMOLS/DOLS Yes
countries
Adewuyi and West African
Awodumi (2017) countries 1980-2010 Panel 3SLS No
Maki cointegration/
I;;iak..zndi 2018) Turkey 1974-2013 DOL/Hacker and Yes
gunes Hatemi-J causality
Mike and .
Kardaslar (2018) 102 countries 2010-2015 Panel GMM Yes
oty Pakistan 19752016 NARDL Yes
Kurt et al. (2019) Turkey 1974-2014 ARDL Yes
Mike (2020) Turkey 1971-2015 ARDL Yes
. Coastal .
Nathaniel et al. Mediterrancan 1980-2016 Panel OLS/Paqel quantile Yes
(2020) . regression
Countries
Guzel and Okumus — ASEAN-5 1981-2014 CCEMG/AMG Yes
(2020) countries
Sadik-Zada and 26 OECD
Ferrari (2020) countries 19952011 PMG Yes
Assamoi et al.
(2020) Ivory Coast 1980-2014 ARDL Yes
Sinehania and 21 developed and
&} developing 1990-2016 Panel GMM Yes
Saini (2021) .
countries
Chen (2021) 276 Chinese cities 2003-2009 Spatial Durbin model Yes
Danish et al. China 1994Q1-2018Q4 DARDL/ARDL No

(2021)
Note: PHH: Pollution Haven Hypothesis

Remarkable results have been suggested in studies testing the validity of the Pollution Haven
Hypothesis for various analysis methods and different time periods over the Turkish sample.
Mutafoglu (2012) used the data from 1987-2009 to explain the relationship between FDI flow, carbon
emissions, and growth with a causality. Accordingly, the increase in foreign direct investments
increases carbon emissions, and, as PHH suggests, countries with low environmental quality
standards attract the attention of FDI investors. Sahindz and Fotourehchi (2014) argued that the
increase in environmental pollution could not be explained by PHH in their study using the 1975-
2011 period data. Accordingly, the increase in carbon emissions is related to the non-use of advanced
technologies in the manufacturing industry. However, according to the study of Seker et al. (2015)
using the 1974-2010 period data, the findings showing that growth and energy use significantly
increase carbon emissions, although less than other variables, confirmed the validity of PHH.
According to the study conducted by Yildirim et al. (2017), using the 1974-2013 period data, an
increase in FDI increases carbon emissions up to a certain level, and after that level, the increase in
FDI does not increase environmental pollution. Also, it was found that there is bidirectional causality
between environmental pollution, growth and energy consumption, and FDI in the long term. In their
study using the data of the same period (1974-2013), Kogak and Sarkgiinesi (2018) also stated that
there is a relationship between FDI, growth, energy use, and carbon emissions in the long term and
asserted that PHH is valid for Turkey. Mike (2020) analyzed the data for the period 1971-2015 in this
study and argued that the increase in FDI in Turkey has an increasing effect on carbon emissions.
Therefore PHH is valid for Turkey.

In the literature, using various period data and various analysis methods for Turkey, it is
observed that there are various studies on whether the increase in FDI affects environmental quality,
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and in this context, whether PHH is valid in Turkey. However, as far as we know, there is no study
conducted for the Turkish sample using the NARDL method, which examines the non-linear
relationship between the variables in both the short and long term and produces consistent results
even in small samples. In this context, it is considered that this study will close this gap in the
literature.

3. Method, Dataset And Model

In this study, the relationship between CO,, economic growth (GDP), amount of energy use
(ENERGY), foreign direct investments (FDI), and Trade Openness (TRADE) for Turkey were
investigated within the framework of PHH. Empirical analyses were made using the most recent
annual data for the period between 1970 and 2018. It was measured using the variables of carbon
emissions (CO; emissions, metric tons per capita), economic growth (GDP growth per capita, %
annual), amount of energy use (energy consumption per capita, gigajoules per capita), foreign direct
investment (FDI, net inflows % of GDP), and trade openness (% of GDP). Among the variables
considered in this analysis, the CO; variable was selected based on the studies of Al-Mulali and
Ozturk (2015), Behera and Dash (2017), Sadik-Zada and Ferrari (2020), and Singhania and Saini
(2021), and the GDP variable was selected based on the work of Tamazian and Rao (2010), Adewuyi
and Awodumi (2017), and Guzel and Okumus (2020). Similarly, the FDI variable was selected based
on the studies of Mutafoglu (2012), Al-Mulali (2012), Kiligarslan and Dumrul (2017), Sadik-Zada
and Ferrari (2020), and Singhania and Saini (2021) and the ENERGY variable was selected based on
studies by Al-Mulali and Tang (2013), Shahbaz et al. (2015) and Singhania and Saini (2021), and the
trade openness variable by Kili¢ and Balan (2018), Oztiirk and Saygin (2020). Except for the
ENERGY variable, all data for the variables were obtained from the World Bank's World
Development Indicators database. The ENERGY variable data was obtained from the BP Statistical
Review of World Energy. GDP, TRADE, and FDI variables are taken as percentages, CO, and
ENERGY variables are taken as per capita. Therefore, the natural logarithm of the per capita variables
was taken to reflect the changes.

NARDL is a more comprehensive version of linear ARDL developed by Pesaran et al. (2001).
The NARDL approach was developed by Shin et al. (2014). This approach allows variables to be
integrated (1(0) or 1(1)) to varying degrees, just like the linear ARDL approach. This test, which has
been introduced to the literature recently, has some advantages, such as obtaining long-term positive
and negative coefficients and obtaining long- and short-term non-linearities. In addition, the NARDL
test allows for linear and non-linear cointegration relationships. Moreover, it is noted that the small
sample characteristics of this test are also very good (Shin et al., 2014). Due to these advantages of
NARDL, this study was analyzed by applying the NARDL method.

The relationship between the variables can be written as in the following linear regression
equation:

LNCO,, =¢,+¢,GDP, +¢,LNENERGY, +¢,FDI, + ¢,TRADE, +u, (1)
Where; LNCOx; represents the natural logarithm of carbon emissions per capita in metric tons

over the period t; GDP; represents growth per capita in a given period t; LNENERGY means the
natural logarithm of energy use per capita in the period t; TRADE; shows the trade openness rate in

the given period t and FDI; shows the foreign direct investment in the given time period. g, is the

constant of the model; ¢,, ¢,, &5, and ¢, are parameters and u, represents the residuals of the model.
The equation of the asymmetric cointegration model can be expressed as the following equation:

LNCO, =, +¢,GDP" +¢,GDP +¢,LNENERGY," +¢,LNENERGY +¢,FDI’ + FDI  +¢,TRADE +,TRADE; +u, (2)
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Where; GDP™ and GDP~ show the positive and negative components of economic growth,
LNENERGY," and LNENERGY, show the positive and negative components of the amount of
energy use, FDI' and FDI show the positive and negative components of foreign direct
investments, TRADE' and TRADE, show the positive and negative components of the trade
openness variable.

The positive and negative components of GDP, LNENERGY, FDI, and TRADE can be
summarized in a partial summary process as follows:

t t
GDP" =) AGDP" =) max(AGDP,0),&
i=1 i

3)
GDP” =) AGDP" =) min(AGDP,0)
i=1 i
LNENERGY' = Zt:ALNENERGYI.* = 2 max (ALNENERGY,,0),&
i=1 i (4)
LNENERGY, = ALNENERGY, =) min(ALNENERGY,,0)
i=1 i
FDI' = XAFDII.* = Zt: max (AFDI,,0),&
- ! (5)
FDI; => AFDI; =" min(AFDI,,0)
i=1 i
t t
TRADE, =) ATRADE; =) max(ATRADE,,0),&
i=1 i
(6)

TRADE, =¥ ATRADE =Y min(ATRADE, 0)
i=l

In the NARDL system, the long and short-run equations can be written in the following form:

ALNCO, =a, +LNCO,,, +  GDP', + B, GDP., + 7 LNENERGY', + 7, LNENERGY " + A FDI", +  FDI", + . TRADE', + 9 TRADE, (
] i 7)

p-1 q-1

Y.OLNCO, + (6" AGDP, + ;AGDE +0; ALNENERGY, + 0; ALNENERGY,, + ; AFDI + G AFDI_ + 6; ATRADE, + 0 ATRADE ) ¢,
i=1 i=0

Where, A denotes the difference operator, which shows the short-term dynamics. Variables
expressed with level values indicate long-run dynamics, and p and q indicate lag lengths. It is possible
to define long-term coefficients as

mi=—ﬂi'%,mi=—yi'%,mi=—/1i'% and mi=—19['%/§ (8)

—1

&

1

(67) ana 3(47) ©)

Il
(=]

values show information on the effect of increases and decreases in GDP, LNENERGY, FDI, and
TRADE variables on CO; emissions. Equation 7 is the estimated cointegration equation for NARDL.
After estimating the equation, Shin et al. (2014) suggested two different approaches. The first
approach is the t-test approach, called tspm, used in the study of Banerjee et al. (1998). The second
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approach is the F-test approach, expressed as Fpss, suggested in the study of Pesaran et al. (2001).

The hypotheses in these approaches are shown in Equation 10 and Equation 11, respectively.
Hy:p=0 et h) (10)
-test approac
H :¢<0 PP

Ho:ﬂi:%:ﬂﬁ:‘gj:o

H:B=y=4=98+0 (F-test approach) (11)

In the t-test approach, the relevant test statistic is compared with the critical value, and in the
F-test approach, it is decided whether there is cointegration by comparing the relevant test statistic
with the lower and upper critical values. In the case of cointegration in the NARDL method, the
existence of long- and short-term non-linearity is tested with the help of the Wald test. The null
hypotheses established for the long-term non-linearity between the variables are as in Equation 12,
Equation 13, Equation 14, and Equation 15.

Hy=p" =8, (12)
Hy=y5 =74 (13)
Hy=2 =2 (14)
Hy=9 =9 (15)

Rejecting the null hypothesis indicates that there is a long-term non-linear relationship between
the related variables. The null hypothesis for short-run non-linearity is as in Equation 16:

Rejecting the null hypothesis indicates the existence of a short-term non-linear relationship.

4. Findings And Discussion

It is required to determine the integration degrees of the variables before starting the time series
analysis. The variables should not be quadratic integrated in linear and non-linear ARDL methods
(2). In this study, Augmented Dickey-Fuller (ADF) (Dickey and Fuller, 1979) and Phillips and Perron
(PP) unit root (Perron, 1990) tests were applied to determine the integration degrees of the variables.
Test results are given in Table 2. Accordingly, while LNCO,, LENNERGY, and the TRADE variant
are I(1) according to both the ADF and PP test, GDP variable is 1(0) according to ADF and PP test,
and finally, the FDI variable is I(1) in the constant model and I(0) in the constant and trend model
according to the ADF test, according to the PP test, it is I(1) in constant model and constant and trend
model. As can be seen, the variables are integrated with different degrees. However, it is seen that
none of the four variables is 1(2). Therefore, the NARDL model can be applied to these variables. In
addition, descriptive statistics and graphics of the variables are given in Appendix 1.
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Table 2. Unit Root Test Results

Augmented Dickey-Fuller Phillips—Perron
. Constant Constant and Constant Constant and

Variable

Trend Trend
LNCO2 -1.540 -1.443 -1.627 -3.069
GDP -6.740%** -6.784%** -6.740%** -6.782%**
LNENERGY -1.877 -3.272 -2.013 -3.269
FDI -1.989 -3.781%* -1.888 -2.923
TRADE -0.967 -2.994 -0.613 -3.091
ALNCO2 -6.825%** -6.823%** -7.049%** -7.066%**
AGDP - - - -
ALNENERGY -6.994*** -7.151%** -6.999*** -7.189%**
AFDI -6.422%** - -12.378%** -12.666***
ATRADE -6.087*** -6.007*** -6.877*** -6.639%***

Note: A denotes the difference operator, while *** and ** denote 1% and 5% significance levels. The optimum lag
selected is based on the Schwarz information criterion. LN indicates that the natural logarithm of the variables is taken.

To look at the long-term relationships of the variables, Fpss and tgpm tests were applied.
According to the results in Table 3, the Fpss test statistics value is greater than the upper critical value
at the 5% significance level. Similarly, the tgpwm test statistical value is greater than the absolute critical
value at the 5% significance level. According to the results of both tests, it can be said that there is a
cointegration relationship between the variables.

Table 3. Limit Test
Critical Values
Statistics Significance 1(0) a
Fpss 5.007 5% 2.86 4.01
tBDM -4.351 5% -4.18

Note: For the Fpgs statistic k=3, the unconstrained fixed model in the Case III table from Pesaran et al. (2001) and for
the tppm statistic k=3, the critical values in the Banerjee et al. (1998) study were taken.

After deciding that there is cointegration, Wald statistics were used in order to determine
whether this cointegration is linear or non-linear. According to the Wald statistics in Table 4, it is
observed that the test statistics of GDP, FDI, and TRADE variables are significant in the long term.
Thus, the effects of growth, foreign direct investments, and trade openness variable on carbon
emissions, in the long run, are non-linear. In the short term, it is observed that only the amount of
energy used has a non-linear effect on carbon emissions.

Table 4. Testing the Non-Linear Effect

Wald Statistics F-Statistics Probability
W 332 %% 0.000
o 10.13%* 0.013
WL/EVENERGY 1.77 0.220
IRave 12.84% %% 0.007
o 2.34 0.164
i 0.01 0.925
W;};VE,\’ERGY 4.15%* 0.076
yT0E 0.11 0.749

Note: Wir and Wsr represent long- and short-term asymmetries, respectively. *** ** ‘and * indicate 1%, 5%, and 10%
significance levels, respectively, and LN represents the natural logarithm of the variables.

The long- and short-term estimation results obtained from the NARDL model are presented in
Table 5. When the short-term non-linear coefficients are examined, it is observed that the negative
shock in the one-term lagged value of the GDP variable and both positive and negative shocks for the
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FDI, LNENERGY, and TRADE variables are statistically significant. From this point of view, it is
observed that a negative shock or decrease in growth in the short term will reduce carbon emissions.
When the effect of foreign direct investments on carbon emissions is analyzed in the short term, it is
seen that an increase in foreign direct investments or a positive shock will reduce carbon emissions.
This result shows that PHH is not valid in the short run. It was determined that increases in the amount
of energy use in the short term would increase carbon emissions, while decreases will reduce carbon
emissions. Finally, it was found that increases and decreases in the amount of trade openness will
reduce carbon emissions in the short term.

Table 5. NARDL Model Results

Variable Short-Term Coefficient Std. Deviation t-Statistics
ALNCO2, 1.232%%* 0.555 2.22
ALNCO2, 0.249 0.409 0.61
ALNCO2, , -0.316 0.265 -1.19
AGDP? 0.001 0.002 0.56
AGDF;, 0.001 0.004 0.23
AGDEP', 0.002 0.006 0.92
AGDP~ 0.009** 0.004 2.39
AGDE., -0.019%** 0.008 -2.36
AGDP., -0.007 0.006 -1.15
AFDI; -0.007 0.031 -0.25
AFDI}, -0.065%* 0.033 -1.96
AFDI?, -0.080* 0.041 -1.93
AFDI; -0.007 0.045 -0.17
AFDI, -0.164%%* 0.041 -3.98
AFDI;, 0.007 0.032 0.22
ALNENERGY* 0.964*** 0.280 3.44
ALNENERGY?, -0.524 0.405 -1.29
ALNENERGY,, -0.048 0.255 -0.19
ALNENERGY, -0.581 0.539 -1.08
ALNENERGY,, -2.056** 0910 -2.26
ALNENERGY,, -0.390 0.687 -0.57
ATRADE; 0.006 0.004 1.43
ATRADE] -0.006** 0.003 -2.07
ATRADE,, -0.010%** 0.003 -2.88
ATRADE; -0.011%** 0.004 -2.40
ATRADE], -0.001 0.005 -0.21
ATRADE,, -0.003 0.004 -0.62
C 0.767*** 0.143 5.38
Variable Long-Term Coefficient F-Statistics Probability
Lapp” 0.005 3.06 0.118
Leor -0.009%** 10.37 0.021
Lot 0.036** 3.07 0.012
Lepr -0.018 2.422 0.158
LiNENERGY 0.671%** 133.6 0.000
LLNENERGY -0.908*** 26.18 0.001
Ltrape" 0.005%** 12.34 0.008
L1rADE 0.002 0.876 0.377

Note: A denotes the difference operator, while ***, ** and *; 1%, 5%, and 10% indicate the significance levels. LN
indicates that the natural logarithm of the variables is taken.

According to the results in Table 5, it is observed that the negative shock in growth is significant
in the long term and will have a reducing effect on carbon emissions. It is observed that the positive
shock in the foreign direct investment variable is significant in the long term. From this point of view,
it can be said that increases in foreign direct investments in the long term will increase carbon
emissions. This result is similar to the findings of studies such as Gopinath (2008), Mutafoglu (2012),
Ren, et al. (2014), Seker et al. (2015), Kocak and Sarkgunesi (2018), Solarin et al. (2017), Rahman
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et al., (2019), Mike (2020) and Chen (2021) in the literature and confirms that the Pollution Haven
Hypothesis is valid for Turkey in the long run. When we look at the variable of the amount of energy
use, it is observed that both positive and negative shocks are statistically significant. In other words,
increases and decreases in the amount of energy use have positive and negative effects on carbon
emissions, respectively. Finally, in the long term, the positive shock of the trade openness variable is
significant and increases carbon emissions.

For the NARDL model to be used for estimation, some assumptions must be provided. These
assumptions are given in Table 6. These results show that there are no autocorrelation and changing
variance problems in the established model, the assumption of normality is provided, and the model
is set up correctly. Therefore, the NARDL model can be used for prediction purposes.

Table 6. Diagnostic Test Results

Tests Statistics Probability
Breusch-Godfrey autocorrelation 22.25 0.327
Breusch—Pagan—Godfrey changing variance 2.05 0.152
Ramsey RESET 2.81 0.148
Jarque-Bera normality 0.34 0.844

Note: *** ** * indicate 1%, 5%, and 10% significance levels, respectively.

5. Conclusion

In this study, the relationship between foreign direct investments and carbon emissions was analyzed
for Turkey within the framework of the Pollution Haven Hypothesis. This hypothesis was tested with
the data of the 1970-2018 period for Turkey. It was also examined in this study whether economic
growth, the amount of energy use, and the rate of trade openness were also effective on carbon
emissions.

Firstly, the stationarity test of the series was carried out with ADF and PP unit root tests in the
study. Then, the cointegration relationship between the variables was investigated using the NARDL
method, which allows to investigation of the cointegration relationship between the series integrated
with different degrees.

Empirical findings suggest that an increase in foreign direct investment or a positive shock will
reduce carbon emissions in the short run. This result shows that PHH is not valid in the short run. It
is also determined that a negative shock or decrease in growth in the short term will reduce carbon
emissions. Moreover, it was determined that increases in the amount of energy use in the short term
would increase carbon emissions, while decreases will reduce carbon emissions. Finally, it was found
that increases and decreases in the amount of trade openness will reduce carbon emissions in the short
term. It is observed that the positive shock in the foreign direct investment variable is significant in
the long term. From this point of view, it can be said that increases in foreign direct investments in
the long term will increase carbon emissions. This result confirms that the Pollution Haven
Hypothesis is valid for Turkey in the long term. In addition, when we look at the variable of the
amount of energy used in the long term, it is observed that both positive and negative shocks are
statistically significant. In other words, increases and decreases in the amount of energy use have
positive and negative effects on carbon emissions, respectively. Finally, in the long term, the positive
shock of the trade openness variable is significant and increases carbon emissions.

As aresult of the study, the findings show that foreign direct investment in Turkey, a developing
country, negatively impacts Turkey's environmental quality. The most important reason for it is that
global companies, which are trying to reduce their production costs, transfer their pollution-causing
sectors to developing countries such as Turkey. In this context, while policies focused on increasing
foreign direct investments to the country are followed, the effects of these investments on
environmental quality should also be taken into account. According to the findings obtained from the
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study, foreign direct investments reduce the environmental quality in the long run. Therefore, it is
thought within the scope of the findings obtained from the study that it is required to support the
inclusion of technologies that will reduce carbon emissions more in the production processes and
implement the policies for the necessary incentives and regulations in this regard. Also, it would be
appropriate to state that it is necessary to consider the practices in developed countries while
determining the policies that will affect the environmental quality in Turkey. For example, renewable
energy usage areas in production should be emphasized more. Also, incentive policies such as tax
deductions/exemptions can be brought forward for investments that supply high-tech goods with less
energy density.
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Appendix
Appendix 1. Descriptive Statistics and Graphs of Variables
LNCO2 GDP LNENERGY FDI TRADE
Mean 1.002506 2.742175 3.656131 0.791656 36.37222
Median 1.010522 3.168091 3.720274 0.424053 37.66492
Maximum 1.634559 9.509983 4.363868 3.623502 62.54741
Minimum 0.200982 -7.147846 2.713216 0.019501 9.099744
Std. Dev. 0.383662 4.003076 0.456145 0.860643 14.87508
Skewness -0.209934 -0.745525 -0.266240 1.533354 -0.362988
Kurtosis 1.988688 2.999712 1.986155 4.811285 1.880555
Jarque-Bera 2.448042 4.539094 2.677474 25.89947 3.634571
Probability 0.294045 0.103359 0.262177 0.000002 0.162466
Observations 49 49 49 49 49
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