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Abstract: The mobility in foreign direct investment has increased with the liberalization
of trade and globalization. Depending on this mobility, changes have occurred in the
environmental quality of the countries according to the pollution level of the economic
sectors. For this reason, the study's main aim is to examine the energy sector in Turkey
in terms of pollution haven and pollution halo hypotheses. In the study, the variables of
total greenhouse gas emissions from the energy sector (CO2 equivalent), urban
population growth, and foreign direct investment inflows (%GDP) for the period 19902019 were used. The Johansen-Juselius (1990) test was used to determine the
cointegration relationship between variables. The VECM (vector error correction model)
and Toda-Yamamoto (1995) tests were used for causality analysis. According to the
results of the analysis, there is a long-term relationship between the variables. In
addition, it has been concluded that the pollution haven hypothesis is valid for the
energy sector in Turkey in the long term. Therefore, the use of fossil energy resources by
foreign direct investments in the energy sector should be deterred by various policies.
As a result, administrative and financial regulations must be strong to ensure
permanent environmental quality increases.
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1. Introduction
One of the common problems of our age is environmental pollution caused by the increase in carbon
dioxide emissions (CO2). The main reason for the increases in carbon dioxide emissions is due to natural and
anthropogenic causes (IPCC, 2007; Acaravci & Erdogan, 2018: 53). Especially with the industrial revolution,
the diversification of production and the rise of competition have revealed the energy needs of the industry.
On the other hand, the increasing energy needs of the industry have been met by fossil energy sources that
are easier, cheaper and do not require advanced technologies (Black & Weisel, 2010). After the industrial
revolution, with the use of fossil energy sources containing carbon due to anthropogenic reasons, increases
in carbon dioxide emissions are noteworthy. For example, while the global carbon dioxide concentration was
273 ppm (parts per million) following the industrial revolution, it reached about 420 ppm in 2022 (NOAA,
2022). Since carbon dioxide gas is more permanent in the atmosphere than other greenhouse gases, it causes
the greenhouse effect to be strengthened (Tayyar, 2022). Over time, increases in carbon dioxide emissions
due to economic activities are taking a leading role in the aggravation of global warming and global climate
change (Karl & Trenberth, 2003).
The interaction between economic activities and carbon dioxide emissions is very important. Based
on this importance, it is necessary to examine the relationship of economic activity with carbon dioxide
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emissions according to sectors. Table 1 below provides information on total greenhouse gas emissions by
economic sectors in Turkey.
Table 1. Total Greenhouse Gas Emissions by Economic Sectors (𝐶𝑂2 Equivalent)

Years

Total

Energy

2014
2015
2016
2017
2018
2019

459
473.3
498.9
525
522.5
506.1

325.8
340.9
359.7
379.9
373.1
364.4

Economic Sectors
Industrial Processes
Agriculture
and Product Use
58.7
56.2
57.2
56.1
61.4
58.9
64
63.3
65.9
65.3
56.4
68

Waste
18.3
19
19
17.8
18.1
17.2

Note: The data in the table show the carbon dioxide equivalent of total greenhouse gas emissions
in million tons.
Source: TurkStat, 2022.

According to the data in the Table 1, the share of the energy sector in total greenhouse gas emissions
is high. It is seen that the energy sector has a weight of approximately 72% in the total greenhouse gas
intensity over the years. Undoubtedly, the distribution of energy resources among countries is unequal. This
situation causes countries with less energy resources to obtain cheaper fossil energy resources from other
countries (Çetintaş, Bicil & Türköz, 2017: 3). The use of fossil energy resources in countries both increases
external dependence on energy and sets the stage for the formation of environmental problems (Tayyar,
2021: 269). In this context, it is essential to benefit from renewable energy sources in order to establish
energy supply security and reduce environmental pollution in countries. Renewable or green energy is a type
of energy that does not cause environmental pollution, does not decrease as it is used, and has varieties such
as wind, solar hydro energy, geothermal and biogas (Yılmaz, 2012: 52). According to the data for Turkey, it is
seen that the weight of renewable energy sources on electricity generation is around 42% in 2020 (TEİAŞ,
2022). Despite all its positive aspects, it is necessary to bear high costs in order to benefit from renewable
energy sources compared to fossil energy sources (Akdağ & Gözen, 2019). The weak competition among
companies and the fact that suitable technologies are still in the development stage can be counted as factors
that increase costs. Especially, the high costs in the transformation of renewable energy sources prevent the
use of renewable energy sources in countries with insufficient internal financial resources.
The internal financing resource deficit in the transformation of energy resources can be eliminated
by direct foreign capital investments (cross-border investment) (Tayyar, 2020: 214). Foreign direct capital
investments include long-term cross-border investments made by companies in other countries. In
particular, due to the impact of financial liberalization and globalization, there have been increases in the
scale and flexibility of foreign direct investment (Balsalobre Lorente et al., 2019). Although foreign direct
capital investments are beneficial for developing countries that are short of resources in projects that will be
made, there are factors that affect these foreign direct investments. These can be counted as economic and
political stability, administrative regulations, cheap labor, country-specific risks and advantages, market size,
natural resource richness and flexibility in environmental regulations (Bozkurt & Dursun, 2006). Among the
mentioned factors, environmental regulations are directly related to foreign direct investments. In particular,
developing countries can relax environmental regulations in order to attract foreign direct investment due
to their benefits such as technology transfer, governance skills and capital transfer (Acharyya, 2009;
Kılıçarslan & Dumrul, 2017). As a result of this situation, foreign direct investments can increase or decrease
environmental pollution depending on the economic sectors. The relationship between foreign direct
investment investments and environmental pollution is examined with the help of pollution haven and
pollution halo hypotheses (Pao & Tsai, 2011; Lee, 2013; Terzi & Pata, 2020). In this context, if foreign direct
investments tend to use fossil energy sources, the environmental pollution problem will increase more.
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The main purpose of the study is to examine the energy sector in Turkey in terms of pollution haven and
pollution halo hypotheses. In the article, the energy sector-based total greenhouse gas emissions (𝐶𝑜2
Equivalent), foreign direct investment inflows and urban population growth are used for the period 19902019. Johansen and Juselius (1990) cointegration test, VECM (vector error correction model) and Toda and
Yamamoto (1995) analyses are used to determine the relationships between variables. According to the
studies conducted on the subject, the validity of the relevant hypotheses has been intensively investigated.
In addition, the number of studies examining the validity of the hypotheses for economic sectors is very few
(Pazienza, 2015). However, since some sectors have a high level of environmental pollution, it is necessary
to pay attention to the economic sector distinction in terms of the analysis of hypotheses. Therefore, this
article explores the environmental pollution pass-through of foreign direct investments through the energy
sector. Two ways can be used to examine the pollution haven and pollution halo hypotheses by economic
sectors. First, foreign direct investment can be differentiated by sector and its relationship with carbon
dioxide emissions can be examined. As a second way, the economic sectors that make up the total
greenhouse gas emissions can be identified and the relationship of these sectors with foreign direct
investments can be analyzed. Data on foreign direct investments in the energy sector for Turkey seem to be
lacking. Due to the mentioned research limitation, the second method was preferred. For these reasons, it is
thought that the study will be beneficial to the relevant literature in terms of method and scope. The article
consists of five parts. In the second part of the article, the relationship between foreign direct investments
and environmental pollution and studies in this field are examined within the scope of related hypotheses.
In the third section, after the data set and methodology are explained, the econometric studies carried out
in the fourth section are reported. In the last section, the conclusion and recommendation are given.
2. The Relationship between Foreign Direct Invesment and Environmental Pollution: Theoretical
Backgrounds and Studies
Foreign direct investments have great advantages in terms of the economic development of
countries. For this reason, especially developing countries try to solve the problem of capital insufficiency by
attracting foreign direct investments (Hansen & Rand, 2006). Various incentive policies and the existence of
economic stability are important factors in the movement of foreign direct investments towards countries.
However, among these factors, the host country's policies on environmental regulations directly affect the
mobility of foreign direct investments (Copeland & Taylor, 1994; Nathaniel et al., 2020). At this point,
environmental quality is a normal good (Taylor, 2004; Aliyu, 2005). Developed countries with high incomes
give more importance to environmental quality. However, since the income level is lower in developing
countries, the regulations to ensure environmental quality are more looser. Depending on various industry
structures, there are costs for companies to comply with environmental quality (Javorcik & Wei, 2004). Such
costs are higher in developed countries that pay more attention to environmental quality. This situation
causes industries that have a larger share in environmental pollution to move from developed countries to
developing countries. In other words, industrial flight makes it possible for countries that want to attract
foreign direct investment to behave more loosely in terms of ensuring environmental quality (Asgari, 2013:
92). On the other hand, the existence of industrial flight leads to increased competition among countries that
want to benefit more from foreign direct investments. In particular, the level of competition is related to the
regulations made by the countries in order to ensure environmental quality. The high level of competition
causes countries to lower the standards related to environmental quality (Mutafoglu, 2012; Ullah et al.,
2020). The concessions of the countries on environmental standards make the race to the bottom
increasingly intense. It is clear that as a result of the race to the bottom, polluting industries will lead to more
environmental pollution in developing countries. However, environmental pollution has no political limits.
For this reason, it is a fact that all countries will be directly or indirectly affected by the negative effects of
pollution.
The relationships between foreign direct investments and environmental quality are examined with
the help of two hypotheses. The first is the pollution haven hypothesis developed by Pethig (1976), Walter
and Ugelow (1979), Baumol and Oates (1988), and the other is the pollution halo hypothesis proposed by
Porter and van der Linde (1995). Both theories are based on the assumptions that environmental quality is a
Business and Economics Research Journal, 13(3):367-383, 2022
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normal good, income distribution is unequal worldwide, industries differ in terms of pollution intensity, and
the regulations made in terms of environmental quality in countries are not the same (Taylor, 2004; Gassner,
2008: 5). In this context, the pollution haven hypothesis argues that there is a positive relationship between
foreign direct investments and environmental pollution (Tang & Tan, 2015; Bakırtaş & Çetin, 2017; Bulus &
Koc, 2021). In other words, as foreign direct investments increase, there will be a decrease in environmental
quality and an increase in environmental pollution. The study by Copeland and Taylor (1994) is very important
in expressing the pollution haven hypothesis more clearly. According to the study, within the scope of NAFTA
(North American Free Trade Agreement), the countries in the south of the Americas have a comparative
advantage in terms of dirty industries compared to the countries in the north (Copeland & Taylor, 1994: 756).
This will lead to the movement of industries from northern countries to southern countries. Therefore,
NAFTA integration will cause economic problems in the countries in the north and environmental problems
in the countries in the south. In addition to the pollution haven hypothesis, the pollution halo hypothesis
suggests that cross-border investments are environmentally innocent (Zarsky, 1999; Eskeland & Harrison,
2003; Al-Mulali & Tang, 2013). According to the hypothesis, foreign direct investments reduce environmental
pollution in host countries and improve environmental quality. In this context, companies located in
countries where environmental policies are more stringent benefit from more efficient and clean production
technologies (Kim & Adilov, 2012; Yirong, 2022). This allows host countries to benefit from more advanced
and cleaner technologies through foreign direct investments. In addition, the management skills, energy
efficiency and environmental quality sensitivity of companies established in the host country through foreign
direct investments can be taken as examples by other local companies (Hoffman et al., 2005). The spread of
environmental technologies among domestic companies can lead to increases in environmental quality by
providing efficiency in production.
The validity of the pollution haven and pollution halo hypotheses can be examined depending on the
scale, composition and technical effects put forward by Grossman and Krueger (1991) (Grossman & Krueger,
1991: 3). The scale effect indicates that foreign direct investments stimulate economic activity in the host
country. The acceleration of economic activities through foreign direct investments increases both energy
consumption and environmental pollution (Cole & Elliott, 2003). In this respect, it is seen that the scale effect
supports the pollution haven hypothesis. The composition effect is related to which sectors foreign direct
investments will be effective in the host country. In this context, if foreign direct investments focus on
industries that cause environmental pollution, there will be decreases in environmental quality (Assamoi et
al., 2020). Therefore, it is essential for foreign direct investments to focus on clean industries in order to
reduce environmental pollution. The technical impact emphasizes that foreign direct investments provide
more efficient and clean technology transfer to host countries. According to this effect, it is argued that there
will be increases in environmental quality by using efficient and clean technology in countries (Birdsall &
Wheeler, 1993; Liang, 2008). The technical effect supports the pollution reduction hypothesis because it
creates increases in environmental quality. Considering all of the effects, it is understood that the pollution
paradise hypothesis is valid if the scale effect and composition effects (if it affects dirty industries) are greater
than the technical effect. For the pollution halo hypothesis to be valid, the technical and composition effects
(if it affects cleaner industries) must be greater than the scale effect.
On the other hand, there are many studies that question the validity of the hypotheses in terms of
selected countries and country communities. According to the results of the studies, it is seen that different
hypotheses are valid for the same country. The main reason for this situation is that the data used for the
country is different from each other. For example, the concept of environmental pollution is open-ended in
terms of measurement technique and has no standard variable. In some studies, it is seen that carbon dioxide
emissions, types of greenhouse gases and ecological footprint variables are used to express environmental
pollution (Sarkodie & Strezov, 2019; Balsalobre-Lorente et al., 2019). In addition, period differences and the
level of development of the econometric methods used may cause different results. The results of national
and international studies can be examined with the help of Table 2 below.
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Table 2. Econometric Studies For Pollution Haven and Halo Hypotheses
Author(s)
Country
Part A: Econometric Evidence For Other Countries
Pao & Tsai (2011)
BRIC Countries
Lee (2013)
G-20 Countries

Period

Metodology

Results

1980-2007
1991-2009

Pollution Haven
Pollution Halo

Al-Mulali & Ozturk (2015)

MENA Countries

1996-2012

Pazienza (2015)

30 OECD Countries

1981-2005

Shahbaz et al. (2015)

99 Countries

1975-2012

Panel Data
Panel Data
PedroniVECM
Panel Data
FMOLSPedroni
Johansen
Panel ARDL
Panel VAR
ARDL Bound
ARDL
Panel Data
ARDL Bound

Tang & Tan (2015)
Vietnam
Mert & Boluk (2016)
Kyoto Countries
Bakırtas & Cetin (2017)
MIKTA Countries
Solarin et al. (2017)
Ghana
Rana & Sharma (2019)
India
Sarkodie & Strezov (2019)
5 Countries
Bulus & Koc (2021)
Korea
Part B: Econometric Evidence For Turkey

1976-2009

Mutafoglu (2012)

1987-2009

Sahinoz & Fotourehchi (2014)
Polat (2015)
Seker et al. (2015)
Gokmenoglu & Taspınar (2016)

1974-2011
1980-2013
1974-2011
1974-2010

Ozturk & Oz (2016)

1974-2011

Kaya et al. (2017)

1974-2010

Kılıcarslan & Dumrul (2017)

1974-2013

Koçak & Sarkgunesi (2017)

1974-2013

Yıldırım, Destek & Ozsoy (2017)
Kurt, Kılıç & Ozekicioglu (2019)

1974-2013
1974-2014

Mert & Caglar (2020)

1974-2018

Mike (2020)

1970-2015

Terzi & Pata (2020)

1974-2011

1982-2011
1980-2012
1982-2013
1982-2016
1970-2018

Co-integration
- ECM
Co-integration
Co-integration
ARDL- Granger
ARDL
Maki Cointegration
Engle-Granger
Conintegration
Maki Cointegration
ARDL
ARDL
Hidden Cointegration
ARDL
TodaYamamoto

Pollution Haven
Pollution Halo
Pollution Haven
Pollution Haven
Pollution Halo
Pollution Haven
Pollution Haven
Pollution Haven
Pollution Haven
Pollution Haven
Pollution Haven
Pollution Haven
Pollution Halo
Pollution Haven
Pollution Haven
Pollution Halo
Pollution Haven
Pollution Haven
Pollution Haven
Pollution Haven
Pollution Haven
Pollution Halo
Pollution Haven
Pollution Haven

According to Table 2, when the analyzes made in terms of different countries are examined, there
are many studies that prove the existence of the relevant hypotheses, have the opposite result for the same
country, or argue that the hypotheses are not valid. The reason for the different results can be counted as
the use of different variables in the studies, the poor quality of the data used, and the differences in
econometric methods and periods. One of the mistakes made in the research of the pollution haven and halo
hypotheses for countries is to consider the economic sectors as a whole. However, the pollution rate of
economic sectors is different from each other. The fact that foreign direct investments are proportionally
directed towards industries with a high pollution rate indicates that the pollution haven hypothesis is valid
in that country. For this reason, the share of economic sectors from foreign direct investments is very
important for the validity of the hypotheses. In addition, it is also important from which country the foreign
direct investments are made to the host country. For example, since the developed country attaches more
importance to environmental quality, the production technique is more advanced and environmentally
friendly. Therefore, foreign direct investments from these countries are more likely to be valid in the pollution
Business and Economics Research Journal, 13(3):367-383, 2022
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halo hypothesis. In parallel with this, more realistic results can be obtained in terms of the validity of the
hypotheses by considering the mentioned situations.
3. Data and Methodology
This article examines the validity of the pollution haven and pollution halo hypotheses for the energy
sector in Turkey. For this reason, annual foreign direct invesment inflows, urban population growth and
carbon dioxide emissions from the energy sector are used for the period 1990-2019. In studies on the subject,
it is seen that the variable of carbon dioxide emission is generally used as a pollution criterion. Again, foreign
direct investment inflows are used as the main independent variable in terms of the validity of the
hypotheses (Mutafoglu, 2012; Shahbaz et al., 2015; Öztürk & Öz, 2016; Solarin et al., 2017; Kılıçarslan &
Dumrul, 2017). In addition, the urban population growth was included in the analysis as a control variable in
order to carry out econometric analyzes more robustly in the study. With the help of Table 3, the information
about the variables can be examined.
Table 3. Informations of the Variables Used in the Study
Variables
LENERCO2
LFDI
LURBPOPGRO

Explanations
Total Greenhouse Gas Emissions in
the Energy Sector (Carbon Dioxide
Equivalent)
Foreign Direct Investment Inflows
Urban Population Growth

Sources

Units

Transformations

TurkStat

Million
Tonnes

Logarithmic

WorldBank
WorldBank

%GDP
%

Logarithmic
Logarithmic

In the study, the econometric method used in (Mutafoglu, 2012) and (Kılıçarslan & Dumrul, 2017)
studies was used to examine the validity of the hypotheses. In this parallel, the basic function structure
established in terms of variables is shown below.
𝑙𝑛𝑌𝑡 =∝ +𝛽𝑙𝑛𝑋𝑡 + µ𝑙𝑛𝑍𝑡 𝜀𝑡

(1)

The variable 𝑙𝑛𝑌𝑡 is the dependent variable and represents the LENERCO2 variable in the model to
show the pollution level. The variable 𝑙𝑛𝑋𝑡 is the independent variable and represents the LFDI variable. The
urban population growth, which is the control variable, is represented by the 𝑙𝑛𝑍𝑡 variable. 𝜀𝑡 shows the
error term. In order to obtain more consistent results in the function, the natural logarithm of all variables
was taken. The Johansen and Juselius (1990) cointegration test was used to determine the existence of a
long-term relationship between the variables. Vector error correction model (VECM) based Granger test and
Toda and Yamamoto (1995) causality analyzes were used to determine causality relationships between
variables. First of all, in order to apply the Johansen and Juselius (1990) cointegration test, the variables must
be stationary in the first order (Mert & Çağlar, 2019). For this reason, the degrees of stationarity of the series
were examined using ADF (Augmented Dickey-Fuller) and PP (Phillips-Perron) tests. In the ADF test, the AR(p)
process is used to examine the high-order correlation relationship in the variables (Bozkurt, 2013). According
to the test, the 𝐻0 hypothesis indicates that the series is not stationary, and the 𝐻1 hypothesis indicates that
the series is stationary. If the test statistic calculated for the variable is greater than the critical value, the 𝐻1
hypothesis is accepted and it is understood that the series is stationary. Unlike the ADF test, the PP test takes
into account structural breaks (Sevüktekin & Çınar, 2014). In addition, Newey-West and Andrews error
correction methods are used for consecutive addiction problems. The hypotheses of the PP test are
equivalent to the ADF test. If the test statistic calculated for the variable is greater than the critical value, it
is understood that the series is stationary. In addition to the ADF and PP tests, which are standard tests,
variables can be affected by external shocks. The presence of level value and trend changes in the series may
cause the stagnation process to be misinterpreted (Tayyar, 2018). Despite this possibility, the variables
should be examined with unit root tests that take into account structural breaks. According to Lee and
Strazich (2003) structural unit root test with two breaks, the break times of the variables are internal (Lee &
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Strazicich, 2003). The series is represented by level break model A, slope break model B, and both level and
slope break model C. If the test value calculated for the series greater than the critical value, it is understood
that the variable does not have a unit root.
If the series are first-order stationary, the Johansen and Juselius (1990) cointegration test can be
applied to the variables. With the help of this test, the relationship between the variables is examined as
long-term and vectorial. The Johansen and Juselius (1990) cointegration test is based on the VAR model.
Whether the cointegration relationship is valid or not depends on the trace and maximum eigenvalue tests.
The formulas of the tests can be represented by the following set of equations (Johansen & Juselius, 1990:
179):
𝑝

𝑇𝑟𝑎𝑐𝑒 = −𝑇 ∑𝑖=𝑟+1 ln (1 − 𝜇𝑟+1 )

(2)

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝐸𝑖𝑔𝑒𝑛𝑣𝑎𝑙𝑢𝑒 = −𝑇 ln (1 − 𝜇𝑟+1 )

(3)

According to the formulas, the existence of cointegrating vectors is examined with the help of
hypotheses. According to the trace statistics, the 𝐻0 hypothesis shows that there is no cointegrating vector
(r=0). The 𝐻1 hypothesis states that there is at least one cointegration relationship (r≤1). If the trace statistics
calculated for the variables are greater than the critical value, it is understood that there is at least 1
cointegration relationship. The hypothesis structure of the maximum eigenvalue statistic is different from
the trace statistic. In the maximum eigenvalue statistic, the 𝐻0 hypothesis shows that there is no
cointegration relationship (r=0). 𝐻1 hypothesis expresses the existence of one cointegration relationship
(r=1). Accordingly, if the calculated maximum eigenvalue statistic is greater than the critical value, the 𝐻0
hypothesis is rejected.
If there is a long-term relationship between the variables used in the study, short- and long-term
causality relationships can be analyzed with the help of VECM. In this model, even if the variables are not
stationary, the causality relationship is examined without applying the difference process. Short-run causality
relationships are related to the lag value of the independent variables. Long-term causality relationships are
determined based on the value of the error correction term (VECT). On this basis, the VECM equation set in
terms of X and Y variables can be shown with the help of the equations below (Mert & Çağlar, 2019).
𝑘

𝑘

∆𝑙𝑛𝑌𝑡 = 𝛼1 + ∑ 𝛽1𝑖 ∆𝑋𝑡−1 + ∑ 𝜃1𝑖 ∆𝑌𝑡−1 + 𝜇𝑉𝐸𝐶𝑇𝑡−1 + 𝜀1𝑡
𝑖=1

𝑖=1

𝑘

𝑘

∆𝑙𝑛𝑋𝑡 = 𝛼2 + ∑ 𝛽2𝑖 ∆𝑋𝑡−1 + ∑ 𝜃2𝑖 ∆𝑌𝑡−1 + 𝜇𝑉𝐸𝐶𝑇𝑡−1 + 𝜀2𝑡
𝑖=1

(4)

(5)

𝑖=1

The variable k in the equations represents the optimal lag length. The μ factor in front of the VECT
variable indicates the vector error correction coefficient. The μ factor explains how long it will take for the
imbalances that occur after the shock to reach equilibrium. The VECT coefficient must be negative and take
values between 0 and 1. If this coefficient is statistically significant, it is understood that the established
model is correct. The accuracy of the model shows that the long-term causality relationship between the
variables is valid. In addition, a diagnostic analysis based on several tests is required for the robustness of the
established model. Autocorrelation, heteroscedasticity and normality tests refer to the aforementioned
analyses. In a well-established model, there should be no serial correlation, no heteroscedasticity and the
residuals of the model should have a normal distribution.
In order to carry out VECM analysis, preliminary tests about variables (such as unit root and
cointegration) are needed. However, in Toda and Yamamoto (1995) analysis, causality relationships between
variables can be determined without pre-tests. This analysis shows that even if there are non-stationary
variables, VAR models can be established in terms of the level values of the variables. In the causality analysis
Business and Economics Research Journal, 13(3):367-383, 2022
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of Toda and Yamamoto (1995), the VAR model with augmented lag is used (Toda & Yamamoto, 1995). In
addition, since the difference is not taken even if the variables are not stationary, information loss about the
variables is prevented. In the first stage of the analysis, the highest degree of integration (dmax) of the
variables is determined. In the second step, the optimal lag length (k) for the VAR model established is
obtained. In the third step, the VAR(k+dmax) model is estimated by summing the highest degree of
integration and the optimal lag length. Finally, the hypotheses created are tested with the MWALD (modified
WALD) test. According to the analysis, if the 𝐻0 hypothesis is rejected, it is understood that there is a causal
relationship between the variables. The accuracy of the VAR model established for Toda and Yamamoto
(1995) causality analysis is important. Therefore, the VAR model should be suitable for unit root,
autocorrelation (LM and Portmanteau tests), heteroscedasticity and normality analysis.
4. Econometric Findings
In this section, the long-term relationship between LFDI, LENERCO2 and LURBPOPGRO variables will
be examined with the help of Johansen and Juselius (1990) cointegration test. Then, VECM and Toda and
Yamamoto (1995) causality analyzes will be applied to determine causality relationships. For the
cointegration test, the variables must be first-order stationary. In this respect, ADF and PP unit root tests
were applied to the variables whose logarithmic transformation was provided.
Table 4. Stability Test Results
Variables
LENERCO2
LFDI
LURBPOPGRO
Critical Values

Intercept and Trend Level Value
ADF
PP
-2.72(0)
-2.73(2)
(0.235)
(0.231)
-2.69(0)
-2.65(3)
(0.247)
(0.259)
-1.41(1)
-5.12(3)
(0.832)
(0.001)
1%→-4.30
1% →-4.30
5%→-3.57
5%→-3.57
10% →-3.22
10% →-3.22

Intercept and Trend 1st Difference
ADF
PP
-5.84(0)
-8.31(8)
(0.000)
(0.000)
-6.01(0)
-10.65(27)
(0.000)
(0.000)
-3.41(1)
-4.46(3)
(0.070)
(0.007)
1% →-4.32
1% →-4.32
5%→-3.58
5%→-3.58
10% →-3.22
10% →-3.22

Note: The values in parentheses next to the ADF test statistic show the lag length according to the SIC
criterion. The values in parentheses next to the PP test statistic represent the automatic Newey-West
bandwidth according to the Barlett-Kernel model. The values in parentheses under the ADF and PP test
statistics show the probability values at the 1% level.

Table 5. Two-Break Lee & Strazicich (2003) Unit Root Test Results
Series
LENERCO2
LFDI
LURBPOPGRO

1995, 2006

Test
Statistic(Tau)
-3.98

Critical
Value
-4.07*

2

1999, 2005

-5.87

-7.19*

Model A

1

2000, 2003

-4.33

-4.07*

Model C

2

1999, 2008

-5.70

-7.00*

Model A

1

1998, 2008

-2.45

-4.07*

Model C

1

1994, 2009

-4.40

-7.00*

Model

Lag

Break Times

Model A

0

Model C

Note: Critical values indicate 1% significance level. The critical values are taken from Lee & Strazicich
(2003).

Table 4 shows the ADF and PP unit root test results. According to the ADF test results, the test
statistics calculated in terms of all variables are smaller than the critical value at the 1%, 5% and 10%
significance levels. Therefore, LENERCO2, LFDI and LURBPOPGRO variables are not stationary at level value
according to the ADF test. Again, according to the results of the PP test applied to the level values of the
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variables, it is seen that the LENERCO2 and LFDI variables have unit roots. However, the LURBPOPGRO
variable is stationary at the 1% significance level. For this reason, the first difference of LENERCO2 and LFDI
variables was taken and ADF and PP unit root tests were applied again. It was concluded that both variables
were statistically significant at the 1% level. Structural breaks are not taken into account in ADF and PP tests.
In order to eliminate this deficiency, Lee & Strazicich (2003) two-break structural unit root test was applied
to the level values of the variables. The results of the test can be examined with the help of Table 5.
According to the information in the table, since the tau statistical value calculated for Model A in
terms of LENERCO2 is less than the critical value, it is understood that the series is not stationary at the level
value. The tau statistic calculated for Model A in the LFDI variable is greater than the critical value. Therefore,
the LFDI variable is stationary at level for Model A. In the LURBPOPGRO variable, the t statistic calculated for
Model A is smaller than the critical value. It is seen that the LURBPOPGRO variable has a unit root in terms of
Model A at the level value. Model A shows level breakage, Model C shows both level and slope breaks.
Therefore, Model C is in a more important position in questioning the stationarity relationship in variables.
It is seen that the tau statistic calculated according to the Model C results for all variables is less than the
critical value. In this respect, all variables have a unit root at level value. As a result, according to the results
of the ADF, PP and Lee & Strazicich (2003) tests for the variables, it was decided that the series were
integrated at 1 degree.
Since all the variables are stationary at the first difference, the Johansen and Juselius (1990)
cointegration test can be applied. This method was used to detect the existence of long-term relationships
among the variables. First, the optimal lag length for the model needs to be determined. Values taken by
various criteria can be examined with the help of Table 6.
Table 6. Determining the Optimal Lag Length
Lag

LogL

LR

FPE

AIC

SIC

HQ

0
1

62.557

NA

2.59e-06

-4.350

-4.060

-4.266

85.415

36.925

9.05e-07

-5.416

-4.690

-5.207

2

113.611

39.039*

2.17e-07*

-6.893*

-5.731*

-6.558*

3

119.328

6.596

3.11e-07

-6.640

-5.043

-6.180

4

125.351

5.560

4.83e-07

-6.411

-4.379

-5.826

Note: LR sequentially modified LR test, FPE final prediction error, AIC Akaike information criterion, SIC Schwarz
information criterion and HQ Hannan-Quinn information criterion.

According to the table, it has been determined that the optimal lag length in terms of criteria is 2
(k=2). In addition, the established model was found to be compatible in various diagnostic tests. Then,
Johansen & Juselius (1990) cointegration test was applied under the condition of k=2. The trace and
maximum eigenvalue statistics values of the test can be examined with the help of Table 7.
Table 7. Johansen Cointegration Test Results (Trace and Maximum Eigenvalue Statistics)
Cointegration Hypotheses
No cointegration*
At most 1 cointegration
At most 2 cointegration
Cointegration Hypotheses
No cointegration*
At most 1 cointegration
At most 2 cointegration

Trace
Statistics
35.324
13.001
3.271
Maximum
Eigenvalue
22.322
9.730
3.271

Critical
Value(%5)
35.192
20.261
9.164
Critical
Value(%5)
22.299
15.892
9.164

Probability**
0.048
0.363
0.531
Probability**
0.049
0.359
0.531

Note: The (*) sign indicates that the relevant hypothesis was rejected at the 5% level. The (**) sign
represents MacKinnon-Haug-Michelis (1999) probability values.
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According to the trace statistics in the table, the null hypothesis shows that there is no cointegration.
In this respect, it is seen that the trace statistics value of the null hypothesis is greater than the critical value.
Therefore, it is understood that there is cointegration at the 5% significance level by rejecting the null
hypothesis. According to the maximum eigenvalue test, the null hypothesis shows that there is no
cointegration between the variables, and the 𝐻1 hypothesis shows that there is only one cointegration
relationship. In the table, the maximum eigenvalue statistical value of the null hypothesis is greater than the
critical value at the 5% significance level. For this reason, the 𝐻0 hypothesis is rejected, and it is understood
that there is 1 cointegration relationship between the variables. According to the results of both tests, there
is a long-term relationship between the LENERCO2, LFDI and LURBPOPGRO variables.
4.1. VECM and Short-Long-Run Causality Analysis
After determining the existence of a long-term relationship between the variables by cointegration
tests, causality analysis can be made. Because the existence of cointegration does not show a causal
relationship in terms of variables. Therefore, it is necessary to apply VECM analysis to variables in order to
detect both short- and long-term causality relationships. It is very important that the variables used in VECM
analysis are dependent or independent. For this reason, a weak externality test was applied using constraints
for each variable. The results of the test are listed below.
Table 8. Weak Externality Test
Variables
LENERCO2
LFDI
LURBPOPGRO

Chi-Square
Test
11.547
0,669
0.001

Probability
Value
0.000
0.413
0.973

Hypothesis
𝐻0 Reject
𝐻0 Accept
𝐻0 Accept

Results
Dependent Variable
Independent Variable
Independent Variable

Table 9. VECM(2) Estimate Results

INTERCEPT
𝐋𝐅𝐃𝐈𝒕
𝐋𝐔𝐑𝐁𝐏𝐎𝐏𝐆𝐑𝐎𝒕
𝐋𝐄𝐍𝐄𝐑𝐂𝐎𝟐𝒕

𝐕𝐄𝐂𝐓𝒕
∆𝐋𝐄𝐍𝐄𝐑𝐂𝐎𝟐𝒕−𝟏
∆𝐋𝐄𝐍𝐄𝐑𝐂𝐎𝟐𝒕−𝟐
∆𝐋𝐅𝐃𝐈𝒕−𝟏
∆𝐋𝐅𝐃𝐈𝒕−𝟐
∆𝐋𝐔𝐑𝐁𝐏𝐎𝐏𝐆𝐑𝐎𝒕−𝟏
∆𝐋𝐔𝐑𝐁𝐏𝐎𝐏𝐆𝐑𝐎𝒕−𝟐

Long-Run Equation Results
𝐋𝐄𝐍𝐄𝐑𝐂𝐎𝟐𝒕
4.742***
(-6.927)
0.387***
(-5.751)
1.178
(-1.474)
Short-Run Equation Results
∆LENERCO2𝑡
∆LFDI𝑡
-0.22***
0.44
(-4.700)
(0.828)
-0.222
4.738
(-1.263)
(2.401)
-0.231
-2.374
(-1.265)
(-1.155)
-0.027
0.012
(-1.376)
(0.058)
-0.016
-0.167
(-0.888)
(-0.811)
-0.948
-1.717
(-2.376)
(-0.383)
0.753
0.819
(2.899)
(0.281)

∆URBPOPGRO𝑡
0.000
(0.031)
0.071
(0.687)
-0.125
(-1.162)
-0.002
(-0.209)
-0.006
(-0.607)
0.991
(4.220)
-0.397
(-2.597)

Note: The (***) sign indicates statistical significance at the 1% level. Since long-term equation results are vector,
the sign of the results in Eviews 10 is inverted.
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According to the weak externality test, the null hypothesis is tested with the Chi-Square test statistic.
In this parallel, if the null hypothesis is rejected, it is understood that the variables are dependent variables.
When the table is examined, it is seen that the chi-square test probability value of the LENERCO2 variable is
less than the 1% significance level. In this respect, the null hypothesis is rejected and it is understood that
the LENERCO2 variable is the dependent variable. In the LFDI and LURBPOPGRO variables, the chi-square test
statistic probability value is greater than 5% significance level. Therefore, the H_0 hypothesis is accepted.
The variables LFDI and LURBPOPGRO are understood to be independent variables. After the weak externality
test, VECM analysis is performed because the series are cointegrated. For this reason, VECM(2) was
estimated using model 2 with the help of Eviews10 program. The results are in Table 9.
In Table 9, it is seen that the VECT coefficient of the model established with the LENERCO2 variable
as the dependent variable is -0.22. This value is negative between 0 and 1 and is statistically significant at the
1% level. Therefore, it is understood that the error correction mechanism works in the established model.
When the VECT coefficient is examined, the short-term imbalances in the LENERCO2 variable improve after
about 4.5 years (1/0.22) and reach the long-term equilibrium. According to the long-term equation results,
the LFDI variable affects the LENERCO2 variable at 1% significance level. In this respect, a 1% increase in the
LFDI variable in the long run increases the LENERCO2 variable by 0.38%. Therefore, the increase in foreign
direct investment in Turkey in the long term increases the carbon dioxide emissions from the energy sector.
This confirms the pollution haven hypothesis for the energy sector for Turkey. In Table 9, it is seen that the
VECT coefficient is 0.44 in the model established with LFDI as the dependent variable. Since the VECT
coefficient is positive and statistically insignificant, it is understood that the model to be established is not
robust. Again, in the model established as the LURBPOPGRO dependent variable, the VECT coefficient was
found to be positive and statistically insignificant. After the model estimation, it is necessary to examine the
short- and long-term causality relationships of the variables. For this reason, VECM-based Granger test was
used to determine short-term causality. VECT coefficient values were taken into account in determining the
long-term causality. Short and long term causality test results can be analyzed with the help of Table 10
below.
Table 10. VECM Long- and Short-Run Causality Results
Long-Run Casuality

VECT

t Statistics

f(LENERCO2|LFDI, LURBPOPGRO)
f(LFDI|LENERCO2, LURBPOPGRO)
f(LURBPOPGRO |LENERCO2, LFDI)

-0.22
0.44
0.00

-4.700***
0.828
0.031

Short-Run Causality
f(LENERCO2|LFDI, LURBPOPGRO)
f(LFDI|LENERCO2, LURBPOPGRO)
f(LURBPOPGRO |LENERCO2, LFDI)

Chi-Square Test
8.681
9.067
2.177

Probability Value
0.069
0.059
0.703

Note: The (***) sign indicates statistical significance at the 1% level.

According to the weak externality test performed in the previous steps, it was found that the
LENERCO2 variable was the dependent variable and the LFDI and LURBPOPGRO variables were independent
variables. In addition, the VECT coefficient was obtained by estimating the model. While the VECT coefficient
is significant for the LENERCO2 variable, the VECT coefficients of the LFDI and LURBPOPGRO variables are
statistically insignificant. Therefore, there is only a long-term causality relationship from the LFDI and
LURBPOPGRO variables to the LENERCO2 variable. It is seen that the probability value of the Chi-Square test
statistics, which is made with LENERCO2 as the dependent variable in the short term, is less than 10%. This
shows that there is causality from the LFDI and LURBPOPGRO variables to the LENERCO2 variable in the short
run. It is seen that the probability value of the Chi-Square test statistics, which is also the LFDI dependent
variable, is less than 10%. Therefore, there is a causal relationship from LENERCO2 and LURBPOPGRO
variables to LFDI in the short run. In addition, it is seen that there is no causality relationship from LFDI and
LENERCO2 variables to LURBPOPGRO variable in the short run. In the last stage, diagnostic tests should be
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performed in terms of the validity of the estimated model. For this reason, autocorrelation,
heteroscedasticity and normality tests were applied to the model, respectively. The results are in Table 11.
Table 11. VECM Diagnostic Test Results
Lag
1
2
3
4

Autocorrelation
Test

Heteroscedasticity
Test
Normality
Test

LRE
8.829
7.274
7.670
4.980
Chi-Square

Probability
0.453
0.608
0.567
0.836

Rao-F
Probability
1.001
0.456
0.808
0.611
0.857
0.570
0.537
0.837
Probability

81.416

0.559

Jarque & Bera

Probability

6.843

0.335

The existence of correlation between the residuals of the model estimated in the table was examined
with the help of LRE and Rao F tests. Since the series are annual, the number of delays was determined as 4.
The probability values of the LRE and Rao F statistics are greater than 5%. In this respect, there is no
autocorrelation problem in the model. In addition to the autocorrelation test, the existence of the
heteroscedasticity problem between the residuals of the model should be examined. As a result of the
analysis, it is seen that the probability value of the chi-square test statistic is greater than 1%. Therefore, it is
understood that there is no heteroscedasticity problem in the model. Finally, the residuals of the estimated
model should conform to the normal distribution. Normality analysis was performed with the Jarque and
Bera test, and the probability value was found to be greater than 1%. According to the diagnostic tests, it was
concluded that the model was robust.
4.2. Toda & Yamamoto (1995) Causality Analysis
If there is a cointegration relationship between the variables, the F statistic may not be suitable for
the standard distribution. In addition, many preliminary tests are needed for the determination of Grangerbased causality relationships. However, the causality relationship can be examined with the help of the Toda
and Yamamoto test without the need for pre-tests on the variables. For this, the maximum degree of
integration (dmax) of the series must be known. In previous tests, dmax=1 result was obtained. In addition,
it was determined that the lag length for the determined VAR model was 2. In this respect, the VAR model
was estimated as k+dmax=3. The null hypotheses about the test were tested with the MWALD test. The test
results can be examined with the help of Table 12 below.
Table 12. Toda & Yamamoto (1995) Causality Results
Hypotheses
LFDI, LURBPOPGRO≠→LENERCO2
LENERCO2, LURBPOPGRO ≠→LFDI
LENERCO2, LFDI ≠→ LURBPOPGRO

Lag Length
(k+dmax=3)
3
3
3

Chi-Square

P Value

8.276
9.609
2.186

0.082
0.047
0.701

Results
𝐻0 Reject**
𝐻0 Reject*
𝐻0 Accept

Note: The (*) sign in the table indicates that the 𝐻0 hypothesis was rejected at the 5% level, and the (**) sign at the
10% level of 𝐻0 hypothesis.

According to the test results, it is seen that there is one-way causality from the LFDI and
LURBPOPGRO variables to the LENERCO2 variable in the first line. Because the probability value of the ChiSquare test statistic of the causality relationship is less than 10% significance level. Therefore, the null
hypothesis was rejected. In the second line, there is a one-way causality relationship from the LENERCO2 and
LURBPOPGRO variables to the LFDI variable. The probability value of the Chi-Square test statistic of the
relationship is less than 5%. Therefore, the null hypothesis was rejected. Finally, in the third line, it is seen
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that there is no causality relationship from LENERCO2 and LFDI variables to LURBPOPGRO variable. Since the
probability value of the Chi-Square test statistic was more than 10% significance level, the null hypothesis
was accepted. For the accuracy of the Toda-Yamamoto analysis, the stability conditions of the estimated VAR
model should be examined. The results of the diagnostic tests performed in Table 13 can be analyzed.
Table 13. Diagnostic Tests for the Identified VAR Model
Inverse Roots of AR Characteristic Polynomial
1.5

Autocorrelation Tests
LRE*stat
Prob
Q-Stat
Prob.
11.05
0.272
5.301
4.69
0.860
6.499
4.35
0.886
10.662
0.299
Heteroscedasticity
Chi-Square
Probability
103.783
0.070

Lag
1
2
3

1.0

0.5

0.0

-0.5

Normality

-1.0

-1.5
-1.5

-1.0

-0.5

0.0

0.5

1.0

Jarque-Bera

Probability

9.339

0.155

1.5

The autoregressive characteristic roots of the VAR equation system must be less than 1. Therefore,
according to the analysis, the roots of the system are located in the unit circle. Therefore, the fact that the
values of the roots are less than one provides the stability condition. As another diagnostic test, there should
be no serial correlation in the model. LM and Portmanteau tests were used to detect serial correlation. In
the study, the delay value was determined as 3. According to the results of both tests, it was understood that
there was no serial autocorrelation up to 3 delays. In addition, White's test was used to detect the presence
of heteroscedasticity problem in the model. The probability value of the chi-square test statistic was found
to be greater than the 1% statistical significance level. Therefore, there is no problem of heteroscedasticity
in the estimated model. Finally, the residues in the VAR equations should conform to the normal distribution.
Therefore, according to the results obtained using the Jarque & Bera test, the residues are in accordance
with the normal distribution. As a result, the estimated VAR model satisfies all conditions at 1% error level as
a suitable model.
5. Conclusion and Suggestions
In recent years, the increase in carbon dioxide emissions has reached serious dimensions. This
situation causes environmental pollution and negatively affects all life. One of the main reasons for the
increase in carbon dioxide emissions is the energy consumption based on fossil sources. Increasing economic
competition between countries leads to the fact that energy need to be met with fossil energy sources.
Especially the fact that they are more accessible and cheaper than renewable energy sources causes the
industry to prefer fossil energy sources. Renewable energy sources can be used to prevent increases in global
carbon dioxide levels. However, the process of converting renewable resources to energy is quite costly and
countries must have sufficient internal financial resources. For this reason, countries with internal financing
problems resort to foreign direct investments to provide more efficiency from renewable energy sources. At
this point, it is very important for the energy sector whether foreign direct investments will create
environmental pollution. In terms of the energy sector, the relationship between foreign direct investments
and environmental pollution is examined with the help of pollution haven and pollution halo hypotheses.
The pollution haven hypothesis suggests that an increase in foreign direct investments will reduce
environmental quality. In this context, if the pollution haven hypothesis for the energy sector is valid, it is
understood that foreign direct investments mostly prefer fossil energy sources in energy conversion.
According to the pollution halo hypothesis, it argues that the increase in foreign direct investments in the
country will increase the environmental quality. In this context, if the pollution halo hypothesis is valid for
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the energy sector in the country, it can be said that more renewable energy sources are used in energy
conversion.
The main purpose of the article is to examine whether the pollution haven or pollution halo
hypotheses are valid in terms of the energy sector in Turkey. In the study, total greenhouse gas emissions
(𝐶𝑂2 equivalent) from the energy sector, urban population growth and foreign direct investment variables
were used for the period 1990-2019. The Johansen and Juselius (1990) test was used to investigate the
cointegration relationship between the variables. In addition, VECM, and Toda and Yamamoto tests were
used for causality analysis. According to the results of the Johansen and Juselius (1990) cointegration test,
there is a long-term relationship between the variables. VECM analysis was applied because there was a
cointegration relationship between the variables. According to the test results, a 1% increase in foreign direct
investments in the long term increases carbon dioxide emissions originating from the energy sector by 0.38%.
In addition, there is a one-way causality relationship from foreign direct investment and urban population
growth variables to carbon dioxide emissions originating from the energy sector in the long run. VECM-based
Granger test was used to determine the short-term causality relationship. Accordingly, there is a causality
relationship from foreign direct investment and urban population growth variables to carbon dioxide
emissions originating from the energy sector in the short run. Again, it is seen that there is a causality
relationship from the variables of carbon dioxide emissions originating from the energy sector and the urban
population growth to the variable of foreign direct investment. Except for the VECM-based Granger test,
Toda-Yamamoto (1995) analysis was used to determine the causal relationships between the variables. It is
seen that the results of the Toda-Yamamoto (1995) causality test performed in terms of variables are
equivalent to the results of the VECM-based Granger test. As a result, the pollution haven hypothesis is valid
for the energy sector in Turkey in the long run. Unlike other studies, the examination of the validity of the
relevant hypotheses in terms of the energy sector shows the contribution of the study to the literature. In
this direction, the use of fossil energy resources by foreign direct investments in the energy sector should be
deterred by various policies. In this context, additional financial regulations and bureaucratic obstacles may
be applied for foreign direct investments that prefer fossil energy sources. In addition, some of the feasibility
costs (as much as a proportion of the foreign direct investment made) can be covered by the state in order
for foreign direct investments to be directed more towards renewable energy sources. As a result, in order
to achieve permanent increases in environmental quality, the administrative and financial regulations made
by the state should be strengthened.

Declarations and Disclosures
Ethical Responsibilities of Authors: The author of this article confirms that her work complies with the principles of
research and publication ethics.
Conflicts of Interest: No potential conflict of interest was reported by the author.
Funding: The author received no financial support for the preparation and/or publication of this article.
Author Contributions: The author confirms sole responsibility for conceptualization and design, data collection, analysis
of data and interpretation of results, writing the first draft of the manuscript, and review and editing.
Plagiarism Checking: This article was screened for potential plagiarism using a plagiarism screening program.

References
Acaravcı, A., & Erdoğan, S. (2018). Yenilenebilir enerji, çevre ve ekonomik büyüme ilişkisi: Seçilmiş ülkeler için ampirik
bir analiz. Eskişehir Osmangazi Üniversitesi İktisadi ve İdari Bilimler Dergisi, 13(1), 53-64.
Acharyya, J. (2009). FDI, growth and the environment: Evidence from India on CO 2 emission during the last two decades.
Journal of Economic Development, 34(1), 43-58.
Akdağ, V., & Gözen, M. (2019). Yenilenebilir enerji projelerine yönelik güncel yatırım ve finansman modelleri: Seçilmiş
ülke örnekleri üzerinden bir değerlendirme. Izmir Democracy University Social Sciences Journal, 2(2), 138-172.
380

Business and Economics Research Journal, 13(3):367-383, 2022

A. E. Tayyar

Al-Mulali, U., & Tang, C. F. (2013). Investigating the validity of pollution haven hypothesis in the Gulf Cooperation Council
(GCC) countries. Energy Policy, 60, 813-819.
Al-Mulali, U., & Ozturk, I. (2015). The effect of energy consumption, urbanization, trade openness, industrial output and
the political stability on the environmental degradation in the MENA region. Energy, 84, 382-389.
Aliyu, M. A. (2005). Foreign direct investment and the environment: Pollution haven hypothesis revisited. Germany:
In Eighth
Annual
Conference
on
Global
Economic
Analysis,
Lüeck,
Germany,
https://www.gtap.agecon.purdue.edu/resources/download/2131.pdf (Access Date: 10.01.2022).
Asghari, M. (2013). Does FDI promote MENA region’s environment quality? Pollution halo or pollution haven hypothesis.
International Journal of Scientific Research in Environmental Sciences (IJSRES), 1(6), 92-100.
Assamoi, G. R., Liu, S. W., & Gnangoin, Y. T. (2020). Investigating the pollution haven hypothesis in Cote d-Ivoire:
Evidence from autoregressive distributed lag(ARDL) approach with structural breaks. Environmental Science and
Pollution Research, 27(2), 16886-16899.
Bakırtaş, I., & Çetin, M. A. (2017). Revisiting the environmental Kuznets curve and pollution haven hypotheses: MIKTA
sample. Environmental Science and Pollution Research, 24, 18273-18283.
Balsalobre-Lorente, D., Gokmenoğlu, K., Taspınar, N., & Cantos, J. M. (2019). An approach to the pollution haven and
pollution halo hypotheses in MINT countries. Environmental Science and Pollution Research, 26, 23010-23026.
Black, B. C., & Weisel, G. J. (2010). Historical guides to controversial issues in America: Global warming. California:
Greenwood.
Birdsall, N., & Wheeler, D. (1993). Trade policy and industrial pollution in Latin America: Where are the pollution havens?
The Journal of Environment and Development, 2(1), 137-149.
Bozkurt, H. (2013). Zaman serileri analizi. Bursa: Ekin Yayınevi.
Bozkurt, H., & Dursun, G. (2006). Bilgi ve iletişim teknolojileri ile yabancı doğrudan yatırım akımları arasındaki etkileşim:
Türkiye için kointegrasyon analizi 1980-2004. Bilgi Ekonomisi ve Yönetim Dergisi, I-I, I-II, 40-41.
Buluş, C., & Koç, S. (2021). The effects of FDI and goverment expenditures on environmental pollution in Korea: The
pollution haven hypothesis revisited. Environmental Science and Pollution Research, 28(2), 1-16.
Cole, M., & Elliott, R. J. (2003). Determining the Trade-Environment composition effect: The role of capital, labor and
environmental regulations. Journal of Environmental Economics and Management, 46(3), 363-383.
Copeland, B. R., & Taylor, M. S. (1994). North-South trade and the environment. The Quarterly Journal of Economics,
109(3), 755-787.
Çetintaş, H., Bicil, M., & Türköz, K. (2017). Türkiye’de enerji üretiminde fosil yakıt kullanımı ve 𝐶𝑂2 emisyonu ilişkisi: Bir
senaryo ilişkisi. EconWorld Working Papers, No: 17002, WERI- World Economic Research Institute.
Eskeland, G. S., & Harrison, A. E. (2003). Moving to greener pastures? Multinationals and the pollution haven hypothesis.
Journal of Development Economics, 70, 1- 23.
Gassner, S. (2008). Empirical evidence on the pollution
gassner.de/dokumente/phh.pdf (Access: 10.01.2022).

haven

hypothesis.

http://www.stefan-

Gökmenoğlu, K., & Taşpınar, N. (2016). The relationship between 𝐶𝑂2 emissions, energy consumption, economic growth
and FDI: The case of Turkey. The Journal of International Trade & Economic Development, 25(5), 706-723.
Grossman, G. M., & Krueger, A. B. (1991). Environmental impacts of a North American Free Trade Agreement (NAFTA).
National Bureau of Economic Research, Working Paper No: 3914.
Hansen, H., & John R. (2006). On the causal links between FDI and Growth in developing countries. The World Economy,
29(1), 21-41.
Hoffmann, R., Lee, C. G., Ramasamy, B., & Yeung, M. (2005). FDI and pollution: A granger causality test using panel data.
Journal of International Development, 17, 311- 317.
Intergovernmental Panel on Climate Change (IPCC). (2007). Climate change: The physical science basis. In: S. D. Solomon,
M. Qin, M. Manning, Z. Chen, M. Marquis, K. B Averyt, M. Tignor and H.L. Miller (Eds.) Contribution of Working
Group I to the Fourth Assesment Report of the IPCC. United Kingdom and New York: Cambridge University Press.
Javorcik, B. S., & Wei, S-J. (2004). Pollution havens and foreign direct invesment: Dirty secret or popular myth?
Contributions to Economic Analysis and Policy, 3(2), Article 8.
Johansen, S., & Juselius, K. (1990). Maximum likelihood estimation and inference on cointegration- with applications to
the demand for money. Oxford Bulletin of Economics and Statistics, 52(2), 169-210.

Business and Economics Research Journal, 13(3):367-383, 2022

381

Testing Pollution Haven and Pollution Halo Hypotheses for the Energy Sector: Evidence from Turkey

Kaya, G., Kayalica, M. O., Kumas, M., & Ulengin, B. (2017). The role of foreign direct invesment and trade on carbon
emissions in Turkey. Environmental Economics, 8(1), 8.
Karl, T. R., & Kevin, E. T. (2003). Modern global climate change. Science, 302(5651), 1719-1723.
Kılıçarslan, Z., & Dumrul, Y. (2017). Foreign direct investments and 𝐶𝑂2 emissions relationship: The case of Turkey.
Business and Economics Research Journal, 8(4), 647-660.
Kim, M. H., & Adilov, N. (2012). The lesser of two evils: An empirical investigation of foreign direct invesment-pollution
trade off. Applied Economics, 44(20), 2597-2606.
Koçak, E., & Şarkgüneşi, A. (2017). The impact of foreign direct invesment on 𝐶𝑂2 emissions in Turkey: New evidence
from cointegration and bootstrap causality analysis. Environmental Science and Pollution Research, 25(1), 790804.
Kurt, Ü., Kılıç, C., & Özekicioğlu, H. (2019). Doğrudan yabancı yatırımların 𝐶𝑂2 emisyonu üzerindeki etkisi: Türkiye için
ARDL sınır testi yaklaşımı. Selçuk Üniversitesi Sosyal Bilimler Meslek Yüksekokulu Dergisi, 22(1), 213-224.
Lee, J., & Strazicich, M. (2003). Minimum LM unit root test with two structural breaks. Review of Economics and
Statistics, 85(4), 1082-1089.
Lee, J. W. (2013). The contribution of foreign direct invesment to clean energy use, carbon emisions and economic
growth. Energy Policy, 55, 483-489.
Liang, F. H. (2008). Does foreign direct investment harm the host country’s environment? Evidence from China. SSRN
Paper 1479864, 1-29.
Mert, M., & Boluk, G. (2016). Do foreign direct investment and renewable energy consumption affect the 𝐶𝑂2
emissions? New evidence from a panel ARDL approach to Kyoto Annex countries. Environmental Science and
Pollution Research, 23, 21669-21681.
Mert, M., & Çağlar, A. E. (2019). Eviews ve Gauss uygulamalı zaman serileri analizi (1. Baskı). Ankara: Detay Yayıncılık.
Mert, M., & Çağlar, A. E. (2020). Testing pollution haven and pollution halo hypotheses for Turkey: A new perspective.
Environmental Science and Pollution Research, 27, 32933-32943.
Mike, F. (2020). Kirlilik sığınağı hipotezi Türkiye için geçerli mi? ARDL sınır testi yaklaşımından bulgular. Doğuş
Üniversitesi Dergisi, 21(2), 107-121.
Mutafoglu, T. (2012). Foreign direct invesment, pollution and economic growth: Evidence from Turkey. Journal of
Developing Societies, 28(3), 281-297.
Nathaniel, S., Aguegboh, E., Iheonu, C., Sharma, G., & Shah, M. (2020). Energy consumption, FDI, and urbanization
linkage in coastal mediterranean countries: Re-assessing the pollution haven hypothesis. Environmental Science
and Pollution Research, 27(3), 35474-35487.
National
Oceanic
and
Atmospheric
Administration-NOAA
(2022).
https://www.esrl.noaa.gov/gmd/ccgg/trends/data.html (Access: 20.01.2022).

𝐶𝑂2

concentrations.

Öztürk, Z., & Öz, D. (2016). The relationship between energy consumption, income, foreign direct invesment and 𝐶𝑂2
emissions: The case of Turkey. Çankırı Karatekin Üniversitesi İİBF Dergisi, 6(2), 269-288.
Pao, H. T., & Tsai, C. M. (2011). Multivariate granger causality between 𝐶𝑂2 emissions, energy consumption, FDI and
GDP: Evidence from a panel of BRIC countries. Energy, 36, 685-693.
Pazienza, P. (2015). The relationship between 𝐶𝑂2 and foreign direct invesment in the agriculture and fishing sector of
OECD countries: Evidence and policy considerations. Intellectual Economics, 9(1), 55-66.
Pethig, R. (1976). Pollution, welfare and environmental policy in the theory of comparative advantage. Journal of
Environmental Economics and Management, 2(3), 160-169.
Polat, M. A. (2015). Turkiye’de yabancı sermaye yatırımları ile 𝐶𝑂2 emisyonu arasındaki ilişkinin yapısal kırılmalı testler
ile analizi. Journal of International Social Research, 8(41), 1127-1135.
Porter, M., & van der Linde, C. (1995). Toward a new conception of the environment competitiveness relationship.
Journal of Economic Perspective, 9(4), 97–118.
Rana, R., & Sharma, M. (2019). Dynamic causality testing for EKC hypothesis, pollution haven hypothesis and
international trade in India. The Journal of International Trade and Economic Development, 28(3), 348-364.
Sarkodie, S. A., & Strezov, V. (2019). Effect of foreign direct investments, economic development and energy
consumption on greenhouse gas emissions in developing countries. Science of the Total Environment, 64, 862871.

382

Business and Economics Research Journal, 13(3):367-383, 2022

A. E. Tayyar

Seker, F., Ertugrul, H. M., & Cetin, M. (2015). The impact of foreign direct invesment on environmental quality: A bounds
testing and causality analysis for Turkey. Renewable and Sustainable Energy Reviews, 52, 347-356.
Shahbaz, M., Nasreen, S., Abbas, F., & Anis, O. (2015). Does foreign direct investment impede environmental quality in
high, middle, and low-income countries? Energy Economics, 51, 275-287.
Solarin, S. A., Al-Mulali, U., Musah, I., & Ozturk, I. (2017). Investigating the pollution haven hypothesis in Ghana: An
empirical investigation. Energy, 124(1), 706-719.
Şahinöz, A., & Fotourehchi, Z. (2014). Kirlilik emisyonu ve doğrudan yabancı sermaye yatırımları: Türkiye için kirlilik
sığınağı hipotezi testi. Sosyoekonomi, 21(1), 187-210.
Sevüktekin, M., & Çınar, M. (2014). Ekonometrik zaman serileri analizi. Bursa: Dora Yayınevi.
Tang, C. F., & Tan, B. W. (2015). The impact of energy consumption, income and foreign direct investment on carbon
dioxide emissions in vietnam. Energy, 79, 447-454.
Taylor, M. S. (2004). Unbundling the pollution haven hypothesis. Advances in Economic Analysis & Policy, 4(2), Article 8.
Tayyar, A. E. (2018). Endojen para arzının politik yönü: Türkiye için Toda-Yamamoto nedensellik analizinin uygulanması.
The Journal of Social Sciences, 26, 89-107.
Tayyar, A.E. (2021). Elektrik üretimi-ekonomik büyüme-çevre kirliliği: Türkiye için VECM analizi. Sosyoekonomi, 29(47),
267-284.
Tayyar, A. E. (2021). Türkiye’de yenilenebilir elektrik üretiminin iç ve dış finansman kaynakları. (Ed.) İ. M. Bicil ve Ö. F.
Biçen, Temel ekonomik göstergeler çerçevesinde Türkiye ekonomisindeki gelişmeler. Ankara: Gazi Kitabevi.
Tayyar, A. E. (2022). Is global climate change affecting Intra-industry trade? Econometric evidence for the fisheries sector
in Turkey. Panoeconomicus, Advance online publication, 1-26.
Terzi, H., & Pata, U. (2020). Is the pollution haven hypothesis valid for Turkey? Panoeconomicus, 16(1), 93-109.
Türkiye Elektrik İletim A.Ş (TEİAŞ) (2022). 2020 yılı Türkiye yenilenebilir enerji kaynakları dağılımı.
https://www.teias.gov.tr/tr-TR/turkiye-elektrik-uretim-iletim-istatistikleri (Access Date: 20.01.2022).
TURKSTAT– Turkish Statistical Institute (2022). Sektörlere göre toplam sera gazı emisyonları (𝐶𝑂2 Eşdeğeri).
https://data.tuik.gov.tr/Bulten/Index?p=Greenhouse-Gas-Emissions-Statistics-1990-2019-37196 (Access Date:
20.01.2022).
Toda, H. Y., & Yamamoto, T. (1995). Statistical inference in vector auto-regressions with possibly integrated processes.
Journal of Econometrics, 66(1), 225-250.
Ullah, S., Zafar, A., Majeed, M. T., & Yasmeen, R. (2020). Environmental Pollution in Asian economies: Does the
industrialisation matter? OPEC Energy Review, 44(1), 1-22.
Walter, I., & Ugelow, J. L. (1979). Environmental polices in developing countries. Ambio, 8(2/3), 102-109.
Yıldırım, M., Destek, M. A., & Özsoy F. N. (2017). Doğrudan yabancı yatırımlar ve kirlilik sığınağı hipotezi. Cumhuriyet
Üniversitesi İktisadi ve İdari Bilimler Dergisi, 18(2), 99-111.
Yılmaz, M. (2012). Türkiye’nin enerji potansiyeli ve yenilenebilir enerji kaynaklarının elektrik enerjisi üretimi açısından
önemi. Ankara Üniversitesi Çevrebilimleri Dergisi, 4(2), 33-54.
Yirong, Q. (2022). Does environmental policy stringency reduce 𝐶𝑂2 emissions? Evidence from high-polluted economies.
Journal of Cleaner Production, 341(16): 130648.
Zarsky, L. (1999). Havens, halos and spaghet: Untangling the evidence about foreign direct investment and the
environment. Conference on Foreign Direct Investment and the Environment: The Hague, 28-29 January 1999,
Netherlands.

Business and Economics Research Journal, 13(3):367-383, 2022

383

Testing Pollution Haven and Pollution Halo Hypotheses for the Energy Sector: Evidence from Turkey

This Page Intentionally Left Blank

384

Business and Economics Research Journal, 13(3):367-383, 2022

