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Pollution Haven Hypothesis: The Example of Tiirkiye*
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Abstract: This study analyzes the effects of foreign direct investment (FDI) inflows to Tiirkiye on carbon dioxide
(CO2) emissions using annual data for the period 1980-2021. The stationarity of the variables is evaluated with the
Extended Dickey-Fuller (ADF) and Phillips-Perron (PP) tests, and the Johansen cointegration test reveals the
existence of long-run relationships. The Vector Error Correction Model (VECM) was used to analyze the short
and long run dynamics and the causality test determined the direction of interactions between variables. The results
show that energy consumption is the only factor affecting CO2 emissions in the short run, while FDI, gross domestic
product (GDP) and energy consumption have significant effects on CO2 emissions in the long run. These findings
emphasize the environmental costs of FDI in Tiirkiye and provide implications for sustainable development
policies by supporting the pollution refuge hypothesis (PRH). In conclusion, this study on the environmental
impacts of FDI in Tiirkiye reveals that environmentally friendly policies should be implemented in order for the
country to achieve its sustainable development goals.
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Kirlilik Siginagh Hipotezi: Tiirkiye Ornegi

Oz: Bu arastirma, 1980-2021 dénemi yillik verilerini kullanarak Tiirkiye’ye gelen dogrudan yabanci yatirimlarin
(DYY) karbondioksit (CO;) emisyonu iizerindeki etkilerini analiz etmektedir. Degiskenlerin duraganliklar
genisletilmis Dickey-Fuller (ADF) ve Phillips-Perron (PP) testleri ile degerlendirilmis, Johansen esbiitiinlesme
testi uzun donemli iligkilerin varligini ortaya koymustur. Vektor Hata Diizeltme Modeli (VECM) ile kisa ve uzun
donem dinamikleri incelenmis, nedensellik testi degiskenler arasindaki etkilesimlerin yoniinii belirlemistir.
Sonuglar, kisa donemde enerji tiiketiminin CO, emisyonlarini etkileyen tek faktor oldugunu, uzun dénemde ise
DYY, gayrisafi yurt i¢i hasila (GSYIH) ve enerji tiiketiminin CO, emisyonlar1 iizerinde anlamli etkiler
olusturdugunu gostermektedir. Bu bulgular, Tiirkiye’de DY Y nin ¢evresel maliyetlerini vurgulamakta ve kirlilik
siginag1 hipotezini destekleyerek siirdiiriilebilir kalkinma politikalarina yonelik ¢ikarimlar sunmaktadir. Sonug
olarak, Tiirkiye’de DYY’lerin ¢evresel etkileri {izerine yapilan bu ¢alisma, {ilkenin siirdiiriilebilir kalkinma
hedeflerine ulasabilmesi igin ¢evre dostu politikalarin hayata gegirilmesi gerektigini ortaya koymaktadir.

Anahtar Kelimeler: Dogrudan Yabancit Yatirimlar, Kirlilik Sigmagi Hipotezi, Ekonomik Biiyiime, CO,
Emisyonu.
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Introduction

Today, expanding foreign trade and production activities on a global scale lead firms to shift their
production processes to countries that they find advantageous. Developing countries, on the other hand,
try to attract foreign direct investments (FDI) by pursuing open industrialisation policies in order to
support economic growth. FDI means that a country establishes a production facility in another country
or purchases an existing facility (Yilmazer, 2010).

Globalisation, which gained momentum with the establishment of international organisations
after the Second World War, deepened further with the collapse of the Eastern Bloc in the 1990s and
economic relations transformed into a multidimensional structure. These developments have not only
increased economic integration but also brought environmental problems to the international agenda.
Therefore, the effects of FDI on the countries to which it is directed have become an important subject
of discussion not only in economic but also in environmental dimensions (Kdmiirciioglu & Deger,
2022). There are two opposing views on the environmental impacts of FDIs: pollution refuge hypotheses
(PRH) and pollution halo hypotheses (PHH). The first theory claims that foreign investments increase
environmental risk by targeting countries with low environmental standards (Yiadom, Mensah, &
Bokpin, 2022). The second theory is that the shift of FDI to developing economies encourages the
growth and modernization of local economies (Hewood, 2016: 138). Thus, the second theory argues
that FDIs improve the quality of the environment in the host country, countering claims that investments
increase environmental pollution. The Pollution Refuge Hypothesis (PRH) was first developed by Pethig
(1976) and extended by Grossman and Krueger (1991) in their study on the relationship between
economic growth and the environment. This theory argues that environmental pollution increases in the
early stages of economic growth and decreases later, and is known as the Environmental Kuznets Curve
(EKC). Later, apart from this hypothesis, many studies have been conducted on the ESC which argues
that foreign investments will cause environmental pollution (Sahin, Gékdemir and Ayyildiz 2019;
Singhania and Saini 2021, Ahmad, Jabeen and Wu, 2021; Yilanci et al., 2023; Thanh et al., 2022; Abbass
et al., 2022; Usta, 2023).

In recent years, emerging economies, despite their diverse economic structures, have attracted the
attention of many researchers by treating technology and investment as engines of economic growth.
These countries have promoted economic growth by contributing to the efficient allocation of global
investment and encouraging FDI. FDI inflows can lead to CO, emissions, especially in countries that
need rapid economic growth and show flexibility in environmental regulations. Moreover, these
investment flows may also allow for positive technology transfer and diffusion, increase energy
efficiency or reduce environmental pollution in host countries. Therefore, understanding the complex
interactions of FDI on CO, emissions is of great importance ( Xie, Wang, & Kong, 2020). Investigating
the effects of FDI on environmental quality within the framework of KSH and KHH has an important
place in both scientific and practical terms. The inflow of capital, new technologies, management skills
and marketing strategies with FDIs makes these investments a key element of economic growth
strategies. However, in order to ensure ecologically sustainable development, the environmental impacts
of FDI inflows should not be ignored. Since the objective is to best meet the needs of current and future
generations, assessing the impact of FDI on carbon emissions can contribute to the development of
economic and environmental monitoring systems in developing countries (Nejati & Taleghani, 2022).

The aim of this study is to examine the effects of FDI in Tiirkiye on CO, emissions. The study is
conducted by time series analysis method using annual data for the period 1980-2021. In terms of
contributing to the literature, this study provides an analysis supported by recent data specific to Tiirkiye
and reveals the effects of short and long-run relationships between FDI, GDP, energy consumption and
environmental pollution using VECM causality analysis.

The study starts with an introductory first chapter, followed by the second chapter which
summarizes the findings from the empirical analysis in the context of Tiirkiye and different countries
with tables accompanied by the related literature. In the third section, details on the purpose and scope
of the study are presented. In the fourth section, an econometric model is developed and the results of
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the analysis of this model are presented in detail. The study is concluded with the evaluation and
discussion of the findings.

Literature Review

When the literature on the subject is analysed, there is no clear consensus on the results obtained.
While some studies reveal results that support the PRH hypothesis, some studies may reveal results in
the opposite direction. On the other hand, it can be said that the existing research on PRH is limited in
terms of both scope and methodology and more studies are needed especially for developing countries.
In this context, it is thought that the study will contribute to the more in-depth examination of the
relationships between FDI, CO,, GDP and energy consumption and to fill the gap in this field, especially
since there is a limited number of studies on PRH in Tiirkiye. In addition, by using a more advanced
method such as VECM, it is aimed to eliminate the methodological deficiencies in the literature and to
obtain more reliable results. In addition, the study is expected to contribute to the improvement of
environmental policies in Tiirkiye and to the missing policy implementations for shaping sustainable
development strategies.

Since the 1990s, various studies testing the PRH have investigated the validity and economic
implications of this theory using different time periods, methods and data sets. Some of the studies
conducted in this context and the results obtained from these studies are presented below with a
distinction between Tiirkiye and different countries:

Table 1. Studies on the Pollution Haven Hypothesis in Tiirkiye

Author(s) Country Period Methodology Findings
i No indication of
Gokalp & Yildinim Tiirkiye 1989-2001 TimeSeries Method increased pollution or
(2004) . e
dirty sectors in Tiirkiye.
TimeSerics Graneer Income found to be the
Halicioglu (2009) Tiirkiye 1960-2005 o & key factor affecting
Causality .
pollution.
Positive  unidirectional
Akbulut Bekar Tiirkiye 1977-2014 T9da Yamamoto, Dolado- relationship from CO, to
(2018) Liitkepohl
growth.
vil . & No causality between
timaze Tiirkiye 1955-2019 ARDL,Toda Yamamoto ~ FDI and CO,; PHH not
Kararbiber (2020) valid
FDI  increased CO,
Mike (2020) Tiirkiye 1971-2015 ARDL emissions; PHH
confirmed.
g ARDL,OLS, PHH confirmed for
Arslan et al. (2021)  Tiirkiye 1960-2016 FMOLS.DOLS, CCR Turkish economy.
. Bidirectional link
Yurtkuran (2021)  Tiickiye 19712018 [ourierARDL, - Toda- o o FDI and €Oy
Yamamoto .
PHH valid.
FDI harmed
Topal (2024) Tiirkiye 1973-2022 ARDL environmental  quality;
PHH confirmed.
Kiriker (2025) Tiirkiye 1984-2022 ARDL,DOLS,  FMOLS, PHH confirmed.

CCR
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Table 2. Studies on Different Countries for Testing the Pollution Refuge Hypothesis

Author(s) Country Period Methodology Findings
. 14 developing, 11 Panel Data, OLS, FDI only significant in less
Aliyu (2005) OECD 1990-2000 GLS developed countries.
. FDI's effect on SO,
He (2006) China 1994-2001 Panel Data confirms PHH.

. In developed countries
Dinda & Coondoo 88 countries 1960-1990 Panel,EKC, income increases CO,; in
(2006) Granger .

developing, decreases.
Wagner & Germany + 168 . PHH confirmed in the
Timmins (2009) countries 1996-2003 Panel, GMM chemical sector.
Panel
Pao & Tsai (2011) BRIC 1980-2007 Cointegration, Inverted U-shape between
Causality GDP and COs,.
42 developing, 24 . FDI harms environment;
Karaca (2012) developed 1995-2008 PCSE, Regression PHH valid in developing,
. Hatemi J, PHH wvalid for Canada;
Zeren (2015) G8 countries 1970-2010 Causality Halo for US, UK, France.
Hanifetal. 2019) 1> ASA 493 5013 Panel, ARDL Both PHH —and — EKC
countries confirmed.
< Top 20 FDI Panel FDI increases
Tamboga (2019) countries 19902014 Cointegration environmental degradation.
. Panel
Han & Oztiirk Asian countries 19802014 Cointegration, PHH supported.
(2020) OLS
Pehlivanoglu & GMM,  System-
Solmaz (2020) BRIC & MIST 1990-2015 GMM PHH confirmed.
Kiibra (2021) 160 developed 1995 2015 Panel Data PHH validated.
Vang & Luo . . Positive FDI-pollution
(2022) 288 Chinese cities 2011-2016 Panel Data link: PHH confirmed.
Addis & Cheng GDP increases renewables
(2023) BRICS, 25 OECD 1995-2021 FMOLS, DOLS and reduces CO,.
FDI-pollution link
Kirike (2023) E7 countries 20022021 Panel Data significant in India &
Tiirkiye only.
Akkaya & Atalay . PHH valid in developing
Cetin (2024) 55 developing 19912017 Panel Data countries.
Atilgan (2024) E7 & G7 1990-2014 Panel Data No clear result for E7; EKC

supported in G7.

The literature review reveals that the impact of FDI on environmental pollution varies according
to the development levels and environmental policies of countries. In particular, studies conducted on
developing countries show that the PRH is often valid. This finding is consistent with the view that
environmental regulations are stricter and more effective in developed countries, thus the environmental
impacts of FDI are reduced to lower levels. However, in developing countries, the inadequacy of
environmental protection policies and the economic growth-oriented approach in these countries may
pave the way for foreign investments to create an impact that increases environmental pollution.

When the literature in Tables 1 and 2 is analysed, it is seen that the results vary according to the
methods, data sets and years used by different studies. Nevertheless, the vast majority of studies reveal
that the PRH is valid and that FDI has a negative impact on the environment. Various studies have tried
to increase the accuracy of their results by using methods such as Granger causality tests, panel data
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analysis and VECM. At this point, the use of different methodological approaches may allow more
comprehensive results to be obtained. Therefore, future studies are expected to provide more robust and
comprehensive analyses by considering this methodological diversity.

Purpose and Importance of the Research
Purpose of the research

The aim of this study is to examine the impact of FDI in Tiirkiye on CO, emissions based on
Tiirkiye 's current situation on environmental pollution. The study, which uses annual data for the period
1980-2021, is analysed by time series method. In the data range used in the study, 1980 was chosen as
the starting year. The reason for choosing 1980 can be listed as the fact that free trade flows have caused
significant increases in the world trade volume since those years, the shift of dirty industries from
developed countries to developing countries due to many reasons such as the lack of strict environmental
laws with liberalisation, and the increase in pollution emissions in these countries. On the other hand,
the determination of 2021 as the end year is based on data limitations and therefore the lack of access to
data.The relationship between FDI and environmental pollution has become an important issue,
especially for developing countries such as Tiirkiye. Analysing these relationships may contribute to the
development of environmental regulations and enable a balance between economic growth and
environmental protection. In this study, the environmental impacts of FDI in Tiirkiye are evaluated and
the effects of environmental policies on economic growth are analysed.

Green economy is an economic model that aims to support economic growth by prioritising
environmental sustainability. This study aims to promote sustainable economic development within the
framework of green economy. It also aims to develop policy recommendations for establishing a balance
between environmental sustainability and economic growth in Tiirkiye. Unlike other studies in the
literature, this study presents an analysis supported by recent data specific to Tiirkiye and reveals the
impact of FDI, GDP and energy consumption on environmental pollution, short and long run
relationships and the directions of this relationship through Vector Error Correction Model (VECM)
causality analysis. The reason for using VECM causality analysis is that in cases where the standard
Granger causality test is incomplete, the error correction model is used to examine the dynamics between
the series more comprehensively and to reveal both short and long run relationships. In line with the
findings of the research, it is aimed to develop original and applicable recommendations regarding
Tiirkiye 's environmental policies by testing the PRH and PHH.Econometric Analysis.

Econometric Analysis
Data Set

The variables used in the model tested with annual data for the period 1980-2021 are carbon
dioxide (CO,) emissions, foreign direct investment (FDI), gross domestic product (GDP) and energy
consumption (energy). Data are obtained from the World Bank, International Energy Agency (IEA) and
Energy Institute databases. Eviews 13 econometric package program was used for the analysis of the
model.
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Table 3. Variables Used in Econometric Analysis

Variable Abbreviation Description Source

Carbon dioxide LNCO; Metric tons International Energy
Agency (IEA)

Gross Domestic LNGDP Constant 2015 USD World Bank

Product

Foreign Direct LNFDI Foreigndirect World Bank

Investment investment,

net inflows (current USD)

Energy Consumption LNENERGY Exajoules Energy Institute

Table 3 introduces the variables, unit and source of variables. "LN" used in front of the serie indicates the logarithmized
form . The use of the natural logarithm can help to make the data more smooth, linear and meaningful.

Methodology

The econometric model used to explain the relationship between environmental pollution and FDI
is inspired by Cole (2004) and constructed as follows:bottom.

LN CO,, = By + ByLNFDI, + B, LN GDP, + B5 LN ENERGY,
+ & (D

In Equation 1, CO,; denotes carbon emissions, FDI denotes foreign direct investment inflows,
GDP denotes gross domestic product per capita and ENERGY denotes energy consumption.

—f, ; Constant term refers to the slope coefficient of the 8, 5, 3 parameters.

—t ;used in the model refers to the time dimension of the variables, &;; refers to the part not
explained by the model. In other words, it shows the error term.

In case of 1> 0 in Equation 1, it is accepted that the pollution haven hypothesis is valid in Tiirkiye.
If 1<is 0, it is concluded that the PHH, which supports that FDIs reduce environmental pollution, is valid.
pp p

In this study, the validity of the PRH in Tiirkiye is tested by time series analysis. First, the
stationarity of the variables is determined by ADF and PP unit root tests. If the series are non-stationary,
false regression relationships may emerge, which may lead to unreliable results. Johansen cointegration
test is applied for three or more variables in the model and this method is preferred instead of Engle-
Granger test which is insufficient to evaluate cointegration between two variables. After detecting
cointegration between the series, the error correction model is used to analyze the short and long run
relationships. How short-run deviations are corrected in the long run is evaluated with this model.
Finally, the causality relationship between the series and the direction of this relationship are analyzed
by VECM causality analysis.

Findings

Before proceeding to time series analyses, descriptive statistics and correlation analyses of the
variables are presented.
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Table 4: Descriptive Statistics of Variables

Statistics LNCO; LNFDI LNENERGY LNGDP
Mean 5.3517 21.2347 1.0992 26.3445
Median 5.3545 20.7536 1.1130 26.3037
Maximum 6.1086 23.8164 1.9407 27.5879
Minimum 44132 16.7059 0.0719 24.8166
Std. Dev. 0.5038 2.0172 0.5555 0.9689
Skewness 0.2549 -0.3935 -0.2510 -0.1544
Kurtosis 2.0004 2.0564 2.0088 1.5638
Jarque-Bera 2.2035 2.6417 2.1602 3.7765
Probability 0.3323 0.2669 0.3396 0.1513
Observations 42 42 42 42

Descriptive statistics of the variables used in the study on an annual basis are presented in Table
4. In the statistical analysis, the mean, median, maximum, minimum, standard deviation, skewness,
kurtosis and Jarque-Bera test results indicating the conformity of the series to normal distribution are
included for each variable. According to the annual data presented in Table 4, there are 42 observations
in total. According to the Jarque-Bera test statistics, all variables are normally distributed at 1%

confidence level.

Table 5. Correlation Coefficients of Variables

LNCO. LNFDI LNENERGY LNGDP
LNCO: 1.000000
LNFDI 0.944387 1.000000
(0.0000) -
LNENERGY 0.998459 0.942012 1.000000
(0.0000) (0.0000) -
LNGDP 0.970740 0.962239 0.969618 1.000000
(0.0000) (0.0000) (0.0000)

Note: Values in brackets indicate probability values.

The correlation analysis results in Table 5 show that the coefficients obtained are positive and
statistically significant. This indicates that there is a positive relationship between the variables.
However, it is not possible to make definite inferences about the relationships between variables by
using only simple correlation coefficients. Therefore, in the following sections of the study, time series
analyses are applied to examine the direction and magnitude of the relationship between variables in

more detail.
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Unit Root Tests

The presence or absence of unit roots helps to determine the process by which a series generates
fundamental data. Series without unit roots are considered stationary. Non-stationary series do not tend
to return to a long-term deterministic path, their variances change over time and they follow a random
walk. These differences are important for economic forecasts (Libanio, 2005: 146).

ADF (Augmented Dickey-Fuller)

The Augmented Dickey Fuller (ADF) test, developed by Dickey and Fuller (1979), is an extended
variation of the DF unit root test that examines the stationarity of time series.

In the ADF model, the null hypothesis indicates that the series is non-stationary, while its rejection
indicates that the time series is stationary (Glynn, Perera, & Verma, 2007). Accordingly, the ADF model
is shown as follows (Mert & Caglar, 2019, p. 99):

Model without Constant and Trend (none)

m
AY, = Y,y + ) BilbVe i+ )

=1

Model with Constant and Without Trend

m
AY, =+ Yy + ) Bib¥e i+ 3)

=1
Model with Constant and Trend

m
AY, = p+ B +6Y +2ﬁi AYi_i + & 4)
i=1
In the given three equations, after adding AY, the lagged value of AY;_4, to the model as an
explanatory variable , the autocorrelation is removed and the equation for the ADF model is formed.

Hy: 6= 0 (For the hypothesis that the series is non-stationary)
Hy: 6= <0 (For the alternative hypothesis, the series is stationary)

In the three different equations mentioned above, AY; denotes the first difference of thevariable
whose stationarity is tested, AY;_; denotes the lagged difference terms and y denotes the timeseries
tested. In addition, &, is the error term in the model and m is the lag length. The lag length, denoted as
"m", is usually determined using the Akaike information criterion (AIC) or Schwarz criterion (SC).
ADF unit root test results for the variables in the study are reported in Table 6;
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Table 6. ADF Unit Root Test Results

ADF
Variabels Level 1(0) Difference I(1)
Fixed With Constant and Fixed With Constant
¢ Trend and Trend
LNCO, -1.402908 -2.472305 -6.832428 -7.134711
(0.5716) (0.3394) (0.0000)* (0.0000)*
LNFDI 2134958 -2.702203 -7.670400 -7.595631
(0.2326) (0.2411) (0.0000)* (0.0000)*
LNGDP -0.907129 -1.529628 -6.335127 -6.316702
(0.7760) (0.8028) (0.0000)* (0.0000)*
-1.399605 -2.264697 -7.404913 -7.766616
LNENERGY (0.5732) (0.4429) (0.0000)* (0.0000)*
%1 -3.600987 -4.198503 -3.605593 -4.205004
%5 22.935001 -3.523623 -2.936942 -3.526609
% 10 2.605836 -3.192902 -2.606857 -3.194611

* represents significance at 1% level. Values in parentheses are probability values. The number of lags used in the
ADF test is obtained using the Schwarz information criterion (SIC).

In Table 6, the null hypothesis for the ADF test is "the series are non-stationary". For the test
statistics calculated for the model with constant, constant and trend, the critical values obtained by
MacKinnon (1996) for 1%, 5% and 10% error levels are shown at the bottom of the table. It is seen that
the test statistics of the variables used in the analysis are greater than all critical values. Therefore, the
null hypothesis cannot be rejected. Accordingly, GDP, CO,, FDI and ENERGY variables are found to
be non-stationary in the model with constant and trend with constant.

The difference procedure is applied to determine the degree of cointegration of the series. In Table
6, the null hypothesis for the ADF test is "the first difference of the series contains unit root".
Accordingly, the calculated test statistic is smaller than all critical values. Thus, the differenced series
are stationary at the 1% level. According to the ADF test results, it can be said that the degree of
cointegration of GDP, CO,, FDI and ENERGY variables is one.

PP (Phillips Perron) Unit Root Test

Phillips and Perron (1988: 336-338) represent a study that focuses on econometric test methods
and especially on assessing the existence of unit roots. Phillips and Perron's work on the determination
of stationarity provides important support to the literature. The hypothesis tests of PP are similar to those
of ADF and are expressed as in the following equation:

T
AY, = By + Bit + Y, + By (t - E) + g (5)

In the model given in Equation 11, 7 denotes the number of observations. The hypotheses are the
same as ADF and are as follows:

Hy: 8= 0 (For the hypothesis that the series is non-stationary)
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Hy: 8= <0 (For the alternative hypothesis, the series is stationary)

If the calculated test statistic is greater than the critical value, it is concluded that the series is non-
stationary and contains a unit root. If the series becomes stationary after the difference is applied,i.e. if
a series that is non-stationary at level I(0) becomes stationary at level I(1), it is called a second order
integrated series. Since PP and ADF test results are similar, MacKinnon (1996) critical values are taken
as basis. PP unit root test results for the variables in the study are reported in Table 7.

Table 7. PP Unit Root Test Results

PP
Variabels Level 1(0) Difference I(1)
Fixed With Constant and Fixed With Constant

1xe Trend ¢ and Trend

LNCO: -2.448737 -2.223162 -6.964067 -8.857943
(0.1353) (0.4647) (0.0000)* (0.0000)*
LNFDI -2.269199 -2.746451 -7.803965 -8.047597

(0.1864) (0.2245) (0.0000)* (0.0000)
LNGDP -0.906050 -1.835125 -6.337811 -6.316649
(0.7763) (0.6692) (0.0000)* (10.0000)*
LNENERGY -2.094315 -2.140216 -7.371861 -8.141612
(0.2479) (0.5089) ( 0.0000)* ( 0.0000)*
%1 -3.600987 -4.198503 -3.605593 -4.205004
%5 -2.935001 -3.523623 -2.936942 -3.526609

% 10 -2.605836 -3.192902 -2.606857 -3.194611

*represents significance at 1% level. Values in parentheses are probability values. For the PP unit root test, the
bandwidth is automatically set to 3 using Bartlett's kernel according to the Newey-West strategy.

In Table 7, the Phillips Perron test results support the ADF test results. According to this test, the
null hypothesis is "the series are non-stationary" for both the model with constant and the model with
constant and trend. Since the test statistics of the variables used in the analysis are greater than all critical

values, the null hypothesis (Hy) cannot be rejected. Therefore, the variables contain unit root. It
is determined that the variables become stationary after first order differences are taken. The null
hypothesis is rejected for this model. In conclusion, according to the results obtained from ADF and PP
tests, it is seen that the stationarity degrees of all variables are I(1). Johansen cointegration analysis was
conducted to investigate the existence of cointegration relationship among the first order integrated
series.

Johansen Cointegration Test

Engle and Granger (1987) cointegration test is used to analyze the relationship between two
variables. However, if one variable is dependent on the other, the accuracy of the test may be affected.
In particular, the requirement that when one variable is cointegrated, the other must also be cointegrated
is a key determinant of the test. The use of different normalization techniques may affect the test results
and may cause problems in two or more series (Enders, 2010). Indeed, many methods have been
developed to overcome the shortcomings of the Engle and Granger (1987) method. Johansen (1988),
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Johansen (1992), Johansen and Juselius (1990) gave a new breath to cointegration analysis with these
methods. This method makes it possible to test even if there is more than one cointegration vector.

In the Johansen cointegration test, all series are treated as interdependent and are analyzed as a
function of their lagged values and the lagged values of other variables. Therefore, the Johansen method
depends on the estimation of the VAR model, which can be advantageous in providing estimates of the
co-movements between time series. Moreover, this test allows for the restriction of cointegration vectors
and error correction coefficients (Johansen, 1988: 231-254).

The Johansen method using the maximum likelihood estimator implies an unrestricted
multivariate vector autoregressive (VAR) model with n series and p lags. In order to use the Johansen
approach, it is necessary to switch from the single equation error correction method to the multivariate
error correction method. At this point, the model can be constructed by considering three variables.

These variables are differenced: Zt=(Yt, Xt, Wt)' (Seviiktekin & Nargelecekenler, 2010, p.505):
Zt=1AZt-1 +2AZt-2 +. . . P-1AZt-P+1 +Zt-1 +t (6)
or
Zt=i=2PI— 1 AZt—i+1+ Zt — 1 + t N

Above, Zt represents the vector of non-stationary variables and et represents the error terms. In
the equation,

F123,P- 1= (1= A-A—..~A)AndIl= —(1-A-A-.—A)

The coefficient ofIl in the equation shows the long-run relationships in the (nn) * dimensional
matrix Z t, ' shows the short-run relationships in Zt.

The model provides information about both short-run and long-run changes in Z through the
estimates of and I1 . IT = af}', where a is the speed of adjustment of the long-run parameter. ' is a matrix
of the long-run coefficient. Therefore, the model shows how the variables adjust in the short and long
run. Estimates called " and Il are used to analyze this fit. The cointegration test is performed by
examining the ordering of the II matrix (Harris & Sollis, 2003: 110).

In Johansen and Juselius (1990), they developed two separate test statistics, called maximum
eigenvalue and trace statistics, to test for the existence of a cointegration relationship for the IT matrix.
The critical values for both the maximum eigenvalue test statistic and the trace test statistic are compared
with the Osterwald-Lenum (1992) or Johansen and Juselius (1990) table values. If these statistics are
greater than the critical values, the null hypothesis H; (H;: r>n )is accepted and the null hypothesis H
(Hy: 7 =0) is rejected. Therefore, it is determined in this way that there is a cointegration  relationship
between the series in the model.

Since the Johansen cointegration test is sensitive to the choice of lag length, it is necessary to
determine the appropriate lag length in the first stage of this test. Determining the appropriate lag length
in the VAR model is of great importance for the accuracy and reliability of the model. The appropriate
lag length for the VAR model is summarized in Table 8:
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Table 8. Appropriate Lag Length Selection for VAR Model

Lag LOGL LR FPE AIC SIC HQ
0 35.39503 NA 2.35e-06 -1.610002 -1.439380 -1.548784
1 166.1470 227.9778* 6.57e09* -7.494718* -6.641610* -7.188630*
2 176.4660 15.87539 9.05e-09 -7.203385 -5.667790 -6.652427
3 184.7641 11.06417 1.44e-08 -6.808417 -4.590335 -6.012588

LOGL: Logarithmic likelihood, LR: Likelihood ratio test, FPE: Final forecast error, AIC: Akaike information criterion
SIC: Schwarz information criterion, HQ: Hannan-Quinn information criterion. * indicates the optimal lag length accord
ing to the information criteria.

As seen in Table 8, it is decided that the appropriate lag length to be used in the VAR model is
one, which is the most appropriate lag determined according to all information criteria. After the
specified lag length is added to the model, a test should be performed to see whether the stability
condition is met:
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Figure 1: Inverse Roots of AR Characteristic Polynomial
No root outside the unit circle, VAR stability condition is satisfied

Figure 1 shows that the characteristic roots are inside the unit circle values are smaller than 1.
Thus, it is determined that the variables analyzed for cointegration test meet the stability condition. Up
to this stage, the analysis shows that there is a cointegration relationship between the series. However,
before saying that the model is correct or reliable, it is necessary to perform some diagnostic tests.

The most important of these tests are normality test, autocorrelation and variance tests. For a
mode to be reliable, there should be no problems in these diagnostic tests (Mert & Caglar, 2019: 267).
The results of diagnostic tests such as LM (lagrange multiplier) test, variance test and normality test are
shown below:
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Table 9. Diagnostic Tests

Autocorrelation LM Test Results

Lag Length LM Statistic Value Probability Value
1 12.69305 0.6968
2 13.91588 0.6071
White Variance Test Chi-square test statistics Probability Value
64.72937 0.8926
Jargue-Bera Normality Test Results Joint Df Probability Value
9.426931 6 0.1510

The diagnostic test results in Table 9 are conducted to test the reliability of the model assumptions.
Accordingly, in the autocorrelation test for lag lengths in VAR analysis, since P>0.05 for all lags, the
null hypothesis Hy: no autocorrelation cannot be rejected. There is no autocorrelation problem in the
model. According to the variance test results; Chi-square test statistic is 64.72937 and P value is 0.8926.
Since P= 0.8926>0.05, the null hypothesis "there is no varying variance" cannot be rejected. It is seen
that there is no problem of changing variance in the model. On the other hand, according to the normality
test results; Jargue-Bera test statistic is 9.426993 and P=0.1510. Accordingly, since the probability value
is greater than 0.05, the null hypothesis "residuals follow a normal distribution" is not rejected.
Therefore, the residuals in the model follow a normal distribution.

Once it is seen that there is no diagnostic problem in the model, we proceeded to the cointegration
analysis stage. Accordingly, Johansen cointegration test results are presented in Table 10:
Table 10. Johansen Co-integration Test Trace and Maximum Statistic Results

5% Critical

Number of cointegration vectors Trace Statistic value Probability
No cointegration 57.66315 47.85613 0.0046*
There is at most 1 cointegration 27.84557 29.79707 0.0826
Most cointegration exists 7581684 15.49471 0.5112
There are at most 3 cointegrations 2357201 3.841465 0.1247
Max. Eigenvalue 5% Critical value Probability
. . %
No cointegration 29 81759 27.58434 0.0254
There is at most 1 cointegration 2026388 21.13162 0.0658
There are at most 2 cointegrations 5994482 14.26460 0.7133
There are at most 3 cointegration 3.841465 0.1247
2.357201

rejected at 5% significance level rejected at 5% significance level

When the results of the Johansen cointegration test are analyzed, it is found that the null
hypothesis Hyis rejected according to both the trace statistic and the maximum eigenvalue statistic
values. In other words; Hq: 7 = 0 The null hypothesis is tested against the alternative hypothesis
H;: r =n and the null hypothesis is rejected. According to both trace statistics and maximum eigenvalue
statistics, there is one cointegration vector in the model. Therefore, it is determined that there is a long-
run relationship between the dependent and independent variables. As a result of the Johansen
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cointegration test, it is necessary to estimate the long-run and short-run model with the vector error
correction model.

Vector Error Correction Model (VECM)

According to Engle and Granger, if there is a long-run link between the series, there is a unilateral
causality. In this context, the Vector Error Correction Model (VECM) can be used. If the series are
stationary I(1) and cointegrated at first order, there is a risk of error in causality tests if the VECM is not
used in the VAR method. For this reason, it is important to use each series as independent variables in
the VECM model to determine the direction of causality and to include error correction terms (ECT) in
the model (Akel, 2015).

The VECM method is shown in the following equation (Hyder , 2002: 9):
AZ; = pw+0AZ g +AZ 5 +. . T qAZipyy —NZi g + & (8)

Zt is the vector of the growth rate of the variables in the model. 's are estimated parameters. Zt-1
represents the vector error correction term. p; constant term and &; shows the error term.

In sum, short-run analysis aims to investigate the relationships between variables that are
cointegrated in the long run, to determine whether the variables move together and how these
movements are realized. After determining the existence of cointegration, it is important to estimate the
Vector Error Correction Model (VECM) for these series to estimate the short-run relationships. The
results of the Vector Error Correction Model are shown below:

Table 11. VECM Long and Short Run Estimation Results
VECM Long Run Estimation Results

Variables Coefficient T-Statistics
LNFDI 0.020012* 2.36736
LNGDP -0.021600 0.96728
LNENERGY 0.866901* -29.4453
FIXED +4.542380

VECM Short Run Estimation Results

Variables Coefficient T statistics
D(LNCOy(-1)) 0.514301 2.25621
D(LNFDI(-1)) 0.000732 0.05527
D(LNGDP(-1)) -0.050135 0.99683
D(LNENERGY(-1)) -0.496266* -2.14211
ECM{_, -1.127339* -3.81564

(*) indicates that the coefficient of the variable is significant.

As seen in Table 11, the error correction model is used to investigate the long-run equilibrium
relationship between the series. According to these results, the equation for long-run estimation is
written as follows:
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LN CO,,; = 4.542 + 0.020 LN FDI, — 0.021 LN GDP, + 0.866 LN ENERGY,
+ e (—2.362) (0.967) (—29.445) (9)

The values in parentheses in Equation 9 indicate t statistics. According to the estimation results
of Equation (9), the coefficients of energy consumption and FDI variables are positive and statistically
significant, while the coefficient of GDP variable is not significant. Accordingly, while a 1% increase
in FDI increases carbon dioxide emissions by 0.020%, a 1% increase in energy consumption increases
carbon dioxide emissions by 0.86%. In this context, it is observed that the use of fossil fuels is higher
than the use of renewable energy in many economic activities in Tiirkiye. The model supports the
findings that the PRH is valid for Tiirkiye. On the other hand, since the coefficient of the FDI variable
is greater than zero, it is concluded that the PHH is not valid in Tiirkiye.

If there is no statistical problem in the long-run estimation results, a short-run error correction
model based on the Johansen approach is constructed to determine the short-run relationship between
the variables. The equation adapted to the study related to the short-run estimation results in Table 11 is
written as follows:

LN CO2=0.51ALNCO, ;+0.007A LN FDI, ;- 0.05A LN GDP,_, -0.49A LN ENERGY,_, -1.12ECM¢,(10)
(2.256) (0.052) (0.996)) (—2.142) (—3.815)

The coefficient ECM,_in Equation 10 represents the error correction term. The error correction
term is the one-period lagged version of the error term obtained from the long-run analysis. In the short
run, the effect of FDI and GDP variables on CO, is not significant. The effect of energy consumption
on short-run CO, emissions is significant.

Since the error correction coefficient (-1.127339) in Table 11 is negative and the t statistic value
(-3.81564) is greater than the t table value of 1.96, it is concluded that the coefficients are significant.
These results of the error correction coefficient are also supported by other studies (Solarin et al., 2017).
Deviations between the short-run and the long-run are eliminated by 1.12% in each period. As a result

of the formula |ﬁ | = 1/-1.127339 it is determined that the convergence process of the long-run

equilibrium corresponds to approximately 1 month. Therefore, it is concluded that the shocks that will
occur in the short run will converge to the long-run equilibrium after approximately 1 month

Granger Causality Analysis

Studies such as Engle and Granger (1987), Hendry (1986) and Granger (1986) introduced a new
approach to the co-integration methodology for the analysis of Granger causality. Accordingly, in case
of a relationship between two variables, Granger causality is expected to exist in at least one direction.

VECM Granger Causality analysis replaces the Granger causality test to identify the short and
long run dynamics between series. This method includes the error correction model, which the standard
Granger causality test lacks, and reveals both the short-run and long-run relationships of the series.
Generalized Granger causality model is obtained by adding error terms to the classical Granger causality
model. In Engle and Granger's (1987) study, the general causality model including error terms is shown
as follows:

m m
AXt = (XO + 2 a]AXt_l + 2 b]AYt—l ﬁECMt—l + p’t (11)

=1 i=1
AY, = Bo + i1 AY_; + XiZq djAX—; S;ECM_q + (12)
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The coefficient of (ECM,_,) represents the error correction term and indicates how short-term
shocks adjust in the long run (Pesaran et al., 2001). The A symbol denotes the difference operator, while
the coefficients f i and s_i represent the long-run causal relationships in the model. In the extended
Granger causality analysis, the coefficients of the error term series provide information about the
direction of causality. If the coefficient f i in equation (11) is significantly different from zero, it implies
that "variable X is the long-run Granger cause of variable Y." Similarly, if the coefficient s_i in equation
(12) is significantly different from zero, it indicates that "variable Y is the long-run Granger cause of
variable X." Granger causality analyses are used to statistically determine the causality relationship
between series and the direction of this relationship. As a result of the causality analysis, if the "f"statistic
is greater than the 5% reference value, the null hypothesis HO is accepted. In this case, it is concluded
that "there is no short-run causality relationship between the series". If the "f" statistic is less than the
5% reference value, the alternative hypothesis is not rejected. Therefore, it is concluded that there is a
causal relationship between the series.

For the short-run Granger (1969) causality analysis, the VEC Block Causality Test (Granger
Causality/Block Exogeneity Wald Test) was utilized. The findings obtained from the Granger Causality
tests based on the Error Correction Model where the appropriate lag length is set as 1 are given below:

Table 12: Short Run Causality Results

H, Chi-Square(X?)Value H, Chi-Square(X?)Value
FDI = CO, 0.003055 0.9559 NO
ENERGY = CO, 4.588619 0.0322%* YES
GDP = CO, 0.993671 0.3188 NO
CO, = FDI 0.872956 0.3501 NO
ENERGY =p FDI 0.057132 0.8111 NO
GDP =p FDI 0.409002 0.5225 NO
CO, = ENERGY 1.552631 0.2127 NO
DYY =p ENERGY 1.279613 0.2580 NO
GDP =) ENERGY 1.406596 0.2356 NO
CO, = GDP 1.507754 0.2195 NO
FDI =p GDP 0.040822 0.8399 NO
ENERGY = GDP 1.828864 0.1763 NO

(*) indicates 0.05 level of error

According to the causality results in Table 12, the increase in energy consumption in the short run
leads to CO, emissions. It is concluded that there is no causality from other variables to CO, emissions
except energy consumption. On the other hand, it is found that FDI and GDP have no significant effect
on CO, emissions and that these variables do not affect short-term environmental pollution.

After determining the short-run causality relationships between the variables, it is necessary to
look at the results of the long-run Granger Causality analysis based on the Error Correction Model.
Long-run causality results are shown in Table 13:
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Table 13. Long Run Causality Results

Model t-statistic Causality result
ECM,_,
f(InCO2\InFDI, InGDP, InENERGY) GDP
-1.127339  [-3.81564]* FDI ->CO:
f(InFDI\InCO2, InGDP, InENERGY) ENERGY
f(InGDP\InCO2, InFDI, InENERGY) 0.038420 [0.51837] No causality
f(InENERGY\, InFDI, InGDP, InC02) -0.039187  [-1.56418] No causality
f(InCO2\InFDI, InGDP, InENERGY) 0.047916 [0.15968] No causality

(*) Sign indicates 0.5 error level.

In Table 13, the causality results between the dependent and independent variables are interpreted
as follows:

In the f(InCO2\InFDI,InGDP,InENERGY) equation where CO; is estimated as the dependent
variable, the error correction coefficient is negative and statistically significant as the t statistic is greater
in absolute value than the t table value of 1.96 . In the long run, growth, FDI and energy consumption
affect CO, emissions unidirectionally.

In the f(InFDI\InCO,, InGDP,InENERGY)model where FDI is estimated as the dependent
variable, the error correction coefficient is positive and statistically insignificant. Therefore, it is
concluded that "Ingdp is not the long run cause of Inco, and Inenergy is not the long run cause of Infdi".

In the f(InGDP\InCO2, InFDI,InNENERGY )model where GDP is the dependent variable, the
coefficient of the error term is negative but not statistically significant. Thus, it is interpreted that "In
coy is not the long run cause of Infdi and Inenergy Ingdp".

Finally, in the f(InCO2\InFDI,InGDP,InENERGY)model where energy consumption is
selected as the dependent variable, since the error term is positive and the t statistic is not significant, it
is concluded that "Inco, is not the long run cause of Infdi and Ingdp is not the long run cause of
Inenergy".

When the short-run and long-run causality analysis results are evaluated as a whole, FDI and GDP
do not affect carbon emissions in the short run. These variables are the main factors affecting carbon
emissions in the long run. As seen in Tables 12 and 13, energy consumption increases both short and
long term CO, emissions. Therefore, it is concluded that especially the use of fossil fuels increases
carbon emissions in Tiirkiye both in the short and long run.

Discussion

Globalization and integration processes have significantly increased the volume and speed of
capital movements around the world. Capital, which is a limited factor in production, chooses the areas
to be invested according to the balance of risk and return, and is oriented towards the regions where it
can obtain the highest return. Developing countries, on the other hand, face problems such as insufficient
domestic savings, limited foreign exchange resources and technological deficiencies, and therefore seek
to attract foreign capital in order to sustain their economic development and access the financing they
need. This situation enables capital to flow from regions with more capital and low returns to regions
with less capital and high returns (Y1lmaz, Kaya, & Akinci, 2011). This approach, known as the Perfect
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Markets Assumption, argues that FDI flows from low-return countries to high-return countries
(Lizondo, 1993). Hence, it is argued that this may eventually trigger a "race to the bottom" whereby
governments that respond more flexibly to environmental standards may trigger an "environmental
capital flight" towards pollution havens (Rauscher, 2005). This could lead to a rapid widening of the
gap in pollution levels between developed and emerging markets (Koksal & Cetin, 2021).

Conclusion and Recommendations

This study investigates the effects of FDI on environmental pollution. In the model, CO,
emission is used as the dependent variable, while FDI, GDP and energy consumption are used as
independent variables. In the analysis conducted with annual data for the period 1980-2021, all variables
were found to be stationary in difference as a result of stationarity tests, and it was determined that there
is a long-run relationship between the variables with the Johansen Cointegration test. Short and long-
run coefficient estimates were made with the VECM model, and finally, VECM Granger Causality
analysis was conducted to focus on the relationship between variables. As a result of the Granger
Causality analysis, it is concluded that in the long run, GDP, FDI and energy consumption affect CO,
emissions unidirectionally. As a result, the increase in industrial activities along with economic growth
may lead to more energy consumption and carbon emissions. While the environmental effects of FDI
are limited in the short run, it is observed that it increases carbon emissions through industrial activities
in the long run.

As a result of the econometric analysis, it is concluded that the CSR is valid for Tiirkiye. The
results of the study support the results of Arslan et al. (2021), Coban and Ozkan (2022), Mike (2020),
Koksal and Cetin (2021), Kurt et al. (2019), Yurtkuran (2021) that FDIs cause CO, emissions. Although
the environmental impacts of FDIs have led to different debates in the literature, in general, many
research findings suggest that foreign investments deteriorate environmental quality ( Omri, et al., 2014;
Zheng & Sheng, 2017; Zheng, et al., 2022; Jorgenson, et al., 2007; Frutos-Bencze, et al., 2017; Kisswani
& Zaitouni, 2023). However, there are also studies that support the KHH, which suggests that FDI
inflows can reduce environmental pollution (Zhu, et al., 2016; Zameer, et al., 2020; Asghari , 2013;
Yilmaz, 2011; Letchumanan & Kodama, 2000; Sahin6z & Fotourehchi, 2014; Jiang et al. 2018; Akgay
& Karasoy, 2018; Repkine & Min, 2020). On the other hand, some study results (Hamza & Tatar, 2023;
Gokalp & Yildirim, 2004; Demir, 2022; Yilmazer & Karabiber, 2020) It is concluded that there is no
significant relationship between CO, and FDIs.

The fact that investments aimed at economic growth increase environmental pollution reveals
the importance of protecting ecological resources, environmental policies and sustainable economic
growth. Accordingly, integrating sustainable development into economic growth can contribute to
reducing environmental impacts. Encouraging environmentally friendly investments and providing
support to enterprises facing capital shortages in the production of green technology may be beneficial.
In addition, it is important to increase inspections of enterprises that do not comply with environmental
regulations and prioritize renewable energy investments. On the other hand, raising awareness that the
environment is not an unlimited resource can contribute to the balance between environment and
economic growth.

In future studies, it may be useful to analyse the relationships between PRH, FDI, economic
growth and energy consumption in more detail. These concepts can play an important role in
understanding the impacts on environmental pollution. In particular, whether FDI has negative impacts
on the environment in developing countries is critical for shaping sustainable economic growth
strategies. Moreover, in future research, the effects of economic growth and FDI on the environment
can be analysed more comprehensively and the PRH can be tested for different countries. Such studies
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can provide effective solutions for both developing and developed countries by contributing to the
development of policies that promote environmental
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TURKCE SURUM

Giris

Giliniimiizde kiiresel Olcekte genisleyen dig ticaret ve iiretim faaliyetleri, firmalari tiretim
stireclerini avantajli bulduklan {ilkelere kaydirmaya yoneltmektedir. Gelismekte olan iilkeler ise
ekonomik biiylimeyi desteklemek amaciyla disa acik sanayilesme politikalar1 izleyerek dogrudan
yabanci yatirimlar1 (DYY) ¢ekmeye c¢aligmaktadir. DY'Y, bir {ilkenin bagka bir iilkede iiretim tesisi
kurmasi veya mevcut bir tesisi satin almasi anlamima gelmektedir (Yilmazer, 2010).

Ikinci Diinya Savas1 sonrasinda uluslararasi drgiitlerin kurulmastyla ivme kazanan kiiresellesme,
1990’11 yillarda Dogu Bloku’nun dagilmasiyla birlikte daha da derinlesmis ve ekonomik iliskiler cok
boyutlu bir yapiya doniigsmiistiir. Bu gelismeler yalnizca ekonomik entegrasyonu artirmakla kalmamas,
ayn1 zamanda ¢evresel sorunlarin da uluslararasi giindeme taginmasina neden olmustur. Bu nedenle,
DYY’nin yoneldigi iilkelerde biraktigi etkiler, yalmizca ekonomik degil aym zamanda gevresel
boyutlartyla da 6nemli bir tartisma konusu haline gelmistir (Komiirclioglu & Deger, 2022). DYY ’lerin
cevre lizerine etkileri ile ilgili iki karsit goriis bulunmaktadir: kirlilik siginag: hipotezi (KSH) ve kirlilik
halesi hipotezi (KHH). Ilk teori, yabanci yatinmlarin diisiik ¢evre standartlarina sahip iilkeleri
hedefleyerek cevresel riski artirdigini iddia etmektedir (Yiadom, Mensah, & Bokpin, 2022). Ikinci teori
ise; dogrudan yabanci yatirimlarin gelismekte olan ekonomilere kaymasi yerel ekonomilerin
biiyiimesini ve modernlesmesini 6zendirmektedir (Hewood, 2016: 138). Boylelikle, ikinci teori
yatinmlarin ¢evre kirliligini artirdigi iddialarina karsi ¢ikarak, DYY’lerin ev sahibi iilkede cevre
kalitesini artirdigina dair bir goriis 6ne stirmektedir. Kirlilik Si§inag1 Hipotezi (KSH), ilk olarak Pethig
(1976) tarafindan gelistirilmis ve Grossman ile Krueger (1991) tarafindan ekonomik biiyiime ve ¢evre
iligkisi lizerine yapilan caligmayla genisletilmistir. Bu teori, ¢evre kirliliginin ekonomik biiyiimenin
erken asamalarinda arttigini, sonra ise azaldigim savunur ve Cevresel Kuznets Egrisi (CKE) olarak
bilinir. Daha sonra bu hipotezin disinda yabanci yatirimlarin ¢evre kirliligine sebep olacagi yoniinde
ortaya atilan KSH ile ilgili pek ¢ok caligma gergeklestirilmistir (Sahin, Gékdemir ve Ayyildiz 2019;
Singhania ve Saini 2021, Ahmad, Jabeen ve Wu, 2021; Yilanci vd., 2023; Thanh vd., 2022; Abbass vd.,
2022; Usta, 2023).

Son yillarda gelismekte olan ekonomiler, ¢esitli ekonomik yapilarina ragmen teknoloji ve
yatirimlari ekonomik biiyiimenin lokomotifi olarak ele almis ve birgok arastirmacinin dikkatini
cekmistir. Bu iilkeler, kiiresel yatirimlarin etkin bir sekilde dagitilmasina katkida bulunarak ve DY'Y’leri
tesvik ederek ekonomik biiyiimeyi desteklemislerdir. DY'Y girisi, 6zellikle hizla ekonomik biiyiimeye
ihtiyag duyan ve gevresel diizenlemelerde esneklik gosteren iilkelerde CO, emisyonlarina neden
olabilmektedir. Ayrica, bu yatirnm akislar1 olumlu teknoloji aktarimina ve yayilmasina da imkan
taniyabilmekte, enerji verimliligini artirabilmekte ya da ev sahibi {ilkelerde cevre kirliligini
azaltabilmektedir. Dolayisiyla, DYY’lerin CO, emisyonlar {izerindeki karmasik etkilesimlerini
anlamak biiyiik bir 6neme sahiptir (Xie, Wang, & Kong, 2020). KSH ve KHH ¢er¢evesinde DY Y’lerin
cevre kalitesi lizerindeki etkilerinin arastirilmasi, hem bilimsel hem de pratik agidan 6énemli bir yere
sahiptir. Sermaye, yeni teknolojiler, yonetim becerileri ve pazarlama stratejilerinin DY Y ’lerle birlikte
gelmesi, bu yatinmlarin ekonomik biiylime stratejilerinin temel unsurlarindan biri olmasini
saglamaktadir. Ancak, ekolojik agidan siirdiiriilebilir kalkinmay1 saglamak i¢cin DY'Y giriginin ¢evresel
etkileri gbz ardi edilememelidir. Amag, mevcut ve gelecek nesillerin gereksinimlerini en iyi sekilde
karsilamak oldugundan, DYY’lerin karbon emisyonlar1 iizerindeki etkilerinin degerlendirmesi,
gelismekte olan iilkelerde ekonomi ve ¢evre izleme sistemlerinin gelismesine katki saglayabilmektedir
(Nejati & Taleghani, 2022).

Bu calismanin amaci, Tiirkiye'de gerceklestirilen DYY’lerin CO, emisyonlarn iizerindeki
etkilerini incelemektir. Calisma, 1980-2021 yillant arasindaki yillik veriler kullanilarak zaman serisi
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analizi yontemiyle gergeklestirilmistir. Literatiire katk: saglama agisindan, bu ¢alisma, Tiirkiye'ye 6zgii
giincel verilerle desteklenen bir analiz sunmakta ve Vektor Hata Diizeltme Modeli (VECM) nedensellik
analizi kullanarak, DYY, GSYIH, enerji tiikketimi ile ¢evre kirliligi arasindaki kisa ve uzun dénemli
iligkilerin etkilerini ortaya koymaktadir.

Arastirma, giris niteligindeki birinci boliimle baglamis, ardindan ikinci boliimde Tiirkiye ve farkli
iilkeler baglaminda yapilan ampirik analizlerden elde edilen bulgular, ilgili literatiir esliginde tablolarla
ozetlenmistir. Ugiincii boliimde, calismanin amaci ve kapsamina iliskin detaylar sunulmustur. Dérdiincii
boliimde, bir ekonometrik model gelistirilmis ve bu modelin analiz sonuglar1 detayli bir gekilde
paylasilmistir. Calisma, elde edilen bulgularin degerlendirilmesi ve tartisilmastyla tamamlanmistir.

Literatiir incelemesi

Konuya iliskin literatiir incelendiginde, elde edilen sonuglarda net bir fikir birliginden s6z
edilememektedir. Baz1 ¢alisma sonuglart KHS hipotezini destekleyici sonuglar ortaya koyarken, bazi
caligmalar aksi yonde sonuglar ortaya koyabilmektedir. Diger taraftan gerek kapsam gerekse yontemsel
acidan KHS iizerine yapilan mevcut arastirmalarin siirl kaldig1 ve 6zellikle gelismekte olan iilkeler
acisindan daha fazla galismaya ihtiya¢ duyuldugu sdylenebilir. Bu baglamda, 6zellikle de Tiirkiye
ozelinde KSH ile ilgili yapilmig arastirmalarin sinirh sayida oldugu dolasiyla ¢aligmanin DYY ’lerin,
CO,, GSYIH ve enerji tiiketimi arasindaki iliskilerin daha derinlemesine incelenmesine ve bu alandaki
boslugun doldurulmasina katki saglayacag: diistiniilmektedir. Ayrica, VECM gibi daha gelismis bir
yontemin kullanilarak, literatiirdeki metodolojik eksikliklerin giderilmesi ve daha giivenilir sonuglarin
elde edilmesi hedeflenmektedir. Ayrica gergeklestirilen ¢alisma ile, Tiirkiye’deki ¢evre politikalarinin
iyilestirilmesine ve siirdiiriilebilir kalkinma stratejilerinin sekillendirilmesine yodnelik eksik kalan
politika uygulamalarina da katkida bulunacag diisiiniilmektedir.

1990'lardan bu yana KSH’yi test eden cesitli ¢caligmalarda, bu teorinin gegerliligi ve ekonomik
etkileri farkli zaman araliklari, yontemler ve veri setleri kullanarak arastirilmigtir. Bu baglamda yapilmis
bazi ¢aligmalar ve bu ¢alismalardan elde edilen sonuglar, Tiirkiye ve farkli iilkeler ayrimina gidilerek
asagida gosterilmektedir:

Tablo 1. KSH Testi icin Tiirkiye Uzerine Yapilan Calismalar

Yazar(lar) Ulkeler Dénem Yontem Sonu¢

Gokalp ve Zaman Serileri Kirli sektorlerin ve gevre kirliliginin
Yildirim Tirkiye  1989-2001 Yéntemi Tiirkiye’de arttigina dair herhangi
(2004) bir belirtiye rastlanmamustir.

Zaman Serisi Yéntemi Analiz sonunda, Tiirkiye’deki cevre

Halicioglu Tiirkiye 1960-2005 Granger  Nedensellik klrvh.hgml. etk{leyen o Gnemli
(2009) = degiskenin gelir oldugu sonucuna
Analizi
varilmisgtir.
Akbulut Todo Yamamoto CO:. emisyonundan  ekonomik
Bekar(2018) Tiirkiye 1977-2014 Dolado Liitkepohl biiylimeye dogru pozitif ve tek yonlii
Nedensellik Analizi bir iligki saptanmustir
ARDL(Autoregressive

DYY ile CO: arasinda nedensellik
iligkisi ortaya c¢ikmamigtir. KSH
gegerli degildir.

Yilmazer ve
Kararbiber Tiirkiye 1955-1919
(2020)

Distributed Lag) Sinir
Testi Todo Yamamoto
Nedensellik Testi
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Tablo 1. KSH Testi igin Tiirkiye Uzerine Yapilan Caligmalar (Devami)

Tiirkiye'ye yonelik DYY’ler CO:

Mike (2020) Tiirkiye 1971-2015 ARDL Sinir Testi emisyonunu  artrmistir.  KSH
dogrulanmistir.
ADF Birim K6k ARDL
Siir Testi ve uzun
donem katsay1 tahmini
igin ARI(
Autoregressive  Lag),
OLS( Ordinary Least
Squares), . C
éros;g VA Tiirkiye 1960-2016  FMOLS(Fully gg‘fﬁi’;ﬂmfliﬁmmm igin - KSH
Modified Ordinary g SHr-
Least Squares),
DOLS(Dynamic
Ordinary Least Squares
ve CCR( Cointegration
Rank Condition)
tahmincileri
Fourier ARDL DYY ile CO: salmimi arasinda ¢ift
Yurtkuran Esbiitlinlesme Fourier yonlii bir iligki ortaya ¢ikmustir.
(2021) Tiirkiye 1971-2018 Toda-Yamamoto DYY’lerin gevre kirliligini artirdigi
Granger  Nedensellik yoniindeki  bulgular, KSH’nin
Analizi gecerliligini desteklemektedir.
Tiirkiye’de DYY’lerin cevre
. . kalitesini olumsuz etkiledigi ve
Topal (2024) Tiirkiye 1973-2022 ARDL Sinir Testi KSH’nin gecerli oldugu
goriillmiistiir
ARDL,
o DOLS, Tiirkiye ekonomisi i¢in KSH
Kirike1 (2025)  Tiirkiye 1984-2022 FMOLS dogrulanmgtrr.
CCR tahmincileri

Tiirkiye lizerine yapilan c¢aligmalar, dogrudan yabanci yatirimlarin ¢evre kirliligi tizerindeki
etkisine iligkin farkli sonuglar ortaya koysa da genel olarak KSH nin belirli donemlerde ve yontemlerle
dogrulandigini goriilmektedir.
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Tablo 2. KSH Testi I¢in Farkli Ulkeler Uzerine Yapilan Calismalar

Yazar (lar) Ulkeler Donem Yontem Sonu¢
14 gelismekte EEI?I? Veri  Yontemi  pDyY’ler sadece az gelismis
. olan iilke 11 iilkelerde CO, degiskelerini
Aliyu (2005) gelismis OECD 1990-2000 OLS ) aciklamada anlamli bir etkiye
tilkesi (GLS) testi sahiptir.
o i DYY’nin SO, emisyonlar
He (2006) Cin 1994-2001 ~ Panel Veri Yontemi iizerindeki  etkisi, KSH’yi
dogrulamustir.
o . Kuzey Amerika ve Bati
. Panel Vefl Yontemi Avrupa gibi gelismis iilkelerde
Bm?il Ve 28 iilk 1960-1900 EKC testi _gelir CO, ’yi artirmustir.
(2(())% 6)00 ke Grangf?r Nedensellik  Ancak, Japonya ve gelismekte
Analizi olan iilkelerde gelir CO;’yi
azaltmugtir.
Wagn@ ve Almanya ve Panel Veri Yéntemi Kimya sektorii igin KSH’ ye
Timmins hedef 168 iilke 1996-2003 GMM Tahmincisi dair giiclii kamtlar
(2009) bulunmustur.
Pao ve Tsai . . Panel Esbiitiinlesme Kisa vadede GSYIH ile CO,
201) BRIC iilkeleri 1980-2007 Panel Nedensellik emisyon arasinda ters U-sekilli
bir iliski oldugu belirlenmistir.
Panel Veri Analizi DYY’lerde meydana gelen
Prais-Winsten (PCSE) artisin ¢evre iizerinde olumsuz
42 gelismekte modeli blr . etkl. Olus‘Furdugu
olan iilke Havuzlanmi goriilmektedir. Gelismekte
Karaca (2012) 1995-2008 Reeresvon 3 olan tilkelerde kirlilik siginagi
24 gelismis iilke Sal%i ¢ E}t]ki hipotezinin  gegerli oldugu
Rastsal Etki Modelleri belirlenmistir.
Hatemi J. Calismada ABD, Fransa ve
Esbiitiinlesme Testi Birlesik Krallik iilkeleri i¢in
Zeren (2015) G iilkeleri 19702010 ~ Dogrusal ve Dogrusal  kirlilik hale hipotezinin gecerli
olmayan Nedensellik oldugu gorilmiistir. Kanada
Testi da ise KSH’nin gecerli oldugu
sonucuna varilmigtir.
o . S6z konusu model i¢in
Hanif vd. Gelismekte olan 1993-2013 Panel Veri Yontemi KSH’nin ve Cevresel Kuznets
(2019) 15 Asya iilkeleri ARDL Sinir Testi Egrisi Hipotezi’nin  gecerli
oldugu goriilmiistiir
Calisma sonucunda, DY Y nin
Tamboga En ¢ok DYY 1990-2014 Panel  Egbiitiinlesme ¢evre tahribati {izerinde olumlu
(2019) ¢eken 20 iilke Yontemi ve pozitif etkilere sahip oldugu
tespit edilmisgtir.
Han ve Oztiirk Asya iilkeleri 1980-2014 Panel Esbiitiinlesme CalismaKSH’yi

(2020)

Testi-EKK Testi

desteklemektedir.
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Tablo 2. KSH Testi igin Farkli Ulkeler Uzerine Yapilan Calismalar (Devam)

Pehlivanoglu ; ; ,

ve  Solmaz BRIC ve MIST 15505015 GMM vesistem-Gvm ~ &2lsma_ sonuglart KSHenin
iilkeleri gegerliligini dogrulamustir.

(2020)

Kiibra (2021) 16 Geligmis iilke 1995-2015 PanelVeri Yontemi KSH dogrulanmistir

Cevre kirliligi ile DYY

Vang ve Luo . . —— . arasindaki iligkinin  pozitif
(2022) 288 Cin sehri 2011-2016 PanelVeri Yontemi oldupu saptanmistr. Cin’de

KSH dogrulanmuistir.

GSYIH artisinin yenilenebilir
Addis ve BRICS ve 25 19952021 Panel FMOLS enerjiyi  artirken  CO,
Cheng (2023)  OECD iilkeleri DOLS emisyonlarini azalttig1

gOriilmiigtiir.

DYY’ler ile ¢evre arasindaki
) ) iliski Hindistan ve Tiirkiye'de
Kirike1 (2023)  E7 iilkeler 2002-2021 Panel Veri Yontemi anlamli ve pozitifken, diger
iilkelerde bu iliskinin anlamsiz
oldugu goriilmiistiir.

Akkaya ve s Gelismekte o ) Gelismekte olan iilkelerde

Atalay Cetin lan iilk 1991-2017  Panel Veri Yontemi KSH’nin  gecerli  oldugu
(2024) olan uike sonucuna ulasiimistir.

E7 ilkelerinde KSH ve

E7 ve G7 ) ) KHH’ne ait net bir bulgu elde

Atilgan (2024)  iilkeleri 1990-2014  Panel Veri Yontemi edilmemistir. G7 iilkelerinde

ise KHH ni destekler nitelikte
bulgular saptanmuistir.

Yapilan literatiir incelemeleri dogrultusunda, DYY’lerin ¢evre kirliligi iizerindeki etkisinin
iilkelerin gelismislik diizeylerine ve gevre politikalarma gore degisiklik gosterdigi ortaya ¢ikmaktadir.
Ozellikle gelismekte olan iilkeler iizerinde yapilan aragtirmalar, KSH’nin siklikla gegerli oldugunu
gostermektedir. Bu bulgu, gelismis lilkelerde cevre diizenlemelerinin daha siki ve etkili oldugu,
dolayisiyla DY Y'nin ¢evresel etkilerinin daha diisiik seviyelere indigi goriisiiyle uyumludur. Oysa
gelismekte olan iilkelerde, ¢cevre koruma politikalarinin yetersizligi ve bu tilkelerdeki ekonomik biiytime
odakli yaklasim, yabanci yatirimlarin c¢evre Kkirliligini artiran bir etki yaratmasina zemin
hazirlayabilmektedir.

Tablo 1 ve 2’de yer alan literatiir incelendiginde, farkl1 aragtirmalarin kullandig1 yontemler, veri
setleri ve yillar dogrultusunda sonuglarin gesitlendigi goriilmektedir. Bununla birlikte, ¢aligmalarin
biiylik c¢ogunlugu, KSH’nin gecerli oldugunu ve DYY'nin ¢evre iizerinde olumsuz bir etki
olusturdugunu ortaya koymaktadir Ayrica, literatiirde kullanilan metodolojilerin ¢esitliligi de dikkat
cekicidir. Cesitli arastirmalar, Granger nedensellik testleri, panel veri analizi, VECM (Vektor Hata
Diizeltme Modeli) gibi yontemler kullanarak elde ettikleri sonuglarin dogrulugunu artirmaya
caligmislardir. Bu noktada, farkli metodolojik yaklasimlarin kullanilmasi daha kapsamli sonuglarin elde
edilmesine imkan taniyabilmektedir. Bu nedenle, gelecekteki ¢calismalarin da bu metodolojik ¢esitliligi
g0z Oniinde bulundurarak, daha saglam ve kapsamli analizler sunmasi beklenmektedir.
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Arastirmanin Amaci ve Onemi
Arastirmanin amaci

Bu ¢alismanin amaci, Tiirkiye'de gergeklestirilen DY 'Y lerin CO, emisyonu lizerindeki etkisini,
Tiirkiye'nin ¢evre kirliligi konusundaki mevcut durumunu baz alarak incelemektir. 1980-2021
donemlerine ait yillik verilerin kullamildigi caligma, zaman serisi yontemi ile analiz edilmistir.
Caligmada kullanilan veri araliginda baglangig yili olarak 1980 y1il1 secilmistir. 1980 y1linin tercih edilme
nedeni ise serbest ticaret akimlarinin s6z konusu yillardan itibaren diinya ticaret hacminde 6nemli
artislara sebep olmasi, serbestlesme ile birlikte ¢evre kanunlariin siki olmayisi gibi bircok nedenden
dolay1 kirli endiistrilerin gelismis iilkelerden gelismekte olan iilkelere dogru kaymasi ve s6z konusu
iilkelerdeki kirlilik emisyonlarinin artmasi olarak siralanabilir. Diger taraftan, 2021 yilinin bitis yil
olarak belirlenmesi ise veri kisithlig1 ve dolayisiyla veriye ulasim imkaninin olmayist nedenine
dayanmaktadir.

DYY ’lerin ¢evre kirliligiyle iligkisi, 6zellikle Tiirkiye gibi gelismekte olan iilkeler i¢in dnemli
bir konu haline gelmistir. Bu iligkilerin incelenmesi, ¢evre diizenlemelerinin gelistirilmesine katkida
bulunarak, ekonomik biiyiime ile ¢cevresel koruma arasinda bir denge kurulmasina olanak saglayabilir.
Bu ¢alismada, Tiirkiye’de yapilan DY Y lerin gevresel etkileri degerlendirilerek, ¢evre politikalarmin
ekonomik biiyiime iizerindeki etkileri incelenmistir. Yesil ekonomi, gevresel siirdiiriilebilirligi 6n planda
tutarak ekonomik biiyiimeyi desteklemeyi hedefleyen bir ekonomik modeldir. Bu calisma, yesil
ekonomi cercevesinde siirdiiriilebilir ekonomik kalkinmay1 tegvik etmeyi amaglamaktadir. Ayrica,
Tiirkiye’de g¢evresel siirdiiriilebilirlik ile ekonomik biiyiime arasinda bir denge kurulmasina yonelik
politika Onerileri gelistirmeyi hedeflemektedir. Literatiirdeki diger arastirmalardan farkli olarak bu
caligma, Tiirkiye’ye 6zgii glincel verilerle desteklenen bir analiz sunmakta ve Vektor Hata Diizeltme
Modeli (VECM) nedensellik analizi araciligiyla dogrudan yabanci yatirimlar, GSYIH ve enerji
titketiminin ¢evre kirliligi lizerindeki etkisini, kisa ve uzun dénemli iliskileri ve bu iligkinin yonlerini
ortaya koymaktadir. VECM nedensellik analizinin kullanilmasinin nedeni; standart Granger nedensellik
testinin eksik kaldig1 durumlarda hata diizeltme modelini devreye sokarak seriler arasindaki dinamikleri
daha kapsamli bir sekilde incelemekte ve hem kisa hem de uzun dénem iliskilerini ortaya koymaktadir.
Aragtirma bulgular1 dogrultusunda, KSH ve KHH’leri test edilerek, Tiirkiye’nin ¢evre politikalarina
iligkin 6zgilin ve uygulanabilir 6neriler gelistirilmesi hedeflenmektedir.

Ekonometrik Analiz

Veri Seti

Caligmada, 1980-2021 donemine ait yillik verilerle test edilen modelde kullanilan degiskenler;
karbondioksit (CO,) emisyonu, dogrudan yabanci yatirim (DYY), gayri safi yurtigi hasila (GSYIH) ve
enerji tilkketimi (enerji) olarak belirlenmistir. Veriler, Diinya Bankasi, Uluslararas1 Enerji Ajansi (IEA)
ve Enerji Enstitlisti veri tabanlarindan temin edilmistir. Modelin analizi i¢in Eviews 13 ekonometrik
paket programi kullanilmustir.
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Tablo 3. Ekonometrik Analizde Kullanilan Degiskenler

Degisken Kisaltma Aciklama Kaynak
Karbondioksit LNCO: Metrik ton Uluslararas: Enerji
Ajansi (IEA)
Gayri Safi Yurtici LNGSYIH Sabit 2015 ABD Dolari Diinya Bankast
Hasila
Dogrudan Yabanci LNDYY Dogrudan yabanci yatirim, Diinya Bankas1
Yatirim net girisler (cari ABD
dolarr)
Enerji Tiiketimi LNENERIJI Exajoules Enerji Enstitiisii

Tablo 3’te degiskenler, degiskenlerin birimi ve kaynagi tanitilmistir. Serilerin 6niinde kullanilan “LN” logaritmasi alinmig
formu gostermektedir. Dogal logaritmanin kullanimi, verilerin daha diizgiin, dogrusal ve anlamli hale gelmesine yardimci
olabilmektedir.

Yontem

Cevre kirliligi ile DYY arasindaki iligkiyi agiklamak i¢in kullanilan ekonometrik model Cole
(2004) caligsmasindan esinlenerek asagidaki gibi olusturulmustur:

LN CO,, = By + ByLNFDI, + B, LN GDP, + B5 LN ENERGY,
+ & (D

Esitlik 1°de CO,; karbon emisyonunu, DYY; dogrudan yabanci yatirim giriglerini, GSY1H; kisi
basina diisen gayri safi yurt ici hasilay1 ve ENERGY ise, enerji tiiketimini gostermektedir

— fo; Sabit terim, B, , B,, B3 parametlerin egim katsayisin ifade etmektedir.

— Modelde kullanilan t ; degiskenlerin zaman boyutunu, &; ; model tarafindan agiklanmayan
kismu ifade etmektedir. Baska bir ifade ile hata terimini gostermektedir.

Esitik 1 de B1 > 0 olmast durumunda Tiirkiye’ de KSH’ nin gegerli oldugu kabul edilmektedir.
Bl< 0 olmasi durumunda ise, DY Y lerin cevre kirliligini azalttigim1 destekleyen KHH’ nin gegerli
oldugu sonucuna ulasilmaktadir.

Calismada, Kirlilik Siginag1 Hipotezi'nin Tiirkiye'deki gecerliligi, zaman serisi analizleri ile test
edilmistir. Ilk olarak, degiskenlerin duraganlik durumu, ADF(Augmented Dickey-Fuller) ve PP(
Phillips Perron) birim kok testleri ile belirlenmistir. Eger seriler duragan degilse, yanlis regresyon
iligkileri ortaya ¢ikabilmekte, bu durum giivenilir sonuglarin elde edilememesine neden olabilmektedir.
Modeldeki ii¢ veya daha fazla degisken icin Johansen Esbiitiinlesme testi uygulanmisg, bu yontem iki
degisken arasindaki esbiitiinlesmeyi degerlendirmekte yetersiz kalan Engle-Granger testinin yerine
tercih edilmistir. Seriler arasinda esbiitiinlesme tespiti yapildiktan sonra, kisa ve uzun dénem iligkilerini
analiz etmek amaciyla hata diizeltme modeli kullanilmistir. Kisa donem sapmalarinin uzun dénemde
nasil diizeldigi bu model ile degerlendirilmistir. Son olarak, seriler arasindaki nedensellik iligkisi ve bu
iligkinin yonii VECM nedensellik analizi ile incelenmistir.
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Bulgular

Caligmada zaman serisi analizlerine ge¢ilmeden Once, degiskenlerin tanimlayicr istatistikleri ve
korelasyon analizleri sunulmustur.

Tablo 4. Degiskenlere Ait Tamimlayici Istatistikler

ISTATISTIKLER LNCO, LNDYY LNENERJi LNGSYiH
Ortalama 53517 21.2347 1.0992 26.3445
Medyan 5.3545 20.7536 1.1130 26.3037
Maksimum 6.1086 23.8164 1.9407 27.5879
Minimum 4.4132 16.7059 0.0719 24.8166
Std.Sapma 0.5038 2.0172 0.5555 0.9689
Carpiklik 0.2549 -0.3935 -0.2510 -0.1544
Basiklik 2.0004 2.0564 2.0088 1.5638
Jarque-Bera 2.2035 2.6417 2.1602 3.7765
Olasilik 0.3323 0.2669 0.3396 0.1513
Gozlemler 42 42 42 42

Calismada, yilik bazda kullanilan degiskenlerin tamimlayici istatistikleri Tablo 4’te
sunulmaktadir. Istatistiksel analizde, her bir degiskene ait ortalama, medyan, maksimum, minimum,
standart sapma, ¢arpiklik, basiklik ve serilerin normal dagilima uygunlugunu belirten Jarque-Bera test
sonuglar1 yer almaktadir. Tablo 4'te sunulan yillik verilere gore, toplam 42 gozlem bulunmaktadir.
Jarque-Bera test istatistigine gore ise, tiim degiskenler %1 giiven seviyesinde normal dagilim
gostermektedir.

Tablo 5. Degiskenlere Ait Korelasyon Katsayilari

LNCO, LNDYY LNENERJi LNGSYiH
LNCO, 1.000000
LNDYY 0.944387 1.000000
(0.0000) -
LNENERJI 0.998459 0.942012 1.000000
(0.0000) (0.0000) -
LNGSYiH 0.970740 0.962239 0.969618 1.000000
(0.0000) (0.0000) (0.0000) -

Not: Parantez igindeki degerler, olasilik degerini gostermektedir

Tablo 5’te yer alan korelasyon analizi sonuglari, elde edilen katsayilarin pozitif ve istatistiksel
olarak anlamli oldugunu gostermektedir. Bu, degiskenler arasinda pozitif yonde bir iliskinin
bulundugunu isaret etmektedir. Ancak, yalnizca basit korelasyon katsayilar1 kullanarak degiskenler
arasindaki iliskilere dair kesin ¢ikarimlar yapmak miimkiin degildir. Bu sebeple, ¢aligmanin ilerleyen
boliimlerinde, degiskenler arasindaki iliskinin yonii ve biiyiikliigiinii daha ayrintili bir sekilde incelemek
amaciyla zaman serisi analizleri uygulanmistir.
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Birim Kok (Unit Root) Testleri

Birim kdoklerin varligi veya yoklugu, bir serinin temel veri iiretme siirecinin belirlenmesine
yardimci olmaktadir. Birim koklii olmayan seriler duragan kabul edilmektedir. Duragan olmayan seriler,
uzun vadeli deterministik bir yola donme egiliminde degildir, varyanslar1 zamanla degisir ve rastgele
ylirliyls izlerler. Bu farkliliklar ekonomik tahminler agisindan énemlidir (Libanio, 2005: 146).

ADF (Augmented Dickey-Fuller)

Dickey ve Fuller (1979) tarafindan gelistirilen ADF testi, zaman serilerinin duraganligini
inceleyen, DF birim kok testinin genigletilmis bir varyasyonudur.

ADF modelinde, sifir hipotezi serinin duragan olmadigini, reddedilmesi ise zaman serisinin
duragan oldugunu gostermektedir (Glynn, Perera , & Verma, 2007). Buna gére ADF modeli asagidaki
gibi gosterilmektedir (Dickey & Fuller, 1981, s. 1057):

Sabitsiz ve Trendsiz (none) Model

m
Ayt == 5Yt_1 + 2 ﬁi Ayt—i + St (2)
i=1
Sabitli ve Trendsiz Model
AYy = u+6Yq + X% i A + & 3)
Sabitli ve Trendli Model
AY; = pu+ Bt +0Y_ 1 + X2 i AV + & 4)

Verilen ti¢ denklemde, AY{/nin gecikmeli degeri olan AY;_; modele agiklayici degisken olarak
eklendikten sonra otokorelasyon ortadan kaldirilarak ADF modeli igin denklem olusturulmaktadir.

Hy: =0 (Hipotezi igin seri duragan degildir.)
Hy: 6<0 (Alternatif hipotez i¢in seri duragandir.)

Yukarida belirtilen ii¢ farkli denklemde, AY; duraganlig: test edilen degiskenin birinci farkini,
AY;_; gecikmeli fark terimlerini y ise, test edilen zaman serisini ifade etmektedir. Ayrica, modelde yer
alan &, hata terimini m ise; gecikme uzunlugunu belirtmektedir. “m” olarak ifade edilen gecikme
uzunlugu genelde Akaike bilgi kriteri (AIC) veya Schwarz kriteri (SC) kullanilarak belirlenmektedir.

Caligmada yer alan degiskenlere iligkin ADF birim kok test sonuglar1 Tablo 6’da rapor edilmistir.
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Tablo 6. ADF Birim Kok Test Sonuglart

ADF
Degiskenler Seviye 1(0) Fark I(1)
Fixed With Constant and Fixed With Constant
Trend and Trend
LNCO, -1.402908 -2.472305 -6.832428 -7.134711
(0.5716) (0.3394) (0.0000)* (0.0000)*
LNFDI -2.134958 -2.702203 -7.670400 -7.595631
(0.2326) (0.2411) (0.0000)* (0.0000)*
LNGDP -0.907129 -1.529628 -6.335127 -6.316702
(0.7760) (0.8028) (0.0000)* (0.0000)*
-1.399605 -2.264697 -7.404913 -7.766616
LNENERGY (0.5732) (0.4429) (0.0000)* (0.0000)*
% 1 -3.600987 -4.198503 -3.605593 -4.205004
% 5 -2.935001 -3.523623 -2.936942 -3.526609
% 10 -2.605836 -3.192902 -2.606857 -3.194611

* %1 diizeyinde anlamlilig1 temsil etmektedir. Parantez igindeki degerler olasilik degerleridir. ADF testinde
kullanilan gecikme sayist Schwarz bilgi kriteri (SIC) ile elde edilmistir.

Tablo 6°’da, ADF testi i¢in yokluk hipotezi “seriler duragan degildir” bi¢iminde kurulmaktadir.
Sabitli, sabitli ve trendli model i¢in hesaplanan test istatistigi i¢in tablonun alt kisminda %1, %5 ve %10
hata seviyeleri i¢in MacKinnon (1996) tarafindan elde edilen kritik degerler goriilmektedir. Analizde
kullanilan degiskelere ait test istatistiklerinin, tim kritik degerlerden biiyiik oldugu goriilmektedir.
Dolayisiyla, yokluk hipotezi reddedilememektedir. Buna gore, GSYIH, CO,, DYY ve ENERIJI
degiskenlerin sabitli, sabitli trendli modelde duragan olmadiklar1 tespit edilmistir.

Serilerin es biitiinlesik derecelerini belirlemek igin fark islemi uygulanmistir. Tablo 6’da ADF
testi i¢in yokluk hipotezi “serilerin birinci farki birim kok igerir” seklinde kurulmaktadir. Buna gore,
hesaplanan test istatistiginin biitiin kritik degerlerden kiiciik oldugu tespit edilmistir. Boylece, farki
alinan serilerin %1 diizeyinde duraganlastiklar1 gézlemlenmistir. ADF testi sonuglarina gore, GSYIH,
CO;, DYY ve ENERJI degiskenlerin es biitiinlesik(entegrasyon) derecelerinin bir oldugu
sOylenebilmektedir.

PP (Phillips Perron) Birim Kok Testi

Phillips ve Perron (1988: 336-338), ekonometrik test yontemlerine ve 6zellikle birim koklerin
varligini degerlendirmeye odaklanan bir ¢calismay1 temsil etmektedir. Phillips ve Perron'un duraganligin
belirlenmesi ile ilgili yapmis olduklar1 ¢alisma, literatiire 6nemli destekler sunmaktadir. PP’ye ait
hipotez testleri ADF ile benzer sekilde olup asagidaki denklemdeki gibi ifade edilmektedir:

T
AY, = By + Byt + Y,y + By (t _ 5) + g (5)
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Denklem 5°te verilen modelde, T gozlem sayisini ifade etmektedir. Hipotezleri ADF ile ayn1 ve
asagidaki sekildedir:

Hy: 6= 0 (Hipotezi igin seri duragan degildir.)

Hy: 6= <0 (Alternatif hipotez i¢in seri duragandir.)

Hesaplanan test istatistigi, kritik degerden biiyiikse serinin duragan olmadigi ve birim kok icerdigi
sonucuna varilmaktadir. Fark islemi uygulandiktan sonra seri duragan hale gelirse yani; 1(0) diizey
degerde duragan olmayan bir seri I(1) diizeyde duraganlasirsa buna; ikinci dereceden entegre seri
denilmektedir. PP testi ile ADF testi sonuglar1 benzer olduklar i¢in MacKinnon(1996) kritik degerleri

esas alinmaktadir. Caligmada yer alan degiskenlere iliskin PP birim kok test sonuglar1 Tablo 5’ te rapor
edilmektedir.

Tablo 7. PP Birim K&k Test Sonuglari

PP
Degiskenler Seviye 1(0) Fark I(1)

Sabitli Sabitli ve Trendli Sabitli Sabitli ve

Trendli

LNCO: -2.448737 -2.223162 -6.964067 -8.857943
(0.1353) (0.4647) (0.0000)* (0.0000)*
LNFDI -2.269199 -2.746451 -7.803965 -8.047597
(0.1864) (0.2245) (0.0000)* (0.0000)
LNGDP -0.906050 -1.835125 -6.337811 -6.316649
(0.7763) (0.6692) (0.0000)* (0.0000)*
LNENERGY -2.094315 -2.140216 -7.371861 -8.141612
(0.2479) (0.5089) (0.0000)* (0.0000)*

% 1 -3.600987 -4.198503 -3.605593 -4.205004

%5 -2.935001 -3.523623 -2.936942 -3.526609

% 10 -2.605836 -3.192902 -2.606857 -3.194611

* %1 diizeyinde anlamliligi temsil etmektedir. Parantez i¢indeki degerler olasilik degerleridir. PP birim kok testi
icin band genisligi icin Bartlett kernel kullanilarak Newey-West stratejisine gore otomatik olarak 3 belirlenmistir.

Tablo 7°de PP test sonuglari, ADF test sonuglarini desteklemektedir. Bu teste gore, hem sabitli
hem de sabitli ve trendli model i¢in yokluk hipotezi “seriler duragan degildir” seklinde kurulmaktadir.
Analizde kullanilan degiskenlere ait test istatistiklerin, tiim kritik degerlerden biiylik oldugu i¢in yokluk
hipotezi (Hy) reddedilememektedir. Dolayisiyla degiskenler birim kok icermektedir. Degiskenlerin
birinci dereceden farklar1 alindiktan sonra duragan hale geldikleri tespit edilmistir. Bu model i¢in yokluk
hipotezi reddedilmektedir. Sonug olarak, ADF ve PP testlerinde elde edilen sonuglara gore degiskenlerin
tamaminin duraganlik derecelerinin I(1) oldugu goriilmektedir. Birinci dereceden entegre seriler
arasinda esbiitiinlesme iligkisinin varliginin arastirilmasi i¢in Johansen esbiitiinlesme analizi yapilmistir.

Johansen Egbiitiinlesme Testi



1042 Altay, S. & Aslan, M. B. / Anemon Musg Alparslan Universitesi Sosyal Bilimler Dergisi, 2025 13(2) 1013-1056

Engle ve Granger (1987) esbiitiinlesme testi, iki degisken arasindaki iliskiyi analiz etmek i¢in
kullanilmaktadir. Ancak, bir degiskenin digerine bagimli olmasi halinde, testin dogrulugu
etkilenebilmektedir. Ozellikle, bir degisken esbiitiinlesik oldugunda, digerinin de esbiitiinlesik olmas1
gerekliligi testin temel bir belirleyicisidir. Farkli normallestirme tekniklerin kullanilmasi, test
sonuclarini etkileyebilmekte, iki veya daha fazla serilerde problem olusturabilmektedir (Enders, 2010).
Nitekim Engle ve Granger (1987) yonteminin eksikliklerinin ortadan kaldirilmasi i¢in pek ¢ok metod
gelistirilmistir. Johansen (1988), Johansen (1992), Johansen ve Juselius (1990), gelistirdigi bu
metodlarla esbiitiinlesme analizine yeni bir soluk kazandirmigtir. Bu yontem, birden fazla egbiitiinlesme
vektorii olmasi halinde dahi test yapmay1 miimkiin kilabilmektedir.

Johansen esbiitiinlesme testinde, biitiin seriler birbirine bagimli olarak ele alinmakta ve bunlar
kendi gecikmeli degerleriyle diger degiskenlerin gecikmeli degerlerinin bir fonksiyonu olarak
incelenmektedir. Bu nedenle, Johansen metodu Vector Otoregresyon (VAR) modelin tahminine baglh
olmaktadir ve bu durum zaman serileri arasindaki ortak hareketlerinin tahminlerini saglama noktasinda
avantajli olabilmektedir. Dahasi bu test, esbiitiinlesme vektorleri ve hata diizeltme katsayilarinin
siirlanmasina olanak tanimaktadir (Johansen, 1988: 231-254).

Maksimum olabilirlik tahmincisini ele alan Johansen yontemi n sayida seri igeren, p gecikmeli
cok degiskenli kisitlanmamis bir VAR modelini ifade etmektedir. Johansen yaklagimini kullanabilmek
icin tek denklemli hata diizeltme metodundan ¢ok degiskenli hata diizeltme yontemine gecis yapmak
gerekmektedir. Bu noktada ii¢ degisken ele alinarak model kurulabilir. Farklar: alinmig bu degiskenler:
Z: = (Yo, Xy, W,)' formunda su seklinde yazilabilir (Seviiktekin & Nargelegekenler, 2010, s.505):

AZy = TyAZsy +ToAZ y +. . Tp1AZo pry +TZiq + & (6)
veya
P
A2y = ) Tiy Mg+ My + & %)
i=2

Yukarida, Z; duragan olmayan degiskenler vektoriinii ve €, hata terimlerini temsil etmektedir.
Denklemde i=1,2,3,....,P-1 ifade etmektedir. = —(1—A; —A,—...—Ap) ve 1= —(I—A; —
A,—...—Ap) Denklemde bulunan Il katsayisi (n*n) boyutlu matris, Z,’deki uzun dénem iligkilerini
gostermektedir. T ise; Z,’deki kisa donem iligkilerini gostermektedir.

Kurulan model T' ve Il 'nin tahminleri aracilifiyla Z’deki hem kisa hem de uzun dénemde
olusabilecek degisikliklerle ilgili bilgi vermektedir. IT = aff' olup, o uzun dénem parametresinin uyum
hizin1 gostermektedir. ' uzun donem katsayisinin bir matrisidir. Dolayisiyla, model degiskenlerin kisa
ve uzun donemde nasil uyum sagladiklarini gostermektedir. Bu uyumu analiz etmek i¢in I' ve [T olarak
adlandirilan tahminler kullanilmaktadir. Esbiitiinlesme testi, II matrisinin siralamasini inceleyerek
gercgeklestirilir (Harris & Sollis, 2003: 110).

Johansen ve Juselius (1990) calismasinda, IT matrisinin esbiitiinlesme iligkisinin varligim test
etmek i¢in, maksimum 6zdeger (maximum eigen value) ve iz (trace) istatistikleri ad1 verilen iki ayr test
istatistigi gelistirdiler. Hem maksimum 6zdeger test istatistigi hem de iz test istatistigi i¢in kritik degerler
Osterwald-Lenum, (1992) veya Johansen ve Juselius (1990) tablo degerleriyle karsilastirilir. Bu
istatistiklerin kritik degerlerden biiyiik olmasi durumunda H; (H;:7 = n )hipotezi kabul edilir, H,
hipotezi (Hp:r =0 Bos hipotez) reddedilir. Dolayisiyla, modelde yer alan seriler arasinda
koentegrasyon iliskisinin var oldugu bu sekilde tespit edilmektedir.

Johansen esbiitiinlesme testi gecikme uzunlugunun se¢imine duyarli oldugundan dolay1 bu testin
ilk asamasinda, uygun gecikme uzunlugunun belirlenmesi gerekmektedir. VAR modelinde uygun
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gecikme uzunlugunun belirlenmesi, modelin dogrulugu ve giivenilirligi agisindan biiyiikk Onem
tagimaktadir. VAR model i¢in uygun gecikme uzunlugu Tablo 8’de 6zetlenmistir:

Tablo 8. VAR Modeli i¢in Uygun Gecikme Uzunlugu Se¢imi

Lag LOGL LR FPE AIC SIC HQ
0 35.39503 NA 2.35e-06 -1.610002 -1.439380 -1.548784
1 166.1470 227.9778* 6.57e09* -7.494718* -6.641610* -7.188630*
2 176.4660 15.87539 9.05e-09 -7.203385 -5.667790 -6.652427
3 184.7641 11.06417 1.44e-08 -6.808417 -4.590335 -6.012588

LOGL: Logaritmik olabilirlilik, LR: Olasilik orani testi, FPE: Son tahmin hatasi, AIC: Akaike bilgi kriteri, SIC:
Schwarz bilgi kriteri, HQ: Hannan - Quinn bilgi kriteri. *,bilgi kriterlerine gore en uygun gecikme uzunlugunu
gostermektedir.

Tablo 8’de goriildiigii iizere VAR modelinde kullanilacak uygun gecikme uzunlugunun, tiim bilgi
kriterine gore belirlenmis en uygun gecikmenin bir olduguna karar verilmistir. Modele belirlenen
gecikme uzunlugu eklendikten sonra istikrar kogulunun saglanip saglanmadig testi yapilmalidir:

1.5

Modulus
1.0

0.975756
0.5 °
0.0 S — 0.862734
0.3 : 0.249994
-1.0

0.249994
-1.5

-1 (o] 1

Sekil 1. AR Karakteristik Polinomun Ters Kokler
Birim ¢emberin disinda kok yok, VAR stabilite kosulu saglanmaktadir.

Sekil 1°de karakteristik koklerin birim gemberin iginde yer aldigi ve modulus degerlerinin 1'den
kiictik oldugu goriilmektedir. Boylece, esbiitiinlesme testi i¢in analiz edilen degiskenlerin istikrar kosulunu
karsiladig tespit edilmistir. Analiz bu asamaya kadar, seriler arasinda esbiitiinlesme iligkisinin oldugunu
gostermektedir. Ancak, modelin dogru veya giivenilir oldugunu sdylemeden 6nce bazi tani testleri yapmak
gerekmektedir.

Bu testler arasinda en onemlileri normallik testi otokorelasyon ve degisen varyans testleridir. Bir
modelin giivenilir olmasi i¢in bu tan testlerde sorunlarin olmamasi gerekmektedir(Mert & Caglar, 2019:
267). Tam testleri olan LM(lagrange ¢arpani) testi, Degisen varyans testi ve normallik testi ile ilgili
sonuclar asagida gosterilmektedir:



1044 Altay, S. & Aslan, M. B. / Anemon Musg Alparslan Universitesi Sosyal Bilimler Dergisi, 2025 13(2) 1013-1056

Table 9. Tanisal Testler

Otokorelasyon LM (Langrange Multiplier) Testi Sonuclari

Gecikme Uzunlugu LM Istatistik Degeri Olasilik Degeri
1 12.69305 0.6968
2 13.91588 0.6071
White Degisen Varyans Testi Chi-Square Test Istatistigi Olasilik Degeri
64.72937 0.8926
Jargue-Bera Normallik Testi Jargue-Bera Df Olasilik Degeri
Sonuglari
9.426931 6 0.1510

Tablo 9°da yer alan tanisal test sonuglari model varsayimlarinin giivenirliligini test etmek
amaciyla yapilmaktadir. Buna gore; VAR analizinde gecikme uzunluklar ic¢in yapilmis olan
otokorelasyon testinde, tiim gecikmeler i¢in P>0.05 oldugu i¢in Hy: otokorelasyon yoktur hipotezi
rededilememektedir. Modelde otokorelasyon problemi goriilmemektedir. Degisen Varyans test
sonuclarina gore; Ki-kare test istatistigi 64.72937 ve P degeri 0.8926 olarak elde edilmistir. P=
0.8926>0.05 oldugundan® degisen varyans yoktur” seklindeki yokluk hipotezi reddedilememektedir.
Modelde degisen varyans sorununun olmadigi goriilmektedir. Diger taraftan, normallik testi sonuglarina
gore ise; Jargue-Bera test istatistigi 9.426993 ve P=0.1510 sonucu elde edilmistir. Buna gore, olasilik
degeri 0.05’den biiyiikk oldugu icin yokluk hipotezi olan “kalintilar normal dagilima uymaktadir”
hipotezi reddedilmemektedir. Dolayisiyla, modelde kalintilar normal dagilima uymaktadir.

Kurulan modelde, tanisal bir problemin olmadigi goriildiikten sonra kointegrasyon analizi
asamasina gegilmistir. Buna gore, Johansen esbiitiinlesme test sonuglar1 Tablo 10°da verilmektedir:

Table 10. Johansen Es Biitiinlesme Testi Trace ve Maksimum Istatistigi Sonuclari

Es-biitiinlesme vektor sayisi Trace Statistic 5% Critical value Probability
Esbiitiinlesme yoktur 57.66315 47.85613 0.0046*
En gok 1 esbiitiinlesme vardir 27.84557 29.79707 0.0826
En ¢ok esbiitiinlesme vardir 7581684 15.49471 0.5112
En ¢ok 3 esbiitiinlesme vardir 2357201 3.841465 0.1247
Max. Eigenvalue 5% Critical value Probability
Esbiitinlesme yoktur 29.81759 27.58434 0.0254*
En ¢ok 1 esbiitinlesme vardir 20.26388 21.13162 0.0658
En ¢ok 2 esbiitiinlesme vardir 5.224482 14.26460 0.7133
En ok 3 esbiitiinlesme vardir 2357201 3.841465 0.1247

*%% 061, ** % 5 anlamlilik diizeyinde yokluk hipotezin reddedildigini gostermektedir
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Johansen esbiitiinlesme testine ait sonuglar incelendiginde, hem iz istatistigi hem de maksimum
0zdeger istatistigi degerlerine gore yokluk hipotezi olan Hy hipotezinin reddedildigi tespit edilmistir.
Baska bir ifadeyle; Hy: v = 0 bos hipotezi Hy: v > n alternatif hipoteze karsi test edilerek bos hipotez
reddedilmistir. Modelde hem iz istatistiklerine hem de maxsimum &zdeger istatististiklerine goére bir
adet egbiitlinlesme vektdriiniin var oldugu anlagilmaktadir. Dolayisiyla, bagimli ve bagimsiz degiskenler
arasinda uzun donemli iligkinin var oldugu tespit edilmistir. Johansen esbiitiinlesme testi sonucunda
vektor hata diizeltme modeli ile uzun donem ve kisa donem model tahmini yapmak gerekmektedir.

Vektor Hata Duzeltme Modeli (VECM)

Engle ve Granger’a gore, seriler arasinda uzun dénemli bir baglantt mevcut ise, tek tarafli bir
nedensellik olusmaktadir. Bu baglamda, VECM kullanilabilir. Seriler birinci derecede duragan I(1) ve
es-biitlinlesikse, VAR metodundaki VECM'de kullanilmazsa, nedensellik testlerinde hata yapma riski
olugsmaktadir. Bu sebeple, nedenselligin yonelimini saptamak i¢in VECM modelinde her serinin
bagimsiz degisken olarak kullanilmasi ve modele hata diizeltme terimlerinin (ECT) dahil edilmesi 6nem
arz etmektedir (Akel, 2015).

VECM metodu asagidaki denklemde gosterilmektedir (Hyder , 2002: 9):
AZ = pw+0AZiy +TAZi p +. . Ty 4AZ gy —Zi g + & (8)

AZ, modelde bulunan degiskenlerin biiyiime hizinin vektoriidiir. I’ ler tahmini parametrelerdir.
[1Z;_4 vektor hata diizeltme terimini temsil etmektedir. p; sabit terim ve €; hata terimini gostermektedir.
Ozetle; kisa donem analizi; uzun vadede esbiitiinlesik olan degiskenler arasindaki iliskilerin
arastirilmasini, degiskenlerin birlikte hareket edip etmedigini ve bu hareketlerin ne sekilde
gerceklestigini belirlemeyi amaglamaktadir. Esbiitiinlesmenin varligi tespit edildikten sonra kisa donem
iligkilerin tahmini i¢in bu serilere ait VECM tahmin edilmesi 6onem arz etmektedir. VECM’e ait
sonuglar1 agsagida gosterilmektedir:

Tablo 11. VECM Uzun ve Kisa Dénem Tahmin Sonuglart

VECM Uzun Dénem Tahmin Sonuglari

Degiskenler Katsay1 T-Istatistik
LNFDI 0.020012* 2.36736
LNGDP - 0.021600 0.96728
LNENERGY 0.866901* -29.4453
SABIT +4.542380

VECM Kisa Dénem Tahmin Sonuglart

Degiskenler Katsay1 T-Istatistik
D(LNCO,(-1)) 0.514301 2.25621
D(LNFDI(-1)) 0.000732 0.05527
D(LNGDP(-1)) -0.050135 0.99683
D(LNENERGY(-1)) -0.496266* -2.14211

ECM;_4 -1.127339* -3.81564
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(*) degiskene ait katsayinin istatistiki olarak %1 diizeyinde anlamli oldugunu géstermektedir.

Tablo 11°de goriildiigii tizere, hata diizeltme modeli ile seriler arasinda uzun déonem denge iliskisi
arastirilmaktadir. Bu sonuglara gore uzun déonem tahmini ile ilgili denklem asagidaki gibi yazilmaktadir:

LN CO,,; = 4.542 + 0.020 LN FDI, — 0.021 LN GDP, + 0.866 LN ENERGY,
+ e (—2.362) (0.967) (—29.445) (9)

Esitlik 9'da parantez i¢inde yer alan degerler t istatistigini gostermektedir. Buna gore; Denklem
(9) tahmin sonuglarma gore; ENERJI ve DYY degiskeninin katsayilar1 pozitif ve istatistiksel olarak
anlamli bulunurken, GSYIH degiskeninin katsayisi anlamli bulunmamistir. Buna gore; DYY lerde
meydana gelen %1'lik artis karbondioksit salinimini %0.020 oraninda artirirken, enerji tilketimindeki
%1'lik artig karbondioksit salinimim %0.86 oraninda artirmaktadir. Bu baglamda, Tiirkiye’ de pek cok
ekonomik faaliyetlerde yenilenebilir enerji kullanimindan ziyade fosil yakit kullanimin daha yiiksek
oldugu goriilmektedir. Model, Tirkiye i¢in KSH’nin gegerli oldugu yoniindeki bulgularn
desteklemektedir. Diger taraftan, DYY degiskeninin katsayis1 sifirdan biiyiikk oldugu i¢in KHH’ nin
Tiirkiye’de gecerli olmadigi sonucu elde edilmistir.

Uzun donem tahmin sonuglarinda istatistiksel olarak herhangi bir problemin bulunmamasi
halinde degiskenler arasinda kisa donemli iliskinin belirlenmesi amaciyla Johansen yaklasimina dayali
kisa donem hata diizeltme modeli olusturulur. Tablo 11’ de yer alan kisa donem tahmin sonuglar ile
ilgili calismaya uyarlanmis denklem asagidaki gibi yazilmaktadir:

LN CO2=0.51ALNCO, ;+0.007A LN FDI, ;- 0.05A LN GDP,_, -0.49A LN ENERGY,_, -1.12ECM¢,(10)
(2.256) (0.052) (0.996)) (—2.142) (—3.815)

Esitlik 10°de yer alan ECM,_, katsayisi, hata diizeltme terimini gostermektedir. Hata diizeltme
terimi, uzun donem analizinden elde edilen hata teriminin bir dénem gecikmeli halini géstermektedir.
Kisa dénemde, dogrudan yabanci yatirrmlar ve GSYIH degiskeninin CO, iizerindeki etkisi anlamli
bulunmamaktadir. Enerji tiikketiminin kisa dénemli CO, salinimi iizerindeki etkisi anlamli olmaktadir.

Tablo 11°de yer alan hata diizeltme katsayis1 (-1.127339) negatif, t istatistik degeri (-3.81564) t
tablo degeri olan 1.96’dan biiyiik oldugu icin katsayilarin anlaml oldugu sonucuna varilmistir. Hata
diizeltme katsayisina ait bu sonuglarin bagka ¢aligsmalar tarafindan da desteklendigi goriilmiistiir (Solarin
vd., 2017). Kisa dénem ile uzun dénem arasinda olusan sapmalar her donemde %]1,12 oraninda ortadan

kalkmaktadir. |$ | = 1/-1.127339 formiilii sonucunda uzun dénem dengesini yakinsama siirecinin

yaklagik 1 ay’a denk geldigi belirlenmistir. Dolayisiyla, kisa donemde olusacak soklar yaklasik 1 ay
sonra diizelerek uzun donem dengesini yakinsayacagi sonucuna ulagilmistir.

Granger Nedensellik Analizi

Engle ve Granger (1987), Hendry (1986) ve Granger (1986) gibi ¢aligmalar es biitiinlesme
metodolojisine, Granger nedenselliginin analizi i¢in yeni bir yaklasim sunmustur. Buna gore; iki
degisken arasinda iliski ortaya ¢ikmasi halinde, Granger nedenselliginin en az bir yonde mevcut olmasi
beklenmektedir.

VECM Granger Nedensellik analizi, Granger nedensellik testinin yerini alarak seriler arasindaki
kisa ve uzun donem dinamiklerini belirlemeyi saglamaktadir. Bu yontem, standart Granger nedensellik
testinin eksik kaldig1 hata diizeltme modelini igerir ve serilerin hem kisa hem de uzun dénem iliskilerini
ortaya ¢ikarmaktadir. Klasik Granger nedensellik modeline hata terimlerinin eklenmesiyle
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Genellestirilmis Granger nedensellik modeli elde edilmektedir. Engle ve Granger’in (1987)
caligmasinda, hata terimlerinin de i¢inde yer aldig1 genel nedensellik modeli su sekilde gosterilmektedir:

m m

AXt = (XO + 2 a]AXt_l + 2 b]AYt—l ﬁECMt—l + p’t (11)
i=1 i=1

AY, = Bo + i1 AY_; + XiZq djAX—; S;ECM_q + (12)

ECM,_, katsayisi hata diizeltme terimini gdstermektedir. Kisa vadeli soklarm uzun vadede nasil
diizelecegini belirtir (Pesaran, vd., 2001). A fark operatorii, f; ve s; katsayilar1 ise modeldeki uzun
donem nedensellik iliskisini gostermektedir. Genisletilmis Granger nedensellik analizinde hata terimleri
serisinin katsayis1 nedenselligin yonelimi ile ilgili bilgi vermektedir. Bu durumda, denklem (11)’deki f;
katsayisinin sifirdan farkli olmasi durumunda “X degiskeni Y degiskeninin uzun donemde Granger
nedenidir” yorumu yapilmaktadir. Denklem (12)’ da s; katsayisinin sifirdan farkli olmasi durumunda
ise, “Y degiskeni uzun dénemde X degiskeninin nedenidir” sonucuna varilmaktadir.

Granger nedensellik analizleri, seriler arasindaki nedensellik iligkisini ve bu iligkinin yoniinii
istatistiksel olarak belirlemek i¢in kullanilmaktadir. Nedensellik analizi sonucunda eger "f" istatistigi
%S5 referans degerinden biiyiikse, Hy hipotezi kabul edilir. Bu durumda “seriler arasinda kisa dénemde
nedensellik iligkisi yoktur” sonucuna varilir. Eger "f" istatistigi %5 referans degerinden kiigiikse,
alternatif hipotez reddedilmez. Dolay1siyla, seriler arasinda nedensellik iligkisi oldugu sonucuna ulasilir.

Kisa donem Granger (1969) nedensellik analizi icin VEC Blok Nedensellik Testinden (Granger
Causality/Block Exogeneity Wald Test) yararlanmilmistir. Uygun gecikme uzunlugunun 1 olarak
belirlendigi Hata Diizeltme Modeline dayali Granger Nedensellik testlerinden elde edilen bulgular
asagida verilmistir:

Tablo 12. Kisa Dénem Nedensellik Sonuglari

H, Ki-Kare (X?) degeri Olasihk Nedensellik Sonucu
FDI =p CO, 0.003055 0.9559 YOK
ENERJI =) CO, 4.588619 0.0322%* VAR
GSYH = CO, 0.993671 0.3188 YOK
CO, = FDI 0.872956 0.3501 YOK
ENERJI = FDI 0.057132 0.8111 YOK
GSYIH = FDI 0.409002 0.5225 YOK
CO, = ENERGY 1.552631 0.2127 YOK
DYY = ENERGY 1.279613 0.2580 YOK
GDP =» ENERGY 1.406596 0.2356 YOK
CO, =y GDP 1.507754 0.2195 YOK
FDI = GDP 0.040822 0.8399 YOK
ENERJI =) GDP 1.828864 0.1763 YOK

(*) isareti 0.05 yanmlma diizeyini gostermektedir

Tablo 12°de yer alan nedensellik sonuglarma gore, kisa donemde enerji kaynaklarinda meydana gelen
tiiketim artis1 CO, salinimina yol agmaktadir. Enerji tiikketimi disinda diger degiskenlerden CO, emisyonlarina
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dogru nedenselligin bulunmadig1 sonucuna ulasilmistir. Diger taraftan, DYY ve GSYIH’nin CO, emisyonlar
iizerinde belirgin bir etkisinin olmadigi, bu degiskenlerin kisa vadeli ¢evre kirliligini etkilemedigi bulgusuna
rastlanmistir. Degiskenler arasinda kisa donemli nedensellik iliskileri tespit edildikten sonra Hata Diizeltme
Modeline dayali uzun dénem Granger Nedensellik analizi sonuglarina bakmak gerekmektedir. Uzun dénem
nedensellik sonuglar1 Tablo 13’de gosterilmektedir:

Tablo 13. Uzun Donem Nedensellik Sonuglart

Model ECM,_, t-istatistik Nedensellik
sonucu
f(InCOZ\INFDI, InGDP, INENERGY) GSYH
1127339 [-3.81564]* DYY = CO»
f(InFDI\InCO2, InGDP, INENERGY) ENERJI
f(InGDP\InCO2, InFDI, InENERGY) 0.038420  [0.51837] Nedensellik yok
f(INENERGYY, InFDI, InGDP, InCO2 .
(In \, InFDL InGDP, InC02) 20.039187  [-1.56418] Nedensellik yok
f(InCOZ\InFDI, InGDP, InENERGY) 0.047916  [0.15968] Nedensellik yok

(*) Isareti 0.5 yanilma diizeyini gostermektedir.

Tablo 13°de bagimli ve bagimsiz degiskenler arasindaki nedensellik sonuclari su sekilde
yorumlanmaktadir:

COz’nin bagimli degisken olarak tahmin edilen f(InCO2\InDYY,InGSYIH,InENERJI)
denklemde, hata diizeltme katsayis1 negatif ve t istatistigi mutlak degerce t tablo degeri olan 1.96’dan
biiyiik oldugu i¢in istatiksel olarak anlamlidir. Uzun donemde biiyiime, dogrudan yabanci yatirimlar ve
enerji tiiketimi CO, emisyonlarini tek yonlii etkilemektedir.

Dogrudan yabanci yatirimlarin  bagimli degisken olarak tahmin edildigi f(InDYY\
InCO2,InGSYIH, InENER]1) modelde, hata diizeltme katsayis1 pozitif ve istatistiksel olarak anlamli
degildir. Dolayisiyla, “Ingsyih Inco, ve Inenergy Infdi’nin uzun dénem nedeni degildir” sonucuna
ulagilmaktadir.

GSYIH’nin bagimli degisken oldugu f(InGSYIH\InCO2,InDYY,InENERJI) modelde, hata
teriminin katsayis1 negatif ancak istatiksel olarak anlamli olmamaktadir. Boylelikle, “Incoz  Infd1 ve
Inenergy Ingsyih’nin uzun dénem nedeni degildir” seklinde yorum yapilmaktadir.

Son olarak, enerji tiiketiminin bagimh degisken olarak segildigi f(InENERJI\
,InDYY, InGSYIH,InC0O2) modelde, hata terimi pozitif ve t istatistigi anlamli olmadig1 igin “ Inco,
Infdi ve Ingsyih Inenergy nin uzun dénem nedeni degildir” sonucuna ulagilmistir.

Kisa donem ve uzun donem nedensellik analizi sonucu bir biitiin olarak degerlendirildiginde;
dogrudan yabanci yatirimlar ve GSYIH kisa dénemde karbon salmimim etkilememektedir. Bu
degiskenler karbon salinimini uzun vadeli etkileyen temel faktorler olmaktadir. Tablo 12 ve 13’de
gorlildiigli lizere, enerji tikketimi hem kisa hem de uzun vadeli CO, emisyonlarini artirmaktadir.
Dolayisiyla, ozellikle fosil yakitlarin kullanimi hem kisa hem de uzun vadede Tiirkiye’de karbon
salinimini artirdig1 sonucuna ulagilmstir.
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Tartisma

Kiiresellesme ve entegrasyon siirecleri, diinya genelinde sermaye hareketlerinin hacmini ve hizini
onemli dlgiide artirmustir. Uretimde sinirh bir faktdr olan sermaye, risk ve getiri dengesine gore yatirrm
yapilacak alanlar segmekte ve en yiiksek kazanci elde edebilecegi bolgelere yonelmektedir. Gelismekte
olan iilkeler ise yurtici tasarruf yetersizligi, doviz kaynaklarmin siirlilig1 ve teknolojik eksiklikler gibi
sorunlarla kars1 karsiya olduklar i¢in ekonomik kalkinmalarim siirdiirebilmek ve ihtiya¢ duyduklar
finansmana erigebilmek amaciyla yabanci sermaye ¢ekmeye ¢aligmaktadir. Bu durum, sermayenin daha
fazla oldugu ve getirisi diisiik bolgelerden, sermayenin az bulundugu ve getirisi yiiksek olan bolgelere
akigini saglamaktadir (Yilmaz, Kaya, & Akinci, 2011). Mitkemmel Piyasalar Varsayimi olarak bilinen
bu yaklasim, DYY’ nin, diigiikk getiriye sahip iilkelerden yiiksek getirili iilkelere sermaye akiginin
oldugunu savunmaktadir (Lizondo, 1993). Dolayisiyla, bu durumun, ¢evresel standartlara daha esnek
yanit veren hiikiimetlerin, kirlilik sigmaklarina dogru diger bir ifade ile "¢evresel sermaye gogii"ne sebep
olabilecegi nihayetinde, “asag1 yonlii bir yaris1” tetikleyebilecegi iddia edilmektedir (Rauscher, 2005).
Bu durumun gelismis piyasalar ile gelismekte olan piyasalar arasindaki kirlilik seviyelerinin farkinin da
hizla agilmasina neden olabilmektedir (Kdksal & Cetin, 2021).

Sonuc ve Oneriler

Bu ¢alismada, DY Y lerin ¢evre kirliligi iizerindeki etkileri arastirilmigtir. Kurulan modelde CO,
emisyonu bagimli degisken, DYY, GSYIH ve enerji tiikketimi ise bagimsiz degiskenler olarak
kullanilmistir. 1980-2021 donemi yillik verileriyle yapilan analizde, duraganlik testleri sonucunda tiim
degiskenlerin farkta duraganlastig1 tespit edilmis, Johansen Esbiitiinlesme testi ile degiskenler arasinda
uzun donemli bir iligki oldugu belirlenmigtir. VECM modeli ile kisa ve uzun donem katsay1 tahminleri
yapilmis, son olarak VECM Granger Nedensellik analizi yapilarak degiskenler arasindaki iliskiye
odaklanilmistir.  Granger Nedensellik analizi sonucunda uzun vadede GSYIH, DYY ve enerji
tilketiminin CO, emisyonlarini tek yonlii etkiledigi sonucuna ulagilmistir. Sonug olarak, ekonomik
biiyiime ile birlikte sanayi faaliyetlerinin artmasi daha fazla enerji tiikketimine ve karbon salinimina yol
acabilmektedir. DY Y'nin kisa vadede cevresel etkileri smirliyken, uzun vadede sanayi faaliyetleri
araciligiyla karbon salinimini artirdig1 goriilmiistir.

Yapilan ekonometrik analiz sonucunda, KSH’nin Tiirkiye i¢in gecerli oldugu sonucuna
ulasilmistir. Calisma sonuglari, Arslan vd. (2021), Coban ve Ozkan (2022), Mike (2020), Koksal ve
Cetin (2021), Kurt vd. (2019), Yurtkuran (2021) gibi CO, salimimlarma DYY’lerin neden oldugu
yoniindeki sonuglari destekleyici nitelikte bulunmustur. DY'Y’lerin gevresel etkileri literatiirde farkl
tartigmalara yol a¢sa da genel olarak pek ¢ok aragtirma bulgulari, yabanci yatirimlarin ¢evre kalitesini
bozdugu yoniindedir ( Omri, vd., 2014; Zheng & Sheng, 2017; Zheng, vd., 2022; Jorgenson, vd., 2007;
Frutos-Bencze, vd., 2017; Kisswani & Zaitouni, 2023). Ancak DYY giriglerinin ¢evre kirliligini
azaltabilecegini one sliren KHH’ nin desteklendigi ¢alismalar da mevcuttur (Zhu, vd., 2016; Zameer,
vd., 2020; Asghari , 2013; Yilmaz, 2011; Letchumanan ve Kodama, 2000; Sahin6éz ve Fotourehchi,
2014; Jiang vd. 2018; Akcay & Karasoy, 2018; Repkine & Min, 2020). Diger taraftan, bazi caligma
sonuclar1 da (Hamza & Tatar, 2023; Gokalp ve Yildirim, 2004; Demir, 2022; Yilmazer ve Karabiber,
2020) CO; ile DY Y ler arasinda anlaml bir iligkinin olmadig1 yoniinde sonuglanmugtir.

Ekonomik biiyiimeyi hedefleyen yatirnmlarin ¢evre kirliligini artirmasi, ekolojik kaynaklarin
korunmasinin, c¢evre politikalarmin ve siirdiiriilebilir ekonomik biiylimenin Onemini ortaya
cikarmaktadir. Bu dogrultuda siirdiiriilebilir kalkinmanin ekonomik biiylimeye entegre edilmesi,
cevresel etkilerin azaltilmasina katki saglayabilir. Cevre dostu yatirimlarin tesvik edilmesi ve yesil
teknoloji iiretiminde sermaye sikintisi yasayan igletmelere destek saglanmasi faydali olabilir. Ayrica,
cevresel diizenlemelere uymayan isletmelerin denetimlerinin artirilmasi ve yenilenebilir enerji
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yatirimlarina Oncelik verilmesi 6nem arz etmektedir. Diger taraftan, ¢evrenin smirsiz bir kaynak
olmadig bilincinin artirilmasi ¢evre ve ekonomik biiylime dengesinin kurulmasina katki saglayabilir.

Gelecekteki caligmalarda, KSH, DY'Y, ekonomik biiylime ve enerji tiikketimi arasindaki iligkilerin
daha detayli bir sekilde incelenmesi faydali olabilir. Bu kavramlar, ¢evre kirliligi lizerindeki etkilerin
anlasilmasinda dnemli bir rol oynayabilmektedir. Ozellikle, DY Y'nin gelismekte olan iilkelerde gevreye
olumsuz etkiler yaratip yaratmadigi, siirdiiriilebilir ekonomik biiylime stratejilerinin sekillendirilmesi
acisindan kritik oneme sahiptir. Ayrica ileriye doniik aragtirmalarda, ekonomik biiylime ve DY Y lerin
cevre lizerindeki etkileri daha kapsamli bir sekilde ele alinarak, KSH farkl {ilkeler iizerinden de test
edilebilir. Bu tiir calismalar, ¢evresel siirdiiriilebilirligi tesvik eden politikalarin gelistirilmesine katki
saglayarak hem gelismekte olan hem de gelismis iilkeler i¢in etkili ¢6zlim 6nerileri sunabilir.
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