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Abstract
This article presents a nonlinear analysis in Turkey on the effect of an environmental tax (ET) on the
ecological footprint (EF) and carbon dioxide (CO2) emissions. In the literature, most of the studies
examining the effects of Environmental Taxes (ETs) on Environmental Degradation (ED) have used linear
methods. The number of studies examining this relationship with nonlinear methods is few. However,
there is no study examining the long-run effects of ETs on the EF, which is one of the most important
indicators of ED, using nonlinear analysis. This study contributes to the literature by investigating the
long-run effects of ETs on EF and CO2 emissions in Turkey by nonlinear analysis. Therefore, the model
consisting of annual data for the period 1994–2019 was estimated by Dufrénot et al. (2006) nonlinear
cointegration test. According to the estimation results obtained, ETs do not have any long-run effects on
EF and CO2 emissions. Accordingly, it can be concluded that ETs in Turkey do not affect preventing ED. 

Introduction
Individuals and countries can't perform their economic activities without using energy to maintain
economic growth and development (Vera and Sauma 2015). Especially in the 20th century, with the rapid
growth of industrialization, intense population growth, and technological developments, the need for
energy has increased signi�cantly. This increasing need for energy has resulted in excessive use of
natural resources and has increased the demand for fossil fuels such as oil, coal, and natural gas
worldwide.

The primary causes of ED, climate change and global warming are greenhouse gas emissions from the
use of non-renewable energy sources (Babatunde et al. 2017; Lin and Jia 2018). One of the most
powerful greenhouse gas emissions is CO2. However, at the global level, reducing carbon emissions,
promoting a low-carbon economy, and implementing low-carbon economic activities are critical for
achieving sustainable development. Therefore, ED, climate change and global warming; have become
some of the most discussed topics among scientists, politicians, and business circles (Lin and Jia 2018).

In the “Global Weather 2019” report published by the American Institute of Health Effects, it was reported
that air pollution ranked 5th among all health risk factors in the world. Furthermore, the intergovernmental
panel on climate change advised that global warming be limited to 1.5°C, or the planet will experience
catastrophic climate change by 2030. If unchecked, air pollution and climate change will increase the
likelihood of severe widespread and irreversible risks to humans and ecosystems. Therefore, the need to
reduce carbon emissions is urgent (Li and Peng 2020). In reality, if no meaningful emission reduction is
achieved, the global atmosphere temperature may increase between 2.5°C and 7.8°C by the end of the
century. More countries are joining in the cooperation agreement on climate change to reduce this great
threat facing the world and accelerate the global transition to green and low-carbon sustainable
development (Liu 2019).



Page 3/21

ED has become one of the greatest threats facing humanity, affecting not just human health but also
economic growth (World Bank 2016). According to the United Nations, “if immediate action is not taken,
the devastating impact of climate change will be greater than the present COVID-19 pandemic.” In
essence, the world is far from the target of limiting the global temperature increase to 1.5°C speci�ed in
the Paris Agreement (UN 2020). Because for energy consumption to boost economic growth; increases
atmospheric CO2 emissions, which cause climate change and global warming (Wolde-Rufael and Mulat-
Weldemeske 2021).

Sustainable environmental quality is an essential part of successful sustainable economic development.
Many studies have suggested that lower carbon emissions improve environmental quality. The expansion
in economic activities contributes to environmental problems such as climate change and ED, as it
contributes to a signi�cant increase in greenhouse gas emissions, especially carbon emissions (Bashir et
al. 2020). Carbon emission remains the main factor among greenhouse gases today, and the rise in
emissions is due to the harmful use of non-renewable energies (Ghazouani et al. 2020). Because of
intense industrial and economic activities, global energy consumption increased by 2.3% in 2018,
resulting in a 1.7% increase in carbon emissions, from 32.5 to 33.1 gigatons. This increase poses a threat
to environmental initiatives at the global level, and countries are committed to reducing their carbon
emissions to preserve environmental quality (Bashir et al. 2020).

Although carbon emission was primarily used to test the Environmental Kuznets Curve hypothesis, it does
not appear that the carbon emission alone can capture all environmental damage, as it is a pollutant
indicator (Saleem et al. 2019). Therefore, while carbon emissions are generally acknowledged as the
primary cause of environmental pollution, other indicators also affect environmental pollution. For
example, the reduction of biodiversity, the destruction of forests and fertile agricultural lands, and the
pollution of natural water resources. Thus, there is a need for a more comprehensive indicator than
carbon emissions to represent environmental pollution (Aydın, 2020: 138). This indicator is known as EF.

Consequently, to measure the total human pressure on the natural environment, the concept of
“environmental” or “ecological” footprint is used as a general term for different footprint concepts
developed in the last two decades (Hoekstra and Weidmann 2014). The �rst study on this concept was
conducted by Rees (1992). Wackernagel (1994), thus, implemented the concept and the calculation
methods related to it. Wackernagel and Rees explained the relationship between EF and sustainable
development in the book they published in 1996 and detailed their EF calculation methods (Wackernagel
and Rees 1996). Recently, the ratio between the existing resources and the global consumption of these
resources; is now expressed with the concept of EF. The EF reveals how many natural resources are
consumed by an individual, city, region, state, or by people around the world to meet their needs and
wants, which includes the following: food consumption, shelter, transportation, waste generated and
allows to compare speci�c activities and their effects on the environment and natural resources
(Belčáková et al. 2017).
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However, compared to carbon emissions, EF; is a more comprehensive measure in terms of detecting ED
because it covers the environment in all its dimensions, including multifaceted environmental indicators
like settled lands, carbon emissions, cultivated lands, �shing areas, grazing lands, and forest products.
Indeed, one of the most important sustainability indicators in today's world is the EF, together with the
green economy (Zahra et al. 2020). The EF is an effective tool to measure the impact of human
consumption on nature and the resources needed to meet human needs (Sun et al. 2020; Zahra et al.
2021). However, economic globalization has strengthened the ties between countries and has caused the
EF of each country to change by exporting the pressure on the environment from the consumer country to
the exporting country that supplies goods and services to this country (Sun et al. 2020).

Nevertheless, environmental problems increase the pressure on governments to reduce environmental
damage without hindering economic growth (OECD 2011). Because studies on the environment show the
net effect of global warming and the need for a global intervention to reduce greenhouse gases.
Therefore, governments must implement strong environmental policies that limit the growing dependence
on fossil fuels such as oil, natural gas, and coal; to reduce the increase in greenhouse gas emissions
(Gemechu et al. 2012). Hence, governments have a range of tools such as regulations, information
programs, environmental subsidies, and ETs. Among these tools, especially ETs have special signi�cance
(OECD 2011) and are included in tax legislation by many countries.

ETs are the most effective policy tool for reducing greenhouse gas emissions (Bashir et al. 2020). It aims
to tax carbon emissions to increase energy e�ciency, reduce environmental problems, and contribute to
the protection of the environment; by internalizing negative externalities in the form of environmental
pollution (Shahzad 2020; Kou et al. 2021; Bashir et al. 2021). In particular, it is potentially applied to
goods that harm scarce natural resources (Ra�que et al. 2021). ETs directly address market failure that
causes markets to ignore environmental impacts. A well-designed ET raises the price of a good or activity
to re�ect the cost of environmental damage to others (OECD 2011). Accordingly, ETs refer to taxes
applied to internalize environmental externalities. Because activities that cause greenhouse gas
emissions, or more environmental pollution, are relatively not expensive. Individuals or �rms do not
consider the costs that emissions impose on others, especially future generations. A tax to be applied will
force the units that cause the externality to consider all the consequences of this externality (Metcalf and
Weisbach, 2013). Simultaneously, they are based on the Pigouvian tax, which is levied to burden the
companies that emit external damage with the cost of the harm they cause to the society and are based
on the polluter pays principle (Kou et al. 2021). According to the polluter pays principle, economic actors
can strengthen pollution regulation or adopt cleaner production techniques. They can also reduce
pollution emissions to internalize the external cost of pollution by analyzing cost-effectiveness (Lai et al.
2020). In addition, these taxes can contribute to the improvement of environmental quality by motivating
the manufacturing sector to develop e�cient technologies or producing environmentally friendly products
(Jeager 2013; Elkins and Barker 2001; Ra�que et al. 2021).

The European Union's (EU) o�cial statistics evaluate ET revenues under four main groups, allowing for
international comparisons. These are energy taxes, transport taxes, pollution taxes, and natural resource
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taxes (Eurostat 2013). From these taxes, energy taxes are collected on energy products such as coal,
petroleum products, natural gas, and electricity used for both �xed and transportation purposes.
Transport taxes mainly include taxes on the ownership and use of motor vehicles. Pollution and natural
resource taxes, on the other hand, cover different tax types, whereas natural resource taxes are collected
as the rental price of oil and mines (Eurostat 2021). Energy taxes are levied to reduce carbon emissions.
The general purpose of transportation taxes is to contribute to the measures aimed at reducing carbon
emissions and protecting the environment. Natural resource taxes, however, are levied to reduce
environmental wastes originating from mines.

ETs in Turkey are not applied to solve environmental problems. In reality, the only tax put into practice to
prevent environmental pollution and activities that will cause pollution is the Environmental Cleaning Tax.
However, taxes such as Special Consumption Tax and Motor Vehicle Tax applied in Turkey have possible
effects on the environment. Hence, they can be considered as an ET. Consequently, some existing taxes in
Turkey that fall under the categories speci�ed in the EU classi�cation have an environmental character in
terms of their effects. The share of ET revenues in total tax revenues is an indicator of the importance
that countries attach to ETs. In terms of the share of ETs in total tax revenues, Turkey ranks high among
OECD countries. However, the reason for this situation is not because of the importance Turkey gives to
ETs. The primary reason is due to the structure of the Turkish tax system.

This study investigates the long-run effects of ETs on EF and CO2 emissions in Turkey by performing non-
linear time series analysis and thus, contributing to the literature. In the second part of the study, the
literature section, which includes studies investigating the relationship between ETs and ED, is included.
The data set, model and methodology are presented in the third section and the estimation results are
evaluated in the fourth section. The �nal section contains the conclusions and policy recommendations.

Literature
Whether ETs are effective in preventing ED has become popular with the signing of the Kyoto protocol in
the late 1990s and has begun to be studied. At the beginning of the pioneering studies on this subject in
the literature, Tamura et al. (1996) is coming. According to the results of the input-output analysis carried
out with the data of 1985, they determined that environmental taxes reduced CO2 emissions in Japan.
Similarly, Tamura et al. (1999) showed that carbon and energy taxes are effective in reducing CO2

emissions, according to the results of the input-output analysis they performed with the 1990 data for
Japan. 

An important part of the studies investigating the effects of ET on ED consists of studies based on panel
regression analysis. Lin and Li (2011) examined the effects of carbon taxes on CO2 emissions in
Denmark, Finland, the Netherlands, Norway and Sweden for the 1981-2008 period using panel regression
estimation. According to the empirical �ndings from the study, carbon taxes do not have any effect on
CO2 in other countries except Finland. On the other hand, Morley (2012) �nds that carbon taxes have
reducing effects on greenhouse gas emissions by performing a panel regression estimation on 24 EU
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countries and Norway for the period 1995-2006. Likewise, Miller and Vela (2013) and Lai et al. (2020)
observed that ETs are an effective policy tool in preventing EDs, according to their panel regression
analysis results for �fty countries and China, respectively. There are also studies examining the long-run
relationship between ET and ED with the panel cointegration method. For example, Sasmaz (2016), who
examined the effects of ET on CO2 emissions in EU-15 countries with the 1995-2012 data using panel
cointegration test and fully modi�ed ordinary least squares (FMOLS) estimation, found that the variables
were cointegrated and ETs had a negative effect on CO2. Bashir (2020) and Ra�que et al. (2021) also
examined it with the help of the panel cointegration test for 29 OECD countries. According to the results
of both studies, it was determined that the variables were cointegrated and that ETs had a reducing effect
on CO2 emissions and EF. Topal (2017), on the other hand, examined the same relationship in 34 OECD
countries for the period 1994-2013 and found that the negative relationship between ET and CO2

emissions was valid only in 20 countries. On the other hand, Tekin and Sasmaz (2016) stated that ETs do
not have any effect on CO2 emissions in EU-25 over the period of 1995-2012. 

Some other studies have examined the effects of ETs on ED with the help of general equilibrium model
estimation. For example, Meng et al. (2013) determined that carbon taxes are effective in reducing CO2

emissions, according to the results of the general equilibrium model they estimated for Australia with
2011 data. Lin and Jia (2011) and Niu et al. (2018) also examined the relationship between ET and CO2

emissions for China with the help of general equilibrium model estimation. According to the empirical
results obtained from both studies, ETs have a reducing effect on CO2 emissions.

In the literature, the number of studies examining the relationship between ET and ED with the help of
time series analysis is very few. Among these studies, Sarıgül and Topçu (2021) analyzed the relationship
between ET and CO2 emissions in Turkey with annual data for the period of 1994-2015. According to the
FMOLS and dynamic ordinary least squares (DOLS) estimation results, ETs had a reducing effect on CO2

emission was determined. Esen and Dundar (2021) were used the same methods for Turkey and found
that energy taxes have a reducing effect on CO2 emissions. Akkaya and Hepsag (2021), unlike Sarıgül
and Topçu (2021) and Esen and Dündar (2021), examined the subject with nonlinear time series analysis.
According to the empirical results obtained from the study, there is no relationship between fuel tax and
CO2 emissions in Turkey. Another study based on nonlinear analysis Ulucal et al. (2020) examined the
effects of ETs on CO2 emissions in Brazil, China, India, and South Africa by using nonlinear smooth
transition regression estimation over the period of 1994-2015. They found that there is a positive
relationship between ET and CO2 emissions in the lower regime of globalization, and a negative
relationship between the variables in the higher regime of globalization. Wolde-Rufael and Mulat-
Weldemeskel (2021) examined the effects of environmental and energy taxes on CO2 emissions in 9
countries with a panel augmented mean group estimation. According to the linear model estimation
results obtained from the empirical analysis, environmental and energy taxes do not have any effect on
CO2. On the other hand, the nonlinear model estimation results reveal that both taxes are effective in
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reducing CO2 emissions. The literature table containing the empirical studies on the subject is presented
in Table 1.

Table 1 Empirical literature on environmental degradation and environmental tax
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Author Country Sample Method Findings

Tamura et al.
(1996)

Japan 1985 -input-output analysis
carbon tax →
CO2 (-)

Tamura et al.
(1999)

Japan 1990 -input-output analysis
carbon tax →
CO2 (-)

energy tax → CO2 (-)

Lin and Li
(2011)

Denmark, Finland,
Netherlands,
Norway, Sweden

1981-
2008

-panel regression
estimation carbon tax →

CO2 (-)

/(only for Finland)

Morley (2012) 24 EU countries
and Norway

1995-
2006

-panel regression
estimation carbon tax →

greenhouse gas
emission (-)

Meng et. al
(2013)

Australia 2011 - computable general
equilibrium (CGE)
model estimation

carbon tax →
carbon emissions
(-)

Miller and Vela
(2013)

50 countries 1995-
2008

-panel regression
estimation ET → CO2 (-)

Sasmaz (2016) EU-15 countries 1995-
2012

-panel cointegration
test

-panel FMOLS

cointegrated
ET → CO2 (-)

Tekin and
Sasmaz (2016)

EU-25 countries 1995-
2012

-panel cointegration
test

-panel FMOLS

-panel causality test

cointegrated
ET  CO2 (-)
ET  CO2
/causality

Topal (2017) 34 OECD countries 1994-
2013

-panel cointegration
test

-panel FMOLS

-panel causality test

cointegrated
ET → CO2 (-)/(for
20 countries)
ET → CO2
/causality

Lin and Jia
(2018)

China 2010 - CGE model
estimation carbon tax →

CO2 (-)

Niu et al. (2018) China - -dynamic stochastic
general equilibrium ET → CO2
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(DSGE) model variance
decomposition

impulse-response
functions

Aydın (2020) 11 OECD countries 1995-
2016

-fourier causality test
ET →
EF/Germany,
Sweden,
Denmark
EF → ET/France,
Spain
ET  EF/ Belgium,
Netherlands, UK,
Italy, Norway,
Portugal

Bashir (2020) 29 OECD countries 1995-
2015

-panel cointegration
test

-panel regression
estimation

-panel causality test

cointegrated
ET → CO2 (-)

/regression

ET  CO2/causality

Sun et al. (2020) China 2015 -dynamic CGE model
estimation  energy tax →

EF(-)

Lai et al. (2020) China 2005-
2015

-panel regression
estimation resource tax →

pollution(-)
excise
tax  pollution

Ulucal et al.
(2020)

Brazil, China, India,
South Africa

1994-
2015

-nonlinear panel
regression estimation

(smooth transition
regression)

ET → CO2 (+)

/lower regime of
globalization

ET → CO2 (-)

/higher regime of
globalization

Akkaya and
Hepsag (2021)

Turkey 1985-
2018

-nonlinear
cointegration test

-nonlinear causality
test

no cointegration
Fuel tax  CO2

/causality

Esen and
Dündar (2021)

Turkey 1994-
2017

-johansen
cointegration test

-FMOLS

cointegrated
energy tax →
carbon emission
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-DOLS (-)

/FMOLS, DOLS

Ra�que et al.
(2021)

29 OECD

countries

1994-
2016

-panel cointegration
test

-panel autoregressive
distributed lag
(ARDL) model
estimation

-panel causality test

cointegrated
ET → EF (-)/long
and short run
ET  EF/causality

Sarıgül and
Topçu (2021)

Turkey 1994-
2015

-johansen
cointegration test

-FMOLS

-DOLS

cointegrated
ET → CO2 (-)

/FMOLS, DOLS

Wolde-Rufael
and Mulat-
Weldemeskel
(2021)

9 countries

(Czech Republic,
Greece,

Hungary, Korea,
Poland, South
Africa, and Turkey)

1994-
2015

-panel augmented
mean group (AMG)
estimation

-panel Granger
causality test

for linear model 

ET  CO2 

energy tax → CO2 (-)

for nonlinear
model 

ET → CO2 (-)

energy tax → CO2 (-)

ET  CO2
/causality

energy tax  CO2
/causality

As can be seen in Table 1, CO2 emissions have been used as an indicator of ED in a signi�cant part of the
studies in the literature. On the other hand, the number of studies using the EF, which is a more
comprehensive indicator of ED, is very few. However, almost all of the studies on the subject are based on
the estimation of linear models. The number of studies conducted with nonlinear estimation methods is
rare. Moreover, there is no study examining the effects of ETs on EF using nonlinear methods. Therefore,
in this study, it is aimed to contribute to the literature by investigating the effect of ETs on CO2 emissions
and EF with nonlinear time series analysis.

Data, Model And Methodology

Data description and model speci�cation
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The long-run effects of the ET variable on the EF and CO2 emission were investigated using time series
analysis in this study. For this purpose, ET was used as an independent variable, and EF and CO2

variables were used as dependent variables. The sample range covers the period 1994–2017 for Model
(1) and 1994–2019 for Model (2). The reason why the sample period started in 1994 is that the ET
variable started in 1994 for Turkey, and why it ended in 2017 and 2019 because the carbon footprint and
CO2 emission variables have data until 2017 and 2019, respectively. The models estimated in the
analysis are as follows.

EFt = α0 + α1ETt+u1t (1)

CO2t = β0 + β1ETt+u2t (2)

With the help of Model (1), the effect of ET on the EF, and with the help of Model (2), the effect of the ET
on CO2 emissions was investigated. The variables used in the above models and the databases from
which they were provided are shown in detail in Table 2.

Table 2
Variables used in the analysis and databases

Variable De�nition Database

ET Environmental Tax

(as a percentage of GDP)

OECD

EF Ecological Footprint

(gha per person)

Global Footprint Network

CO2 carbon dioxide emission

(in logarithmic form)

OECD

Estimation methods
The number of studies on this subject in the literature is high and most of the studies are based on linear
model estimation. Similarly, linear model analysis was used for studies conducted in Turkey.
Macroeconomic variables can follow nonlinear processes due to different reasons such as data
generation processes, changing sub-items, or changing base years (Telatar 2016). Therefore, it
contributed to the literature by examining the effects of ET on EF, and CO2 emissions with nonlinear time
series analysis in this study.

Nonlinear unit root analysis
In a signi�cant number of studies in the literature, unit root tests are conducted based on the linear
approach. Although linear unit root tests are widely used, the criticisms of these tests are increasing. For
example, Phillips (1987) and Kwiatkowski et al. (1992) in small samples, Gweke and Porter-Hudak (1983)
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and Robinson (1994) in the case of fractional cointegration, Bierens (1997) and Kapetanios et al. (2003)
in the presence of nonlinear structure argue that the Augmented Dickey-Fuller (ADF) unit root test does
not yield effective results. In addition, since an incorrect speci�cation in deterministic components may
affect the validity of the relevant test, criticisms are increasing against the classical unit root hypotheses
that do not consider the possibility of non-linearity in deterministic components (Liu and He 2010).

Alternative approaches is been developed to determine whether the variables contain a unit root or not,
after the increase in criticism toward linear unit root tests. Studies in this direction in the literature are
conducted in two different ways. The �rst is to use the panel data set to increase the power of standard
unit root tests, while the other is the use of fractional cointegration or nonlinear forms of time series
models. Studies such as Balke and Fomby (1997), Enders and Granger (1998), Berben and van Dijk
(1999), Caner and Hansen (2001), Lo and Zivot (2001), and Kapetanios and Shin (2006), examined the
relationship between cointegration and nonlinearity by examining the interactions, they discussed the unit
root analysis within the framework of the nonlinear model. (Kapetanios et al. 2003).

Similarly, Kapetanios, et al. (2003) developed a new approach that considers the nonlinear structure in
unit root testing, unlike classical unit root tests. According to this test, which is called the KSS test
(Kapetanios, Shin and Shell) in the literature, the null hypothesis asserts that there is the unit root, while
the alternative hypothesis expresses a nonlinear exponential smooth transition autoregressive model
process, unlike ADF (Bahmani-Oskooee and Gelan 2006). The model to be estimated in the KSS test can
be shown as follows (Kapetanios et al. 2003):

 (3)

In the above equation, yt is the variable analyzed for the unit root and n is the optimal lag length that has
no autocorrelation problem. The null and alternative hypotheses belonging to Equation (3) are as follows:

H0: δ = 0

H1: δ > 0

The t-statistic (tNL), which will be obtained from the δ parameter because of the estimation of equation
(3), allows testing the null and alternative hypotheses. The tNL statistic is calculated according to the
following equation:

  (4)

In the above equation,  is the ordinary least squares (OLS) estimation result of δ, and s.e. represents the
standard error. The tNL statistic compares with the critical table values prepared by KSS (2003) since it
does not have an asymptotic normal distribution. Accordingly, if the calculated tNL statistic is less than
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the critical table value, the null hypothesis cannot be rejected. Here, it is decided that the relevant series
contains a unit root and has a linear process. If the calculated tNL statistic is greater than the critical table
value, the null hypothesis is rejected. Thus, it is decided that the series is stationary but follows a
nonlinear process.

Nonlinear cointegration test
Dufrénot et al. (2006) cointegration test refer to the nonlinear form of Engle and Granger's (1987)
cointegration test. Engle and Granger's (1987) cointegration test consists of two stages. In the �rst stage,
the model in which the long-run relationship is investigated is estimated by the OLS method. In the
second stage, the residues obtained from the OLS estimation are subjected to unit root testing. Dufrénot
et al. (2006) performed the nonlinear version of the Engle and Granger (1987) test by performing a
nonlinear unit root test on the residues in this second stage.

The logistic STAR (LSTAR) cointegration model used in this study can be expressed as follows (Dufrénot
et al. 2006):

  (5)

In the above equation, zt is residuals from the �rst stage of the cointegration test, xt is the independent
variable. zt−1xt−d indicates the interaction term and the subscript d represents the optimum lag length
with a minimum AIC value that does not contain autocorrelation problems. The null hypothesis to
investigate the existence of cointegration is as follows:

Empirical Results
KSS unit root test was applied on the variables based on the possibility that the series used in this study
can follow a nonlinear stationary process. The results of this non-linear unit root test are given in Table 3.
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Table 3
The results of nonlinear unit root test

Variable tNL Prob.

0.01 0.05 0.10

ET -2.998(0)

-2.452(0)

-2.82 -2.22 -1.92

EF -0.552(0)

CO2 -1.562(0)

Notes: The values in parentheses indicate the optimum lag length determined according to AIC.
Probability level values were obtained from Kapetanios et al., (2003) Table 1.

As shown in Table 3, the null hypothesis wasn't rejected because the test statistics of the EF and CO2

series were smaller than the table critical values. However, the null hypothesis was rejected because the
test statistic of the ET series was greater than the table critical values. Accordingly, while the EF and CO2

series contain unit roots and follow a linear process [I(1)], the ET series are stationary and follow a
nonlinear [I(0)] process. As a result, especially since the ET series has a non-linear process, analyzing the
model in which ET takes place with linear methods may cause false estimation results. Thus, the
existence of cointegration between the variables was investigated with the help of a nonlinear
cointegration test.

Dufrénot et al. (2006) nonlinear cointegration test results are shown in Table 4.

Table 4
The results of Dufrénot et al. (2006) cointegration test

Model d

*

Prob. Decision

ET=f(EF) 1 -3.758 0.144 H0 can not be rejected

(not cointegrated)

ET=f(CO2) 1 -0.890 0.251 H0 can not be rejected

(not cointegrated)

Note: * is the coe�cient of error term lag in equation 5 and d indicates the optimum lag length in the
interaction term.

As shown in Table 4, in cointegration models where ET is the dependent EF and CO2 are the independent
variables, the coe�cients of the error term lag are statistically insigni�cant and the null hypothesis, which
indicates that the variables are not cointegrated cannot be rejected. Therefore, the variables are not
cointegrated. In other words, ETs do not move together with the variables of EF and CO2 emission



Page 15/21

eventually. Accordingly, there is no long-run relationship from both the EF and the CO2 emission variables
to the ET variable.

Concluding Remarks
With the acceleration of industrialization, dense population growth, and technological developments, the
need for energy, which is an indispensable element of human life, has also increased. Increasing energy
demand has led to excessive use of natural resources and has increased the demand for fossil fuels such
as oil, natural gas, and coal worldwide. Because of the increase in the use of fossil fuels, which are
harmful to the environment, the number of greenhouse gases emitted to the atmosphere, especially CO2,
has increased. CO2 emissions are accepted as the main cause of environmental pollution. However, other
factors are affecting environmental pollution, such as the reduction of biological diversity, the destruction
of forests and fertile agricultural areas, and the pollution of natural water resources. For this reason, a
more comprehensive indicator than CO2 emissions is needed to fully express and draw the framework of
environmental pollution. This indicator is described as the EF and it is argued that the EF variable better
represents environmental pollution compared to CO2 emissions.

Therefore, environmental pollution is one of the negative externalities that prevents the e�cient
distribution of scarce resources and the realization of economic activities. One of the main objectives of
the global world order is to be able to combat environmental pollution at a global level and to improve the
quality of the environment, thus protecting the environment and reducing the factors that cause damage
to the environment. ETs are at the forefront of the �nancial instruments that will serve this purpose.
Consequently, ETs mainly aims to prevent or reduce environmental pollution. In Turkey, ETs do not �nd an
application area for the solution of environmental problems. However, some existing taxes that �t into the
aforementioned categories have an environmental character in terms of their impact.

This study investigates the long-run effects of ETs on the EF and CO2 emissions from the 1994–2019
period in Turkey by using nonlinear time series analysis. Due to the unit root analysis, it was determined
that the ET variable followed a nonlinear process. However, due to the cointegration test applied, it was
determined that the variables were not cointegrated. In other words, ETs do not have any long-run effects
on the EF and CO2 emissions in Turkey. Therefore, the ET policy implemented in Turkey has no
contribution to preventing or reducing ED. ETs in Turkey are not effective in preventing ED since they are
allocated to increase public revenues rather than environmental purposes. This result also reveals that
the ET policy that Turkey has followed is not effective. Thus, the “Law on Approval of the Paris
Agreement” by the Turkish Grand National Assembly entered into force by being published in the O�cial
Gazette on October 7, 2021, and numbered 31621. According to Turkey's national contribution statement,
it is foreseen that greenhouse gas emissions will be reduced by 21% in 2030 compared to the reference
scenario. Therefore, Turkey's re-evaluation of its ET policy, if made more effective; will contribute
signi�cantly to achieving its greenhouse gas emission reduction target.
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