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THE EFFECTS OF ENVIRONMENTAL TAXES ON CARBON
EMISSIONS: A STUDY ON SELECT EU MEMBER STATES

CEVRE VERGILERININ KARBON EMISYONLARI UZERINDEKT
ETKILERT: SECILMIS AB UYE ULKELERT UZERINE BIR ARASTIRMA

Buket AYDIN!

Abstract

This study investigates the effects that national income, public expenditures, research and
development (R&D) investments, and environmental taxes (ET) have on carbon emissions. The
variables of national income, the square of national income, public expenditures, R&D, total ET,
transport taxes, and energy taxes are used in conjunction with carbon emission data for this analysis.
Three distinct models are used herein: Model 1 employs the total ET, model 2 utilises transport taxes,
and model 3 makes use of energy taxes. A Dumitrescu-Hurlin causality analysis was employed to
investigate the relationship between the variables, which demonstrates that there was a Granger
causality from national income, the square of national income, and public expenditures to carbon
emissions. However, there was no Granger causality from R&D expenditures to carbon emissions.
Finally, there was a one-way Granger causality relationship from total ET, transport taxes, and energy
taxes used as ET to carbon emissions. Therefore, this study concludes that R&D investments are
important for the development of environmentally friendly production structures and for increasing
the importance of these structures in the economy. Finally, the findings emphasise that ET in particular
can be effective in reducing carbon emissions within the framework of the Kyoto Protocol and the
Paris Agreement
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Oz

Bu calisma, milli gelir, kamu harcamalari, arastirma ve gelistirme (Ar-Ge) yatirimlari ve gevre
vergilerinin (ET) karbon emisyonlari {izerindeki etkilerini arastirmaktadir. Analiz igin milli gelir, milli
gelirin karesi, kamu harcamalari, Ar-Ge, toplam ET, ulasim vergileri ve enerji vergileri degiskenleri
karbon emisyonu verileri ile birlikte kullanilmistir. Burada tig farkli model kullanilmaktadir: Model 1
toplam ET'yi, model 2 ulastirma vergilerini ve model 3 enerji vergilerini kullanmaktadir. Degiskenler
arasindaki iligkiyi incelemek i¢in Dumitrescu-Hurlin nedensellik analizi kullanilmis ve milli gelir,
milli gelirin karesi ve kamu harcamalarindan karbon emisyonlarina dogru bir Granger nedenselligi
oldugu goriilmiistiir. Ancak, Ar-Ge harcamalarindan karbon emisyonlarina dogru bir Granger
nedenselligi bulunmamustir. Son olarak, toplam ET, ulastirma vergileri ve ET olarak kullanilan enerji
vergilerinden karbon emisyonlarina dogru tek yonlii bir Granger nedensellik iliskisi bulunmustur.
Dolayisiyla bu ¢alisma, Ar-Ge yatirimlarinin gevre dostu iiretim yapilarinin gelistirilmesi ve bu
yapilarin ekonomideki éneminin artirilmasi igin énemli oldugu sonucuna varmaktadir. Son olarak,
bulgular 6zellikle ET'nin Kyoto Protokolii ve Paris Anlagmasi gercevesinde karbon emisyonlarmnin

azaltilmasinda etkili olabilecegini vurgulamaktadir.
Anahtar Kelimeler: Cevre Vergileri, Enerji Ekonomisi, Ekonomik Biiyiime, Panel Veri Analizi

Jel Kodlart: H23, P18, F43, C23
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1. INTRODUCTION

For the last half-century, environmental problems have been increasing worldwide and have been an obstacle to
sustainable development (Liu, et al., 2023). This has made it necessary to take measures against the consumption
of natural resources and other factors that cause environmental destruction, with the reduction of carbon emissions
(CE) that cause climate change being the particular focus. Accordingly, policies on the consumption of renewable
energy sources that reduce environmental damage, zero waste measures, and the need to reduce pollution have
started to be implemented. International agreements and world summits have put forth environmental policies to
reduce environmental damage, including the 1987 Montreal Agreement that banned the use of chemical products
that damage the ozone layer, the world summits held in Rio de Janeiro in 1992 and Johannesburg in 2002, and the
1997 Kyoto Protocol and Paris Agreement that regulates greenhouse gas (GHG) emissions (Baranzini et al., 2000;
Ricci, 2007; Rafique et al., 2022). Due to concerns about the harmful effects of global warming, measures to
reduce fossil fuel demand were included in the 1997 Kyoto Protocol that was signed by more than 100 countries
(Sinn, 2008; Hashmi and Alam, 2019). Furthermore, in the 1990s, a series of initiatives were taken to implement
ET reform (ETR) in European Union (EU) member states, starting with the Scandinavian countries. The aim of
this reform is to shift the tax burden from the factors of production (labour, capital) to the users of natural resources
that cause pollution. In short, it transfers the tax burden from economic ‘goods’ to environmental ‘bads’ (Ekins et
al., 2012; Abdullah and Morlay, 2014). Thus, ETR creates a ‘double profit’ potential, in that it allows for
environmental improvement as well as economic benefits. Revenues from ET can also be used to reduce the
excessive burden of the tax system by reducing distortionary taxes on capital and labour, which will have positive
results in terms of employment and investment (Bosquet, 2000; Hassan et al., 2020; Dogan, 2023). Figure 1 details
the rates of ET in EU countries, with ET revenue being classified into four categories: energy taxes, transport
taxes, pollution taxes, and resource taxes.

Figure 1

Total Environmental Tax Revenue in the EU by Tax Type from 2000-2021
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This figure delineates the ET and ET revenue by type as both a share of gross domestic product (GDP) and as a
percentage of government revenue from taxes and social contributions (TSC). In 2021, EU countries received EUR
325.8 billion from ET, of which the ratio of ET revenues to GDP in EU countries was 2.2%. Moreover, ET revenue
accounted for 5.4% of total government revenue from TSC. The EU ET revenues by tax type were distributed as
follows: 78% from energy taxes, 18% from transport taxes, and 3.6% from pollution and resource taxes. The
energy taxes included taxes on energy products (coal, oil products, natural gas, electricity), and they accounted for
more than three-quarters of EU ET. Notably, energy taxes in the EU decreased by 9% between 2019 and 2020 due
to the impact of the COVID-19 pandemic. However, these taxes increased by 12% in 2021 (Eurostat, 2023).

Figure 2
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GDP Growth; Total Tax Revenue; and Energy, Transport, and Pollution Tax Revenue in the EU from 2002—
2021 (index 2002=100)
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Figure 2 summarises the changes in indexed (2002=100) GDP, total tax revenue, energy taxes, transport taxes, and
pollution and resource taxes from 2002 to 2021. Overall, the COVID-19 pandemic led to a decline in all ET except
pollution and resource taxes. However, this decline started to reverse in 2021, with the total tax revenues in 2021
increasing by 15.3% from 2020. Energy taxes, which accounted for 78% of ET, increased by 13.7% between 2020
and 2021. Lastly, the share of transport taxes in ET increased by 4.5% from 2020 (Eurostat, 2023).

Figure 3

GHG Emissions According to Economic Activity Type in the EU from 2008-2022
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In 2022, the total GHG emissions in the EU equalled 3.6 billion tonnes of Co2. Between 2008 and 2022, there was
a 37% decrease in the level of GHG emissions from electricity, gas, steam and air conditioning supply; a 21%
reduction from the manufacturing industry; a 16% decrease from households; and a reduction of 40% from mining
and quarrying (Eurostat, 2024). This indicates that there has been a decrease in emission rates due to the
implementation of carbon neutral policies in EU countries.

In this context, the aim of this study is to investigate the relationship between CE and ET in selected EU member
states. Although many studies have been conducted on the relationship between CE and ET, not enough researchers
have investigated the effects of sub-items of ET on carbon emissions. Therefore, this study’s investigation of the
effects of total ET as well as transport and energy taxes on CE makes a significant contribution to the literature.
In the first section of this study, the theoretical framework is outlined. In the second section, a summary of the
studies conducted within the scope of the research topic is presented. The third section details the econometric
method and the findings obtained. In the last section, the conclusion and evaluations are provided.

2. LITERATURE REVIEW

In traditional economics literature, Pigou (1920) emphasised that taxes are the most appropriate tool to internalise
negative externalities. Accordingly, environmental (carbon) taxes are considered to be the most effective method
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dokmenfor minimising the environmental damage of CE (Freire-Gonzalez, 2018; He et al., 2021). In addition, ET
increase the diversity of green technology and productivity in addition to increasing employment through creating
new business areas. Moreover, they are important for enabling nations to achieve their economic growth (EG)
targets by encouraging new investments (Rafique et al., 2022). Indeed, many studies have confirmed that ET
positively affect EG (Castiglione et al., 2014; Andrei et al., 2016; Gashi et al., 2018; Mirovi¢ et al., 2021).fe

The literature indicates that there is a complex relationship between ET and EG. Countries increasing their tax
rates generally affects their fiscal policies and leads to positive or negative effects on their national income (Barro,
1990; Widmalm, 1999; Romero-Avila and Strauch, 2008; Idris and Ahmad, 2017; Gashi et al., 2018; Frede and
Fahlby, 2012). Acemoglu et al. (2010) examined the effects of tax policies on sustainable growth and intertemporal
welfare maximisation. While identifying that efficient tax policies include both carbon taxes and research
subsidies, they stated that optimal tax policies can be instituted to avoid the overuse of carbon taxes. Therefore,
they asserted that with optimal environmental policies, research and development (R&D) investments should be
shifted to cleaner technology and that production should be gradually shifted to cleaner inputs. Furthermore,
Dokmen (2012) investigated the relationship between ET and EG in 29 European countries. He found that ET had
a positive effect on the states” EG and thus concluded that ET positively affected both the environmental quality
and EG of these European countries. Subsequently, when analysing the relationship between ET and EG in
European countries between 1995 and 2006 using a panel causality test, Abdullah and Morley (2014) discovered
a bidirectional causality relationship between EG and ET. Similarly, Gashi et al. (2018) examined the relationship
between taxation and EG in the Kosovo economy between 2007 and 2015, ultimately determining that ET had a
positive effect on the nation’s EG. Khaerul Azis and Widodo (2019) analysed the relationship between ET and EG
for 140 countries and 57 sectors, from which they liuconcluded that ET have negative effects on both the countries’
national income and carbon emissions. Additionally, Fan et al. (2019) concluded that ET can stimulate EG, protect
resources, and reduce pollution. Ahmad et al. (2021) found that ET improved China’s and India’s environmental
quality, which was determined to be an important driving force for their achieving sustainable EG. Conversely,
Hassan et al. (2020) determined that tax revenues negatively affected the EG of 31 countries in the Organization
for Co-operation and Development (OECD) while clarifying that the relationship between revenues from ET and
EG differed according to whether or not countries had redistribution mechanisms for the revenue obtained from
ET. Likewise, Mirovi¢ et al. (2022) identified a positive relationship between energy tax, transport tax, and
pollution tax revenues and EG in Serbia between 2013 and 2021. Furthermore, Wang et al. (2022) focused on the
impact of ET on intensive polluting industries in China. They analysed the data from companies that traded on the
stock exchange in the most intensively polluting industries from 2016 to 2020. They used these data to investigate
the impact of ET on the economic performance and technological innovation input of intensively polluting
industries in China, ultimately determining that ET had a positive effect on China’s EG and technological
development. In a similar vein, Liu et al. (2023) investigated the relationship between ET, governance, and energy
prices in achieving sustainable development in OECD countries, concluding that there was a close relationship
between EG and environmental degradation. They also confirmed that the implementation of ET reduced CO2
emissions and improved environmental quality in this context.

Thus, the literature suggests that ET can have a positive impact on technological development, in that they
incentivise firms to invest in cleaner and more efficient technologies, stimulate innovation, and contribute to
sustainable EG. However, the relationship between ET and technological development is complex and may vary
depending on the context and regulatory frameworks in place.

3. METHODOLOGY AND FINDINGS

This study investigated the effects of ET on CE between 1995 and 2020. The data used herein include the carbon
emission, national income, government expenditure, and R&D expenditure data obtained from the World Bank
database, as well as the total ET, transport taxes, and energy taxes data that were obtained from the Eurostat
database. The data from 20 European countries were used, with these countries being determined according to the
availability and accessibility of the data. The data are summarised in Table 1.

Table 1
The Study’s Variables
Variables Representation in Source
the Model
Carbon emissions Inco2 World Bank
National income (2015 USD-based constant Ingdp World Bank
prices)
National income squared Ingdp?2 -
Government expenditure Inhk World Bank

R&D expenditure INRD World Bank
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Total environmental taxes Intet Eurostat
Transport taxes Intt Eurostat
Energy taxes Inet Eurostat

Note. The data cover the period between 1995 and 2020. All of the data were logarithmically transformed. The
data on national income, government expenditure, and R&D expenditure were calculated in USD, while the total
ET, transport taxes, and energy taxes were calculated in Euros. The data on the national income squared were
calculated by the author based on the GDP data and added to the models.

The models used in the study were developed using Ahmad et al.’s (2021), liuet al.’s (2022), and Liu et al.’s
(2023) models as a basis. The models and hypotheses used in the study are presented below.

Model 1:

Inco2;; = 9i; + B1iIngdpir + Boiclngdp2iy + Baiclngovie + BaieInRDj; + Bsiclntet;e + wie (1)
Ho: Bait = Bait = Bait = Bait = Bsit = 0

Ha: Baie # Bait # Bait # Bair # Bsit #7 0

Model 2:

IncoZ;; = @j; + O45eIngdpje + 02iclngdp2;; + 035 lngovy, + 6,4 InRD;; + B55Intty + €5 (2)
Ho: B1i¢ = 025t = O34t = O44t = 055t = 0

Hi: B15¢ # B2it # O34¢ # B4t # 051t 7 0

Model 3:

Inco2i = yi + 815lngdpir + 82ieIngdp2;; + O35¢lngoviy + 8,45 InRD;j + 855 lnetye + wie (3)
Ho: 81t = 82t = 83it = 845t = 851t = 0

Hi: 815¢ # S2ic # O3it # Sair # Osit 70

In all three models, Inco2 is the dependent variable, and Ingdp, Ingdp2, Ingov, INRD, Intet, Intt, and Inet are
the independent variables. In the models, t = 1, 2,...T is the panel data time period; i = 1, 2,...N is the panel data
cross-sectional unit; 9y, ¢, and y;; are the fixed parameters; By _4)i, 01, 4)i, @Nd 84, 4); are the slope parameters;
and u;;, €, and w;, are the error terms. If the independent variables representing the models can be used to explain
the dependent variable, the Ho hypothesis will be rejected. However, if the independent variables cannot explain
the dependent variable, the Ho hypothesis will not be rejected.

Whether the models have horizontal cross-section dependence and homogeneous structure was also analysed.
Using these results, a unit root test was applied, and the most appropriate estimation method was determined.

3.1. Cross-Section Dependence Test

Breusch-Pegan (1980), Pesaran (2004), and Pesaran et al. (2008) developed horizontal cross-section
dependence tests, with Breusch-Pegan’s (1980) test being preferred when the N is small and the T is large.
Conversely, Pesaran (2004) recommends the use of the CDywm test when the N and T are large and the CD
test when the N is large and the T is small. Finally, Pesaran et al. (2008) proposed a bias-corrected LMag;
test by adding variance and the mean to the test. As a result of the test statistic calculated in this context, if
the Ho hypothesis is rejected, there is horizontal cross-section dependence. However, if it is not rejected,
there is no horizontal cross-section dependence. The formulae used to calculate the LM, CD, CDywm, and
LMagj cross-section test statistics herein are presented below (Yerdelen Tatoglu, 2017: 237-247; Belke and
Al, 2019: 309-310):

D= |yaw=p2 2. =D
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cp = 2T Z 2
NN-1) L 2. Pu
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3.2. Second Generation Unit Root Tests

To obtain consistent results from the data used in the study and the estimated models, it must be determined
whether they contain unit roots or not, with these tests comprising unit root and stationarity tests. In unit
root tests, the null hypothesis states that the series contains a unit root, while the null hypothesis states that
the series does not contain a unit root and is stationary in stationarity tests. Therefore, stationarity tests are
those that investigate the existence of a unit root, as well as those showing that the null hypothesis does not
contain a unit root and that the process is stationary (Becker et al., 2006: 407).

Xit = B'Zir + @it + wj¢ 4)

Pi = Pjt—1 + Wj¢ (5)

In equation (4), i=1,..., N represents the cross-sectional dimension, and t=1,..., T represents the time
dimension. Considering that the term o?; is the variance of the error term w;, the null hypothesis of the
stationarity test, Ho, states that the null hypothesis is zero for all units, while hypothesis H states that there
is a unit root. The hypotheses of the stationarity test are stated as follows (hadri and Rao, 2008: 248;
Nazlioglu et al., 2021: 5):

Ho: 62, = 0 The investigated series is stationary.
Hi: 2; > 0 The investigated series contains a unit root.

Second generation panel stationarity tests allow for the inclusion of a common factor structure in the error
term, as shown in equation (6) (Nazlioglu et al., 2021:5).

gt = @iFc + e (6)
Xit = B'Zit + @ic + @iF + wj¢ (7)
Considering the common factor in equation (6), equation (7) is obtained from equation (4). Bai and Ng
(2005) proposed a version of the Fisher test, denoted by Pmpc, in which they used the principal components
method to identify the common factor F; term. Furthermore, Hadri and Kurozumi (2012) used the average

extended bed cross-section approach in Pesaran’s (2007) approach to remove the common factor (Nazlioglu
et al., 2021: 5).

3.3. Dumitrescu-Hurlin Causality Test

The Dumitrescu-Hurlin (2012) causality test is a Granger causality test developed for heterogeneous panel
data. The main hypothesis and the null hypothesis are that all ‘B;” are equal to zero, while the alternative
hypothesis is that some of the ‘@;’ are different from zero. The equation for the Dumitrescu-Hurlin Granger
causality test, which was constructed according to the first equation of the panel vector autoregressive
model, is detailed below (Tatoglu, 2017: 154).

N N
Xie = 6; + Z (Pi(n) Xit—n * Z Bi(n) Yicn + Wit (8)
n=1 n=1

In Equation (8), the symbol (n) represents the lag length, the term Bi(“) represents the slope, (pi(n) represents
the autoregressive parameter, and w;, represents the error term. To test the null hypothesis in equation (8),
the presence of causality in each unit was investigated using the average of the Wald test statistics.

N
Zwm ©)

Z| =

WN,T =
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In this equation, W is the unit-specific Wald test statistic used to test the null hypothesis of unit i.
Accordingly, W; r was calculated as follows (Dumitrescu and Hurlin, 2012: 1453; Tatoglu, 2017: 155):

(T)i‘Di(T)i)

Wir = (T — 2K — 1) [ ———2
ir = ( )<anwhax

(10)
In Equation (10), @; was normally distributed. Moreover, ®; and M; were the positive definite, symmetric,
and idempotent matrices (Dumitrescu and Hurlin, 2012: 1453; Tatoglu, 2017: 156).

3.4. Results

In panel data analyses, it is important to investigate if there is correlation between units in order to perform
model estimations in a credible manner. This is because if there is a horizontal cross-section in the units of
the models, unit root tests and estimators that consider the presence of horizontal cross-sections should be
used. In addition, the heterogeneous structures of the models should be investigated before estimating them.
For this reason, a Swamy S test was used herein to investigate the heterogeneity of the models. This
information is presented in Table 2, which indicates that each of the models used did not have horizontal
cross-section dependence or a heterogeneous structure.

Table 2
Cross-Section Dependence and Homogeneity Test Results
Models Statistic Value Probability Value
Model 1
LM(Breusch, Pegan, 1980) 1123.86 0.000***
CDImpesaran 2004) 47.91 0.000***
CD(Pesaran 2004) 22.16 0.000***
LMadj(puy, 2008) 47.48 0.000***
Swamy S Test 24736.66 0.000***
Model 2
LM(Breusch, Pegan, 1980) 1166.92 0.000***
CD'm(Pesaran 2004) 50.11 0.000***
CD (pesaran 2004) 24.27 0.000***
LMadj(puy, 2008) 49.69 0.000***
Swamy S Test 17594.72 0.000***
Model 3
LM(Breusch, Pegan, 1980) 1076.57 0.000***
CDIm(pesaran 2004) 45.48 0.000***
CD(Pesaran 2004) 20.74 0.000***
LMadj(puy, 2008) 46.06 0.000***
Swamy S Test 26487.38 0.000***

Note. *** Significance at a 1% level.

Considering that the models used herein had horizontal cross-sectional dependence and heterogeneous
structures, the researchers analysed whether the data contained unit roots, for which the WCA unit root test
was used, which is a robust estimation against cross-sectional dependence and heterogeneity. These findings
indicated that the series were stationary at level values.

Table 3
Hadri-Kurozumi Unit Root Test Results
Variables Wea
Inco2 -0.002
Ingdp -0.668
Ingdp2 -0.662
Ingov -0.292
InNRD -0.859
Intet -0.904
Intt -0.425
Inet -0.9

Note. WCA; the Hadri-Kurozumi unit root test (2011) considers the
model with constant. In this test, the ‘Bartlett with Kurozumi rule’ is
used as the long-run variance estimation method.
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The relationship between the data standing at level value was then investigated using the Dumitrescu-Hurlin
Granger causality test. The results from this analysis are presented in Table 3, which shows that in all three
models, national income, the square of national income, and public expenditures were the causes of carbon
emissions, but there was no causality from R&D expenditures to carbon emissions. In addition, there was
Granger causality from the total ET used in model 1, the transport taxes used in model 2, and the energy
taxes used in model 3 to carbon emissions.

Table 4
Dumitrescu-Hurlin Panel Granger Causality Test
Direction of Causality W-Statistic p-Values Hypotheses
Model 1
Ingdp —— Inco2 6.049 0.007*** Ho is rejected
Ingdp2 ——» Inco?2 0.073 0.006*** Ho is rejected
Ingoy — Inco2 4.956 0.049** Ho is rejected
INRD — Inco2 4.495 0.174 Ho is not rejected
Intet — Inco2 6.644 0.001*** Ho is rejected
Model 2
Ingdp ™ Inco2 6.049 0.007*** Ho is rejected
Ingdp2 —— Inco2 6.073 0.006*** Ho is rejected
Ingpy ——»Inco2 4.956 0.049** Ho is rejected
INRD —— Inco2 4.495 0.174 Ho is not rejected
Intt —— > Inco2 5.998 0.000*** Ho is rejected
Model 3
Ingdp —»Inco2 6.049 0.007*** Ho is rejected
Ingdp2 ———»Inco2 6.073 0.006*** Ho is rejected
Ingpy ——»Inco2 4.956 0.049** Ho is rejected
INRD — Inco2 4.495 0.174 Ho is not rejected
Inet ——» Inco2 5.854 0.001*** Ho is rejected

Note. *** and ** Significance at the 1% and 5% level, respectively.

4. CONCLUSION AND EVALUATION

To make economic development sustainable and minimise environmental damage, countries have developed new
policies on issues such as new energy sources, new technologies, and ET. ET are currently seen as an effective
tool for reducing carbon emission rates and positively affecting national economies. Therefore, this study
investigated the effects that ET have on CE in 20 EU member states. Herein, data on ET, total ET, transport taxes,
and energy taxes were used in three different models. The findings indicate that there was a causality from income,
the square of national income, and public expenditure to CE in all three models. However, there was no causality
from R&D expenditure to CE in all three models. Therefore, the total ET, transport taxes, and energy taxes, which
were considered ET herein, were found to be the cause of carbon emissions.

The analysis of the World Bank data demonstrated that EU countries made the third most CE after China and the
United States of America in 2020. Of these nations, Germany, Italy, and France were the most significant
contributors to carbon emissions. This indicates that the production structure for CE is an important consideration
in the total production in these countries. Conversely, R&D expenditure was not the cause of carbon emissions in
all three models, which indicates that the R&D based production structure was not predominantly used in
production in the countries analysed herein. In addition, the total ET, transport taxes, and energy taxes were found
to be the causes of carbon emissions. Therefore, ET should be the preferred policy instrument to reduce carbon
emissions within the framework of both the Kyoto Protocol and Paris Agreement, as they are effective.
Consequently, nations need to be incentivised to adopt R&D investments in order to ensure a transition to a
production structure that is environmentally friendly in the context of total production. Finally, this research can
be expanded on by investigating the long-term relationship between the sub-items of ET, such as transport and
energy taxes and carbon emissions, thereby contributing to the literature.
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