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Abstract. Environmental problems mitigation and the transition towards a
greener economy with the objective of becoming climate neutral is made
possible through environmental regulations. Environmental taxes can be
considered one of the best instruments needed when elaborating and
implementing environmental protection policies, especially because they act
as vectors of change that can ensure achieving the sustainable development
goals. On the other hand, greenhouse gas emissions in the atmosphere rose
to new records in 2019 and act as obstacles in becoming climate neutral and
achieving the Goal 13 of sustainable development, the latter addressing the
urgent need to adopt measures meant to combat climate change and its
impact, therefore measures designed to de-carbonize economic activities,
especially in countries with higher emissions of greenhouse gases. In this
context, the main objective undertook in this research paper was to estimate
the amount of environmental tax revenues based on the greenhouse gas
emissions in the case of EU members plus Iceland, Norway and Switzerland.
Results highlight strong correlations and statistically significant between the
amount of greenhouse gas emissions and two types of environmental tax
revenues: energy and transport. The linear cross—sectional econometric
methodology (least-squares method) was applied to the data referring to the
year 2018. However, results point to the fact that the only valid econometric
model constructed is the one estimating the transport environmental tax
revenues based on the levels of greenhouse gas emissions.
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Introduction

In a global context marked by the green development
movement, environmental tax revenues represent one of the main
sources to generate public revenue in the spirit of bringing
environmental issues to the attention of citizens. In contemporary
economies, environmental taxation represents a key tool for
promoting environmentally friendly technologies, but, above all,
environmental taxation shapes responsible behaviors and consolidates
specific dedicated policies (Dinu et al., 2020), especially taking into
account the negative effects of phenomena such as biodiversity loss,
degradation of ecosystems and the more sensitive air pollution. In this
context, environmental tax revenues represents a relevant indicator for
understanding specific environmental policies. Not only that, but also
environmental tax revenues aim at mitigating the effects of harmful
actions against the environment in a resource-efficient manner.
Economic instruments for pollution control and efficient management
of natural resources represent an essential part in the case of the
environmental and energy policies in the European Union.

Environmental tax revenues can be used to address
environmental issues, such as: poor waste disposal, high levels of
pollution of any kind: water, air, soil, and other forms of
environmental issues. In this context, as IS argues in numerous
literature (Villar-Rubio & Huete-Morales, 2017; Andreoni, 2019;
Torney, 2019; Cadoret et al., 2020), no matter the nature of policies
which imply designing and implementing measures specific to
resorting to environmental tax revenues — all these policies are highly
depended on their socio-economic substantiation. Moreover, one of
the instruments used to influence the economic behaviors of
consumers and producers towards sustainability has been the
environmental tax revenues — a flexible cost-effective manner for
harnessing the polluter-pays principle among the European citizens.

As it is shown in (European Commission, 2019a), during 2018,
the governments of countries part of the European Union collected
324.6 billion € of environmental tax revenues, representing 2.4% of
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the European Union’s GDP and 6.0% of the total government revenue
coming from social contributions and taxes.

As referring to its distribution, according to the calculus based
on Eurostat, (2020) and European Commission, (2019a), nevertheless,
approximately 78% of the total environmental tax revenues comes
from the energy sector, approximately 19% represents transport taxes,
and the rest (approximately 3%) comes from taxes on pollution and
resources, therefore the latter having a small share out of the total
taxes.

According to (European Commission, 2019), the European
Green Deal is ensuring that taxation is aligned with the objectives
specific to climate change is essential and delivering the European
Green Deal can be made possible only by rethinking national budgets
as the means of the transition for a cleaner European economy — and
not only. Better management of green budgeting instruments will
contribute to redirecting consumption behaviors, production patterns
and taxation to green priorities in the European Union. The transition
to the green circular economy — sustainable in terms of resource
allocation, availability and use, it calls for the implementation of more
efficient and environmentally responsible taxation frameworks. This
green transition requires both the modernization of environmental
taxation systems and the expansion of opportunities for promoting and
implementing clean, environmentally friendly technologies — capable
of generating higher levels of added-value, therefore technologies that
are economically competitive on global markets.

Environmental policies also involve frameworks and actions in
relation to climate change strategies and such policies have a
significant fiscal component. The latter is based on a comprehensive
sanction mechanism — compensation specific to environmental
taxation. From this perspective, a relevant example is that through the
new Circular Economy Action Plan for a cleaner and more
competitive Europe (European Commission, 2020), among others, the
European Union aims at “achieving climate neutrality by 2050 and
decoupling economic growth from resource use”. In order to ensure a
climate-neutral, circular and resource-efficient economy, the European
Commission will propose policies that can also include references to
environmental taxes — as means of achieving climate neutrality.
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According to Europe’s 2030 climate ambitions (European
Commission, 2020), the greenhouse gas emissions are to be reduced
of at least 55% by 2030 compared to the year 1990, as it is considered
to improve the wellbeing of EU citizens and to support the COVID-19
recovery, along with the resilience and competitiveness of the
European economy. In this context, the EU taxonomy will be an
essential instrument to bring finance closer to the needs of the
transition to a cleaner economy. Since it is argued that high levels of
environmental tax revenues can contribute to raising the quality of the
environment and environmental protection (Dyduch and Stabryta-
Chudzio, 2017) and taking into consideration the importance for the
EU members to facilitate the transition to a circular and climate-
neutral economy through EU taxonomy, the main objective of this
research was to design a cross—sectional linear regression model
meant to estimate the amount of environmental tax revenues
structurally based on the amount of greenhouse gas emissions in the
case of EU members plus Iceland, Norway and Switzerland, taking the
year 2018 as the reference point for this study.

Literature review

In the European Union, the evolution of environmental tax
revenues is grounded in the historical heritage of each country and it is
influenced by socio-economic aspects such as the degree of economic
development, size of the population, consumption and production
behaviors and other factors (Streimikiené, 2015).

Through environmental tax revenues, the European Union
member states provide disincentives to consumption and build
towards a more green, environmentally-friendly economic
development (Dyduch and Stabryta-Chudzio, 2019). European states
which have implemented reforms concerning the topic of
environmental tax revenues have achieved their socio-economic and
environmental objectives more efficiently than those who did not
focus, for various reasons, on elaborating and implementing well-
thought environmental tax collecting reforms (Miceikiene et al.,
2016).

However, this is not only the case of the European Union. Fan,
Li and Yin (2019) mathematically confirmed that imposing
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environmental tax significantly contributes to achieving green
development, based on a small set of data referring to China. On the
other hand, Still, Piciu, Ipate and Bogdan (2016) argue that
environmental taxes should not only act as a tool for building a
cleaner economy, but rather it must also contribute to obtaining a fair
market price, in consonance with both the results coming from the
economic scientific research teams and from the political will.

Tantau, Maassen and Fratila (2018) designed a panel regression model
meant to determine the dependency between indicators that assess
progress of the circular economy in Europe. In the constructed
econometric model, the authors included environmental tax revenues
as one of the main independent variables, which proved to be
significant within the regression model in relation to the rest of the
independent variables and in relation to the dependent variable — the
recycling rate of municipal waste, at the level of the EU-28 members,
corresponding to the 2010-2014 period.

An econometric study carried out at the level of the European
Union level concerning the 2010-2017 period highlights how strategic
and careful socio-economic and ecological policies must be
constructed, since an increase of the expenses concerning
environmental taxes could eventually act as an impediment for
potential investors in future ecological projects (Banacu et al., 2019),
even though taxes would initially be designed to harness the
implementation of green initiatives.

Through a panel smooth transition regression approach, Cepoi,
Bran and Dinu (2020) suggest that European countries should
implement measures designed to avoid environmental degradation by
intensifying the use of biofuels and not only relying on environmental
taxes.

Chu, Cheng and Lai (2018) proved the importance of the
distribution of environmental tax revenues per generations. They
demonstrated that this form of tax revenues must be considered
according to the needs and possibilities of both the young and old
generations. The authors argue that raising environmental taxes could
potentially generate inter-generational conflicts concerning the
environmental policy and that would be undesirable considering that
there are ways to appropriately establish thresholds for environmental
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taxes in such a manner that can assure the long-term improvement of
welfare of all generations.

Merko, Dursun and Merko (2018) demonstrated that the
environmental tax revenues represent an important share of Albania’s
GDP (2.77% on average) and that this form of revenues is
characterized by an average increase of 4.7% in the same analyzed
period, 2008-2015. The greatest share of environmental tax revenues
was registered in the case of the energy sector (56.64%).

In other study, Miceikiene and Ciuleviciene (2016) identified
some of the factors that influence the environmental tax revenues and
some of those are the following: nominal GDP, energy saving,
municipality-generated waste, renewable energy production, nominal
environmental protection expenditure and others. Moreover, the same
authors argue that the nominal GDP has the most impactful influence
on the variation of the environmental tax revenues in Lithuania.

However, other authors (Leibus and Mazure, 2016)
demonstrated that environmental tax revenues have relatively small
shares in the case of the Baltic States. Considering the 1994-2012
timeframe and the European countries included in the OECD
database, a study (Onofrei et al., 2017) based on panel data fixed-
effect estimation techniques empirically proved that environmental tax
revenues represent an important vector designed to reduce pollution
levels, especially when approached in relation to the generation of
greenhouse gas emissions. Speck (2017) argues that decreasing
greenhouse gas emissions in the European Union by 80-95% by the
year 2050 reported to the 1990 year levels will determine a decrease
of the tax base of both the energy taxes and carbon pricing.

Methodology

Taking the research objective into account, the main indicators
included in this study are (i) greenhouse gas emissions and (ii)
environmental tax revenues, split per component (energy, transport
and pollution & resources) — as included in Table 1.
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Table 1. The list of indicators included in the analysis

Code Full Name of the Indicator U.M.
ENV_AIR_GGE Greenhouse gas emissions Tonnes, million
ENV_AC_TAX (A) Total environmental tax revenues EUR, million

ENV_AC_TAX (B) Energy environmental tax revenues EUR, million
ENV_AC _TAX(C) Transport environmental tax revenues EUR, million

ENV_AC_TAX (D) Pollution & resources tax revenues EUR, million
Source: Authors’ conceptualization. Raw data source: Eurostat, 2020

Data regarding the indicators included in Table 1 were taken over
from the Eurostat database in September 2020, considering the year
2018 as the reference year, in the case of the EU members plus
Iceland, Norway and Switzerland.

The greenhouse gas emissions indicator is part of the EU
Sustainable Development Goals (SDG) designed to assess progress
towards Goal 13 on climate action. Part of the 2030 Agenda for
Sustainable Development (United Nations, 2015), SDG 13 aims to
implement the commitment to climate change objectives and reduce
the amount of greenhouse gas emissions. Such measures are
furthermore encouraged by the European Green Deal, Circular
Economy Action Plan and part of Europe’s 2030 climate ambition.
The indicator quantifies total national emissions, international aviation
included. Gases include carbon dioxide, methane, nitrous oxide, and
F-gases. Using the individual global warming potential of each of the
gases, they are expressed in units of carbon dioxide equivalents.

As described by Eurostat (2020), environmental tax revenues
are part of the environmental accounts that constitute a satellite
account to national accounts. This indicator is split per category, as
described in Table 1. Eurostat considers an environmental tax any tax
whose base is a physical unit of actions that has a proven negative
impact on the natural capital. In order for payments to be identified as
environmental taxes, they must be tracked in the national accounts as
environmental taxes. Other forms of payments to government are not
considered revenues based on environmental taxes. It is important to
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mention that VAT is excluded from the definition of this form of
taxes.

The research method used in this study is econometric.
Multiple cross—sectional linear regression models were designed in
order to find the best model for estimating the amount of
environmental tax revenues (i.e.: best tax revenue category), based on
the greenhouse gas emissions generated by the selected European
countries included in this study. In all of the constructed econometric
models, the greenhouse gas emissions represent the independent
variable and the environmental tax revenues (split per category)
represent the dependent variable. This research method is quantitative,
based on cross—sectional statistic data, characterized by multiple
observations studied at a single moment in time (the year 2018 in this
particular research), referring to multiple entities (i.e.: European
countries).

Results and discussions

Before constructing the econometric models, each indicator
was studied from the perspective of descriptive statistics.
Consequently, calculations carried out in EViews regarding
descriptive statistics were included in Table 2. The next step was to
elaborate the Pearson correlation matrix with significance levels (p-
value) in Table 3.

Table 2. The descriptive statistics of the analyzed indicators

ENV_.AIR ENV_AC_ ENV_AC_ ENV_AC_ ENV_AC_
_GGE  TAX(A) TAX(B) TAX(C) TAX(D)

Mean 130.33 12,908.56 9,863.99 2,643.84 400.73
Median 54.82 5,270.52 4,220.14 1,435.03 51.94
Maximum 831.44 59,737.00  49,479.00  13,067.56 3,284.00
Minimum 2.19 279.68 161.74 10.65 1.30
Std. Dev. 186.45 18,495.27  14,847.90 3,533.70 792.51
StheD:r:/ T 143.06% 143.28% 150.53% 133.66% 197.77%
Skewness 2.18 1.81 1.92 1.63 2.74
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Kurtosis 7.71 4.79 5.15 4.70 9.70
Jarque—Bera 53.35 21.05 24.99 1751 96.78

Obs. 31 31 31 31 31
Source: Authors’ own calculations in EViews. Raw data source: Eurostat, 2020

In the case of the 31 European countries analyzed, according
to the values registered in 2018, the average greenhouse gas emissions
generated by the 31 observations were 130.33 million tonnes,
Germany being on the top of this unfavorable ranking (831.44 million
tonnes).

On average, the energy environmental tax revenues reached
9,863.99 million EUR and the transport environmental tax revenues
recorded a mean of 2,643.84 million EUR (3.73 times less than
transport environmental taxes). The pollution & resources tax
revenues averaged only 400.73 million EUR in 2018 — therefore
gathering the smallest share out of the total environmental tax
revenues (approximately 3%).

All the indicators are positively skewed, due to positive
Skewness values, and leptokurtic, due to Kurtosis values above the
value of 3, which would indicate a normal distribution. The
distributions of all the analyzed indicators are graphically represented
in Figure 1.

As suggested by Figure 1, there are few countries (9) that
generated most of the greenhouse gas emissions in the European area
in 2018: Germany, United Kingdom, France, Italy, Poland, Spain,
Netherlands, Czechia and Belgium — they all generated more than 100
million tonnes of greenhouse gas emissions and gathered 79.46% of
the total emissions. The same countries gathered 79.24% of the total
energy environmental tax revenues, 68.12% of the total transport
environ-mental tax revenues and 83.44% of the total pollution &
resources tax revenues.
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Figure 1. The histograms of the analyzed indicators, 2018
Source: Author’s representation of the raw data (Eurostat, 2020)

Table 3 includes the Pearson correlation matrix and
significance levels in the case of the analyzed indicators, taking 2018
as the reference year. The greenhouse gas emissions are positively and
strongly correlated with the total environmental tax revenues (89.3%),
energy environmental tax revenues (90.8%), transport environmental
tax revenues (76.7%) — all statistically significant, yet not correlated
with pollution & resource environmental tax revenues (40%).
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Table 3. The correlation matrix and significance levels

ENV_ AIR. ENV.AC_ ENV.AC_ ENV.AC_ ENV.AC_

GGE TAX (A) TAX (B) TAX (C) TAX (D)
ENV_AIR_
GGE 1.000

p-value 0.000
ENV_AC T

AX (A) 0.893 1.000

p-value 0.000 0.000
ENV_AC T

AX (B) 0.908 0.995 1.000

p-value 0.000 0.000 0.000
ENV_AC T

AX (©) 0.767 0.925 0.884 1.000

p-value 0.000 0.000 0.000 0.000
ENV_AC_T

AX (D) 0.400 0.578 0.533 0.560 1.000

p-value 0.026 0.001 0.002 0.000 0.000

Source: Authors’ own calculations in EViews. Raw data source: Eurostat, 2020

Considering these initial findings, the cross—sectional linear regression
method (least—squares) was carried out and multiple econometric
models were tested, but only one validated in Table 4.

Table 4. The cross—sectional linear regression model output
Estimation Command
LS ENV_AC_TAX (C) CENV_AIR_GGE

Estimation Equation
ENV_AC TAX =C(1)+C(2) x ENV_AIR_GGE +¢

Substituted Coefficients
ENV_AC_TAX(C) = 748.1073 + (14.5451 x ENV_AIR_GGE) + ¢

Dependent Variable: ENV_AC_TAX (A)

Variable Coefficient Std. Error t-statistic Prob.
C 1,366.8431 1,867.5108 0.7319 0.4701
ENV_AIR_GGE 88.5546 8.2996 10.6698 0.0000

Dependent Variable: ENV_AC_TAX (B)

Variable Coefficient Std. Error t—statistic Prob.

o 439.9300 1,394.0379  0.3156 0.7546
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ENV_AIR_GGE 72.3068 6.1954 11.6711 0.0000

Dependent Variable: ENV_AC_TAX (C)

Variable Coefficient  Std. Error t-statistic Prob.

C 748.1074 507.6680 1.4736 0.1514

ENV_AIR_GGE 14.5451 2.2562 6.4468 0.0000
R? 0.58901 Mean dependent var 2,643.84
Adjusted R? 0.57484 S.D. dependent var 3,533.70
S.E. of regression 2,304.12 Akaike info criterion 18.38513
Log likelihood -282.97 Schwarz criterion 18.47764
F-statistic 41.56 Hannan—Quinn criter. 18.41529
Prob (F-statistic) 0.00000 Durbin—-Watson stat 2.01597

Source: Authors’ own calculations in EViews. Raw data source: Eurostat, 2020

The Student-t values of the parameters are calculated in the

t—Statistic column. In order to validate all the environmental tax
revenues structural estimation models in relation to the greenhouse
gas emissions, the Prob. values need to be minimum, ideally zero, so
that the parameters of the variables significantly differ from zero. This
is only the case for the model which estimates transport environmental
tax revenues based on the greenhouse gas emissions.
R? indicates that 58.90% of the variation of the transport
environmental tax revenues is explained by the greenhouse gas
emissions in 2018 in the case of the analyzed European countries. In
order to mitigate the mechanical increase in the coefficient of
determination, Adjusted R? validates the model, considering that there
isza drop only from 58.90% to 57.48% between R? and the Adjusted
R“.

Considering the equation of the econometric model, should the
greenhouse gas emissions in any of the analyzed European countries
be situated around the mean, 130.33 million tonnes for example, then
it is estimated that the transport environmental tax revenues in that
respective country will be 2,643.77 million EUR (calculated:
748.1074 + (14.5451 x 130.33)).
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Table 5. The residual plot. Analysis in the structure of the model
County  Residual Plot  Actual Fitted Residual

1 Belgium e o 3,015.8 2,456.3 559.5

2 Bulgaria | | 174.2 1,466.0 -1,291.8

3 Czechia | 262.8 2,696.2 -2,433.4

4 Denmark . > 45140 15454  2,968.6

5 Germany I 10,249.0 12,8414 -2,592.4

6 Estonia S | 13.2 1,009.7  -996.5

7 Ireland T T 1,902.1 1,696.9 205.2

8 Greece | | 1,455.0 2,046.2 -591.2

9 Spain I 2,859.0 5,055.8 -2,196.8
10 France I I 6,317.0 6,844.2 -527.2
11 Croatia I I 415.8 1,020.1 -604.3
12 Italy I > 10,853.0 6,439.1 4,413.9
13 Cyprus I I 125.6 870.4 -744.8
14 Latvia [ [ 115.8 939.3 -823.5
15 Lithuania [ [ 385 986.6 -948.1
16 Luxembourg [ [ 67.9 898.4 -830.5
17 Hungary I I 441.7 1,599.9 -1,158.2
18 Malta I I 130.7 780.0 -649.2
19 Netherlands . > 8,0620 35569  4,505.1
20 Austria ! 3,294.7 1,821.5 1,473.2
21 Poland [ I 1,147.0 6,223.0 -5,076.0
22 Portugal I I 1,435.0 1,637.2 -202.2
23 Romania ! ! 280.9 2,081.3 -1,800.4
24 Slovenia ! ! 199.0 1,006.2 -807.2
25 Slovakia ! ! 232.6 1,296.1 -1,063.6
26 Finland ! ! 2,218.0 1,419.3 798.7
27 Sweden ' ' 2,057.2 890.4 1,166.7
28  United Kingdom ' ' 13,067.6 7,320.0 5,747.6
29 Iceland e ! 10.7 949.8 -939.2
30 Norway ! \\ 28580 1,1605 16975
31 Switzerland : : 4,145.2 1,404.7 2,740.5

Source: Authors’ own calculations in EViews. Raw data source: Eurostat, 2020

The United Kingdom is the country which has the greatest
residual value in modulum and that does not fit very well in the
designed regression model. This is because the United Kingdom
generates 3.46 times more greenhouse gas emissions than the mean of
the analyzed European countries and collects 4.94 times more
transport environ-mental taxes than the average registered by the 31
analyzed countries. Italy and Netherlands follow the same pattern, but
at smaller scale. Denmark and Switzerland generated less greenhouse
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gas emissions than the average (-57.9% and —65.4%) and the opposite
occurs when collecting transport environmental taxes (1.70 and 1.56
times greater than the mean of the analyzed European countries).

The Durbin—Watson statistic, a test for autocorrelation in the
residuals of the model, validates this specific model, as there is no
autocorrelation in the residuals, validated by the Durbin—Watson value
of 2.01. Moving further with the analysis of the residuals, Table 5 was
constructed and it contains the residual plot of the econometric model.

Conclusion

The transition towards a greener circular economy with the
goal of becoming climate neutral is made possible, among other, by
resorting to an important instrument: environmental regulations and,
more specifically, environmental tax revenues. The latter aim at
mitigating the effects of harmful actions against the environment in
resources-efficient manners, especially in the European Union.

In the case of the analyzed European countries, the energy
sector represents the major source of environmental pollution and,
consequently, a corresponding high level of environmental tax
revenues. In 2018, the governments of the members part of the
European Union collected 324.6 billions € of environmental tax
revenues, representing 2.4% of the European Union’s GDP.

The environment tax proves to be a real policy instrument for
green development. The European Green Deal ensures that taxation is
aligned with the objectives specific to climate change. The 2030
Agenda for Sustainable Development aims at decreasing the amount
of greenhouse gas emissions and this can be made possible through
environmental taxes, grounded on the polluter-pays principle.

The main objective of this research was achieved, as multiple
cross—sectional linear regression models were constructed with the
aim to estimate the amount of environmental tax revenues structurally
based on the amount of greenhouse gas emissions in the case of EU
members plus Iceland, Norway and Switzerland, taking the year 2018
as the reference point for this study. Results highlight that the only
valid econometric model is that in the case of transport environmental
tax revenues estimated in relation with the generated greenhouse gas
emissions. The model proves that one additional million tonne of
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greenhouse gas emission implies additional taxes, more specifically,
14.5451 million EUR of transport environmental taxes, at the level of
the year 2018, in the case of the analyzed European countries.

The main limitation of this study refers to the fact that the
analysis does not encompass historic data of the studied phenomena.
However, this study can be extended by approaching the same subject
in a different manner — considering a panel data approach and even
more extend the econometric model with more relevant variables.
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