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Over the last decades, all countries have pursued an ambitious climate policy, thus
showing a growing concern about climate change, global warming, greenhouse gas
(GHG) emissions, or environmental taxes. Water, air, and soil pollution caused by gas
emissions directly affect human health, but also the economies of states. As people’s
ability to adapt to novel changes becomes increasingly difficult, globally, they are
constantly trying to reduce their greenhouse gas emissions in a variety of ways.
Environmental taxes, in general, and energy taxes, in particular, are considered
effective tools, being recommended by specialists, among other instruments
used in environmental policy. The aim of this research is to assess, empirically,
the influence of environmental taxes levels on greenhouse gas emissions in
28 European countries, with a time span between 1995 and 2019. Regarding the
empirical research, the proposed methods are related to Autoregressive Distributed
Lag (ARDL) models in panel data and also at country level. At panel level, we used the
estimation of non-stationary heterogeneous panels and also the dynamic common-
correlated effects model with heterogeneous coefficients over cross-sectional units
and time periods. The results obtained show that the increase in environmental taxes
leads, in most countries, to a decrease in greenhouse gas emissions. To test the
robustness of our results, we have included supplementary economic and social
control variables in the model, such as gross domestic product (GDP), population
density, exports, or imports. Overall, our paper focuses on the role of environmental
policy decisions on greenhouse gas emissions, the results of the study showing, in
most cases, an inverse impact of the taxation level on the reduction of gas emissions.
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Introduction

The interest of people and governments in global warming and climate change has grown in
recent years. The increase in temperature on our planet is mainly generated by greenhouse gas
(GHG) emissions. The European Union has stated over the years that preventing climate
change is one of its top priorities, thus encouraging other countries to adopt this strategy
(Trends and Projections in Europe 2021— European Environment Agency). It has supported,
from the outset, the reduction of greenhouse gas emissions by at least 20% until 2020 (compared
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to 1990) and then 40%–60% until 2040. Also, another strategic goal of
the EU is to reduce greenhouse gas emissions by up to 80% until 2050.

The issue of the impact of economic growth on the environment
has been discussed at length by a number of economists. Thus, among
the first studies that analyzed this topic is The Limits to Growth by
(Meadows et al., 1974). Their results showed that the rates of some
variables such as population growth, resource use, and pollution level
increased depending on the trajectory of the exponential function.
Economic growth requires higher energy consumption, and more
efficient use of energy requires a higher level of economic growth.
Thus, studies (Iwata et al., 2011; Fujii and Managi, 2013) have shown
that the energy sector is considered to be the strongest determinant of
greenhouse gas (GHG) emissions.

The interest of the world’s population in the risks of climate
change has grown since the first decade of the 21st century, following
evidence of human influence on the climate system. Currently,
European countries face two major dilemmas (Wang et al., 2021),
namely economic development and environmental conservation. In
Europe, the main industries underlying economic development play
an important role in increasing the level of greenhouse gas emissions
(Smith et al., 2021; Zhang et al., 2021; Zhao et al., 2021). The current
policy of the states of the world is used as a tool in reducing the level of
gas emissions. Thus, various taxes are implemented (Shahzad, 2020) in
order to reduce the level of pollution. Although the pandemic created
both social and economic problems, it also led to the creation of a new
commitment by European countries. Thus, the United Nations
Framework Convention on Climate Change established the “joint
mobilization of $ 100 billion annually starting up 2020 to improve the
quality of the environment” (UN Agenda 2030). By implementing
traffic restrictions during the pandemic, a “brake” was put on the level
of gas emissions. In 2019 there were the highest temperatures ever
recorded, and in 2020 there was a 6% decrease in gas emissions.
However, as the global economy recovers from the pandemic, gas
emissions are expected to increase (Climate Change—United Nations
Sustainable Development). We can say that the pandemic played an
important role in achieving the goal of SDG 13-Climate Action. Thus,
we can consider that the current crisis is an opportunity for a change
towards a sustainable economy, which will help all people, as well as
the planet. In other words, the various economic and social problems
caused by environmental pollution have led European governments to
take action. Thus, the concern of officials automatically translates into
the desire of researchers to observe the effects of these measures on the
economic and social life.

It is known that energy, in addition to providing personal
comfort and mobility, is essential to the generation of industrial
and commercial prosperity. But energy production and
consumption have a negative impact on the environment
through greenhouse gas (GHG) emissions, polluting gases, waste
generation and oil spills. All these pressures contribute to climate
change, damage natural ecosystems and the human environment,
and have adverse effects on human health. The main human
activity that emits CO2 is the burning of fossil fuels (coal,
natural gas and oil) for energy and transport. Our research
focuses only on greenhouse gas emissions from electricity
generation. The types of fossil fuels used to generate electricity
emit different amounts of CO2. Also, many industrial processes use
electricity and therefore indirectly result in CO2 emissions. Fossil
fuels are still dominant in the fuel mix: around 77% of Europe’s
energy needs are met by oil, natural gas and coal. Nuclear energy

provides 14%, and the remaining 9% is provided by renewable
energy source (Energy-European Environment Agency, 2022).

Changes in CO2 emissions from burning fossil fuels are influenced
by many long-term and short-term factors, including population
growth, economic growth, changing energy prices, new
technologies, changing behavior and seasonal temperatures. Energy
was and still is a policy priority and represents a main area of
development that was the object of the targets of the Europe
2020 Strategy: 20% of Europe’s energy consumption was to come
from renewable energies, and energy efficiency was to increase all the
time by 20% (Energy-European Environment Agency, 2022).

There is a consensus, globally, that an increase in greenhouse gas
emissions into the atmosphere is causing climate change. To challenge
this problem, governments around the world have committed to
controlling greenhouse gas emissions. One driver of carbon dioxide
emissions is energy production. In this context, the study investigates
the extent to which decision makers in different countries can rely on
increased energy taxes to reduce pollution as part of environmental
policies.

In the present study, the level of energy taxes, measured as total
amount of energy tax revenue in millions of euros for all NACE
activities plus households, non-residents and not allocated, was taken
as an independent variable, in order to test their financial leverage role
regarding reducing greenhouse gas emissions within environmental
policies. In other words, the purpose of our study is to test the
influence of energy taxes imposed at the European level during the
period 1995–2019 on greenhouse gas (GHG) emissions. In addition to
the independent variable, i.e., energy taxes, several control variables
are also identified: imports, exports, population density, and the
results of the study show a possible inverse impact of the taxation
level on the reduction of gas emissions (GHG).

The methodology is presented in the section titled Data and
Methodology, and is based on methods proposed by Blackburne
and Frank (2007), Ditzen (2018, 2019). The proposed approaches
are applicable on panels in which the number of cross-sectional
observations (N) and the number of time-series observations (T)
are both large. The methodologies also control the dynamic non-
stationary data in panels by using an error correction model with
pooling and/or averaging coefficients (for example the PMG estimator
relies on a combination of pooling and averaging). The secondmethod
supplementary accounts for unobserved heterogeneity across units,
and uses instrumental variables in case of endogenous variables. The
results in the latter showed some volatility regarding the robustness of
interest variable (entax)—a positive association in one model implied,
that suggests possible dissimilar impacts at unit level. Further testing
on splitted dataset by GDP per capita reveals that impact is
differentiated by level of development. Based on previous findings
(suspecting diverse effects on different countries), we continued the
investigation at country level, using ARDL methodology, that
confirmed some positive association in a limited number of countries.

The novelty of the research lies in the fact that the period under
analysis is extensive and current (the last year analyzed is 2019), and
the recent methodology is applied to a large number of countries
(28 developed and emerging European countries). Our study uses
latest available data (at Eurostat, June 2022), but the necessity of
strongly balanced, needed for the methodologies (calculations of unit
root tests and some panel ARDL), conducted to the removal of some
years and countries. The gap covered by our study is that the research
results demonstrate that increasing energy taxes cannot be generalized
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as an environmental policy measure to reduce greenhouse gas
emissions. The latest methodology used (Ditzen, 2018; Ditzen,
2019; Ditzen, 2021) is also new, and also few encountered in the
GHG literature. The suggestion for policymakers in different countries
is that they should increasingly focus on promoting and supporting
the deployment of green energy sources.

Materials and methods

Literature review

The idea of sustainable development is being promoted in Europe,
and EU Member States are committed to meeting the goals of the UN
Agenda. However, in the case of this paper, we will consider countries
in the EU, as well as non-EU countries. Thus, there is a discussion and
dilemma about whether or not to choose to reduce CO2 emissions
through taxation. Thus, a paper Lenzen and Dey (2002) indicates that
a policy focused on reducing energy consumption and the effect of the
evening brings socio-economic benefits that consist in increasing
employment and income, but also in reducing imports. These
authors use the input-output analysis that allowed the
quantification of both direct and indirect effects of spending to be
quantified. Thus, the six studies undertaken indicated other areas of
expenditure in which energy consumption and greenhouse gas
emissions are reduced; increasing the mobilization of the workforce
by shifting the final consumption of the current model of an
alternative, environmentally motivated substitute. Studies Metcalf
(2009) show that increasing concentrations of greenhouse gases in
recent years are influencing climate change and global warming over
the next hundred years. This is mainly due to the fact that greenhouse
gases persist in the atmosphere for hundreds of years and these
emission levels will have a significant effect on the atmosphere for
centuries to come. Similarly Onofrei et al. (2017), Haites (2018), and
Mihalciuc and Grosu (2021) analyzed the same topic.

Śleszyński (2014) analyzed the problems related to the correct
definition of environmental taxes. In his paper, four tax groups were
addressed: taxes on energy, taxes on means of transport, taxes on air
pollution, and taxes on natural resources. The author concluded that it
is difficult to introduce adequate tax benefits for people who behave
appropriately towards the environment. A study Lapinskienė et al.
(2015) analyzed the relationship between greenhouse gases and the
main aspects of economic development, based on a data panel of
20 EU member states from 1995–2011. The results of the study
showed that higher energy rates, nuclear heat production and the
level of development contribute to reducing the level of greenhouse gas
emissions. The same author also points out that during the 2008 crisis,
greenhouse gas emissions decreased.

Beck et al. (2015) conducted an analysis of the distribution of the
tax based on a general equilibrium model, which can estimate the
impact of the tax on both expenditures and revenues. They concluded
that the carbon tax is “very progressive,” which shows that the
incidence of taxes is more on wages and partly on energy prices. A
study Lapinskienė et al. (2017) analyzed the relationship between
economic growth and greenhouse gas emissions, based on a panel of
data from 22 European Unionmember states. The data analysis period
is 1995–2014. Proxy variables included in the study include GDP per
capita, GHG (total emissions), energy taxes, energy consumption, etc.
The results of the study showed that a number of factors analyzed

(energy consumption, energy taxes, R&D taxes) can be applied to
adjust the EKC (Environmental Kuznets Curve) trend in the region
and to adjust climate change policy. The authors believe that the
approximation of the effects on GHGs of economic growth and
various external factors can be seen as an instrument that supports
a country’s strategic decision. This view is shared by another paper
(Lu, 2017) on the situation in Asia. Thus, for the entire sample of
16 Asian countries, there is a short-term two-way causality between
energy consumption and greenhouse gas emissions, between GDP and
greenhouse gas emissions, and between growth and energy
consumption (Borozan, 2019). investigated in his paper the role of
energy-related taxes for residential energy consumption in European
economies. Thus, he used the panel quantile regression methods for
annual data of variables. The results show that an increase in energy
taxes and energy prices has a positive effect on the environment,
generated by lower energy consumption of households.

Another study Asghar et al. (2020), conducted at the micro level,
evaluates sustainable corporate performance based on the areas of
financial, social and environmental performance. Financial and
economic performance was assessed through financial reports and
surveys, and social and environmental performance were quantified by
survey questionnaires for seven multi-factor performance domains,
based onWeisbord’s six-box model. The study period was 2011–2015,
and data were collected from 517 employees in 19 banks in Pakistan.
The results of the study show that the total effect of performance
(economic, social and environmental) is much stronger than the
individual impact on the performance of the sustainable company.
This is a clear indication of the mediating role of social performance,
but also of the environment for evaluating the performance of the
sustainable company and highlights the importance that the social and
environmental dimensions have begun to have in recent years. A study
Ghazouani et al. (2020) shows that there is a positive and significant
impact of the adoption of the carbon tax on stimulating the reduction
of carbon emissions. Thus, the propensity score matching method is
used for developed EU countries. The results of the study support the
hypothesis that environmental tax regulations and technological
innovation in European economies help to achieve higher revenues,
but also to reduce greenhouse gas emissions. Based on the consensus
that export diversification contributes to the development of less
developed countries, Mania (2020) investigated the effect of export
diversification on CO2 emissions in the context of a Kuznets
environmental curve hypothesis in 98 developed and developing
countries in the period 1995–2013. Using short-term (Generalized
System of Methods) and long-term (Cumulative Average Group)
estimation methods, the author finds that the Kuznets
environmental curve is valid and that export diversification has a
positive effect on CO2 emissions. And a reduction in carbon emissions
can be achieved even in a pandemic through policies (Lahcen et al.,
2020).

Several recent studies Ghazouani et al. (2021) and Sharma et al.
(2021) argue that environmental regulations, taxes, and energy
policies can be used as effective tools for achieving a climate
without emissions and cleaner energy sources in Europe. And
other authors (Adebayo et al., 2021; Rehman et al., 2021) promote
the same opinion through their work for Asian countries.

We have been able to observe various opinions that largely support
the hypothesis that taxes are a tool to reduce greenhouse gas emissions
(Armeanu et al., 2018; Hussain et al., 2022; Wei et al., 2022). But when
the goal is economic growth, the price paid can be a decrease in the
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quality of the environment, in the context in which most economies
are still dependent on fossil fuels (Khan, 2021). It also promotes the
idea of investing in new, unpolluted technologies (Rokhmawati, 2021).
However, in the current period the biggest changes are given by the IT
industry. Thus, the most recent opinion of international researchers
(Zhao et al., 2021) is that the development of digital finance should be
promoted in order to reduce carbon emissions. These authors used
balanced panel data at the provincial level in China from 2011 to
2018 to observe the link between digital financing and carbon
emissions. The results show that digital financing has a significant
inhibitory effect on carbon emissions. Thus, policy formulations
should focus on removing barriers to the development of digital
finance. Because global carbon is considered to be the main
contributor to global warming, global policymakers are pursuing a
series of fiscal policies to reduce carbon emissions (Tu et al., 2022). The
largest carbon emitter on our planet is China, which is why the
government has introduced a number of environmental regulations.
These include the introduction of the environmental protection tax
and the emissions trading system in order to reduce carbon emissions
and improve the quality of the environment. Desiring to conduct an
analysis of the effect of the carbon tax on the economic environment,
the authors developed a general equilibrium stochastic system
structured in four departments: households, enterprises,
government and the environment. The results of the analysis
showed that, as a result of the introduction of the carbon tax, the
level of environmental quality has improved considerably and the
other economic variables have been significantly reduced. Thus,
improving environmental efficiency in the emissions sector leads to
sustainable environmental development, but to the detriment of
economic development (Apetri and Mihalciuc, 2019; Brodny and
Tutak, 2020; Li et al., 2022). Out of a desire to address these issues
caused by climate change and global warming, policymakers around
the world have focused on adopting carbon-based tax reduction
policies. In 2008, British Columbia implemented a carbon tax for
the first time and by 2012, the tax had reached a level of $ 30/tCO2,
managing to cover three-quarters of all greenhouse gas emissions in
the province. Therefore, a study Murray and Rivers (2015) analyzed
the effect of tax on emissions with evening effect, economy and
revenue. The results showed that the implementation of the tax led
to a decrease of 5%–15%. The models also showed that the tax had
negligible effects on economic performance. Despite the fact that the
public initially opposed the implementation of this tax, it is now fully
supported.

Carattini et al. (2015) investigated the reasons why individuals and
some states adopt or accept behaviors and policies to reduce emissions,
despite climate change. Although the vast majority of governments
avoid engaging in coordinated international policies, various
individual local and environmental actions, such behaviors have
become increasingly available lately. The authors believe that trust
and social values can help reduce these problems. Henseler et al.
(2020) analyzed the implementation of the nitrogen tax. The results of
the study showed that the implementation of this tax is more
economically efficient than the option to withdraw it from the
agricultural circuit. Despite this, differences in effectiveness and
efficiency require an adjustment of the nitrogen tax rate to achieve
the desired level of reduction.

A number of authors Burtraw et al. (2003), Cox et al. (2018), and
McLaren (2020) have analyzed the problem of eliminating greenhouse
gases. This is not just a theoretical issue, raising a number of important

questions for politics, governance and finance. Similarly, Bispo et al.
(2017) analyzed the problem. Agriculture is an important source of
greenhouse gases, which demonstrates its contribution to global
warming. Stetter and Sauer (2022) analyzed whether GHGs can be
attenuated at the micro level. The authors analyzed a number of farms,
regarding the ratio of emissions dynamics to performance. Data were
processed for the period 2005–2014, including Bavarian farms in the
sample. The results of the study showed that the performance of micro
emissions improved over time.

Other authors Cooper (2009) analyzed the proposal to implement
a common tax for all global greenhouse gas emissions. Similarly,
Kotnik et al. (2014) analyzed the governmental effect of environmental
taxes on greenhouse gases, using data from 19 EU member states. The
results of the study showed that the effect of taxes on GHG emissions is
negative. Emissions and removal of CO2 through natural processes
should balance, without anthropogenic impacts. Since the Industrial
Revolution, starting around 1750, human activities have contributed
substantially to climate change by adding CO2 and other heat-trapping
gases, namely greenhouse gases, to the atmosphere. In Europe, the
peak of energy consumption occurred in 2006; in 2010, energy
consumption was reduced by approximately 4%, a decrease
partially explained by the economic crisis of that period
(Energy—European Environment Agency). These aspects can also
be analyzed based on Figure 1.

It can be observed that in the year 2020, the decrease in CO2

emissions from the burning of fossil fuels corresponded to a decrease
in energy consumption as a result of the decrease in economic activity,
production and travel, in response to the coronavirus pandemic (US
EPA, 2015).

Another study Morley (2012) that analyzed EU member states
and Norway found that there is a significant negative impact
between environmental taxes and pollution, but not between
environmental taxes and energy consumption. The results of
the research suggest that the countless exemptions for energy-
consuming sectors have had only a limited effect. Thus, the policy
promoted by these states does not have direct effects in reducing
the level of pollution, but rather pollution is reduced through
cleaner technologies. The impact of fiscal instruments on
environmental degradation is a research topic that has been
analyzed from various approaches.

According to a study by Lacko and Hajduová (2018) higher taxes
do not have a positive impact on environmental efficiency or the
performance of EU countries. The researchers of this paper used two
DEA models—CCR and BCC—and the efficiency was verified by a
double bootstrap procedure. Thus, the results show that the efficiency
of the environment does not necessarily depend on the classic
variables existing on EUROSTAT. Indices such as environmental
taxes, waste management, resource productivity and freight
management should also be taken into account in policies.
Therefore, there are other factors that influence climate change,
including changes in technology. These researchers also argue that
less environmentally efficient countries should develop their own
policies to mitigate the impact of climate change. This view is
shared by other papers (Apergis et al., 2018; Johansen et al., 2018)
also from 2018.

Zioło et al. (2020) consider that among the most important
challenges facing governments today are climate change and
environmental pollution. Given that environmental risks are
associated with specific costs and expenses, in order to
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mitigate their negative effects, the financial system has a
particularly important role to play, as it creates the necessary
instruments that allocate and redistribute public resources. The
impact on market participants is materialized in the obligation to
pay environmental taxes. The authors analyzed the link between
public spending and environmental protection. The analysis
period is 2008–2017, focusing on the economies of Central and
Eastern Europe and the most developed economies in Western
Europe. The results of the study demonstrate the existence of a
strong relationship between fiscal instruments and greenhouse
gas emissions, in the sense that they lead to improved
environmental quality. The author pointed out that, in terms
of environmental taxes, their impact varied from country to
country, their implementation being particularly useful in
countries with higher greenhouse gas emissions, whereas in
countries with lower emissions, the impact was insignificant.

In a 1996–2016 study of OECD countries, using the ARDL model,
a group of authors (He et al., 2021) demonstrate that the introduction
of energy taxes improves energy efficiency only in the short term and
not for all sampled countries.

Related to the Research Hypotheses we want to demonstrate
that there is an inverse relation between identified variables:
energy taxes and greenhouse gas emissions. In this case, the
null hypothesis is that.

H0: There is no influence of the level of energy taxes on greenhouse
gas emissions, meaning that the coefficient of the variable (enTAX) is
not statistically significant (p-value is above 0.1, at 10% level) or in

other words, that the coefficient can have zero (0) value. If the
coefficient value is negative and statistically significant (the p-value
is below 0.1 and the sign is minus), the conclusion is that there is an
inverse influence of the energy taxes (enTAX) and greenhouse gas
emissions (GHGEbss).

We have primarily analyzed the effect of entax to GHG using
panel ARDL (Blackburne and Frank, 2007). The results are stable
and statistically significant, suggesting the decreasing of the
dependent variable (on long—run) when increasing the energy
taxes. In a second phase, we have changed the methodology to
control for common correlated effects, using a more actual and
newest method (Ditzen, 2018; Ditzen, 2019; Ditzen, 2021). The
results are volatile (in one model) regarding the control variable.
In this stage, we have suspected different impact in different
countries, so we have sliced the dataset in two (using GDP per
capita) to further control and improve the robustness. The new
set of results shows that the effect is different on types of countries
(developed or developing), being in line with other cited studies.
Based on previous findings (volatility of some methodologies and
different results in sliced data), in a final stage, we have used
simple/individual ARDL methodology to analyze the impact at
country level. The results confirm that there are different effects
by countries, which is also in line with studies that we have cited.
The main conclusion is that taxes used as instruments to combat
GHG are not enough to combat GHG emissions, further leverages
(expand the green technologies, use public subsidies to finance
them and so on) are needed.

FIGURE 1
Evolution of CO2 emissions for the countries included in the sample in the period 1750–2020. Own processing after Global Carbon Project (Ritchie et al.,
2020).
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Data and methodology

The study on the effects of energy taxes level on greenhouse gas
emissions (GHGEbss) under environmental policy measures, in the
period 1995–2019, extracting from the total population represented by
the states of the world only 28 European countries (Austria, Belgium,
Bulgaria, Switzerland, the Czeck Republic, Germany, Denmark,
Greece, Spain, Finland, France, Hungary, Ireland, Iceland, Italy,
Lithuania, Luxembourg, Latvia, Malta, Netherlands, Norway,
Poland, Portugal, Romania, Sweden, Slovenia, Slovakia, the
United Kingdom). The sample was limited to this number
depending on the availability of data collected from the
EUROSTAT database.

The data analysis methods used refer to the estimation of non-
stationary heterogeneous panels (Blackburne and Frank, 2007) and
furthermore (for robust results) the dynamic model of common effects
correlated with heterogeneous coefficients on cross-sectional units and
time periods (Ditzen, 2018; Ditzen, 2019; Ditzen, 2021). To test the
validity of our findings, we added additional economic and social
control variables to the model, such as gross domestic product (GDP),
population density, imports, and exports.

Data description

The identified variables, their description, but also the sources of
other studies performed that took into account the variables identified
in our study are presented in Table 1.

After preliminary data processing, the summary of descriptive
statistics is presented in Table 2.

The dataset has 700 observations, with a time length of 25 years,
between 1995 and 2019. The unit panel refers to 28 countries from the
European Union. The dependent interest variable GHGEbss has an
average mean of 10.65, and the independent interest variable is
enTAX, which has an average mean of 8.30.

The panel data statistics are presented in Supplementary
Appendix Table SA1. There is enough variability in data to
consider panel models (different fixed or random effects for
countries). As visual representation, the boxplot Supplementary
Appendix Figure SA1 enforces the previous conclusion.

The results are in line with graphical analysis (see Supplementary
Appendix Figure SA2), which confirm that in developed countries
(Germany, France, Netherlands, United Kingdom) there is a clear
negative inverse relation, while in some countries (Island or Finland

TABLE 1 Variables definition, sources and economic literature usage.

Variable
symbol

Variable name, description and units Source

Country Country—The sample includes 28 countries Kotnik et al. (2014), Lapinskienė et al. (2017), Lu (2017), Zioło et al. (2020),
Sharma et al. (2021), and Zhao et al. (2021)

Year Year—The time period is 1995–2019 Lapinskienė et al. (2017), Lu (2017), Sharma et al. (2021), and Zhao et al.
(2021)

GHGEbss Greenhouse gas emissions by source sector (source: EEA) [SDG_13_10]—
Greenhouse gases (CO2, N2O in CO2 equivalent, CH4 in CO2 equivalent, HFC in
CO2 equivalent, PFC in CO2 equivalent, SF6 in CO2 equivalent, NF3 in CO2

equivalent) in Tones per capita

Cooper (2009), Morley (2012), Kotnik et al. (2014), Murray and Rivers
(2015), Lapinskienė et al. (2017), Lu (2017), Armeanu et al. (2018),
Adebayo et al. (2021), Ghazouani et al. (2021), Khan (2021), Rehman et al.
(2021), Sharma et al. (2021), Hussain et al. (2022), and Wei et al. (2022)

enTAX Energy Taxes—total amount of energy tax revenue in millions of euro for all
NACE activities plus households, non-residents and not allocated

Cooper (2009), Kotnik et al. (2014), Śleszyński (2014), Murray and Rivers
(2015), Lapinskienė et al. (2017), Borozan (2019), Ghazouani et al. (2020);
Zioło et al. (2020), and Tu et al. (2022)

gdp Gross Domestic Product—Main GDP aggregates per capita [NAMA_10_PC],
Gross domestic product at market prices, expressed in current prices, purchasing
power standard (PPS, EU27 from 2020) per capita

Lapinskienė et al. (2017) and Lu (2017)

pop Population—Population density by NUTS 3 region (loc/km2) Burciu et al. (2010), Ghazouani et al. (2020), Andrew Mejia (2021), and
D’Orazio and Dirks (2022)

exp Exports—Exports of goods and services, in current prices, million units of national
currency

Mania (2020) and Tu et al. (2022)

imp Imports—Imports of goods and services, in current prices, million units of
national currency

Lenzen and Dey (2002)

Source: own processing.

TABLE 2 Descriptive statistics.

Variable Obs Mean Std. Dev. Min Max

GHGEbss 700 10.64643 8.225827 −0.9 49.2

enTAX 700 8.304807 12.67874 0.02344 50.57345

Gdp 700 24.54912 12.11744 4.6212 79.6348

Pop 700 17.05333 24.41028 0.27 159.51

Exp 700 10.5707 39.84777 0.004125 388.686

Imp 700 10.02998 37.88869 0.002924 377.6796

logGDP 700 9.985576 0.518721 8.43841 11.28521

logEXP 700 12.02313 1.898941 6.022236 17.4757

logIMP 700 12.00622 1.842614 5.678123 17.44697

Source: own processing.
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for example) there is no visual impact of the energy environmental
taxes on greenhouse gas emissions (GHGEbss).

The inverse relationship can be visually identified as in
Supplementary Appendix Figure SA3 [using geopandas python
package (Jordahl et al., 2020)], showing that, usually, in countries
with higher levels of taxes (right blue chart) there are reduced
correspondent levels of greenhouse gas emissions (left orange
chart).

Methodology

The methodology is related to our data, which is panel type. The
general pooled Ordinary Least Squares (OLS), presented in Eq. 1, is
generally not usable in panel data, as it does not account for differences
in individual means related to country specifics, as in our case. The
panel data general model, which pulls out, for instance the fixed effects
(μi) from error term as in Eq. 2, do not account for the existence of
lag—dependent variables, as one encountered in economics (such as
Gross Domestic Product—GDP, for instance, in our case).

Yt � β1 + β2Xt + εt (1)
Yit � β1 + β2Xit + μi + it (2)

Another problem related to the linear regression model is that it
requires variables X and Y to be stationary in covariance. The presence
of non-stationarity in the data needs to be checked, so the choice of
methodology is related to the fact that in time series and panel data,
variables are usually co-integrated. The presence of cointegration
between variables forces us to choose an error-correction model
(ECM), which is stationary. To test the stationarity in the panels,
we used a variety of tests (for unit roots) in the panel dataset (Harris
and Tzavalis, 1999; Hadri, 2000; Choi, 2001; Levin et al., 2002; Im et al.,
2003; Breitung and Das, 2005). Most of the tests have the null
Hypothesis H0: all the panels contain a unit root. Another one
(Hadri, 2000) has the null hypothesis H0: all the panels are (trend)
stationary. Usually, economic variables of time-series type on long-
term are non-stationary, so autoregressive distributed lag (ARDL)
models should be used.

At country level (when no panel data is used) the following ARDL
model is used (see Pesaran et al., 2001; Hassler and Wolters, 2006;
Kripfganz and Schneider, 2016; Kripfganz and Schneider, 2020) as
in (3,3’).

yt � c0 + c1t +∑p

i�1 ϕiyt−i +∑q

i�0 β
′
ixt−i + γ′zt + ut (3)

Δyt � c0 + c1t + πyyt−1 + πxxt−1 +∑p−1
i�1 ψyiΔyt−i + ω′Δxt

+∑q−1
i�1 ψxi

′ Δxt−i + γ′zt + ut, (3a)

For panel data, we used the PMG estimator (Pesaran et al., 1999;
Blackburne and Frank, 2007; Chudik and Pesaran, 2015), assuming an
autoregressive distributive lag (ARDL), as in (3). Considering that the
variables in (4) are, stationary in first-difference I (1) and cointegrated,
then the error term is an I (0) process for all i. Furthermore, this
implies an error correction model in which the short-run dynamics of
the variables in the system are influenced by the deviation from
equilibrium [as in (5)].

yit � ∑p

j�1λijyi,t−j +∑q

j�0δij
′ Xi,t−j + μi + it, (4)

Δyit � ϕi yi,t−1 − θ′iXit( ) +∑p−1
j�1 λij

*nΔyi,t−1 +∑q−1
j�0 δ′*ijΔXi,t−j + μi + it,

(5)
where:

ϕi � − 1 −∑p

j�1λij( ), θi � ∑q

j�0δij/ 1 −∑
k
λik( ), and λij* � −∑p

m�j+1λim, (6)

i = 1, 2, ..., N is the number of groups; t = 1, 2, . . ., T is the number of
periods; X is a k × 1 vector of explanatory variables; δit � it is the k ×
1 coefficient vectors; (p, q1, . . . , qk) are A.R.D.L. lags; ij are scalars; i is
the group-specific effect.

To further control for dynamic common-correlated effects the
methodology proposed by J. Ditzen is used (as in Ditzen, 2018; Ditzen,
2019; Ditzen, 2021). In a dynamic panel [as in (5)], where the
idiosyncratic errors are cross-sectionally weakly dependent, the
lagged dependent variable is no longer strictly exogenous. The
estimator is consistent if pT � � ��

T3
√ � lags of the cross-section

averages is added as in (7).

yit � αi + λiyi,t−1 + β′ixit +∑pT

l�0 δil
′ �zt−l + eit (7)

where Zt � (�yt−1, �xt). If λi and βi are stacked into πi � (λi, βi), the
estimates are of form as in (8):

π̂MG � 1
N
∑N

i�1 π̂i (8)

The pooled mean group (PMG) estimator is an intermediate
between “pure” pooled (homogenous coefficients) and MG
(heterogeneous coefficients), the assumption being that “regressors
have a homogeneous long-run effect and a heterogeneous short-run
effect on the dependent variable,” as in the previous methodology.
Dynamic models allow the estimation of the long-term. The equation
is transformed in an error-correction model (ECM), as in (9), also
noted in tables from section Robustness tests of our results as “ec”.

Δyi,t � μi − ϕi yi,t−1 − θ1,ixi,t[ ] − β1,iΔxi,t +∑pT

l�0 γi,l
′ �zt−l + ei,t (9)

The initial empirical results (based on ECM, no cross-sectionally
corrected) and the robustness test (sectionally—corrected estimates)
are presented as follows.

Results and discussion

Preliminary tests

The correlation matrix in Supplementary Appendix Table SA2
suggests an inverse relation between our interest variables:
environmental taxes and greenhouse gas emissions (GHGEbss), as
expected. We found that there is a higher correlation between imports
and exports (.9969), so the series will be interchanged using them as
control (variables). The correlation between imports and exports
shown in Supplementary Appendix Table SA3, and the necessity to
use them separately in models, is confirmed by the variance inflation
factor table below (an accepted value is under 5, when two variables are
concomitantly used, the variance is inflated—the value is 92.96).

The results for unit root tests Levin-Lin-Chu, Im-Pesaran-Shin,
Harris-Tzavalis, Breitung, Hadri Lagrange multiplier stationarity test
regarding the dependent variable—greenhouse gas emissions
(GHGbss)—are presented in Supplementary Appendix Table SA4.
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The null hypothesis for Levin-Lin-Chu is Ho: Panels contain unit
roots, for Im-Pesaran-Shin is H0: All panels contain unit roots, for
Harris-Tzavalis is H0: Panels contain unit roots, for Breitung is H0:
Panels contain unit roots, for Hadri Lagrange multiplier stationarity
test is H0: All panels are stationary.

For the variable GHGEbss in levels, all five of the unit root tests
mentioned above suggest that the variable is not stationary in levels
(adjusted t* statistic: 0.3207, p-value: 0.6258; Zt-tilde-bar: 4.5822,
p-value: 1.0000; z statistic: 2.4333, p-value: 0.9925; lambda: 3.1747,
p-value: 0.9993), z: 57.4943, p-value: 0.0000). For the variable in first-
difference d.GHGEbss, all five of the unit root tests mentioned above
suggest that the variable is stationary in first-difference (adjusted t*
statistic: −8.9126; p-value: 0.0000, Zt-tilde-bar: −13.7223, p-value:
0.0000; z statistic: −39.9634, p-value: 0.0000), lambda: −9.9048,
p-value: 0.0000; z: −0.9760, p-value: 0.8355).

For the other variables, the results also suggest non-stationarity in
levels, but are stationary in first-difference, so a first-difference model
is necessary (the full explanations are available on demand).

The results for tests Kao, Pedroni, Westerlund are presented in the
following. The null hypothesis for Kao, Pedroni, Westerlund, is H0:
No cointegration with some alternative hypothesis. The alternative
hypothesis of the Kao and the Pedroni tests is H1: the variables are
cointegrated in all panels. In the Westerlund test, the alternative
hypothesis is that the variables are cointegrated in some of the panels.

The cointegration tests results between greenhouse gas emissions
and environmental taxes are presented in Supplementary Appendix
Table SA5.

The statistics for Kao (cointegration) test, regarding the co-
integration between GHGEbss and enTAX (Modified Dickey-Fuller
t, Dickey-Fuller t, Augmented Dickey-Fuller t, Unadjusted modified
Dickey Fuller t, Unadjusted Dickey-Fuller t) are: 2.6917, 2.8630,
3.2710, 1.4777, 1.4734, with the following p-values: 2.6917, 2.8630,

3.2710, 1.4777, 1.4734. Based on the above statistics and p-values
(statistically representative at 5% level), we can conclude that the
variables are cointegrated in accordance with three tests.

In conclusion, regarding the statistics for all the tests, we found
that in five of ten, at 5% level, and seven of ten at 10% level, the null
hypothesis could be rejected, so the alternative can be considered (Ha:
All panels are cointegrated).

The other statistics (available on demand) also suggest
cointegration between variables implied.

The existence of cointegration between variables, corroborated
with non-stationarity in levels concludes the necessity of using error-
correction models (ECM).

Pooled mean group—PMG models

The results for the long - run coefficients (θ′i), in ECM model are
presented in Table 3. Every column noted to one to five represents a
model, starting with entax as independent varaible, and recursively
adding new independent variables to the new models implied
(logarithmic value of GDP per capita—logGDP, population—pop,
logarithmic value of exports—logEXP, logarithmic value of
imports—logIMP).

The independent variables, noted as Xit are coded in the first
column. The coefficient for the first model (with standard errors in
brackets), where only the interest variable (enTAX) and one control
variable (logGDP) are modeled, are available in column no.1 (model
one). Every column heading represents the number of one model.

In the long run, the relationship between the variables enTAX,
GDP, imp and GHGEbss is as expected. The error-correction term
(ECT) is negative and statistically significant at 1% level, showing the
expected cointegration in considered variables, for all of the models

TABLE 3 Pooled mean group (PMG) results, ECT and long-run coefficients.

Indep. vars Dependent variable: GHGEbss

(1) (2) (3) (4) (5)

ECT (ϕi) −0.160*** −0.203*** −0.195*** -0.189*** -0.186***

(0.0324) (0.0419) (0.0410) (0.0392) (0.0406)

enTAX −1.028*** −0.440*** −1.154*** −0.222*** −0.182***

(0.0865) (0.0363) (0.103) (0.0362) (0.0301)

logGDP 0.703*** 0.703*** 2.202*** 2.296***

(0.250) (0.270) (0.441) (0.380)

Pop −0.0690*** −0.0825*** −.0769***

(0.0250) (0.0242) (0.0267)

logEXP −0.289

(0.192)

logIMP −0.285*

(0.172)

Observations 672 672 672 672 672

Source: own processing.

Note: methodology PMG estimator (Pesaran et al., 1999; Blackburne and Frank, 2007; Chudik and Pesaran, 2015) and implemented in Stata by Blackburne and Frank (2007); the independent variables are

logarithmic value of GDP per capita—logGDP (1), added population—pop (2), added the logarithmic value of exports—logEXP (3), added logarithmic value of imports—logIMP (4). *** p< .01, ** p < .05, * p < .1.
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implied. The statistical interpretation is that on every unit of time, the
short-run relationship is corrected by 0.16 units. For the other models
(2–4) the correction is 0.203, 0.195, 0.189, and 0.186 for achieving
long-run cointegration.

The statistical interpretation, for example for enTAX, is that a unit
change in environmental energy taxes is associated with a 1.028
(0.44, −1.154, 0.222, and 0.182 in other models) decrease in
greenhouse gas emissions in the long-run, at the 1% significance
level, on average ceteris paribus. In this case, greenhouse gas emissions
and energy (environmental) taxes display an inelastic inverse
relationship.

The interpretation of the coefficients is the same for all other
variables implied, a negative sign having an inverse effect on
dependent variable, while a positive one has a direct (growing)
impact. The short-run coefficients have the same logic, the table
results being available in the Supplementary Appendix.

Our results are confirmed by other studies (Dietz and Rosa, 1997;
Ghazouani et al., 2020; Zioło et al., 2020; Adebayo et al., 2021; Andrew
Mejia, 2021; D’Orazio and Dirks, 2022; Tu et al., 2022), in the sense that
an increase in energy taxes and imports leads to a decrease in
greenhouse gas emissions (GHG), while an increase in GDP has a
negative effect on the quality of the environment. On the other hand, in
the long run, the same cannot be said about population density and
increasing exports, in the sense that an increase in them leads to a
decrease in greenhouse gas emissions and not to an increase in them, as
we would have expected. Thus, a study Tu et al. (2022) shows, by using a
dynamic stochastic general equilibrium model, that once carbon taxes
were introduced, the level of carbon emissions fell by 45% in China and
the quality of the environment improved by 1.63 units, but with a
decrease in production of 46%. The same positive effect of
environmental taxes on improving the quality of the environment is
confirmed by our study of European countries. In a grouping of
developed and emerging countries in Europe, using the analysis of
the main components, the results showed a positive relationship
between rising energy taxes and environmental quality in developed
countries (Germany is central) and a less significant relationship in
emerging countries for 2008–2017 (Zioło et al., 2020). Studies show that
since the introduction of the carbon tax in 2008 in British Columbia,
greenhouse gas emissions have fallen by between 5% and 17% (Murray
and Rivers, 2015). The results of the first model show that population
density leads to a decrease in greenhouse gas emissions, on average, at
the level of the analyzed sample. This can be explained by the fact that an
increase in population does not necessarily translate into an increase in
labor that will drive production, and has a negative long-term influence
on the environment, at the level of the sample analyzed. Following the
processing carried out, if we look at the influence of exports on the
environment, we see that they lead to a decrease in greenhouse gas
emissions, a result that can be explained by the fact that an increase in
exports is not always generated by an increase in production, but the fact
that much of the domestic production is destined for export. The
balance of payments, which is in deficit (Balance of payment
statistics, 2022), must also be taken into account, which means that
imports are higher than exports. It should be noted that the sampled
Central and Eastern European countries have an average of non-EU
imports, especially from China, higher than the average of EU imports
(China Imports - May 2022 Data—1981–2021 Historical—June
Forecast—Calendar). In addition, the transport of imported goods is
carried out rather by sea and, to a lesser extent, by land. Under these
conditions, the results of the processing carried out also show that the

influence of imports on the environment, at the level of the analyzed
sample, is a positive one, in the sense that the greenhouse gas emissions
decrease on average.

Testing the robustness of our findings

We further control for common-correlated effects by using the
methodology proposed by J. Ditzen [as in (Ditzen, 2018; Ditzen, 2019;
Ditzen, 2021)]. We control for interferences between countries, and
also the situation when independent variables especially GDP, enTAX
and pop are not considered as exogenous. Another advantage of the
second methodology is that latest variables are instrumented by own
first lags and in case of enTAX also by the first lag of logGDP (because
higher GDP can lead to higher GHGbss, but also to higher taxes
(enTAX)). As in table no. 3, every column noted from 6 to 11,
represents a model with different independent variables considered.

In order to test the robustness of the pervious results, we have
sliced the data into different data sets, using as criteria the sorted GDP
per capita in 2019 (Supplementary Appendix Table SA6). The
descriptive statistics are available on demand.

The coefficients with standard errors in brackets for long-run
coefficients and ECT are presented in Table 4. Every column heading
represents the number of the model conducted.

Regarding the second methodology, the results of the processing
presented in Table 4 show that the long-run relationship appears to be
present mainly in models of the splitted data (countries with lower
GDP per capita) In these models, in the long-run, the relationship
between the variables of interest—GHGEbss, enTAX (which explains
0.66 and 0.72 of GHG variation, by R-squared) and GDP per capita are
as expected. For long-term processing, the density population, exports
and imports negatively affect the quality of the environment. The
statistical interpretation for enTAX, is that a unit change in
environmental energy taxes is associated with a |−0.08| in model
no. (6) and |−0.21| in model no. (7) decrease in greenhouse gas
emissions in the long-run, at the 10% significance level, on average
ceteris paribus. In this models, greenhouse gas emissions and energy
(environmental) taxes display an inelastic inverse relationship., being
in accordance to the results of other research (Dietz and Rosa, 1997;
Ghazouani et al., 2020; Ghazouani et al., 2021; Mania, 2020; Andrew
Mejia, 2021; D’Orazio and Dirks, 2022).

For the models (10) and (11), that implies countries with a lower
GDP per capita, the statistical interpretation for enTAX, is that a unit
change in environmental energy taxes is associated with |−1.448| and
|−2.849| decrease in greenhouse gas emissions in the long-run, at the
10% significance level, on average ceteris paribus. In these models,
greenhouse gas emissions and energy (environmental) taxes display an
inelastic inverse relationship.

Some results are not statistically significant (some are sensitive to
dataset and control variables—available on demand). The results
appear in some cases sensitive regarding the control variables. We
suspect that the impact could be different at country level, or, in some
countries, there is no long-run co-integration, so further investigations
to test the robustness of our models were conducted.

The results (standard errors in brackets) using sliced dataset are
available in Table 5. Every column heading represents the number of
the model conducted.

The results from Table 5 show that in countries with lower GDP
per capita rates, the effect of energy taxes on GHG is negative and
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TABLE 4 Pooled mean group PMG with common-correlated effects and instrumented variables.

Variables (6) (7) (8) (9) (10) (11)

ec (ϕi) −0.905*** −0.998*** −0.807*** −0.914*** −0.950*** −0.932***

(0.0481) (0.0553) (0.0573) (0.0434) (0.0688) (0.0639)

enTAX −0.0791* −0.210* −5.130 −4.711 −1.448 −2.849*

(1.931) (2.034) (3.425) (3.315) (1.561) (1.468)

logGDP 3.341 3.574 1.305 −1.084 −4.692 −6.013

(2.482) (2.418) (3.179) (3.087) (4.337) (4.621)

pop 1.410 0.317 1.637 2.117

(2.970) (1.797) (2.775) (2.375)

logEXP 0.122

(0.871)

logIMP 0.235

(1.074)

Observations 672 672 336 336 336 336

R-squared 0.660 0.719 0.593 0.654 0.751 0.759

Number of groups 28 28 14 14 14 14

Source: own processing.

Note: Note: methodology PMG estimator with common-correlated effects (Pesaran et al., 1999; Chudik and Pesaran, 2015; Ditzen, 2018; Ditzen, 2019; Ditzen, 2021) and implemented in Stata by Ditzen,

2019–2021; independent variable of interest: enTAX; the independent control variables are logarithmic value of GDP per capita—logGDP (6) (8); added population—pop (7), (9); added the logarithmic value

of exports—logEXP (10), added logarithmic value of imports—logIMP (11); models (6), (7) -full dataset; (8)–(11), models sliced dataset, lower GDPpercapita. *** p < .01, ** p < .05, * p < .1.

TABLE 5 Pooled mean group PMG—sliced data.

Variables (12) (13) (14) (15) (16) (17) (18)

ECT (ϕi) −0.183*** −0.209*** −0.282*** −0.186*** −0.232*** −0.284*** −0.328***

(0.0443) (0.0498) (0.0578) (0.0656) (0.0726) (0.0738) (0.0893)

enTAX −1.085*** −1.139*** −0.186*** −0.508*** −0.342*** −0.0495** −0.0190

(0.101) (0.109) (0.0399) (0.0267) (0.0534) (0.0240) (0.0220)

Pop −0.0176 −0.500*** −0.258***

(0.0252) (0.0803) (0.0754)

logGDP 0.840*** 0.841** −2.041*** −2.718*** 0.750

(0.287) (0.367) (0.596) (0.580) (0.607)

logEXP −0.705*** −2.955***

(0.146) (0.433)

Constant 1.760*** 0.155 2.124*** 1.961* 7.069*** 13.17*** 15.78***

(0.491) (0.262) (0.446) (1.138) (2.577) (4.290) (5.019)

Observations 336 336 336 336 336 336 336

Number of groups 14 14 14 14 14 14 14

Source: own processing.

Note: methodology PMG estimator (Pesaran et al., 1999; Blackburne and Frank, 2007; Chudik and Pesaran, 2015) and implemented in Stata by Blackburne and Frank (2007), sliced data; first

dataset—high gdp countries dataset: independent variable of interest: enTAX (12); the independent control variables are logarithmic value of GDP per capita—logGDP (13), population—pop(14),

logarithmic value of exports—logEXP (14); added logarithmic value of imports—logIMP, removed logEXP (15); second dataset—lower level of gdp countries dataset: independent variable of interest:

enTAX; the independent control variables are logarithmic value of GDP per capita—logGDP(16), population—pop (17), logarithmic value of exports—logEXP (18). *** p < .01, ** p < .05, * p < .1.
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statistically significant at least at 5% level, as shown by other studies
(Hao et al., 2021; He et al., 2021). The results can be interpreted as
above, greenhouse gas emissions and energy (environmental) taxes
display an inelastic inverse relationship, but in some cases the
coefficient is not statistically significant.

One possible explanation is that, in developed countries, the
higher price for categories affected by the tax is still acceptable and
affordable, not being the case in developing countries, where an
increase in costs, indeed determines a reduce of the related
“consumption”. The results are in line with other research (Dietz
and Rosa, 1997; Ghazouani et al., 2020; Ghazouani et al., 2021; Mania,
2020; Andrew Mejia, 2021; D’Orazio and Dirks, 2022).

In countries with higher values of GDP, it appears that the effect is
not as expected, the coefficients being positive and not statistically
significant.

The results obtained in some models (1–7) are in line with the
research in the structural human ecology tradition, that theorizes that
population levels are a key driver of environmental degradation (Dietz
and Rosa, 1997). The models in our study shows that there is a positive
relationship between population density and air pollution as in other
studies (Andrew Mejia, 2021; Falk and Hagsten, 2021; D’Orazio and
Dirks, 2022). The main culprits for the increase in pollution are the
increase in energy consumption, income and population, and
governments must take effective measures to combat this
phenomenon (Ghazouani et al., 2020). A study conducted on nine
developed countries in Europe for the period 1994–2018 (Ghazouani
et al., 2021), which tested the influence of environmental taxes, GDP
and urban population on greenhouse gas emissions, using FMOLS
techniques and DOLS pointed out that the introduction of
environmental taxes has a positive influence on reducing pollution,
while the increase in GDP and the urban population leads to an
increase in greenhouse gas emissions. Globally, the population is
expected to grow, and this growth will put increasing pressure on
the environment.

By applying the Arellano-Bover’s two-step dynamic panel
approach to a sample of EU and transition countries in the period
1995–2006, Morley (Morley, 2012) shows that the introduction of
environmental taxes in the EU has had a positive effect on the
reduction of pollution, but a limited effect on energy consumption,
which suggests that the use of cleaner technologies would be the
solution, a conclusion we reached in our study.

Sharma et al. (2021) conducted a study on BIMSTEC
countries over a period of 35 years that looked at the influence
of agricultural production on greenhouse gas emissions and
showed that limiting agricultural production on a smaller scale
can improve the quality of the environment. However, reducing
agricultural production is not a solution; it requires the use of
clean energy tools, upon the urging of SDG 7-Ensure access to
affordable, reliable, sustainable and modern energy for all, a
conclusion that also confirms the results of our study.
However, ecological solutions largely involve research and
development costs (Lapinskienė et al., 2017), which will be
considered in a future study.

To explain the different results obtained on previous models
(especially in 8–11), twenty eight (28) further models were
conducted at country levels using ARDL (Kripfganz and Schneider,
2016; Kripfganz and Schneider, 2020), the results being presented in
Table 6. In Table 6 every row represents the results of the model at
country level.

The first coefficient in the ADJ section is the negative speed-of-
adjustment coefficient (−α). The coefficients in the LR section are the
long-run coefficients θ. Investigation on individual countries, as seen
in Table 6, shows that in 18 cases (α < 0 and θ < 0—green color) from
28, the effect of energy taxes is negative, as expected. We consider that
the country level individual analysis enforces the previous ECM
results, where the effect is statistically significant only at 5% level
[model (17) or not significant (18)].

The impact of energy taxes is different at country level, with higher
negative impact onGHGbss in emergent economies. Even if the overall
impact can be considered as negative, no strong conclusion can be
drawn.

The main findings of the empirical analysis can be highlight as
follows:

- the empirical analysis consists in 46 models, from which 28 are
applied to country level;

- 25 of 41 models (using different methodologies) suggests an
inverse relation between GHG and enTAX;

- at country level, from 24 long-term models (with α < 0), in
18 models an inverse relation between GHG and enTAX is met;

- some results are sensitive to composition of the sample, the
choose of the independent variables and methodology;

- in some countries with high levels of GDP per capita, the results
suggest no evidence of long-run and inverse relationship, when
some methodologies were used;

- in countries with lower levels of GDP per capita in the models
implied, there is evidence of inverse relation and long-run
cointegration;

- based on the previous findings, the use of environmental taxes
appears to have limitations, at least in some developed countries;

- the results are in line with other studies, as we explain below.

The same methodology was used in other articles with similar
results (Ntanos et al., 2018; Afolayan et al., 2020; Leitão and Balogh,
2020; Hao et al., 2021; He et al., 2021; Wolde-Rufael and Mulat-
Weldemeskel, 2022). In a 1996–2016 study of OECD countries, using
the ARDLmodel, a group of authors (He et al., 2021) demonstrate that
the introduction of energy taxes improves energy efficiency only in the
short term and not for all sampled countries. A study conducted on a
sample of countries grouped into Belt and Road (B&R) and OECD
countries for the period 1992–2015 (Sun et al., 2020) using the
Common Correlated Effect Mean Group (CCEMG) and
Augmented Mean Group (AMG) methods showed that increasing
production has a significant positive effect on environmental pollution
for all panels. The results also show that other factors, such as trade
openness, urbanization and energy use, have been responsible for the
recent increase in global carbon emissions. However, there are
disparities in the estimated coefficients. The impact is greater in
the OECD region than in the Belt and Road region. In these
circumstances, it is suggested that efforts to promote a sustainable
and low-carbon green environment should take these factors together
when developing different policies.

Our study highlights the fact that the application of energy taxes to
improve the quality of the environment cannot be generalized, being
insufficient for the sustainable development of each individual
country. As a consequence of this fact, we rally to the opinion that
supports the increasingly accentuated orientation towards
investments in renewable energy sources with a positive impact on
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sustainable development (Karmaker et al., 2021; Wolde-Rufael and
Mulat-Weldemeskel, 2022). Although ETR (Environmental Tax
Reform) aim to internalize the external cost of pollution, it has not
yet created a level playing field between “green” technologies and non-
renewable energy sources (Arbolino and Romano, 2014; Cottrell et al.,
2016; Takeda and Arimura, 2021).

Recent research (Edziah et al., 2022) on how greenhouse gas
emissions could be controlled shows that in developing economies
an important role in reducing gas emissions is played by exogenous
technological factors in addition to the use of renewable energy.

Exogenous technological factors include imports of machinery and
equipment, foreign direct investment, and imports of research and
development (R&D) knowledge. The study is carried out on
18 developing countries for the period 1995–2017, and using the
dynamic specific common correlated effect estimator (DCCE)
technique, it is found that the use of renewable energy, imports of
machinery, and foreign direct investment significantly reduce carbon
dioxide emissions, but in descending order. In contrast, the transfer of
research and development (R&D) from abroad increases carbon
dioxide emissions in the region.

TABLE 6 ARDL model results at country level.

Model No. Country Error-correction term (-α) results Long—Run results for enTAX

Coef. Std.Err z p-value Coef. Std. Err z p-value

(1) (2) (3) (4) (5) (6) (7) (8) (9)

(19) AT −0.2608 0.1527 −1.7075 0.1032 0.2476 0.5842 0.4238 0.6761

(20) BE 0.2547 0.1924 1.3233 0.2022 −0.9328*** 0.1916 −4.8674 0.0001

(21) BG −0.8174*** 0.2047 −3.9926 0.0009 1.2397*** 0.2637 4.7010 0.0002

(22) CH −0.5668*** 0.1880 −3.0143 0.0068 −0.5879*** 0.0966 −6.0801 0.000

(23) CZ −0.3572** 0.1271 −2.8087 0.0112 −0.6331** 0.2793 −2.2664 0.0352

(24) DE 0.1162 0.1238 0.9379 0.3600 −0.2429 0.1669 −1.4554 0.1618

(25) DK −0.0336 0.0979 −0.3433 0.7349 7.1119 30.9357 0.2298 0.8205

(26) EL −0.326*** 0.1035 −3.1497 0.0050 −1.246*** 0.1971 −6.3188 0.000

(27) ES −0.1364* 0.0764 −1.7840 0.0903 −0.499* 0.2631 −1.8960 0.0732

(28) FI −1.2165*** 0.3275 −3.7142 0.0014 −2.206*** 0.2889 −7.6354 0.000

(29) FR 0.1333 0.0830 1.6050 0.1269 −0.0242 0.0789 −0.3068 0.7627

(30) HU −0.1808** 0.0760 −2.3767 0.0287 −0.7102 0.5498 −1.2917 0.2127

(31) IE −0.1841 0.1081 −1.7017 0.1043 −4.1057*** 1.2293 −3.3396 0.0032

(32) IS −0.086 0.1491 −0.5768 0.5711 −128.0526 167.8692 −0.7628 0.4554

(33) IT −0.4223** 0.1595 −2.6459 0.0159 −0.1811*** 0.0266 −6.7978 0.000

(34) LT −0.4459*** 0.1170 −3.8093 0.0011 1.5229 1.3602 1.1195 0.2768

(35) LU −0.0561 0.0713 −0.7860 0.4415 −17.6903 35.0720 −0.5044 0.6197

(36) LV −0.5469** 0.2162 −2.5285 0.0199 8.1963*** 1.3236 6.1924 0.0000

(37) MT −0.3462* 0.1675 −2.0660 0.0520 −32.1537*** 8.0080 −4.0151 0.0006

(38) NL −0.6723*** 0.1840 −3.6535 0.0016 −0.4721*** 0.0347 −13.5852 0.000

(39) NO −0.2608 0.1655 −1.5755 0.1325 −0.4928 0.7028 −0.7011 0.4921

(40) PL −0.4427*** 0.1239 −3.5710 0.0020 0.0571 0.0450 1.2670 0.2204

(41) PT −0.4183** 0.1526 −2.7400 0.0134 −1.7525 1.0341 −1.6947 0.1073

(42) RO −0.4529*** 0.1166 −3.8840 0.0009 −0.5238*** 0.1311 −3.9952 0.0007

(43) SE −0.2955* 0.1444 −2.0454 0.0549 −0.6078 0.4152 −1.4638 0.1595

(44) SI −0.251* 0.1431 −1.7536 0.0948 3.0031 1.8179 1.6519 0.1141

(45) SK −0.5335** 0.1888 −2.8257 0.0108 −0.9987*** 0.2206 −4.5266 0.0002

(46) UK 0.0554 0.0446 1.2387 0.2305 −0.3851 0.2538 −1.5170 0.1457

Source: own processing.

Note: methodology ARDL (Kripfganz and Schneider, 2016; 2020); dependent variable: GHGEbss; independent variable of interest: enTAX. *** p < .01, ** p < .05, * p < .1.
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Conclusion

Today’s society enjoys a life marked by the evolution of innovation and
technology, but the facilities conveyed by the technological implementations
brought into discussion a new problem that humanity is facing, namely
pollution. Thus, water, air and soil pollution caused by gas emissions
directly affects human health as well as the economies. At European level,
the sustainable development of countries, which includes the desire to
reduce the level of pollution, is also needed, while the European legislation
has different terms regarding greenhouse gas emissions. Under these
conditions, it is the governments that must take measures to reduce
pollution, fiscal policy being one of the most common instruments with
a demonstrated positive impact on the environmental system.However, the
implementation of environmental taxes as a macroeconomic policy
measure must be done carefully, as their negative effect on long-term
economic sustainability can be admitted. Specifically, when the macro-
objective is economic growth, the effect on environmental quality is
negative, given that economies are still dependent on fossil fuels.

Our study focuses on the effects of energy taxes level on greenhouse gas
emissions under environmental policy measures in the period
1995–2019 on 28 European countries (both at panel and
individual—country level). The key variable entax is only partially
significant and is very sensitive to specification and method. The
findings show that, in the long run, an increase in energy taxes and
imports could be a positive factor that possibly decrease greenhouse gas
emissions. On the other hand, energy taxes have different results on diverse
countries (this conclusion being encountered in different studies cited in our
paper), so this leverage could not be generalized and other instruments
should be found and used.We have also found that an increase in GDP has
a negative effect on the quality of the environment, while population density
and increased exports lead to a decrease in greenhouse gas emissions (not as
we would expect). This can be explained by the fact that population growth
does not necessarily translate into an increase in labor that will drive
production and has a negative long-term impact on the environment at the
level of the sample analyzed. Then, the influence of exports on the
environment is a positive one in our long-term study, in the sense that
greenhouse gas emissions decrease as exports increase, being justified by the
fact that an increase in exports is not always generated by an increase in
production (it could be influenced by the proportion of the domestic
production that is destined for export). The producers’ decision to export
also depends on the exchange rate (in countries that have not adopted the
Euro), being, rather, a reallocation of the same production internally or
externally (exports can also increase in case of decrease in production). We
found that, in the short term, population density, exports and imports
negatively affect the quality of the environment, being in accordance with
the results of other research.

Our findings suggest that (environmental/energy) taxes have
limited and different effects that vary by countries, other
instruments being needed and concentrated efforts should be done.
The balance between environmental and sustainable growth policies
could be the solution to this problem, so the support for the
implementation of green energy must be considered as a
foundation for economic growth.

Among the novelty aspects brought by our study are the extended
and recent analysis period (the last year analyzed being 2019), the large
number of states included in the sample, but also the recently applied
methodology. Clearly, the study also has limitations, and these take
into account the size of the sample, which depended on the available
data, as well as the variables taken into account (that appear to be

volatile regarding the robustness of results when combining different
control variables in the methodologies implied). Subsequent research
will consider expanding the sample, introducing additional variables,
especially from the perspective of economic or environmental indices,
and/or including the period covered by the COVID-19 pandemic.

Given the results of the research, it can be considered that the paper will
be useful to public officials inmaking environmental policy decisions.More
specifically, the results of our study lead to the idea that the growth of energy
taxes is not sufficient to reduce greenhouse gas emissions, the effects being
different and related to a variety of factors (some of them impossible to be
quantified). This leads to another fact, that decision makers have to
increasingly focus on promoting and aiding the implementation of
green energy sources (e.g., considering as leverages the subsidies or tax
advantages related to the use of solar/wind energy or electric cars). Public
officials (both on national and local levels) should also consider tax
incentives and investment grants for the implementation and use of
renewable energy to achieve a higher level of sustainable development.

The novelty of the paper lies, first of all, in the fact that the
methodology applied is recent and considers different situations, with
the results showing that increasing energy taxes alone cannot be
generalized as an environmental policy measure to reduce
greenhouse gas emissions, as policymakers have to focus on finding
other solutions, such as the deployment of renewable energy sources.
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