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Abstract

Despite considerable research attention given to the environmental Kuznets curve (EKC),
little has been known about its true form and particularly the mechanisms that explain it.
Using panel quantile regression, this paper designs a multivariate framework for exploring
the EKC in the European Union in the period 2004-2017 and unveils the distributional
heterogeneity effect hidden therein. It reveals that complexity in the relationship under con-
sideration turned out to be higher than evidenced or assumed in the literature so far since
its shape changed the form across the conditional distribution of greenhouse gas (GHG)
emissions. Moreover, the paper shows that the use of efficient energy and renewable energy
has the power to outweigh the scale effect. Simultaneously, it questions the efficiency of
environmental and energy taxes and opens the issue of the rebound effect and the associa-
tion between energy poverty and GHG emissions.

Keywords Environmental Kuznets curve - Classical effect - Substitution effect - Regulation
effect - Energy poverty - Panel quantile regression

1 Introduction

The European Union (EU) has confirmed its commitment to tackling climate change as its
priority and an opportunity for transitioning to a low-carbon economy through its strategic
documents (European Commission, 2011, 2014). Although the EU works hard to achieve
its emission reduction targets, greenhouse gas (GHG) emissions were at a higher level in
2018 than they were in 2014 (Eurostat, 2020). At the same time, GHG emissions signifi-
cantly vary across EU countries, ranging from the average 6 tons per capita in Latvia to
24.93 tons per capita in Luxembourg in the period 20042018 (Eurostat, 2020). This raises
concerns and calls for new policy actions.

Understanding the association between environmental degradation and the economy is
important for creating adequate policy mitigation initiatives and consequently fully imple-
menting strategic documents. This is because adequate policy actions and measures can
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stimulate economic growth and simultaneously ensure that it is low-carbon. The earli-
est empirical studies (e.g., Grossman & Krueger, 1991; Panayotou, 1992; Shafik & Ban-
dyopadhyay, 1992) indicate a nonlinear relationship between environmental quality and
income. In the last thirty years, this relationship has been receiving increased research
attention within the framework of the environmental Kuznets curve (EKC). It hypothesizes
the presence of an inverted U-shaped pattern between environmental quality and economic
development.

While earlier studies investigated the validity of the EKC in a bivariate framework, and
thus suffered from omitted variable bias, recent studies have tested its validity in a mul-
tivariate framework. This framework takes into account not only the effect of scale that
causes a monotonic increase in GHG emissions, but also the composition and technique
effect as well as the substitution and regulation effect that may more or less neutralize the
strength of the scale effect. However, research results remain inconclusive. When it comes
to the EU, for example, some studies discovered the existence of the EKC in the selected
sample of EU countries (e.g., Lapinskiene et al., 2017a; Kasman & Duman, 2015; Destek
et al., 2018; Armeanu et al., 2018), some failed to do so (Boluk & Mert, 2014; Mazur et al.,
2015; Auci & Trovato, 2018), whereas some found evidence only for some EU countries
(Acaravci & Ozturk, 2010; Neagu, 2019). The inconclusive results may stem from different
pollutants used to represent environmental quality and the method applied, a different time
period and geography covered, and different empirical settings. However, they can be a
consequence of the fact that socioeconomic activity and policy decisions change the shape
of the distribution of GHG emissions across EU countries. In particular, if larger effects
were observed among high-emission countries, such findings would have important pol-
icy implications and would be important for GHG emission mitigation. Investigating the
distributional heterogeneous effect of socioeconomic and policy variables on GHG emis-
sions should increase our understanding of the effectiveness of programs aimed at reducing
harmful emissions.

Recently, several studies have corroborated that the unobserved distributional hetero-
geneity across countries exists and the effects of determinants on adverse emissions (Chen
& Lei, 2018; Zhu et al., 2018; Salman et al., 2019; Akram et al., 2020; Khan et al., 2020)
and energy use (Borozan, 2019) are heterogeneous in their nature. Hence, they should not
be ignored. However, they were focused on researching the impact of economic variables,
while the impact of social and policy variables was neglected. Hence, the present paper
aims to examine the distributional heterogeneous effect of socioeconomic (gross domes-
tic product (GDP), energy consumption, human capital, energy poverty) and policy vari-
ables (environmental and energy taxes) on GHG emissions within the framework of the
EKC in the EU over the period 2004-2017. It pays particular attention to detecting the
possible unobserved distributional heterogeneity across EU member states and the role
of the selected variables in the process of decoupling economic development from GHG
emissions. To that end, it employs quantile regression for panel data (QRPD) developed by
Powel (2016).

The contribution of the paper to the literature primarily refers to the improvement of our
knowledge of the determinants affecting GHG emissions throughout its conditional dis-
tribution. Apart from economic variables, the paper tests the capacity of social and pol-
icy variables, which were neglected in previous studies, to outweigh the negative effect
of scale on the GHG emissions distribution. The application of QRPD corroborates the
heterogeneity effect across the selected quantiles of this distribution and suggests that the
EKC shape depends on the power of scale, structural, technical, substitution, regulation
and social effects.
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The paper is structured as follows. The next section explains the conceptual background
behind the EKC and reviews the related academic literature. The third section describes
the data, the model and a panel quantile framework, while the fourth section presents and
discusses the obtained empirical results. The last section concludes the paper and draws
policy implications.

2 A conceptual framework and a literature review

Theoretical thinking on the association between the environment and economy may be
found in two opposite streams of the literature (Panayotou, 2003). The first one consid-
ers economic growth as a main source of environmental degradation. Namely, further eco-
nomic growth demands more energy and other resources, and consequently, it leads to ever
greater levels of environmental degradation. Even if growth is assumed to have its limits
(Meadows et al., 1972), unsustainable use of natural resources, emissions of pollutants, and
accumulation of waste will exceed the carrying capacity of the Earth and cause deteriora-
tion of environmental quality. On the other hand, the second stream considers economic
growth to be an important factor in enhancing environmental quality. If the latter is correct,
there may be an inverted U-shaped pattern between environmental degradation and eco-
nomic growth.

In the early 1990s, three papers written by Grossman and Krueger (1991), Panayotou
(1992), Shafik and Bandyopadhyay (1992) unveiled an inverted U-shaped pattern between
the relationship of interest and initiated a wave of research in this field. Grossman and
Krueger (1991) empirically observed that the concentration of air pollutants increases with
per capita GDP at its low level, while it decreases with per capita GDP at its higher level.
Shafik and Bandyopadhyay (1992) noticed an important role of income and a minor role of
economic policy in terms of environmental quality, whereas Panayotou (1992) coined this
relationship as the EKC due to its resemblance to the behavioral pattern of income inequal-
ity and economic development hypothesized by Kuznets in the mid-1950s.

As already mentioned, the relationship under investigation has intrigued many scholars
to continue researching it in order not only to verify its validity within different conditions,
but also to explain it. The literature points to several mechanisms that may be responsi-
ble for a nonlinear dependence of environmental quality on a country’s development path.
Besides the classical ones, i.e., the scale and composition (structural) and technique effects,
observed by Grossman and Krueger (1991), several other mechanisms were indicated as
important ones. Stern (2004) observed the substitution effect, while Kaika and Zervas
(2013) noticed, inter alia, the importance of equity of income distribution among others.
Besides, Gassebner et al., (2011) pointed to the economical, demographic and governance
mechanisms.

The scale effect reflects a simple fact that if the scale of economic activities expands,
energy production and consumption will rise, and if the nature of those activities remains
unchanged, then the pollutants will increase monotonically with economic growth (Gross-
man and Krueger 1991). However, if economic growth is followed by a structural change,
environmental quality may improve or worsen, depending on whether more pollution-
intensive activities contract or expand. It is plausible to expect that as the economy grows
and produces fewer environmentally damaging products because of, for example, changes
in trade and consumer patterns toward more ecologically favorable products, the composi-
tion effect will become stronger and result in a reduction of pollution and improvement in
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environmental quality. Changes in input mix, which were also observed by Stern (2004),
may have a favorable influence on environmental quality, as well as if less environmen-
tally polluting inputs are a substitute for more polluting ones. Technological innovations
change the way of producing and, hence, the composition and structure of production func-
tion from both the input and the output side. They also create new economic activities. As
the economy grows, it can advance education and research and development (R and D)
activities and technologically improve itself. New technology is usually more energy and
environmentally efficient and conserving, as well as ecologically cleaner. As less pollution-
intensive economic activities and output are multiplying, environmental quality is becom-
ing less dependent on economic growth. Finally, economic and environmental policies may
play an important role in increasing energy and other input efficiency, stimulating R and D
activities and directing economic activities to those less environmentally damaging ones.

Clearly, the mechanisms act interrelatedly, and their net impact depends on the strength
of the composition, substitution, technique and regulatory impacts and their capacity to
outweigh the unfavorable impact of scale on GHG emissions. The EKC has been explored
in many empirical studies, which can be classified into several groups depending on the
criterion taken for the classification. Considering the aims of this paper and the fact that
numerous reviews of the EKC literature already exist (as mentioned in the introduction),
we provide an overview of the literature focused on the European environment.

Acaravci and Ozturk (2010) studied the causal association between adverse emissions,
GDP and energy use in terms of per capita for the EU19 in the period 1960-2005. For that
purpose, they applied the autoregressive distributed lag bounds testing framework. Their
research indicated the presence of the EKC only in Denmark and Italy. Likewise, they
discovered a long-run association between the selected variables only for seven EU coun-
tries. Morley (2012) revealed a negative impact of environmental taxes on GHG emissions
by applying panel analysis for the EU23 and Norway for the period 1995-2006. But, his
results were not in favor of the EKC. By applying fixed effects panel analysis, Boluk and
Mert (2014) explored the association between CO, emissions, real GDP and final energy
consumption (renewable and fossil fuels) in terms of per capita for the EU16 in the period
1990-2008. The authors also failed to find any statistical evidence in favor of the existence
of the inverted U-shaped EKC, but rather a U-shaped relationship. Considering energy
consumption, they concluded that both types of energy consumption give rise to carbon
emissions; though, pollution caused by renewable energy is lower than pollution caused by
fossil fuel consumption.

On the other hand, the results of Lapinskiene et al. (2015), obtained by using the fixed
effects panel model and panel cointegration, corroborated the existence of the inverse
U-shaped curve for the EU20 for the period 1995-2011. The size of agriculture, industry
and construction, energy taxes, primary production of nuclear energy and R and D proxy
have a statistically significant and favorable effect, while primary production of solid fuels
has an unfavorable effect on the level of GHG emissions. Using the same methods together
with panel causality tests, Kasman and Duman (2015) confirmed the validity of the EKC
for the new EU countries in the period 1992-2010. They also revealed the short-run effect
of energy consumption, trade openness and urbanization on adverse emissions. How-
ever, Mazur et al. (2015) failed to do that for the EU28 over the period 1992-2010. They
employed static panel analysis (fixed and random effects) and proxied environmental deg-
radation by CO, emissions without introducing other environmental variables.

Lapinskiene et al. (2017a) examined and confirmed the inverted U-shaped pattern
between GHG emissions and economic growth by applying the fixed effects panel
model for the EU22 in the period 1995-2014. Their research showed that higher energy
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taxes and R and D decreased GHG emissions, while higher energy consumption had the
opposite effect. The same method was applied in Lapinskiene et al. (2017b), when the
EU20 were analyzed over the period 2006-2013, and the same results were obtained.
Destek et al. (2018) tested the presence of the EKC given as the association between
ecological footprint and per capita income by employing the second generation panel
data methodologies in the EU28 over the period 1980-2013. They confirmed its exist-
ence and the favorable role of renewables and trade openness in decreasing environmen-
tal quality and offsetting the scale effect. Armeanu et al. (2018) also confirmed its exist-
ence in the case of GHG emissions and some other pollutants for the EU28 in the period
1990-2014. They applied fixed effects panel regression. Moreover, by using the panel
vector error correction model, they found a short-run impact of GDP per capita growth
on GHG emissions and the bidirectional causal relationship between primary energy
consumption and GHG emissions. However, Auci and Trovato (2018), who focused on
the dirtiest sectors of the EU25, revealed only a negative association between income
and carbon emissions for the period 1997-2005. Their analysis, based on a compari-
son of a single and simultaneous equation model, showed that the composition effect
matters, while the technique effect turned out to be different; the direct effect of R and
D expenditures decreases pollution, but the source of R and D spending influences
the indirect effect. By employing cointegrating polynomial regression, Neagu (2019)
explored the relationship between the economic complexity index and carbon emission
for the EU25 from 1995 to 2017. She corroborated the validity of the EKC for the whole
panel as well as for six EU countries. Energy intensity statistically, significantly, and
positively influences CO, emissions.

To summarize, the EKC has continuously attracted research attention since the 1990s.
However, due to different pollutants and methods used, different time periods and geogra-
phy covered, and different empirical settings, research results are mixed and inconclusive
for the EU. An additional reason may be the fact that previous studies ignored in general
the possibility that the economic activities and policy influence GHG emissions differ-
ently at different levels of its conditional distribution. This is not the case outside of the
EU, where several papers aiming at examining the distributional heterogeneous effect on
adverse emissions can be found. For example, Chen and Lei (2018) found out that selected
economic variables, renewable energy consumption and technological innovation in par-
ticular, differently affect carbon emissions across its conditional distribution for 30 coun-
tries over the period 1984-2014. Zhu et al. (2018) put special emphasis on studying the
heterogeneous effect of urbanization and income inequality on carbon emissions in BRICS
countries (Brazil, Russia, India, China and South Africa) in the period 1994-2013. By
using panel quantile regression, as Chen and Lei (2018), they unveiled the heterogeneous
effect of the variable of interest.

The heterogeneous effect of industrialization and technology innovation on carbon
emissions across seven ASEAN countries (Brunei, Indonesia, Malaysia, the Philippines,
Singapore, Thailand and Vietnam) was the primary focus of Salman et al. (2019) over the
period 1990-2017. To estimate their impact, they used panel quantile regression. The same
method was applied in Akram et al. (2020) and Khan et al. (2020). The former paid special
attention to studying the heterogeneous effect of energy efficiency and renewable energy
on carbon emissions within the EKC framework for 66 developing countries for the period
1990-2014. The latter particularly investigated the effect of renewable energy consump-
tion, financial development and internationalization on carbon emissions in 192 countries.
These papers drew the same conclusion—the heterogeneous effect of the variable of inter-
est matters.
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Based on this brief review of the literature, it can be seen that only recently the hetero-
geneous effect of the selected variables across different quantiles of the carbon emission
distribution has received much attention from scientists. There is also a lack of knowledge
regarding the heterogeneous effect of social and policy variables thereon. This paper tries
to fill this gap.

3 Data, model and method
3.1 Data and the model

Environmental degradation can be measured by using various indicators. In this paper, it is
proxied by per capita GHG emissions since GHGs are considered to be the most important
threat to global warming and climate change. This indicator, expressed in units of CO,
equivalents, represents total national emissions of the ‘Kyoto basket’ of five GHGs (CO,,
methane, nitrous oxide, F-gases and sulfur hexafluoride) divided by the average popula-
tion of the reference year. The set of independent variables, as shown in Eq. (1) and briefly
described in Table 1 (the first column), includes seven variables:

ghg;, = f(gdp,,. energy,, rnw,, envir_tax,, energy_tax;, human_capital,, poverty,,)

)]
where indexes i and ¢ denote an EU country (i=1,.., 28) and a period under considera-
tion (r=2004, ..., 2017), respectively. Table 1 explains the meaning of other symbols. The
choice of variables followed primarily our intention to cover the classical regressors of
GHG emissions revealed by the literature as well as to introduce a new one, i.e., a social
variable. The data were provided by Eurostat (2020). It is annual, covering the period from
2004 to 2017.

The gdp variable proxies for economic development, i.e., the scale effect. It is a com-
mon independent variable in most studies in the field, whose impact on GHG emissions
turned out to be far from straightforward. We followed the majority of studies mentioned in
the previous section in terms of including both a linear and a nonlinear form of per capita
GDP to be able to test the assumed inverted U-shaped pattern of the EKC.

Energy represents final energy use expressed in million tons of oil equivalents (TOE).
Its inclusion into Eq. (1) reflects the fact that it is a primary reason for adverse GHG emis-
sions. This variable may also reflect the scale effect since it is closely related to economic
activity. Hence, it is frequently found in GHG equations (e.g., Acaravci & Ozturk, 2010;
Boluk & Mert, 2014; Kasman & Duman, 2015; Lapinskiene et al., 2017a).

Unlike GDP and energy use, the share of renewables in gross final energy consumption
(rnw) may simultaneously indicate the composition effect (a transition toward less pollu-
tion-intensive industries) and the substitution effect (from fossil fuel energy toward renew-
ables). The EU has put an emphasis on renewable energy, particularly because of its con-
cerns about climate change. It supports the growth in renewables by various measures to
boost investment in this sector and consequently ensure a decrease in GHG emissions. The
effect of renewables on environmental quality has already been a subject of many empirical
studies (e.g., Boluk & Mert, 2014; Destek et al., 2018; Auci & Trovato 2018; Chen & Lei,
2018).

The technique effect is proxied with the human capital variable (human_capital), i.e., a
percent of persons in active population employed in science and technology. Human capital
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enables wise use of energy and other environmental inputs (Borozan, 2018a). On the other
hand, it should be an endogenous driver of improvements in technology and ecological
innovations as well as of low-carbon growth in general. In turn, technological progress that
takes care of the environment may reduce the strength of the scale effect and mitigate GHG
emissions by focusing on technologies, processes, goods, and services that generate less
environmental damage in general and less damage to the atmosphere in particular. Other
studies have incorporated the possible technique effect into the GHG equation mostly in
the form of R and D expenditure (e.g., Lapinskiene et al., 2017a, b; Auci & Trovato, 2018).
In contrast, we wanted to highlight the endogenous character of technological progress dis-
covered by endogenous growth theories.

Policy variables, i.e., the regulation effect, are represented by environmental and energy
taxes. The former (envir_tax) includes environmental taxes referring to energy, transport,
pollution, and resources. The latter (energy_tax) refers to total energy taxes paid for energy
products. Both variables enter the model as a percentage of GDP. According to theoreti-
cal expectations, they should foster a more efficient use of resources including energy and
thus have a favorable influence on GHG emissions. The effect of the environmental and
energy tax variables on adverse emissions has been investigated, for example, by Lapin-
skiene et al. (2017b).

Finally, the social effect is proxied by energy poverty (poverty), i.e., population unable
to afford to live in a warm home due to their poverty status. The issue of energy poverty has
attracted more policy and research attention, particularly after the recent Great Recession
and rising energy costs (Borozan, 2018a, b). The reasons therefor have been corroborated
by recent studies by Pye et al. (2015), who revealed that nearly 11% of the EU population
face energy poverty. However, this variable was mostly ignored in previous EKC studies.

3.2 Method

The assumed presence of significant heterogeneity in the EU considering GHG emissions
calls for the implementation of the panel quantile framework. We employed the quantile
regression estimator for panel data with non-additive fixed effects developed by Powell
(2016). This method generates several advantages compared with commonly used panel
regressions (Powell, 2016); it addresses both individual and distributional heterogeneity
at the same time and consequently enables us to create a deeper understanding of GHG
determinants. More precisely, it provides estimates of the effects of the variables of inter-
est throughout the GHG conditional distribution. As underlined by Powel (2016), the
interpretation of the estimated coefficient is the same as in cross-sectional regression, and
the method provides reliable estimates from small 7 (time). Following Powel (2016), the
underlying model is expressed as follows:

Y, =D,p(U;) )

where Y, represents the outcome variable of an individual i in time 7, §; are parameters
of regressors, and D;, stands for the set of regressors. The error term related to fixed and
time-varying disturbance terms is denoted by U}, where U}~ U(0, I). As stated by Powell
(2016), for the rth quantile of Y;,, quantile regression is based on the conditional restriction:

P(Y, <D, p(0)|Dy) =7 3)
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which suggests that the probability of the outcome variable is smaller than the quantile
function. According to Eq. (3), it is the same for all D, and equals the quantile index (7). In
this paper, in line with Sarkodie and Strezov (2019), QRPD with non-additive fixed effects
was employed to estimate the coefficients of regressors of the following model:

ghg;, (t')a;. d,, x;) =a; +d, + b,,gdp;, + b2tgdp,'2t + byenergy;, + by, rnw;, + byenvir_tax;,
+ bs,energy_tax; + bg;human_capital,, + b;,poverty;, + n;
“4)
where x refers to the matrix of independent variables related to a country i and time ¢,
and a; and ¢, stand for the fixed and time effect, respectively. They are inseparable from the
regressors. The error term is denoted with v;, and 7=(0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
0.9). The ghg, gdp and energy variables are expressed in natural logarithms. We expect the
effect of regressors to be heterogeneous along the GHG emissions distribution.

Powell (2016) underlined that this method successfully solves an interpretation or con-
sistency issue which is inherent to the additive fixed effects quantile estimator. He also
pointed out that his estimator allows for an arbitrary relationship between the country-fixed
effects and the instruments, as well as that the relationship between the error term and the
fixed effect can be arbitrary. One should note that QRPD is set in an instrumental variable
framework to account for the possible endogeneity issue that can be observed in Eq. (2).
For additional information, see Powel (2016).

A panel quantile regression analysis was conducted in Stata 13.0. It employs the gregpd
command (Baker et al., 2016), which uses the adaptive Markov Chain Monte Carlo proce-
dure for numerical optimization and an instrumental variable framework.

4 Results with discussion
4.1 Preliminary analysis

In an effort to unveil the distributional heterogeneity effect hidden in the EKC, a descrip-
tive analysis is performed. Its results, shown in Table 1, indicate the presence of considera-
ble heterogeneity across EU countries. GHG emissions vary considerably across countries,
whereby more developed ones generally have higher emissions. Notable exceptions are
Sweden, with relatively small average emissions (6.61 tons of CO, equivalent per capita),
but the highest average share of renewable energy (15.08%), and Estonia, with high average
emissions (15.16 tons of CO, equivalent per capita) and the lowest average share of renew-
able energy in gross final energy consumption (0.32%). More developed countries consume
more energy and have more developed human capital and fewer people facing fuel poverty.
Environmental and energy taxes also vary across EU countries, but they are not statistically
significantly correlated with GDP (Table 3 in the appendix). All variables are more or less
skewed. This fact provides an additional argument to implement the QRPD framework to
explore the effect of selected regressors on the quantiles of GHG emissions.

Regarding GHG emissions, the lower quantiles (below the 25th percentile) include
countries with lower per capita GHG emissions, such as Latvia, Romania, Croatia or
Sweden. The quantiles between the 25th and the 50th percentile include countries such
as France, Bulgaria, Spain, Italy or Slovenia. The quantiles between the 50th and the 75th
percentile include countries such as the UK, Austria, Poland, Belgium or Cyprus, while
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quantiles above the 75th percentile include countries with high GHG emissions, such as
the Netherlands, Finland, Estonia and Luxembourg.

The correlation matrix (Table 3) does not reveal a strong correlation between GHG
emissions and its regressors, which further lessens the probability that estimated coeffi-
cients would be inconsistent and biased. Additionally, the estimated variance inflation fac-
tors (VIF) (Table 1) point out that multicollinearity will not adversely affect the QRPD
results. Our preliminary analysis ended with stationarity testing. For that purpose, the
Levin-Lin—Chu test and the Im—Pesaran—Shin unit-root test with removed cross-sectional
dependence were used. Their results, which suggest a rejection of the null hypothesis of
panel unit roots at the 5% significance level, are provided in Table 4 in the appendix. Con-
sequently, the analysis continues with the variables at level.

4.2 Results

The empirical analysis started with the estimation of static panel models. Its results, given
in Table 5 in the appendix, suggest per capita real GDP has ceased to be a statistically sig-
nificant determinant of GHG emissions, indicating thereby that the EKC is not a valid case
for the EU. According to Model 3A in the appendix, which is the quadratic representation
of Eq. (1), the larger the share of renewables, the higher the energy taxes, human capital
and poverty leading to the mitigation of GHG emissions, while final energy consumption
and environmental taxes have the opposite effect. However, the estimated coefficients of
the QRPD models with non-additive fixed effects (Table 2) confirm that the nonlinear asso-
ciation between adverse emissions and economic development together with other explana-
tory variables is more complex than suggested by the estimated fixed effects panel models.

Table 2 displays the results of three different models for the selected percentiles of the
GHG emission conditional distribution. Model 1 shows the results for the bivariate case,
while Models 2 and 3 give results for the models specified by Eq. (1). Different specifica-
tions of the models in Table 2 corroborate the robustness of the results obtained. The ratio
of renewable energy within total energy consumption, human capital and poverty variables
is statistically significant determinants across almost all quantiles of the GHG emissions
distribution, while the effects of economic development and policy variables vary from
significant to insignificant. Considering the aims of the paper, we proceed by focusing pri-
marily on the discussion of the results of Model 3, keeping the ceteris paribus assumption
in mind.

4.3 Discussion

The relationship between GHG emissions and economic development turned out to be sta-
tistically significant only at lower quantiles of GHG emissions distribution. At the lowest
quantiles, which is characteristic of less developed EU countries such as Latvia, Roma-
nia or Croatia (except Sweden), it had a statistically significant U-shaped form, indicating
that economic development itself cannot ultimately cause a reduction in adverse emissions.
Boluk and Mert (2014) drew the same conclusion for their sample composed of 16 mostly
developed EU countries for the period 1990-2008. Yet, the considered relationship in that
paper transformed into a statistically significant inverted U-shaped form around the median
quantile and the EKC became valid for countries such as Italy, Slovenia, Spain or the UK.
However, at the highest quantiles, in countries such as Luxembourg, Estonia, Ireland of
Finland, an observed inverted U-shaped relationship remained, but it became statistically
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insignificant. This, supported by the effect paths of total and renewable energy consump-
tion, could be a sign of decoupling environmental quality from economic development.
However, the assessment of the success and the magnitude of decoupling in this group of
countries requires further analysis. One should note that the evidence in favor of decou-
pling was found in some studies (e.g., Vavrek & Chovancova 2016, for the Czech Republic,
Hungary, Poland and Slovakia; Mikayilov et al., 2018, for eight developed EU countries).
However, Moreau et al. (2019) delineated that much of perceived decoupling in the EU is
virtual, and Ward et al. (2016) even argued that decoupling is impossible. Zhu et al. (2018)
also detected a stronger presence of the inverted U-shape form of the EKC in BRICS coun-
tries at lower quantiles, but it also become statistically insignificant at higher quantiles of
the CO, distribution.

Energy consumption statistically significantly influences GHG emissions at almost all
quantiles. This effect, particularly unfavorable to GHG emissions at lower energy con-
sumption levels and in the fixed effects panel model, indicates that energy consumption
is their significant source. The unfavorable effect of energy consumption on GHG emis-
sions has been revealed by other studies in the EU (Acaravci & Ozturk, 2010; Boluk &
Mert, 2014; Lapinskiene et al., 2017a; Kasman & Duman, 2015) and on CO, emissions
in BRICS countries (Zhu et al., 2018). This study shows that energy is utilized more effi-
ciently. Thus, its unfavorable effect becomes first weaker and then favorable and stronger
at the higher GHG levels, meaning that higher values of this indicator are associated with
lower levels of GHG emissions. This may be a result of not only an increase in energy effi-
ciency, but also structural changes happening in these economies, particularly in relation to
the changes in the energy mix directed toward using more environmentally friendly energy.

The effect of renewable energy is always significantly favorable, suggesting that it miti-
gates the scale effect and fastens the shift of the EU toward a low-carbon economy. This is
particularly pronounced at higher quantiles, where the estimated coefficients become higher
and more powerful. Lapiskiene et al. (2017a, b) corroborated that the effect of structural
changes expressed in terms of the transition from highly polluting sectors toward less pol-
luting ones happened, and hence, this matters to the EU. Likewise, Cruz and Diaz (2016)
found that structural changes toward less carbon-intensive transformation processes, activi-
ties and products together with an increase in energy efficiency contributed to a decrease in
carbon emissions in the EU. However, Boluk and Mert (2014) found an unfavorable effect
of both fossil and renewable energy consumption, whereby the former has a larger effect on
environmental degradation. It seems, which can explain the divergence in these results, that
renewable energy technologies have advanced so much and the share of renewables has
increased enough over the past ten years to increase efficiency of renewables and reduce
GHG emissions. Destek et al. (2018) also recognized the potential of renewable energy in
reducing GHG emissions in the EU, and Akron et al. (2020) and Khan et al. (2020) con-
firmed that the aforementioned holds for developing countries. However, as Chen and Lei
(2018) pointed out, its role in reducing harmful emissions, although significant, is limited
by a small share it still has in total energy consumption.

Environmental and energy taxes have a statistically significant unfavorable and favora-
ble effect on GHG emissions at lower GHG quantiles, respectively, and an insignificant
effect at higher quantiles of the GHG conditional distribution. Additionally, energy taxes
influence GHG emissions relatively stronger than environmental taxes, which can be a con-
sequence of the fact that energy taxes still play a more important role in energy use than,
for example, carbon taxes (OECD, 2017). Likewise, Lapinskiene et al. (2017b) showed
that higher energy taxes decreased, while environmental taxes increased the level of GHGs
in the EU20 over the period 2006-2013. However, Morley (2012) discovered a negative
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sign in front of the estimated environmental tax variable. From a theoretical point of view,
a negative, i.e., favorable impact of taxes on adverse emissions is expected. The EU has
favored these taxes because of numerous benefits they may generate (see Gago et al., 2014).
However, Borozan (2018b) revealed poor efficiency of energy or environmental taxes and
a redistribution effect in the EU over the period 2005-2017. This may be a consequence of
abundant subsidies, exemptions or reduction schemes that have reduced the efficiency of
taxes. Interestingly enough, Morley (2012) pointed out that a reduction in GHG emissions
is predominantly a consequence of using cleaner technologies and not environmental taxes
since they do not reduce energy consumption. Clearly, to be fully efficient and effective, the
whole environmental policy set of instruments should be reformed.

Technological innovations matter for GHG emission mitigation, and the share of highly
educated labor force, particularly those employed in R and D sectors, is important. In fixed
effects panel models (Models 2A and 3A), the estimated regression coefficients referring
to this variable have a negative sign, meaning that their higher values are associated with
lower levels of GHG emissions. However, in panel quantile models, it has been shown that
people employed in R and D activities rebound. Although they get higher salaries and have
better financial capacities to buy environment-friendly products than poorer and less edu-
cated people, they demand and consume more energy as well as energy and environmental
services (Borozan, 2018a, 2019). Hence, they produce more GHG emissions. This effect
is particularly small at the lowest level and exhibits a decreasing tendency at higher levels
of GHG emissions. Vivanco et al. (2016) have already observed the rebound effect in the
EU as a potential cause of offsetting some of predicted reduction in adverse emissions.
However, as they highlighted, the effect itself is not fully understood and adequately tack-
led by EU policy. To reverse a possible effect of highly educated people on GHG emis-
sions, changes in consumption behavioral patterns and new low-carbon investments are
likely to be needed, as suggested by Borozan (2019), who detected a rebound effect of
highly educated people with respect to energy consumption. Moreover, Bjelle et al. (2018)
demonstrated that preventing the rebound effect from triggering may contribute to reduced
harmful emissions. Therefore, behavioral changes in consumption patterns are necessary to
that end. Investments in low-carbon technology are specifically needed to improve environ-
mental efficiency and energy efficiency in particular. This was confirmed in a study by Sal-
man et al. (2019), who stressed that the importance of technology innovation is especially
pronounced at higher quantiles of carbon emission distribution. The authors particularly
highlighted the indirect effect of technology innovation on the process of reducing harmful
emissions: it reduces energy consumption by augmenting energy efficiency and stimulates
changes in energy consumption patterns toward more sustainable ones.

Finally, energy poverty statistically significantly and mainly negatively affects GHG
emissions at all quantiles. Although the magnitude of this effect is the lowest compared to
other regressors, the existence of energy poverty should not be ignored in the EU. Energy
and generally poverty is a huge economic, social and political issue that should be eradi-
cated. Zhu et al. (2018) provided evidence that an increase in income inequality leads to
the environmental quality deterioration. In the highest quantile level, our finding is consist-
ent with their finding—the impact of income inequality is statistically insignificant as it is
the impact of energy poverty in Model 2. However, as expected, the impact of income ine-
quality is much stronger in BRICS countries than the impact of energy poverty in the EU.
Li et al. (2018) showed that economically deprived areas are facing even more environ-
mental degradation, while Chakravarty and Tavoni (2013) pointed out that although energy
poverty eradication on a global level would increase energy demand and adverse emis-
sions, this could be done within manageable boundaries and the benefits to human life and

@ Springer



9178 D. Borozan

dignity would be immense. Hence, economic strategies directed toward minimizing this
issue should be combined with energy and environmental measures and actions. However,
as highlighted by Malerba (2019), little is known about how energy poverty may impact
carbon reduction targets and climate changes; thus, new research in this field is needed.

To summarize, the paper demonstrates that a behavioral pattern between environmental
degradation and economic development is far more complex than the existing literature has
ever thought. All regressors turned out to be important determinants of GHG emissions
but mostly at different levels of the GHG conditional distribution, which calls for different
policy mitigation measures and actions.

5 Conclusion

In an effort to unveil the true form of the behavioral pattern between economic develop-
ment and environmental quality and the mechanisms explaining it such that proper policy
measures aimed to improve the environment without endangering growth can be defined,
the EKC associated hypothesis has gained significant research attention. However, there
is limited understanding of its true form and mechanisms explaining it. The present paper
explored the relationship between GHG emissions and economic development for 28 EU
Member States in a multivariate framework over the period 2004-2017. A panel quantile
regression method employed to that end enabled us to investigate the effects of selected
regressors on the specified quantiles of the GHG conditional distribution.

The results corroborated a heterogeneous effect across the GHG conditional distribu-
tion in general and revealed that at lower quantiles, referring to those lower GHG emis-
sion economies, the effect of per capita real GDP followed a U-shaped curve. However,
at higher quantiles, the inverted U-shaped form became valid, significantly below the
median and insignificantly after the 50th quantile. The results also revealed that unlike the
rebounding technique effect, the structural effect mitigates the scale effect. Policy variables
(aregulatory effect) turned out to be ineffective at most quantiles, while the energy poverty
variable statistically significantly influenced GHG emissions across all quantiles.

Based on empirical results, several policy implications may be drawn. Since the EU is
strongly devoted to achieving environmental and energy policy targets between 2020 and
2050 and becoming a low-carbon economy, it has adapted a wide range of policies and
measures. However, their implementation remains a challenge, particularly due to consid-
erable differences in the level of economic development. Per capita GDP turned out to have
a heterogeneous effect on GHG emissions, indicating that in general economic develop-
ment itself cannot ultimately reduce GHG emissions. It is a necessary but not a sufficient
condition. Environmental and energy policies, instruments and measures are important
for that purpose, but their effectiveness and efficiency vary across GHG distribution. This
implies that, in addition to a general framework that should be more pro-environmental, the
EU still needs specific and country-fitted national policies.

Specifically, the existing environmental regulation effect expressed through environ-
mental and energy taxes needs to be reformed to discourage inefficient energy use and mit-
igate GHG emissions. Namely, it seems that numerous subsidiaries, exemptions or reduc-
tion schemes implemented in EU countries have a counterproductive effect. An exemption
is the energy tax, which is effective, but only in countries with the lowest level of GHG
emissions. The government of each country should create a more efficient package of pol-
icy instruments, taking into account at the same time the need to have a more uniform
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distribution of the tax burden. Moreover, regarding collected tax revenues, more pro-envi-
ronmental recycling options have to be implemented.

In addition, as shown by the results, energy consumption and GHG emissions are inter-
related. A mitigation effect occurs when renewable energy consumption comes into play
and energy is used in a more efficient way. Estimated coefficients of energy consump-
tion show that the unfavorable effect on GHG emissions becomes first weaker and then
inverse and stronger at higher GHG levels. Structural shifts toward less pollution-intensive
activities and sources of energy as well as an increase in energy efficiency showed positive
effects and, consequently, have to be additionally supported. Investment in new innova-
tive and advanced energy-efficient and low-carbon technology is certainly a good way of
achieving that goal. Technological progress is the driving force that may ensure the substi-
tution of non-renewable energy with renewable one and, consequently, as the results of this
paper corroborate, reduce GHG emissions.

However, to have such effects, investment and technological progress in general have to
be followed by changes in the existing and the development of new education programs,
which will put specific emphasis on environmental aspects that have to be implemented
in regular education programs at all levels. Namely, our results show that highly educated
people, even employed in R and D, rebound irrespective of the level of GHG pollution
involved. The role of media can also be important in promoting environmental awareness
and energy-efficient and environmentally friendly behavioral patterns, and policy measures
should accelerate the transition toward the desirable one.

Finally, this paper opens a question of the association between energy poverty and
GHG emissions. Energy poverty should be eradicated, no doubt about it. However, this
should be done simultaneously with addressing adequately GHG emissions and climate
change. Environmental and energy policies cannot do that alone; they should be consist-
ently combined with economic policies. In so doing, they should not only stimulate eco-
nomic growth, among others, by promoting investment in new environmentally and energy
friendly technology aimed at reducing production costs, but also ensure more and more
efficient environmental public services and goods and provide different environmentally
informative, education and awareness-raising programs for poor people.

Since environmental and energy taxes turned out to be inefficient instruments in higher-
emission countries, further research should focus more on testing the effectiveness of other
policy instruments in countries with different levels of GHG emissions. In this regard, it
would also be interesting to investigate the short- and long-term effects of social and policy
variables on GHG emissions, particularly in lower- and higher-emission countries. Moreo-
ver, testing their heterogeneous effect in the sample made of more lower- and higher-emis-
sion countries will reduce the main limitations of the paper, its relatively small sample at
the extreme of the GHG emissions distribution and its regional character, and thus provide
a better foundation for the generalization of the findings.

Appendix

See Appendix Tables 3, 4 and 5.
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Table 3 Pearson correlation coefficients

In(ghg) In(gdp) In(energy) rnw envir_tax energy_tax human_ poverty
capital
In(ghg) 1
In(gdp) —-0.0549 1
In(energy)  0.0115 -0.0828 1
rnw —0.2510*% 0.0317 0.2445%
envir_tax  0.051 0.0278 —0.2446* —0.1774* 1
energy_tax —0.0251 -0.0291 -0.1386 —0.1156 0.6717* 1
human_ 0.4209*  0.1065 0.0936 0.3361*%  0.0778 —0.075 1
capital

poverty —0.3256* —0.1638* —0.2366* —0.2471* 0.0547 0.1929* —0.5052*% 1
*p <0.05
Table 4 Stationarity test results

Levin-Lin-Chu unit-root test Im-Pesaran-Shin unit-

root test

Constant only Trend Const Trend

Adjusted r* stat p value Adjusted r* stat p value t-bar t-bar
In(ghg) —3.3147 0.0005 —17.3202 0.000 —1.4328 —2.3188
In(gdp) —4.5825 0.0000 -9.5719 0.000 —1.2030 —1.5748
In(energy) —-2.1187 0.0171 —4.3203 0.000 —1.6953 —2.3880
rnw —-2.5155 0.0059 —8.5755 0.000 —1.4226 -1.9774
poverty* 177.7300 0.0000 232.4750 0.000
human_capital —3.6850 0.0001 —5.5636 0.000 —1.4560 -2.1758
envir_tax —3.2596 0.0006 —5.4953 0.000 —1.2683 -1.8979
energy_tax —1.4268 0.0768 —5.5748 0.000 —1.2282 —2.0447

The null hypothesis: panels contain unit

roots.

*The Fisher-type Phillips-Peron unit-root test was employed to test for the stationarity. We reported the sta-
tistics for inverse chi-squared. The null hypothesis for this test: all panels contain unit roots
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