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Abstract

Among the most fundamental problems today are environmental problems. As people earn higher incomes as a result of get-
ting a good education, their sensitivity to environmental problems increases. As the income level of both the consumers who
have received quality education and the producers who make conscious production increases, their demand for environmental
quality and their sensitivity to environmental problems will also increase so it is thought that educational expenditures and
policies can affect the number and cost of environmental problems. On the other hand, economic activities comprehensively
consume natural resources and impact the ecological quality adversely. Therefore, GDP and the educational expenditures
variables are used in the model. The aim of this study is to analyze the relationship between environment, education, and
economy during the period of 1998-2017 from selected EU countries (Austria, Italy, the Netherlands, Norway, Poland,
Portugal, Romania, and Slovakia). As a result of the panel data analysis, according to the Durbin-Hausman cointegration
test result, a long-run relationship between the variables was determined at the level of 1%. According to the results of the
Dumitrescu-Hurlin causality test, a unidirectional causality relationship from educational expenditures to ecological footprint
at the level of 5%, a unidirectional causality relationship from ecological footprint to renewable energy at the level of 1%,
and a bidirectional causality relationship at the level of 1% between ecological footprint and GDP were determined. Accord-
ing to the results of Granger causality test based on the VEC model, a unidirectional causality relationship from ecological
footprint to educational expenditures at the level of 5%, and bidirectional causality relationship between ecological footprint
and renewable energy (from ecological footprint to renewable energy at the level of 10%; from renewable energy to ecologi-
cal footprint at the level of 1%) were determined. Based on the findings, it can be concluded that economic and educational
policy makers should be aware that they have important consequences on environment.
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Introduction

Education has been accepted as a system that plays a very
important role in the lives of both societies and individu-
als since early times. It determines the economic, social,
and political structure of countries and ensures their conti-
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benefits due to its transformation into increasing income
(Heckman et al. 2017: 28).

The social and political features of education, on the other
hand, are apparent in the form of determining the structure
and political order of societies for centuries, on the one hand
preserving the various information that the society has and
on the other hand systematically developing them and mak-
ing them usable. With this aspect, education exhibits a struc-
ture that is open to developments and creates immeasurable
benefits for the individual himself and other members of the
society (Vila 2000: 23; Oreopoulos and Salvanes 2011: 160).
These nonmonetary benefits can be listed as educated indi-
viduals having better employment conditions, being more
conscious in their consumption and investment decisions,
living healthier and longer, contributing to the increase in
the literacy rate, developing citizenship and democracy
awareness, and participating in more broadcasting and cul-
tural activities. These benefits also include low crime rates,
creating an environment conducive to economic growth, bet-
ter functioning of the economy and markets, development
of freedoms, and increasing sensitivity to the problems of
global warming, climate change, and environmental pollu-
tion (Dziechciarz-Duda and Krél 2013: 83; Romanello 2017:
2). This means that education creates an increase in socially
desirable behaviors and a decrease in undesirable ones.

The nonmonetary benefits of education include reduc-
ing both the number and cost of social problems. The pri-
mary social problems experienced in recent years include
climate change, depletion of the ozone layer as a result of
the increase in CO, emissions, decrease in natural resources,
reduction in biological diversity, global warming, and
increase in desertification due to decreasing forests. Pro-
tecting the environment, helping to eliminate environmental
problems, and not facing new environmental problems are
only possible with positive behaviors towards the environ-
ment. Solving environmental problems is possible not only
by using technology or laws but also by changing individual
behaviors (Managi et al. 2009: 347).

Positive developments such as the development of envi-
ronmental awareness, change in individual behaviors, and
increase in social awareness depend on the education poli-
cies in the country. Consumers who are not sufficiently con-
scious of the environment may increase their consumption in
a way that harms the environment via the mindset of “more
consumption for more happiness.” After all, consumers will
only purchase what is good for them, and producers, as a
result, will only produce what consumers are willing to pay
for (Princen 2001: 12). On the other hand, when consumers
attain a higher income level by receiving a good education,
their demands for environmental quality increase and they
prefer politicians who are sensitive to environmental degra-
dation (Farzin and Bond 2006: 218). Educated societies can
increase environmental awareness in terms of consumption,
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as well as provide significant environmental improvements
in production. Societies with a high level of education con-
tinue their production activities by preserving the ecological
balance in many areas from the energy used in production
to production techniques that do not harm the environment.

The recent increase in environmental problems around
the world has become a research subject that concerns both
individuals and society as a whole. Public interest in this
subject is based on an effort to clearly understand the causes
of environmental degradation. The common thread in studies
investigating the effects of economic growth on the environ-
ment is that the pressure on the environment will be high in
the early stages of economic growth and this pressure will
decrease at high income levels (Dinda 2004: 432). Accord-
ingly, environmental pollution increases in the first stages
of economic growth and after a certain threshold value, as
economic growth increases, the trend reverses and economic
growth leads to environmental improvement (Barua and
Hubacek 2009: 52; Zhang and Cheng 2009: 2708). In the
early 1990s, Grossman and Krueger (1991) explained this
situation through the environmental Kuznets curve (EKC)
hypothesis, which suggested an inverted U-shaped relation-
ship between economic growth and environmental pollution.
According to the theory, environmental pollution rises with
increases in economic growth until economic growth reaches
the optimum level, while environmental pollution begins to
decrease after economic growth reaches a certain level.

During economic growth in developing countries, energy
demand is largely provided by fossil fuel consumption. The
economic growth model has detrimental consequences on
environmental quality to a certain extent. Due to high costs,
energy savings and access to renewable energy cannot be
achieved in such countries. When growth reaches a certain
level, the increase in environmental awareness prompts
policy makers and industries to think about less polluting
technologies and renewable energy sources, and thus the
economic growth model causes a decrease in environmental
degradation (Destek and Sinha 2020: 8).

As the scale of production increases with the growth of
economies, the amount of natural resources used in pro-
duction will increase, so more environmental waste will be
generated. Using more natural resources in the production
process will result in environmental pollution, global warm-
ing, and climate change given the technology (Galli 2015:
211). If technologies that cause environmental pollution are
used, increasing production depending on the amount of out-
put will further increase environmental pollution. Industry-
related environmental pollution does not occur in underde-
veloped or developing countries whose economic structure
is limited to agriculture. However, in countries whose eco-
nomic structure is transitioning from the industrial sector to
the services and information sector, there will be reductions
in environmental degradation and pollution as the services
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and information sectors use less natural resources compared
to the industrial sector (Can et al. 2021: 3360).

The economic growth levels of the countries affect the
ecological destruction and are regarded as the factor that
reduces the biological capacity of the world and narrows
the living spaces to the extent of consumption patterns.
Research on environmental problems reveals that especially
developed countries use more biologically productive areas
than other countries and if these countries continue with the
same consumption habits, the capacity of the planet will not
be able to bear this burden (Zaidi and Ferhi 2019: 2158).
These results generally cause environmental degradation to
be associated with economic growth and make sustainable
development necessary in countries that can provide eco-
nomic growth that reduces the damage to the environment
(Destek and Ozsoy 2015: 3).

In industrial production, which is included in countries’
economic growth targets, the focus has always been on find-
ing energy sources that can be easily accessed and converted
to meet the energy demand. This has caused the priority
in energy production to always be given to hydrocarbon
resources such as coal, oil, natural gas, and nuclear energy.
Since these resources are of fossil origin, they take millions
of years to replace when consumed, and the damage they
have caused to the environment since they were first used has
become irreparable. Production structures become depend-
ent on fossil energy types, mainly coal, oil, natural gas, etc.
and these lead to increased CO, emissions (Lee and Lee
2009: 414; Narayan and Narayan 2010: 662).

Many factors such as nonenvironmental industrial pro-
duction, rapid urbanization, and the negative effects of
technology increase ecological problems. In this context,
scientists who conduct solution-oriented research on envi-
ronmental problems develop many different methods and
techniques for calculating the productivity and amount of
natural resources. In this context, the ecological footprint
(EF), which was first developed by Wackernagel and Rees
(1996) and is accepted as an indicator of sustainability and
sustainable development, is important. As examined in
recent studies in the literature, Yilanci et al. (2022), Saqib
and Benhmad (2021), Udemba (2021), Dogan et al. (2020),
Ansari et al. (2021), Destek and Sarkodie (2019), Al-Mulali
et al. (2015), and Hervieux and Darné (2015) used the EF
variable as an environmental indicator in their studies. The
reasons behind this use can be listed as follows: the EF
has many sub-components (grazing land footprint, fishing
grounds footprint, cropland footprint, forest land footprint,
built-up land footprint, and carbon footprint) as an environ-
mental indicator and it is more inclusive compared to oth-
ers. Due to the stated reasons, the EF was included in the
analysis as an environmental indicator in the present study.

Today, the apparent alternatives to fossil fuel-based
energy production are geothermal; solar energy; wind,

tidal, and wave sources (defined as renewable energy);
solid biofuels; biogas; and biodiesels. Renewable energy
offers opportunities to prevent global warming by reducing
the volume of CO, emissions, and to reduce the external
dependence of countries that do not have energy resources
such as oil and natural gas (OECD, 2017; Ahmad et al.
2021b: 22589). Renewable energy, which is also consid-
ered part of total primary energy supply, has an important
place as it reduces the dependency of countries on for-
eign sources and represents an opportunity for economic
growth (Ahuja and Tatsutani 2009: 2).

Although the share of energy produced from renewable
energy sources is much lower than that from hydrocarbon
energy sources, the advantages, such as not being fossil-
based, having a minimum level of harm to the environment
compared to hydrocarbons, and being able to renew them-
selves, have an important place in the economic growth of
countries when considered together with the increasing
population (Kates 1996: 44; Ellabban et al. 2014: 749). It
is seen that countries tend to use renewable energy with
the intention of reducing both economic and environmen-
tal pollution. It does not seem possible for countries to
grow economically without the use of energy. However,
environmental pollution caused by energy use resulting
from economic growth is now taken into account. Since
such a cycle will make a clean environment more valuable
for society, it has forced researchers to study renewable
energy that can minimize environmental pollution rather
than using fossil fuels (Dong et al. 2020: 2).

As can be seen in the theoretical framework, which
analyzes the relationship between environment, educa-
tion, and economy, it is of great importance to develop the
right policies for these three variables, which have been
important for many countries in recent years. Therefore,
the research question is “Is there a relationship between
environment-education-economy?” Because, as stated in
the literature part of the study, the long-run relationship
between education-economy or between environment-
economy has been discussed in many studies, but there
are not enough studies on the education-environment rela-
tionship. Educated societies differ in their production and
consumption awareness and their approach to environmen-
tal problems. Education has a very positive effect on eco-
nomic growth as it provides a country with economically
stronger citizens (Lucas 1988: 36; Romer 1986: 1013). In
addition, education is a driving force of economic growth
since individuals reach a higher income level with eco-
nomic growth and want to consume and produce more
in order to be happier (Jorgenson 2003: 384). Production
and consumption processes, on the other hand, can cause
environmental problems unless they are managed properly.
In this context, the main motivation of the study was to
analyze the relationship between environment, education,
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and economy and to develop policy proposals based on the
findings obtained.

Annual data for the period 1998-2017 were used in the
study, through which the hypothesis “there is a relationship
between environment, education, and economy” was tested.
The sample of the study consists of selected EU countries
(Austria, Italy, the Netherlands, Norway, Poland, Portugal,
Romania, and Slovakia). The main reasons for choosing
EU countries in the analyses can be provided as follows: (i)
According to World Bank data, the EU is the second largest
economy in the world after the USA. (ii) The EU behaved
as a world leader in environmental awareness and imple-
mented different climate and energy legislative packages
and environmental regulations such as the Kyoto protocol
in April 2002, with the subsequent legislation, and the inde-
pendent EU commitment to reduce overall greenhouse gas
emissions by 20% compared with 1990 levels but “are the
environmental regulations of the EU efficient enough?” (iii)
The EU, the world’s largest political and economic organiza-
tion, constitutes 6% of the world’s population. (iv) Accord-
ing to World Bank data, the countries with the highest share
of their budgets allocated to EE are in the EU. (v) More
importantly, the present study is the first in the literature to
examine both the short-run and the long-run relationship
between the environment, education, and economy variables
in selected EU countries. In the model created to test the
determined hypothesis, EF was the environmental variable,
the educational expenditures (EE) of the countries included
in the sample was the education variable, and the GDP was
the economy variable. In addition, the variable of renewable
energy consumption (REC), which is known to affect the
EF through studies in the literature, was also included in the
model as a control variable. In the rest of the paper, firstly,
after the theoretical and conceptual framework is given, a
literature search on the relevant field is presented and the
contribution of the study to the literature is discussed. After-
wards, the relationship between environment, education, and
economy is tested with panel data analysis and the results are
interpreted. At the end of the study, the analysis findings are
discussed, and policy recommendations are given.

Literature review

In recent years, the problems of climate change, environ-
mental sustainability, and threats to human health have
become among of the most important issues on the global
agenda and have been a policy priority. Scientists are
unanimous that humanity is affecting the Earth in pro-
found and in some cases irreversible ways. Under the
main headings of social, economic, and environmental
sustainability, the concept of sustainable development
has gained great importance for the future of the world
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and humanity. In this context, there are several studies on
the factors affecting the environment and how the effects
of climate change can be reduced. From this perspective,
the nexus between environment, education, and economy
is examined in the present study. When the literature on
environmental issues, education, and the economy are
examined, the long-run relationship between education-
economy or between environment-economy has been dis-
cussed in many studies, but there are not enough studies
on the education-environment relationship. In addition, it
is seen that the studies examining a relationship between
the three variables have been insufficient. For this reason,
it is thought that this novelty of the present study would
make significant contributions especially to the environ-
ment and education literature.

Due to the stated shortcomings, the variables included in
the model within the scope of the literature research were
grouped and analyzed separately. In this context, firstly, the
literature on the relationship between environment, GDP,
and renewable energy was examined, and then studies inves-
tigating the relationship between environment and education
were evaluated. After the literature review, the relationship
between environment, education, and economy was inter-
preted in general and the contribution of our study to the
literature was explained, respectively.

Relationship between environment and economy

One of the most important issues in environmental stud-
ies is to select which environmental variable to use in the
analyses. Since the increase in CO, emissions is consid-
ered the most important factor involved in the threat of
climate change, the bulk of the studies on the environment
have used these emissions as a measure of environmental
degradation (Kasperowicz 2015: 91). In the economics
literature, the basic indicator used as an economic variable
is GDP. In this context, Coondoo and Dinda (2002); Lise
(2006); Richmond and Kaufmann (2006); Soytas and Sari
(2009); Apergis and Payne (2010); Fodha and Zaghdoud
(2010); Pao and Tsai (2011); Niu et al. (2011); Narayan
and Popp (2012); and Zamula and Kireitseva (2013)
examined the relationship between the environment and
the economy using CO, emissions, GDP, and energy con-
sumption data.

Recently, it has been observed that economic growth and
development have led to the emergence of new energy-effi-
cient and low-carbon technologies. In addition, rather than
which variable is often used as a measure of environmental
degradation, it is a much more important issue which vari-
able is used for which reasons in recent years. Accordingly,
Wackernagel and Rees (1996, 1997) proposed the EF as an
indicator of the carrying capacity of regions, nations, and
the world, and even extended its scope to be an indicator
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of sustainability. Therefore, when the studies carried out in
recent years were examined, it was seen that the EF was fre-
quently used as one of the most important ways to measure
the ecological impact of humanity. Therefore, in the present
study, EF is used as a measure of environmental degradation.

When the literature on the factors affecting the EF is
examined, it is seen that studies investigating the relation-
ship between EF, GDP, and renewable energy are on the
rise. While analyzing the relationship between environment,
education, and economy in the present study, as it can be
seen in the methods part, the renewable energy variable
was included in the model as a control variable, as seen in
many studies in the literature, with the thought that it affects
environmental factors. In conclusion, studies examining the
relationship between EF, GDP, and REC are summarized
in Table 1.

Relationship between environment and education

When the literature on education is examined, it is seen that
the studies mainly focused on the relationship between edu-
cation and economic growth. Most of these studies conclude
that there is a positive relationship between education and
economic growth. Schultz (1963), Hicks (1980), Romer
(1990), Weiss (1995), Bassanini and Scarpetta (2001), Kel-
ler (2006), Blankenau et al. (2007), Kiran (2014), and Mal-
lick et al. (2016) can be given as examples of the studies that
examine the relationship between education and economic
growth in the literature.

Numerous studies have been conducted in the field
of environmental education and awareness. The find-
ings obtained from these studies also support the
importance and interest of today’s society concerning
this issue (Sun et al. 2019: 3668-3669). Some of these
studies show a direct link between environmental edu-
cation and reducing carbon emissions. However, when
the literature was examined, it was determined that
the relationship between the expenditure on education
and the environment is a very new phenomenon in the
world and there is a research gap in this field. There
are very few empirical studies examining the relation-
ship between environmental degradation and education.
When the studies examining the relationship between
the environment and education were examined, it was
seen that no complete consensus was formed through
the findings obtained from the empirical studies on the
impact of education on the environment. The reason for
this may be that the effects of different education levels
on environmental quality differ. In addition, the direc-
tion of the said effect changes in the long term (Aytun
2014: 351).

When the studies in the literature are examined, it is seen
that different indicators were used as the education variable.

There are very few analyses in which EE are used as the
education variable. It is seen that CO, emissions are mainly
modeled as an environmental indicator used in these stud-
ies. Therefore, no study is found in which EE is used as
the education variable and EF is used as the indicator of
environmental degradation in EU countries when looking at
the similar works. Thus, it is thought that the present study,
which analyzes the relationship between EF and EE, will
make a very important contribution to the literature. Stud-
ies examining the environment-education relationship are
summarized in Table 2.

Econometric analyses and methodology

In the analysis part of this study, the relationship between
environment, education, and economy will be tested for
selected EU countries (Austria, Italy, the Netherlands,
Norway, Poland, Portugal, Romania, and Slovakia). In this
context, first of all, the dataset and model of the variables
to be used within the scope of the established hypothesis
will be introduced. Then, the method to be used will be
determined. After the theoretical and conceptual frame-
works of the tests to be applied within the scope of the
method are presented, the findings obtained from the
analyses will be interpreted.

Data and model

In the research, the hypothesis “There is a relationship
between environment, education, and economy” was tested
with panel data analysis for selected EU countries. In the
analyses, the annual data during the period of 1998-2017
were used, especially due to the data constraints in EE and
the common data problem. In this context, although the
EU countries were chosen as the country sample in the
study, only eight countries, i.e., Austria, Italy, the Nether-
lands, Norway, Poland, Portugal, Romania, and Slovakia,
could be included in the analysis. Therefore, the findings
to be obtained will be evaluated and interpreted for these
countries.

The variables of the model determined in accordance
with the established hypothesis are given in Table 3. The
variables included in the model were determined in accord-
ance with previous studies in the literature section. In this
context, the EF, which is the most widely used indicator of
environmental degradation in the literature recently and is
regarded as the most comprehensive since it incorporates
many environmental factors, was determined as the depend-
ent variable. As independent variables, GDP, which is the
main economic variable, was used as the economic variable
and the ratio of public EE to GDP was used as the education
variable in the model.
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Table 3 Data set and sources

Abbreviation Variable Source

EF Ecological footprint Global
Footprint
Network

EE Government expenditure on education, total (% of GDP) World Bank

GDP National income (USD) World Bank

REC Renewable energy consumption (% of total final energy consump- World Bank

tion)

As seen in the literature tables, all the variables used
in the model are the most preferred variables and there
will be no common data problem. When these variables
are evaluated, as seen in the literature, variables such as
trade openness, financial development, industrial output,
and foreign direct investment are also used as an economy
variable, apart from GDP. However, GDP was used in the
model as an economy variable (see Table 1), as seen in
many studies in the literature, in order to avoid common
data problems for the EU countries during the 1998-2017
period, and because GDP is the most inclusive variable in
the economics literature. As can be seen in Table 2, average
schooling years, education level, primary, secondary, and
tertiary school enrollment, and education degree variables
were used as the education variable. However, in order
to avoid common data problems as in GDP, the ratio of
public educational expenditures to national income (EE) is
included in the model. In addition, the EE variable is more
inclusive as an education variable, and it is thought to be
more explanatory and meaningful when evaluated in terms
of national income-expenditure over EU countries. Moreo-
ver, when the literature is examined (see Table 1), it is seen
that many variables such as energy use, carbon footprint,
water footprint, CO, emissions, fossil fuel consumption,
and energy consumption are effective on environmental
indicators and are included in the model as control vari-
ables. However, REC, which is the most frequently used
among these variables and shown as one of the most impor-
tant indicators for environmental problems, was included
in the model as a control variable.

Considering the relationship between the variables
included in the model and the country sample (selected
EU countries) used in the analysis, it is seen that there are
many common and important points. First of all, consid-
ering the EKC hypothesis, the fact that EU is the second
largest economy in the world makes GDP and ecological
footprint meaningful as an environmental indicator in the
model. As a requirement of EU policies, common poli-
cies need to be developed and implemented in many socio-
economic factors. Education is one of the most important
socio-economic factors. With the common education pol-
icy implemented in EU countries, the share of education
expenditures in national income has been standardized.

Moreover, a significant economic development has been
seen in the EU because of common environmental and
educational policies implementation in all EU members.
In this context, the education, environment, and economy
variables used in the model become even more meaning-
ful. The REC variable used in the model is chosen as the
control variable that can affect the ecological footprint the
most. According to Eurostat data, the share of REC used
in the total energy consumption in many EU countries,
especially Sweden, Finland, and Latvia, is around 50%.
Looking at the whole EU, it can be said that this share is
close to 20%. Therefore, renewable energy consumption
should also be included in the model.

In addition, the variable REC, which is known to affect
the EF, was also included in the model as a control variable.
Moreover, the logarithmic form of GDP was used in the
analysis because the variables other than GDP in the model
were index values or ratios. The main reason for use of loga-
rithmic forms was to reduce the variables by obtaining the
logarithms according to a certain base and to facilitate the
interpretation of the analysis results. Logarithmic forms of
the series do not cause any loss of information in the data,
reduce the autocorrelation problem, and ensure that the
series show normal distribution.

In the present study, in which the relationship between
environment, education, and economy was examined, the
model created in the specified sample and data interval was
constructed as in Eq. (1) within the scope of the hypothesis
established.

EF, = By + B,EE, + p,GDP; + p;REC;, + ¢, (n

While i=1, 2, 3,... .N represents the cross-sectional data
in the model, =1, 2, 3, .....T represents the time dimension
and ¢ represents the error term.

Methods and results

In the present study, which analyzed the relationship
between environment, education, and economy with the
annual data for selected EU countries during the period of
1998-2017, panel data analysis techniques were used, and
the applied methodological order was as follows:

@ Springer
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e In order to analyze the existence of cross-sectional
dependence of the variables, Breush and Pagan (1980)
CDyp, test and Pesaran et al.’s (2008) LM,; test were
used.

e In order to determine whether the variables included in
the model contain a unit root, Pesaran’s (2007) CADF
test was used.

e In order to determine the homogeneity or heterogene-
ity of the variables, the homogeneity test developed by
Pesaran and Yamagata (2008) was used.

e In order to determine the existence of a cointegration
relationship between the variables included in the model,
the Durbin-Hausman cointegration test developed by
Westerlund (2008) was used.

¢ Finally, in order to analyze causality, the Dumitrescu and
Hurlin (2012) panel causality test was performed.

Cross-sectional dependence test

In the global world, the interdependence of countries has
increased. Therefore, a positive or negative change or a
shock experienced in the economy of any country may affect
other countries due to the dependency relationship. Thus, in
econometric studies, it is necessary to determine the cross-
sectional dependence of the variables due to the common
factor problem.

Looking at the literature, Phillips and Sul (2003),
Andrews Donald (2005), and Pesaran (2006), in their stud-
ies on cross-sectional dependence, stated that in the absence
of cross-section analysis, studies would produce inconsist-
ent and biased results. According to Breush and Pagan
(1980) and Pesaran (2004), if cross-sectional dependence is
detected in the variables, the analyses should be continued
by taking this situation into account.

The tests used in the determination of cross-sectional
dependence can be listed as follows:

— When the time dimension is greater than the cross-
section dimension (7>N), the Breush and Pagan (1980)
CD,,,, test is used.

— When the time dimension is equal to the cross-section
dimension (7=N), the Pesaran (2004) CD,,,, test is used.

— When the time dimension is less than the cross-section
dimension (7<N), the Pesaran (2004) CD,,, test is used.

— When the time dimension is both less than the cross-sec-
tion dimension (7<N) and greater than the cross-section
dimension (T>N), Pesaran et al.’s (2008) (LM, ;) test is
used for the analyses.

adj

While the Breush and Pagan (1980) LM test can be
applied when the time dimension is greater than the

@ Springer

cross-section dimension (7>N), the Pesaran (2004) CD test
can be applied in any case.

N-1 N
CDLMI =T ) 3\ 5%~ Xaos
2

i=1 j=i+l

These tests give biased results when the group mean is
zero and the individual mean is different from zero. This
problem was corrected by Pesaran et al. (2008) by includ-
ing the variance and mean in the test statistic. Therefore, the
deviation corrected equation is expressed as LM, ;. The final
version of the equation is given below.

(T-K—-Dp2-

£~ N, 1)

) 1/2 N-1 N

— A2

LMadj - (N(N—l)) Z Z Pij
i=1 j=i+1

A2 _ .

'“T- = average VTI_',- = variance

ij

vry

The test statistic obtained from this equation shows a
standard normal distribution asymptotically (Pesaran et al.
2008). The hypotheses of the test are as follows:

H,: There is no cross-section dependency.
H,: There is a cross-section dependency.

When the probability value to be obtained as a result of
the test is less than 0.05, at the 5% significance level, the
H,, hypothesis is rejected and it is concluded that there is a
cross-sectional dependency between the units forming the
panel (Pesaran et al. 2008).

The number of countries included in the analysis in the
study was 8. Therefore, N=8, which represents the cross-
sectional dimension. The time dimension, on the other
hand, is 7=20 since the study includes annual data for the
1998-2017 period. Since T>N, the Breusch-Pagan CD
test and Pesaran et al.’s (2008) LM,; test were used in the
analyses.

Considering the countries included in the model and
the time dimension, the decision can be made according to
the CDy,,; and LM, ; results, since 7>N. Since the CDy,,
test usually gives conflicting results in cross-sectional
dependence tests, the results of the LM,; test are taken into
account. When Table 4, which shows the cross-sectional
dependence test results, was examined, it was seen that the
probability values of all variables were statistically sig-
nificant at the 1% level. Accordingly, the main hypothesis
for all variables, “there is no cross-section dependence,”’
is rejected, and the hypothesis in the panel data that says
“there is a cross-sectional dependence between countries”
is accepted. This situation is consistent with today’s global
world, and it was concluded that a shock that may occur
in one of the selected EU countries will also affect others.
Therefore, the leaders and policymakers of the countries
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Table 4 Cross-sectional

Variables CD tests CDy CDy,0 CD LM,
dependence tests results )
(BP 1980) (Pesaran 2004) (Pesaran 2004) (Pesaran et al. 2008)
GDP T-statistics 531.7334* 67.31421* 23.05541* 67.10369*
Prob. Value 0.0000 0.0000 0.0000 0.0000
EF T-statistics 128.8385* 13.47511* 8.625865* 13.26458*
Prob. Value 0.0000 0.0000 0.0000 0.0000
EE T-statistics 67.27514* 5.248361* 0.951662* 5.037835*
Prob. Value 0.0000 0.0000 0.3413 0.0000
REC T-statistics 353.7878* 43.53522%* 15.12310%* 43.32469*
Prob. Value 0.0000 0.0000 0.0000 0.0000

*, *% and *** indicate cross-section dependency at 1%, 5%, and 10% significance levels, respectively

included in the analysis should make decisions and plans
considering this situation.

Panel unit root test

In econometric analysis, stationarity tests are required to
solve the spurious regression problem. Granger and New-
bold (1974) stated that in the case of a unit root in the series
of variables included in the model, the results obtained from
the analyses will not be real findings. The determination of
the stationarity of the series can be measured as follows: A
series is stationary if the variance and mean do not change
over time and the covariance between two periods depends
only on the distance between two periods, not on the period
of this covariance.

The main point to be considered in the stationarity tests
of panel data analyses is whether the countries in the sam-
ple included in the model are independent of each other. In
this context, unit root tests of panel data analyses consist
of first- and second-generation tests. First-generation unit
root tests are divided into two according to the homogeneity
and heterogeneity characteristics of the countries included
in the model. Among these tests, Levin et al. (2002), Hadri
(2000), and Breitung (2005), which are the most widely used
in the literature, are tested according to the homogeneity
assumption, while Im et al. (2003), Maddala and Wu (1999),
and Choi (2001) are tested according to the heterogeneity
assumption.

While the first-generation unit root tests do not take
into account the cross-sectional dependence, the second-
generation tests perform their analyses according to the
cross-sectional dependence. In today’s global world, it is
more realistic that a shock that occurs in one of the coun-
tries in the panel also affects other countries. Therefore, in
the literature therefore, the use of second-generation tests
is interpreted as a more accurate approach. In the present
study, in which the relationship between environment,
education, and economy was analyzed, it was thought that

second-generation unit root tests should be used since
there is a cross-sectional dependence between the variables
included in the model. Therefore, the CADF unit root test,
which was developed by Pesaran (2007) and is the most
preferred second-generation unit root test in the literature,
was used in the study. CADF test statistics estimation is
given below:

Ty=(1=@) i+ Dyyog +uy, i=1,2,... ... Nver=1,2..... T
u,=vrf+e,

f, unobserved common effects of each country

€;, Individual-specific error

The equations are given above, and their hypotheses are
given as follows:

Ay, =a;+ i trfi+e, i=1,2,.. . Nvet=1,2...... T

HO: If §=0, the series are not stationary
H1: If <0, Series are stationary

Finally, the unit root test statistics for the entire panel are
calculated by taking the average of the unit root test statistics
for each country. The statistical value expressed by CIPS is
calculated with the following equation (Pesaran 2007):

N
CIPS =N~' ) CADF,
i=1

The main differences between the CADF unit root test
and other stationarity tests can be expressed as follows:

— Considering the countries included in the model and
the time dimension, it gives consistent results for cases

@ Springer
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where T>N. In our study, N=18, which represents the
cross-sectional dimension. The time dimension, on the
other hand, is 7=20 since it had annual data for the
1998-2017 period. Since T>N, the most preferred CADF
unit root test in the literature will be used.

— In the analysis, a test statistic value is calculated for all
units that make up the panel, and then the arithmetic
average of these tests is taken to calculate the cross-sec-
tionally augmented IPS (CIPS) test statistic for the panel
as a whole. Thus, stationarity analyses can be performed
for all countries as well as the panel in general.

— In the CADF test, the extended version of the ADF
regression with delayed cross-sectional means is used.
Thus, the regression model established with CADF will
be reduced to estimating the regression specified in equa-
tion 1 with OLS (Pesaran 2007: 269).

Ay, =a;+ byt ey +diAy, +e,

The CADF and CIPS test statistics values obtained after
the CADF unit root tests are compared with the critical
table values created by Pesaran (2007) with Monte Carlo
simulations, and the hypotheses for stationarity are tested.
Here, if the calculated CADF and CIPS test statistics values
are greater than the critical table values in absolute value,
the basic hypothesis (there is a unit root in the series) is
rejected and the alternative hypothesis (there is no unit root
in the series) is accepted for the relevant unit-panel in gen-
eral (Pesaran 2007: 265-312). In the study, the stationarity
of the variables included in the model for the selected EU
countries, the overall panel, and the CADF unit root test for
the cross-section units that make up the panel were analyzed
with the fixed model and the results are presented in Table 5
with the critical table values given by Pesaran (2007).

When Table 5 is examined, it is seen that there is a unit
root in the level values of the series across the countries that
make up the panel, according to the CADF test results for the
variables included in the model. On the basis of countries,
the EE variable in Austria and the EF variable in Italy were
stationary at the level of 5%. It was concluded that the CIPS
statistical results, which express the overall panel, had unit
roots in the level value of the overall panel, since all vari-
ables were smaller than the table critical values in absolute
value.

In econometric analysis, the series must be stationary to
the same extent in order to examine the medium- and long-
run cointegration relationship between the variables. The
most common method used in the stationarization of unit
rooted series in empirical studies is to take the difference.
Therefore, when unit root tests are performed again by tak-
ing the first order difference of all series, it is seen that the
series become stationary because the CIPS statistical results
expressing the panel in general are larger than the table criti-
cal values in absolute value. In this context, after taking the
first order difference, when the variables were evaluated on
a country basis:

e While the LGDP variable was unit rooted in all countries,
it became stationary at 10% level in the panel according
to CIPS statistics.

e While the EE variable is stationary at 10% in Portugal
and Slovakia, it is unit rooted in other countries. Accord-
ing to the CIPS statistics, the panel stabilized at the level
of 5%.

e While the REC variable was stationary at the level of
1% in Italy and Slovakia and 5% in Romania, it was unit
rooted in the other countries. According to the CIPS sta-
tistics, it was stationary at the 5% level in the panel.

Table 5 CADF unit root test

results Country LGDP ALGDP EE AEE REC  AREC EF AEF

Austria 0246 -2.14 —4.140%*%  -2.01 —-2.875 —2.590 —-1.66 —1.461
Italy —1.424 -2.00 —-0.015 —1.56 —2.553 —4.843%  —3.35%F —4.404*
Netherlands 2671 2.8l -2.327 -2.15 -2.509 -2.886 -0.845 -1.721
Norway -2.957 -2.14 -0.285 -2.16 —1.405 -1.608 —-1.64 —4.596*
Poland -1.318 -2.35 -1.107 -2.57 -2.383 —-1.524 -0.875 -0.794
Portugal —-1.812 -2.06 —2.457 =3.12%%%  —0.38 —1.829 —1.66 —3.482%*
Romania -1.367 -2.18 —1.645 -2.57 —4.231 -3.539*%* —1.01 -2.604
Slovak Republic —-1.691 -2.22 —-1.806 =3.27%%%  -3.039 -5.567* -0.614 —1.734
CIPS statistics —1.624 —2.24*** 1723 —2.42%% 1795 -3.48*%*  —1.24 —2.600%*

(1)CADEF table critical values for Fixed Model: 1%: —4.35 5%: —3.43 10%: —3.00. CIPS table critical val-
ues: 1%: =2.60 5%: —2.34 10%: —2.21

(2) (*), (**), and (***) signs indicate that they are statistically stationary at 1%, 5%, and 10% significance

levels, respectively

(3) The lag lengths were chosen according to the Schwarz information criterion
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e While the EF variable was stationary at the level of 1% in
Italy and Norway and 5% in Portugal, it was unit rooted
in the other countries. According to the CIPS statistics,
it became stationary at the level of 1% in the panel.

In the present study, in which the relationship between
environment, education, and economy was analyzed, it can
be inferred that after taking the first-order difference of the
variables included in the model, all the variables become
stationary at the same level, that is, at the I(I) level, and
then the necessary prerequisite for the long-run cointegra-
tion analysis between the variables is met.

Homogeneity test

In panel data analysis methods, it is necessary to decide
whether the coefficients of the variables assumed to have a
long-run cointegration relationship are homogeneous. The
homogeneity test determines whether the change in one of
the countries is affected at the same level by the other coun-
tries. In this context, in the models created for countries with
different economic structures, the coefficients are expected
to be heterogeneous. In the models created for groups of
countries with similar economic structures, the coefficients
are expected to be homogeneous. In the present study, the
slope homogeneity test (delta test) developed by Pesaran and
Yamagata (2008) was used to test homogeneity.

Pesaran and Yamagata (2008) developed two homoge-
neity tests that can analyze the homogeneity assumption
without considering the magnitudes of N and T. For exam-
ple, in the cointegration model given below, whether the f;
coefficients are homogeneous between cross-section units is
tested with the delta test.

Vi = a+ X+,

On the other hand, the equation given below was devel-
oped by Pesaran and Yamagata (2008) for large samples.
They developed 2 delta statistics that are valid for small
samples.

A=\/N<N—1§—k2k> ~ XK2

The equation that is used for small samples developed by
the same authors and is given below.

A= \/N<N —1Skv (T, k)> ~ N(0, 1)

In the equations, the N value represents the number
of cross sections, the S value represents the Swamy test

statistic, the k value represents the number of explanatory
variables, and the v(T, k) value represents the standard error.

The delta test is valid for large samples and the delta adj
test is valid for small samples. In the homogeneity test, it is
interpreted as “the slope coefficients are homogeneous” in
the null hypothesis (H;) and as heterogeneous in the alterna-
tive hypothesis (H)).

In the present study, in which the relationship between
EF, EE, and GDP was analyzed, the homogeneity test results
of the variables included in the model are given in Table 6.

According to the test results, since the probability value
of both test statistics was greater than 0.05, it was concluded
that the slope coefficients did not change between the units
in the long term, and therefore the variables were homogene-
ous. Since the variables were homogeneous, it was neces-
sary to use panel statistics instead of group statistics in the
analysis of relationships between variables.

Panel cointegration test

After the degree of stationarity of the variables is determined,
the cointegration relationship can be examined for the exist-
ence of a long-run relationship. In the literature, the exist-
ence of a long-run relationship in panel data analyses is most
frequently carried out by the methods used in the studies by
Pedroni (1999), Pedroni (2007), Westerlund and Edgerton
(2007), and Westerlund (2008). However, in cointegration
analyses, as in unit root tests, cross-sectional dependence
must be taken into account. Otherwise, problems such as
accepting the hypothesis that there is a relationship even
though there is no cointegration relationship may be encoun-
tered. Due to this problem, the Durbin-Hausman analysis
developed by Westerlund (2008), which takes into account
the cross-sectional dependence, was used in the present study.

There are many reasons for using the Durbin-Hausman
test developed by Westerlund (2008) in our study. The most
important advantage of the test is that it is a second-genera-
tion panel cointegration test that considering cross-sectional
dependence. It also allows independent variables to be 1(0)
or I(I), while the dependent variable has to be I(I) (Wester-
Iund 2008: 205). In addition, the Durbin—Hausman cointe-
gration test allows both the parameters in the panel to be the
same (homogeneous) among the units and the differentiation
(heterogeneous) of the parameters between the units. If the

Table 6 Homogeneity test results

Test statistics T statistics Prob. value
Delta_tilde —1035 0.850
Delta_tilde_adj —1186 0.882

* #* and *** indicate that the coefficients of the panel are heteroge-
neous at the 1%, 5%, and 10% significance levels, respectively
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parameters are homogeneous among the units, DH Panel
test statistics are used and if heterogeneous, DH Group. In
the present study in which the relationship between envi-
ronment, education, and economy was analyzed, it was
concluded that the coefficients were homogeneous accord-
ing to the results of the delta test developed by Pesaran and
Yamagata (2008). Thus, it can be stated that the DH Panel
test statistical results will give more reliable results in the
cointegration test.

The hypotheses of the Durbin-Hausman panel cointegra-
tion test are listed as follows:

H, &,=1, There is no cointegration relationship.
(i=1,2,....n)

H, J;< 1, There is a cointegration relationship. (i=1,2,...
.n)

In the Durbin-Hausman method, the cointegration rela-
tionship allows one to test separately in the panel dimen-
sion and in the group dimension. In the Durbin-Hausman
group test, the autoregressive parameter is allowed to differ
between sections. The rejection of the H,, hypothesis accord-
ing to this test indicates the existence of a cointegration
relationship in some sections. According to this test, it is
accepted that the autoregressive parameter is the same in all
sections. According to this assumption, if the H, hypothesis
is rejected, it is accepted that there is a cointegration rela-
tionship for all cross-sections (Di Iorio and Fachin 2007).

The Durbin-Hausman panel data model is expressed by
the following equation:

Yie = o + Pixy + 2,
X, =0X,_; +w,

it—

The distribution of z,; is assumed to be consistent with the
set of equations specified below, which allows cross-section
dependence through the use of common factors.

iy = )':Ft + (o
th = ijjt—l +u;
e = ¢iey_; + Vi (For every J;p; < 1)

F, Fj k-dimensional common factor vector

Iy

; consistent vector of factor loads

Finally, the core estimator required for the Durbin-Haus-
man test is expressed by the following equation:

| M, i T
V=77 2 <1_M-+1> 2 Vi
J=M; !

t=j+1
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Where;

v,  OLS remains,

M.

; bandwidth parameter

The value of 6)12 is consistent with the estimate of a)lz
which is the long-run variance of ;. The corresponding
simultaneous variance estimation can be specified with &l.z.
Given these estimates.

Two different variance ratios can be written as follow

N2

P
@)’

After all necessary calculations are made, Durbin-Haus-
man group and panel (DH,, DH,)) statistics can be estimated
by the equations given below:

v
Il

~
&2 ~
=+ and S; =
[on

i

T
n, A A2 .
DH, = §S(¢i—¢i) ;261-2,_1

PN

A a2 A
DHPS(¢i_¢i) ; ZzT=2ei21—1

In the present study, in which the relationship between
environment, education, and economy was analyzed, it was
concluded that there was a long-run relationship between the
variables included in the model, according to the Durbin-
Hausman cointegration test results and both group and panel
statistical results seen in Table 7. According to results, a
long-run relationship between the variables was determined
at the level of 1%. Considering the delta test results, it can be
said that the panel statistics results will give more reliable
results. This shows that all kinds of decisions to be taken
regarding environment, education, and economic policies,
which are known to have a widespread impact on the socio-
economy on both micro and macro scales, must be taken
sensitively and carefully.

Panel causality test
Following the cointegration analyses among the variables

included in the model, it is necessary to test the causality
relationship and its direction. The cointegration relationship

Table 7 Durbin-Hausman cointegration test results

Test statistics T statistics Prob. value
Durbin-H Group Statistics 4.681%* 0.000
Durbin-H Panel Statistics 16.048* 0.000

* %%k and *** show statistical significance levels of 1%, 5%, and 10%
in the series, respectively. The maximum number of common factors
was taken as 1
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does not provide information about the causality relationship
and its direction between the variables. In the present study,
the causality relationship between environment, education,
and economy was analyzed in the long run with the causality
test developed by Dumitrescu and Hurlin (2012), and in the
short run with the Granger causality test based on the VEC
model developed by Engle and Granger (1987).

The main reason for choosing the Dumitrescu and Hur-
lin causality test was that it can be performed even in the
absence of a cointegration relationship. At the same time,
this test is a causality test that gives effective results when
there is cross-sectional dependence or independence. In this
method, constant slope coefficients are calculated separately
for each country and cross-sectional dependence is also
taken into account (Dumitrescu and Hurlin 2012:1457). The
Dumitrescu and Hurlin (2012) panel causality test also gives
results in 7>N and T<N cases. Another important advantage
is that, considering the cross-section dependence, it can give
more accurate results in cases with unbalanced panel data.

Dumitrescu and Hurlin (2012) use the assumption that
there is no homogeneous causality relationship since the
panel causality test considers the regression model and
the causality relationship. The hypothesis is defined as
follows:

Hy: $=0V,=1,2,...,N

According to this equality, the f; value continues as
b= ﬁi('), ﬁl@, s ﬂi(k) and it can differ between groups. The
test also operates on the assumption that individual vectors
(p;) are equal to “0.” There is also an individual process in
which there is no causal relationship from N; < N number of
x to y in the null hypothesis. The alternative hypothesis is
described as follows:

H :p=0Y,=12...N,

1

B#0,¥V, =N, +1,....N

In this equation, the value of N, is unknown and it meets
the 0 <N,/N < 1 condition. The N,/N ratio must be less than
1. The main reason for this is that there is no causal rela-
tionship between the variables used in the analysis, in the
case N;=N. On the other hand, N, =0 indicates the exist-
ence of a causal relationship between all the variables in
the analysis.

In testing the null hypothesis, first, the Wald statistic
(W, 7) is calculated for all cross-sections, and the average of
each is taken to calculate the panel Wald statistic (W;,”;C).
Finally, Dumitrescu and Hurlin (2012) has to use ZZ’;C in
the case of 7>N, and has to use ZgNC the test statistic in the
other case.

In the present study, in which the relationship between
environment, education, and economy was analyzed, the
Dumitrescu-Hurlin causality test was used to determine the

long-run causality relationship between the variables, and
the results of the findings are given in Table 8. An examina-
tion of the table revealed the following:

e A unidirectional causality relationship from EE to EF at
the level of 5%,

e A unidirectional causality relationship from EF to REC
at the level of 1%,

e A bidirectional causality relationship at the level of 1%
between EF and GDP.

The results that were obtained showed that changes in EE
can affect the EF. It can be concluded that environmental
awareness can also improve when EE are used efficiently
at the optimum level. This result, which is consistent with
the theory, shows that the sensitivity of educated societies
to environmental problems is high, especially through pro-
duction and consumption. Apart from production and con-
sumption, it can be said that societies with a high level of
education may be more sensitive to environmental issues
such as environmental pollution, protecting green, and the
importance of recycling. In addition, the development in
the EF can affect renewable energy. This situation is con-
gruent with the theory and the solution of environmental
problems affects renewable energy resources positively and
can increase the use of these resources. Ecological footprint
chosen as an environmental indicator in the study covers
all environmental indicators with many sub-titles. It is
expected that the improvements in environmental indicators
will also encourage the consumption of renewable energy
sources because the CO, emission created by fossil fuels
can lead to environmental disasters as seen in many studies.
Therefore, the causality relationship obtained once again

Table 8 Dumitrescu-Hurlin causality test results

Direction of causality Test Test statistics Prob. value (%5)

EF#>EE Z-bar 0.1453 0.9000
Z-bar tilde —0.1248 0.8750
EE #> EF Z-bar 4.7386%* 0.0250
Z-bar tilde 2.0618%* 0.0250
EF #> REC Z-bar 3.4372% 0.0000
Z-bar tilde 2.4041% 0.0000
REC #> EF Z-bar 0.6484 0.5750
Z-bar tilde 0.2617 0.8250
EF #> LGDP Z-bar 1550.8008*  0.0000
Z-bar tilde 516.2669%* 0.0000
LGDP #> EF Z-bar 64.9678* 0.0000
Z-bar tilde 20.9893* 0.0000

* ** and *** show statistical significance levels of 1%, 5%, and 10%
in the series, respectively
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reveals the importance of renewable energy sources such
as sun and wind. Finally, it was concluded that there was a
mutual causality relationship between GDP and EF. This is
also in line with the theory and is within the expectations.
Improvements in GDP and welfare will affect environmental
awareness, environmental investments, and environmental
policies. Likewise, it is known that solving environmental
problems, increasing environmental awareness, and reduc-
ing environmental disasters will have an impact on GDP.
It is seen that many studies in the literature have obtained
similar results (see Table 1). Especially, reducing environ-
mental pollution will decrease the expenditures to be made
in this area and increase the production; thus, the national
income will be positively affected. Thus, with the increase
in the national income and the welfare level, environmental
awareness will also rise, and it will ensure that the neces-
sary actions are taken by investing in the areas that affect the
environmental pollution.

In the study, in which the relationship between environ-
ment, education, and economy was analyzed, the Granger
causality test based on the VEC model was used to deter-
mine the short-run causality relationship between the vari-
ables, and the results of the findings are given in Table 9. An
examination of the table revealed the following:

e A unidirectional causality relationship from EF to EE at
the level of 5%

e A bidirectional causality relationship between EF and
REC (from EF to REC at the level of 10%; from REC to
EF at the level of 1%)

This relationship is 10% from EF to REC and 1% from
REC to EF.

Table 9 VEC Modeline Dayal: Granger Nedensellik Testi

Direction of causality Test statistics Prob. value (%5)

EF#>EE 10.3773 0.0056**
2.8214 0.2440
EE #> EF 4.8730 0.0875%#*
10.1639 0.0006*
EF #> REC 1.6977 0.4279
1.2159 0.5444
REC #> EF 10.3773 0.0056**
2.8214 0.2440
EF #> LGDP 4.8730 0.0875%#*
10.1639 0.0006*
LGDP #> EF 1.6977 0.4279
1.2159 0.5444

* %% and *** show statistical significance levels of 1%, 5%, and 10%
in the series, respectively
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The obtained results are partially compatible with long-
run causality analysis. However, the effects of changes
that may take place in the short run may not have a direct
response in the long run. For example, while there is no
causality relationship between the EF and the GDP in the
short run, the relationship has emerged strongly in the long
run. In addition, while there is no causality relationship from
EE to EF in the short run, it is seen that there is a causality
relationship between education and the environment in the
long run. As a result, it can be said that these results are
compatible with the theory. When the results obtained in the
short term are examined, causality is seen from EE to EF in
the long run, while the opposite result is seen in the short
run. Improvements in the EF, which is in environmental
indicators, can also be interpreted as an indicator of social
welfare. This situation can also affect many variables such
as education and health in the global world. Therefore, the
obtained results can be interpreted as the improvements in
environmental indicators may affect education policies in
the short term. The second causality relationship obtained
is bidirectional causality from EF to REC. In the long run, a
causality relationship was only seen from EF to REC. In the
short run, it is seen that the effect of REC on environmental
indicators is clearer. In other words, the EF and REC are
important variables that mutually affect each other. All in
all, it can be said that all these results are consistent with
the theory.

Discussion

The core of the study is to investigate the relationship
between education policies, economy, and environmental
indicators, and their effects on the environment are investi-
gated. The main contribution of the study to the literature can
be interpreted as the development of environmental policies
and proposals through education policies. In addition, it is
thought that the use of education, economy, and environment
variables together in the model over selected EU countries
will bring an important novelty to the literature.

Education policy and quality in a country can create signif-
icant benefits that cannot be measured over the citizens of the
country. The most important of these benefits emerge on the
consumption, production, and investment decisions of edu-
cated individuals and environmental awareness. In addition,
the increase in the level of education in the country will also
solve the problem of the shortage of qualified personnel and
positively affect the employment policies in the country. As
can be seen, education policies can provide many improve-
ments in social and economic fields in a country. When edu-
cation policies are evaluated through social improvements,
it is known that in recent years, main social problems have
arisen from environmental problems. Generally, economic
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measures play an important role in the solution of environ-
mental problems. However, since the developments in educa-
tion policies will lead to an increase in educated individuals
and a rise in social sensitivity, it should be evaluated in a
different dimension in the fight against environmental prob-
lems because environmental problems cannot be solved by
laws alone in today’s global world. Environmental problems
can be solved more easily with conscious societies and the
high technology developed by educated individuals in these
societies.

It is stated that the key to being strong and surviving in
global competition is economic growth. When the dynamics
of economic growth is examined, it is seen that the power
of human capital is at the forefront. Human capital is fully
powered by the education policies implemented in the coun-
try. As the share allocated to education from the budget is
increased, more qualified people are trained, human capital
is strengthened, and these circumstances can have positive
effects on economic growth. So, the economic dimension
of education is the increase in national income as a result of
the increase in the quality of the workforce and then the eco-
nomic growth. For this reason, EE should be considered as a
national investment, and this investment should be assessed
while bearing the socioeconomic problems of the country
in mind.

The fundamental driving force of economic growth is
increased production. Unless the increase in production is
achieved by the right methods, significant environmental
problems may occur. In addition, the consumption dimen-
sion of economic growth other than production should be
analyzed correctly. With economic growth, the consumption
habits of individuals whose income level rises are changing
while increasing. This increase in production and consump-
tion can cause significant environmental problems in socie-
ties that have not developed environmental awareness. As
long as these environmental problems that may arise from
economic growth are managed correctly with education poli-
cies, they will be kept at an optimum level and remedies can
be developed. Because as the income level of both the con-
sumers who have received quality education and the produc-
ers who make conscious production increases, their demand
for environmental quality and their sensitivity to environmen-
tal problems will also increase.

The theory that best explains relationship between the
environment and economic growth in the literature is the
EKC hypothesis, which argues that the relationship between
environmental pollution and economic growth is in an
inverted U shape. When the studies investigating the EKC
hypothesis in the literature were examined, it was seen that
CO, emissions were the most frequently used environmen-
tal indicator. In the present study, the EF variable was used
as an environmental indicator because it is the most widely
used indicator of environmental degradation in the literature

recently, it has many sub-components (grazing land footprint,
fishing grounds footprint, cropland footprint, forest land foot-
print, built-up land footprint, and carbon footprint) and so it
is more inclusive. In addition, the fact that the EF is not used
at a sufficient level compared to CO, emissions as a variable
in the whole literature shows the contribution of the present
study to the literature in terms of the selected variable.
According to the EKC hypothesis, while environmental
pollution increases in the early stages of economic growth,
environmental problems decrease with the increase in
national income. In other words, economic growth promotes
environmental improvements. In the studies examining the
relationship between economic growth and the environment
in the literature, it is argued that the level of economic growth
may have a share in ecological destruction. It is known that
production and consumption policies affecting economic
growth play an important role in ecological destruction.
These results require the development of policies that will
reduce environmental problems and ensure economic growth.
As conveyed in the theoretical framework of the pre-
sent study, important disasters such as the climate crisis
and global warming can be encountered in cases where the
production process is not carried out with environmental
awareness while economic growth is achieved. Since such
environmental problems have become global in recent years,
many institutions and organizations have implemented vari-
ous types of cooperation and agreements to reduce environ-
mental pollution. As the number of these deals increases
and their applicability improves, it is expected that environ-
mental quality will increase with economic growth. In addi-
tion, especially in developing countries, the energy needed
in production for economic growth is mostly provided from
fossil fuels. The negative effects of fossil fuels on the envi-
ronment were explained in the theoretical framework of the
study. Instead, access to proposed renewable energy sources
and necessary investments require high investment costs. On
the other hand, with the economic growth reaching a certain
level, environmental awareness increases in educated socie-
ties. This situation puts pressure on governors of country to
produce policies on renewable energy sources.
Improvements in environmental policies are related to
education policies and economic growth. In order for coun-
tries to survive in global competition, they need to correctly
manage all the variables that affect economic growth. In
today’s world, environmental awareness has increased con-
siderably, especially in developed countries. The reasons for
this are thought to be the developments in the economy and
the increase in educated individuals. With this motivation, in
the study, the relationship between education and economy
variables and the environment was investigated through the
EU countries, which are at the top as economic power, and
policy proposals were developed based on the findings.
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Conclusions

In the present study, in which the relationship between envi-
ronment, education, and economy was analyzed, EU coun-
tries were chosen as the country sample group in the analyses
carried out with the annual data for the 1998-2017 period.
Austria, Italy, the Netherlands, Norway, Poland, Portugal,
Romania, and Slovakia were included in the analysis due to
the data constraint of the variables included in the model and
the problem of creating common data.

In the analysis part of this study, first of all, the cross-
sectional dependence of the variables included in the model
created in accordance with the determined hypothesis and
the literature was determined by Breush and Pagan (1980)
CD,, test and Pesaran et al.’s (2008) LM, 4; test. Accord-
ing to the results obtained, cross-sectional dependence was
observed between the countries included in the analysis.
Since there was cross-sectional dependence between the vari-
ables included in the model, the CADF unit root test devised
by Pesaran (2007), a second-generation unit root test, was
used in the stationarity analysis. While the variables included
in the model according to the unit root test results were unit
rooted in level values, all variables became stationary when
their differences were taken. The homogeneity test developed
by Pesaran and Yamagata (2008) was performed to deter-
mine whether the coefficients of the variables thought to
have a long-term relationship in the panel data analysis were
homogeneous. According to the results obtained from the
homogeneity test, it was concluded that the variables were
homogeneous, since the slope coefficients did not change
between the units in the long term. In order to determine the
existence of a cointegration relationship between the vari-
ables included in the model, the Durbin-Hausman cointegra-
tion test developed by Westerlund (2008) was used. It was
concluded that there was a long-run relationship between
the variables included in the model, when both group and
panel statistical results were examined according to the panel
cointegration test results. Finally, in the analysis part of the
study, the causality relationship and direction between the
variables in which the long-run relationship was seen were
examined. In this context, analyses were carried out using the
Dumitrescu-Hurlin (2012) panel causality test. According to
the results of the panel causality test, a unidirectional causal-
ity relationship was determined from EE to EF at the level of
5%, a unidirectional causality relationship from EF to REC
at the level of 1%, and a bidirectional causality relationship
at the level of 1% between EF and GDP. According to the
results of Granger causality test based on the VEC model, a
unidirectional causality relationship from to ecological foot-
print to educational expenditures at the level of 5%, and bidi-
rectional causality relationship between ecological footprint
and renewable energy (from ecological footprint to renewable
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energy at the level of 10%; from renewable energy to ecologi-
cal footprint at the level of 1%) were determined.
Considering the literature comparison of the analysis
findings of the study, a direct comparison cannot be made
since there is no study examining the environment-education-
economy relationship in terms of EF, EE, and GDP. When
the results of the research were compared with the literature,
it was seen that while the results were compatible with those
of many studies, they differed from those of some. The reason
for this is thought to be the method used, the selected country
group, the selected variables in the model, or the date range
of the variables. Since the studies in which the variables used
in the present study were used together were not sufficient in
the literature, the literature comparison was made by binary
grouping of the variables as seen in Tables 1 and 2. As can
be seen in the literature comparison, this study differs from
other studies due to the variables used, because it is seen that
the studies that include socioeconomic analyses and proposi-
tions based on the solution of environmental problems with
education policies have not reached certain maturity level yet.
Based on the empirical findings of this work, it can be con-
cluded that economic and educational policy makers should
be aware that they have important consequences on environ-
ment. The following policy implications are extracted: (i)
Policy makers in the country’s administration should first
create solutions through education policies and expenditures.
If the education budget is used efficiently and all kinds of
investments in education can be managed correctly, it will be
seen that the goals can be reached through economic growth,
environmental awareness can be raised, and environmental
problems can be prevented. Therefore, countries’ administra-
tors should develop new policies to produce individuals who
are more sensitive to environmental problems with the educa-
tion policies they will implement or the education mobiliza-
tion that they can spread throughout the country. Especially
among the country sample included in the analysis, countries
that later joined the EU, such as Poland, Romania, and Slo-
vakia, need to develop their education policies and manage
their expenditures from the budget for education in order to
reach EU standards because these countries are behind the
other countries in the union, especially in terms of socio-
economic factors. (ii) It is necessary to develop policies in
order to eliminate the risks posed by the ecological deficit.
In this context, it is of great importance to reduce fossil
fuel-based energy consumption in the production needed to
ensure economic growth. In this context, the use of renew-
able energy sources should be encouraged and supported.
It is very important that Italy, which is a major exporter of
products such as machinery, medicine, furniture, textiles and
ranks after Germany in terms of production power among
EU countries, develops the specified policies regarding pro-
duction. In this respect, it is essential for the development
of the EU and the country that Italy provides the energy it
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needs in production from renewable sources. Depending on
the level of development, countries should use nonrenewable
energy resources with limited reserves in a planned manner
and benefit more from renewable energy resources in order to
increase the welfare level of societies and meet the increasing
energy needs due to population and technological develop-
ments. In the EU in terms of population, Italy, which is the
3rd largest country, and Poland, which is the 5th country,
should attach more importance to these policies. (iii) Con-
sequently, it can be suggested that countries’ administrators
implement structural reforms that increase per capita income
because, as can be seen from the EKC hypothesis, environ-
mental problems are constantly increasing in countries that
have not yet achieved economic prosperity. Therefore, it is
necessary to give priority to policies that will increase GDP
and welfare by increasing production, especially of value-
added goods, and to develop sustainable and stable growth
policies. Policy makers should consider the environmental
costs in all kinds of economic and social decisions they take
in governing of the country, because, after a certain economic
growth performance, the environmental awareness of house-
holds increases. iv) The trend of deepening environmental
awareness has revealed the necessity of establishing a strong
environmental policy demanding reduction of environmental
problems and transition to cleaner technology. In response to
these requirements, it is not enough for the industry to rede-
fine its roles in the social and economic context in relation to
the natural environment, but also to develop and adopt eco-
innovation that improves economic performance and mini-
mizes environmental impacts. Companies operating in coun-
tries such as the Netherlands, Norway, and Austria, which
are known to be ahead in terms of environmental policies,
renewable energy resources production, and welfare level, are
expected to take a leading role in such corporations.

Important policy proposals can be formulated from the
findings of the analysis carried out in the present study and
the results obtained in general. Suggestions will be made
separately for new researchers, markets operating in the rel-
evant sectors, and decision-makers in the country’s adminis-
tration. In this context, first of all, new researchers can con-
duct research on similar variables with different countries
and country groups. Especially among the EU countries, the
countries with the largest economy and/or education expen-
ditures can be selected and analyses can be made using time
series techniques. In addition, the relationship can be tested
with different variables representing the basic headings of
environment, education, and economy or to test the relation-
ship between same variables using different tests.
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