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AB STRACT | The relationship

between environment and health status has
attracted intensive attention in recent years.
However, limited studies have focused on
environmental protection expenditure on health
status. This study empirically tests the links of
environmental protection expenditure with
health status for 20 European countries over the
period 1995-2019. For empirical analysis, this
study utilized panel quantile regression. The
empirical results show that while environmental
protection expenditure, GDP, and education help
to ameliorate health status, CO;, emissions worse
health status. Hence, efficient environmental
protection expenditure and environmental
policies must align with strategies to improve
health status.
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OZ | Cevre ve saglik durumu arasindaki
iliski son yillarda yogun ilgi gormektedir.
Bununla birlikte, sinirlt sayida ¢aligma, saglik
durumuna yonelik ¢evre koruma harcamalarina
odaklanmistir. Bu caligma, 1995-2019 dénemi
boyunca 20 Avrupa iilkesi icin ¢evre koruma
harcamalarinin ~ saglik  durumuyla  olan
baglantilarin1 ampirik olarak test etmektedir.
Ampirik analiz i¢in bu c¢alismada panel kantil
regresyon kullanilmistir. Ampirik sonuglar,
cevre koruma harcamalari, GSYIH ve egitimin
saglik  durumunu iyilestirmeye yardimci
olurken, CO, emisyonlarmin saglik durumunu
kotiilestirdigini  gostermektedir. Bu nedenle,
verimli ¢evre koruma harcamalart ve c¢evre
politikalari, saglik durumunu iyilestirmeye
yonelik stratejilerle uyumlu olmalidir.
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1. INTRODUCTION

The main reason of global warming and climate change is CO, emissions
(Danish, Zhang Wang & Wang, 2017; Sarkodie, Strezov, Weldekidan, Asamoah,
Owusu & Doyi, 2019; Kogak, Ulucak & Ulucak, 2020). CO; emissions rise from
11,192 million tons (1965) to 33,884 million tons (2021) worldwide (BP, 2021).
It is a known fact that human activities pose a risk to the environment (Mahmoud
& Gan, 2018; Manisalidis et al., 2020). On the other hand, CO; emissions have
an adverse effect on human health (Chaabouni, Zghidi, & Mbarek, 2016).
Environmental degradation is viewed as a global public health issue (OECD,
2001; Manisalidis et al., 2020) and affects environmental conditions and social
infrastructure, as well as the health and well-being of people (World Health
Organization, WHO, 2017). The environment can affect human health and well-
being in two ways. First, a high-quality environment provides clean air and water
and sufficient supplies of energy and raw materials for industrial production.
Second, a poor-quality environment exposes people to polluted air, noise and
hazardous chemicals (European Environment Agency, EEA, 2022). The adverse
conditions created by environmental pollution cause great problems for health
and country’s budget. Climate change is predicted to result in an additional
250.000 fatalities annually between 2030 and 2050, just from starvation, malaria,
diarrhea, and heat stress. By 2030, the direct health costs are projected to be
between USD 2-4 billion annually (WHO, 2022). Individuals who want to
maximize their utility are faced with a choice problem. People with a high
preference for living in a clean environment may prefer to live in areas with
higher environmental quality (Neidell, 2004).

According to Altintas and Kassouri (2020), as European Union (EU)
economy has expanded rapidly, ecological environmental problems (air
pollution, wastewater treatment) still face persistent. In a recent study, Juginovic,
et al. (2021) estimated that approximately 368.006 people died in Europe in 2019
due to air pollution. To overcome these environmental problems and improve
their health status, European countries have implemented various policies (EEA,
2020; EEA, 2021). These are; i) Approved the Clean Air Quality Package
proposal in 2013, ii) A key governance instrument with a 2050 vision identified
by the Seventh Environmental Action Program (7th EAP) to direct environmental
policies throughout the EU, iii) The EU’s environmental policies for the years
2021-2030 guided politically by the eighth environment action program (8th
EAP), iv) With the Zero Pollution Action Plan, it is aimed to reduce the number
of premature deaths due to fine particulate matter by 55% by 2030. The UK
hosted COP26, held in Glasgow (Smith, et al., 2022). The first of the four main
goals set in COP26 is to reduce global emissions by 45% by 2030. Thus, climate
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change has become not a minor issue but a life-threatening global emergency
(Arora & Mishra, 2021).

Since the pioneering theoretical and empirical work by Grossman (1972),
it has been recognized that health outcomes are influenced by social, economic,
and environmental ingredients (Fayissa & Gutema, 2008; Azam, Uddin & Saqib,
2022). After Grossman’s work, various studies investigated the determinants of
health status. For example, Cropper (1981) and Gerking and Stanley (1986)
modified and improved Grossman’s health production function model (Lu et al.,
2017). After these studies, social, economic, environmental and policy factors
that determine health status were examined in the literature (Klomp & De Haan,
2008; Asemane, Emamgholipour & Rshidian, 2015; Nicholas, Edward &
Bernardin, 2016; Kafili & Ghasemzade, 2019; Osakede, 2020; Ojo Olusoji et al.,
2020; Alimi & Ajide, 2021; Doucouliagos, Hennessy & Mallick, 2021; Owumi
& Alfred, 2021; Ibukun, 2021). Most of the studies in the literature have
concluded that environmental pollution negatively affects health status (Sirag et
al., 2017; Matthew et al., 2018; Majeed & Khan, 2019; Hossain et al., 2020;
Shobande, 2020; Rahman & Alam, 2021; Chen et al., 2021; Rahman & Alam,
2022a; Azam et al., 2022; Omri, et al., 2022). On the contrary, some of the
previous studies concluded that environmental protection expenditure improved
environmental quality (Farzanegan & Mennel, 2012; Bostan et al., 2016; He et
al., 2018; Huang, 2018; Basoglu & Uzar, 2019). Environmental degradation both
negatively affects the quality of life of society and increases health expenditures
(Balan, 2016). Therefore, a cleaner environment will provide a better
environment for human health. It is possible to slow the growth of healthcare
costs by increasing expenditure on environmental preservation.

As economies grow, the demand for a more livable environment
increases and new technologies emerge that make human life easier. On the other
hand, as economies grow, environmental pollution, which is the result of
urbanization, industrialization, and energy consumption, creates a threat to the
environment. The most typical metric for assessing the health of a population is
life expectancy (LE). Based on current age and sex-specific death rates, it
estimates how long a person is likely to live (Ortiz-Ospina, 2019). The amount of
money spent on preventing, reducing, and eliminating pollution to minimize the
negative influence of human activities on the environment is known as
environmental protection expenditure (EPE) (Broniewicz, 2011; OECD, 2022).
The main purpose of EPE made by the public and private sectors is to protect the
environment by eliminating the elements that may harm the environment and to
increase the environmental quality for this purpose (Krajewski, 2016; He et al.,
2018; Basoglu & Uzar, 2019). Environment and humans are elements that are
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interconnected to form a unity. Just as the environment is necessary for human
existence, the environment is also necessary for the future of humanity.
Therefore, increasing the expenditure that will improve the environmental quality
will positively affect life expectancy since it will result in a cleaner environment
(Alimi & Ajide, 2021).

The determinants of health status have been extensively analyzed in the
health economics and policy literature; however, the role of EPE in health status
remains unexplored. Therefore, this paper intends to make a contribution to the
debate on the effects of EPE on health status by focusing on European countries.
The hypotheses of this article are formed as follows:

Hi: What is the association between LE and EPE in 20 European countries?
Ha,: What is the association between LE and CO; emissions in these countries?
Hs: What is the association between LE and GDP per capita in these countries?
Ha: What is the association between LE and education in these countries?

After the introduction of the study, the literature examining the
environment-health relationship is discussed. After the data set and related
methodology are explained, the findings are discussed and compared with other
studies in the literature. In the conclusion section, policy implications are given.

2. LITERATURE

There are various socioeconomic, political, environmental and healthcare
factors that affect health status in the literature (Klomp & De Haan, 2008; Yaqub,
Ojapinwa & Yussuff, 2012; Farag et al., 2013; Nicholas et al., 2016; Rahman,
Khanam & Rahman, 2018; Al-Azri, Al-Mamari & Mondal, 2020; Osakede, 2020;
Tatli & Brarak, 2021; Doucouliagos et al., 2021; Chen et al., 2021; Alimi &
Ajide, 2021). Recently, examining the nexus between the environment and health
has become important in the literature. This study investigates the role of the
environment on health status. To this end, the literature section specifically
focuses on the environment-health nexus. Table 1 provides a summary of these
studies.
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Table 1: The Literature on the nexus between the Environment and Health

Author(s) Country Period Methodology
Mutizwa and . 2000-
Makochekanwa (2015) | |2 SADC Countries =150 | FE, RE
. 1995- DH panel non-causality test, Panel
Balan (2016) European countries 2013 OLS
Ecevit and Cetin Turkive 1960- Johansen-Juselius cointegration,
(2016) Y 2011 FMOLS, DOLS, GC
. 35 Sub-Saharan 1995— | Pedroni panel cointegration,
Sirag et al. (2017) African countries 2012 | FMOLS, DOLS
Matthew et al. (2018) | Nigeria ;(952_ ARDL
Majeed and Khan . 1990-
(2019) 184 countries 2014 2SLS, system GMM
Nkalu and Edeme Lo 1960-
(2019) Nigeria 2017 GARCH
Erdogan, Yildirim and . 1971- . .
Gedikli (2019) Turkiye 2016 Johansen Cointegration, DOLS
Hossain et al. (2020) Bangladesh ;gZi_ ARDL
. 11 European 2000-
Onofrei et al. (2020) developing countries 2017 OLS, FE, RE
Shobande (2020) 23 African countries ;(9)?3_ pooled OLS and system GMM
Majeed and Ozturk . 1990-
(2020) 180 countries from 2016 OLS, FE, RE, system GMM
Akter, Tasnime and . . 1983- . .
Uddin (2020) South Asian countries 2016 Pooled OLS, Quantile Regression
Wang et al. (2020a) Pakistan ;(9)3_ ARDL, VECM
Rahman and Alam SAARC-BIMSTEC | 2002 | Fedroni and Kao pancl
. cointegration, Panel ARDL, DH
(2021) region 2017 .
panel causality
Rahman, Alam and Most industrialised 1960-
Velayutham (2021) countries 2019 DK standard error, PCSE
Rodriguez-Alvarez 29 European 2005- . .
2021) countrics 2018 Stochastic frontier approach
Anser et al. (2021) 39 countries 2021 | Switching regression method,
variance decomposition analysis
Sheng, Wan and Wang . 2007- .
021) China 2019 Spillover effect analyses
Murthy et al. (2021) D-8 countries ;(9)?? Panel ARDL
Alimi and Ajide (2021) e System GMM
J Sub-Saharan Africa 2016 y
Majeed, Luni and Zaka . 1990-
021) 155 countries 2018 2SLS, GMM
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Ibrahim, Ajide and . 1990-
Omokanmi (2021) Sub-Saharan Africa 2019 System GMM, FE OLS
10 developing . . .
Chen et al. (2021) countries and 10 2004- Multiple Linear Regression
. 2016 Models
developed countries
Bouchoucha (2021) 17 MENA countries ;g?g_ FMOLS, DOLS
. . 1960- Bayer-Hanck cointegration test
Rjoub et al. (2021) Turkiye 2018 and wavelet coherence.
Ibrahim and Ajide Algeria, Egypt, Libya | 1990- Kao residual cointegration test,
(2021) and Nigeria 2017 FMOLS
Alharthi and Hanif Developing Asian 1995-
(2021) countries 2013 | Panel ARDL
Ecevit, Cetin and Turkive 1988- | ARDL, FMOLS, DOLS, CCR,
Yiicel (2022) urky 2018 | VECM GC
. 1975- ARDL, Johansen cointegration,
Azam et al. (2022) Pakistan 2020 GC
. . . 2000- Johansen cointegration, DOLS,
Omri et al. (2022) Saudi Arabia 2018 FMOLS
Yu et al. (2022) Brazil % (1)(1)E; Quasi-Poisson regression
Tsai, Chen and Yang Taiwan 2000- Linear regression
(2022) W 2020 &
Rahman, Alam and . . 2000-
Khanam (2022b) African countries 2018 PCSE, FGLS, GC
. 1965- ARDL, DOLS, Johansen
Arafat et al. (2022) Pakistan 2019 Cointegration, VECM
Mahalik et al. (2022) | 68 developingand - 1990- 1y op e 6o dard Error, FGLS
emerging economies 2017
. Westerlund (2007) cointegration,
Radmehr and Adebayo | 10 MeFllterranean 2000- FMOLS, DOLS, FE-OLS. Method
(2022) countries 2018 . .
of moments quantile regression
Bunyaminu et al. . . 2000-
(2022) 43 African countries 2018 GMM
Salehnia, Karimi 2000
Alavijeh and Hamidi 100 countries ) Panel quantile regression
2018
(2022)
Hendrawaty et al. 1988-
(2022) ASEAN 2018 Panel ARDL
Westerlund (2007) cointegration,
. . 1980- CCEMG, AMG, CS-ARDL,
Tbrahim (2022) Africa 2019 Quantile regression, DH panel
causality test
Rahman and Alam ANZUS-BENELUX 1996- DK standard error, FGLS,
(2022a) countries 2019 DH panel causality test
Rahman and Alam . 1990-
(2022b) Australia 2018 ARDL, FMOLS, GC
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Westerlund and Edgerton (2008)
2000- cointegration test with structural
2017 breaks, AMG, DH panel causality
test

Bayar et al. (2022) EU transition states

42 countries in Asia 2005-

Barua et al. (2022) PSCC, LSDV, system GMM

and the Pacific 2015
Sial et al. (2022) 15 Asian economies ;g?g_ FGLS

The literature in Table 1 might be classified as follows:

i) There is a consensus in the literature that environmental degradation
rises infant mortality (Ecevit & Cetin, 2016; Majeed & Khan, 2019; Erdogan et
al., 2019; Shobande, 2020; Majeed & Ozturk, 2020; Omri et al., 2022; Yu et al.,
2022; Tsai et al., 2022; Barua et al., 2022) and reduces life expectancy (Balan,
2016; Sirag et al., 2017; Matthew et al., 2018; Nkalu & Edeme, 2019; Erdogan et
al., 2019; Majeed & Khan, 2019; Majeed & Ozturk, 2020; Akter et al., 2020;
Hossain et al., 2020; Rahman and Alam, 2021; Rodriguez-Alvarez, 2021; Murthy
et al.,, 2021; Alimi & Ajide, 2021; Ibrahim et al., 2021; Chen et al., 2021,
Bouchoucha, 2021; Rjoub et al., 2021; Azam et al., 2022; Omri et al., 2022;
Rahman & Alam, 2022a; Arafat et al.,, 2022; Radmehr & Adebayo, 2022;
Salehnia et al., 2022; Ibrahim, 2022; Bayar et al., 2022). Also, Mutizwa and
Makochekanwa (2015) concluded that environmental degradation does not have
an impact on infant mortality. Rahman et al. (2021), Alharthi and Hanif (2021),
and Ibrahim et al. (2021) found that environmental degradation rises the mortality
rate.

ii) It can be said that there are very few studies dealing with the
association between EPE and health status. From these studies, Onofrei et al.
(2020) revealed a strong positive association between EPE and health status.
Sheng et al. (2021) concluded that raising EPE can reduce the rate of escalating
medical and healthcare costs.

iii) The results provided by the literature reveal that economic growth
improves health status (Sirag et al., 2017, Rahman et al., 2021; Majeed et al.,
2021; Bouchoucha, 2021; Rahman & Alam, 2022b; Wang et al., 2020a; Azam et
al., 2022; Rahman et al., 2022b; Bunyaminu et al., 2022; Hendrawaty et al., 2022;
Sial et al., 2022). On the other hand, Ecevit et al. (2022) indicate that economic
growth negatively affects health outcomes in Turkey.

iv) Conclusions from the literature suggest that overall better education
is associated with better health status (Sirag et al., 2017; Shobande, 2020;
Rahman & Alam, 2022b; Rahman et al., 2021; Majeed et al., 2021; Azam et al.,
2022; Rahman & Alam, 2022b; Bunyaminu et al., 2022; Sial et al., 2022).
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3. DATA AND METHODOLOGY

3.1.Data

To determine the influence of EPE, CO, emissions, education and per
capita income on LE, this study utilizes the following model that is in line with
the existing literature (Onofrei et al., 2020; Sheng et al., 2021; Rahman & Alam,
2021; Alimi & Ajide, 2021; Omri et al., 2022):

LEXPye = Bo + B1EPEj + ,C02; + 3GD Py + B4ED Uy + &;¢ e

where i denotes the country index and 7 represents the time index in the panel of
countries, ¢ represents error term, and LEXP denotes life expectancy at birth
(total, years). LEXP is employed as a proxy for health status. EPE represents
environmental protection expenditure (percent of GDP), and CO. denotes carbon
dioxide emissions measured in million tons per capita. CO; is employed as a
proxy for environmental degradation. CO; emissions directly affect human health
(Wang, Huang & Chen, 2019). Therefore, CO, emissions have a harmful effect
on human health (Bernstein, Alexis, Barnes, Bernstein, Nel, Peden, Diaz-
Sanchez, Tarlo & Williams, 2004; Haseeb, Kot, Hussain & Jermsittiparsert,
2019). GDP signifies GDP per capita (in dollars at the 2015 constant price); EDU
represents expected years of schooling (years), By, B1, B2, B3, Bsa represent
parameters to be estimated. The natural logarithm of all variables is taken before
conducting the analysis. The annual data spans from 1995 to 2019 for 20
European countries. These 20 countries are “Austria, Belgium, Croatia, Czech
Republic, Denmark, Finland, France, Germany, Ireland, Italy, Netherlands,
Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweeden, Switzerland and
United Kingdom”. The LE and GDP per capita data are obtained from the World
Bank’s World Development Indicators (World Bank, 2022), the data on EPE is
downloaded from International Monetary Fund (IMF, 2021), and CO, emissions
are obtained from the British Petrol Statistical Review of World Energy (BP,
2021) and education sourced from the United Nations Development Programme
(UNDP, 2020).

Since our prior objective is to examine whether EPE has an influence on
LE, the dependent and independent variables are LE and EPE, respectively, and
CO; emissions, GDP per capita and education are included in the model as control
variables. Descriptive statistics are presented in Table 2. The sample selection in
this study has good representativeness, as these 20 European countries have
similar characteristics.
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Table 2: Descriptive Statistics

LEXP EPE CO2 GDP EDU
Mean 4.368 -0.372 -11.765 10.322 2.780
Median 4.370 -0.370 -11.766 10.489 2.778
Maximum 4.427 0.576 -11.101 11.389 2.985
Minimum 4.275 -1.647 -12.630 8.637 2.424
Std. Dev. 0.033 0.396 0.323 0.609 0.099
Skewness -0.579 -0.228 -0.077 -0.606 -0.509
Kurtosis 2.7670 3.391 2.362 2.634 3.772
Jarque-Bera 29.080 7.560 8.966 33.469 34.064
Probability 0.000 0.022 0.011 0.000 0.000
Sum 2184.033 -186.206 -5882.49 5161.240 1390.117
Sum Sq. Dev. 0.567 78.303 52.325 185.270 4.969
Observations 500 500 500 500 500

The relationship between LEXP, EPE, CO,, GDP per capita and
education in 20 European countries is examined in four steps. First, we test the
stationary properties of these series by employing the CIPS unit root test. Second,
the long-run relationship between the series is analyzed using the Durbin-
Hausman cointegration test. Third, assuming that the series are cointegrated, the
long-run coefficients for EPE, CO; emissions, per capita income and education
are estimated. Finally, we test the potential causation between the series by
employing the Dumitrescu Hurlin causality test.

3.2.Cross-Section Dependence

Economic, trade, social and political links between European countries
might have generated a long-term convergence between these countries. If
countries are tie-ups in trade and socio-political fields, economic shocks in one
country might affect others (Sharma et al., 2022). Disregarding the cross-section
dependency in panel data analysis may create estimation problems in econometric
analysis such as prediction of spurious regression estimates, biased stationarity
and cointegrating features (Bhat, 2018; Li et al., 2021). Hence, one must first
determine if there is a cross-sectional dependency before delving into the
stationarity features of the series (Sheraz et al., 2021). Cross-sectional
dependency tests are employed under the null of there is no cross-section
dependency. For this reason, a cross-section dependency test was applied in order
to obtain consistent results and to decide which of the first-generation and second-
generation unit root tests to be used. Apart from the cross-sectional dependence,
another important issue that needs to be tested is slope homogeneity. Ignoring the
slope heterogeneity could result in the estimations being biased (Murshed,
Haseeb & Alam, 2021). To this end, we employ delta slope heterogeneity tests
proposed by Pesaran and Yamagata (2008). For the slope homogeneity test, the
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null hypothesis is that there is no slope homogeneity. Cross-sectional dependence
(CD) and slope homogeneity play an important role in determining the
appropriate unit root and cointegration tests (Ntarmah et al., 2022).

3.3.Panel Unit Root Tests

In order to decide on the appropriate estimation technique, it is necessary
to test the stationarity characteristics of the series (Dogan & Inglesi-Lotz, 2020).
In the existence of cross-sectional dependence, results of first-generation panel
unit root tests (LLC, IPS) produce misleading outputs and biased estimators
(Saqib & Benhmad, 2021; Boukhelkhal, 2021). CIPS panel unit root test based
on the notions of cross-sectional dependence and heterogeneity in the series
produces a more reliable outcome (Raza, Shah & Khan, 2020). Therefore, this
study used “the second-generation cross-sectionally augmented Im-Pesaran-Shin
(CIPS) test” proposed by Pesaran (2007).

3.4. Cointegration

The Durbin-Hausman (DH) cointegration test, proposed by Westerlund
(2008), was used to investigate the potential long-run relationships between
variables. The DH test produces two statistics. In the DHp statistic, the
autoregressive parameter is considered to have a common value, whereas, in the
DHg statistic, autoregressive parameters are assumed to be heterogeneous. This
test has several advantages (Ulucak, Yiicel & Ilkay, 2020; Ulucak & Yucel,
2021); (i) it takes into account the cross-sectional dependence; (ii) it may be used
with a large number of independent variables; (iii) it is widely preferred for
modeling cointegration between variables with a mixed order of integration.

3.5.Panel Estimation Techniques

“Fully modified ordinary least squares” (FMOLS) and “Dynamic
ordinary least squares” (DOLS) proposed by Pedroni (2001) and the technique
presented by Driscoll and Kraay (DK) (1998) can be employed to examine the
long-run relationships. FMOLS and DOLS estimators have several advantages
(Dogan & Seker, 2016; Zhang, Wang & Latif, 2019; Kumar et al., 2021; Merlin
& Chen, 2021); (i) these two estimators could help to overcome the problem of
autocorrelation and endogeneity, (ii)) FMOLS uses non-parametric modeling to
eliminate problems of endogeneity and autocorrelation. However, DOLS uses
parametric modeling to help counteract these through lags and leads of the
explanatory variables, (iii) DOLS technique is the best one in case of cross-
sectional dependence and heterogeneity in data, (iv) FMOLS estimator gives
reliable estimate results in small samples, (v) however, these two estimators can
not solve the problem of autocorrelation between panel units. Estimation results
may be ineffective if this issue is ignored. For this reason, the DK method, which
allows for dependencies between panel units and solves the variable variance
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problem (Bui, et al., 2021), is also used. DK method; (i) addresses the problem
of heteroscedasticity, autocorrelation and cross-sectional dependence among the
groups in the panel. ii) It uses a non-parametric method that allows flexibility and
a large time dimension. iii) It is the most effective method in case of missing
values in the data series. iv) Useful for both balanced and unbalanced panels. v)
The run takes the absolute value of all negative values to avoid missing data after
logarithmic transformation (Sarkodie & Strezov, 2019; Baloch et al., 2020a,
2020b, Yasmeen et al., 2021).

3.6. Quantile Regression

This study employed a panel fixed-effect quantile regression proposed by
Koenker (2004) for the robustness check. This model is based on Koenker and
Bassett (1978) seminal work on quantile regression (Awan et al., 2022; Banday
& Kocoglu, 2022).

The most important advantage of panel quantile regression (PQR), unlike
traditional regression approaches, is to catch and eliminate outliers between
expected and observed variables related to the inaccuracy of prediction
coefficients (Anwar et al., 2021; Akbar et al., 2022; Hussain and Sattar, 2022).
Because the PQR focuses on average effects (Anwar et al., 2021; Banday &
Kocoglu, 2022). Also, the PQR outperforms the ordinary least squares (OLS)
approach when error terms are not normally distributed (Amin, Jamasb & Nepal,
2020; Xie, Wu & Wang, 2021; Wei & Ullah, 2022). This model is used when the
explanatory variables exhibit different impacts over the conditional distribution
of the dependent variable (Alharthi, Dogan & Taskin, 2021; Bilgili et al., 2022).

The fixed effect PQR model can be stated as (Cheng, Ren, Wang & Yan,
2019; Akram et al., 2020; Akram et al., 2021);

QLEXPit(Tle-t) =ﬁ(T)IXit+a’i i=1,....N,t=1,...,T (2)

Here LEXP; is the dependent variable, life expectancy at
birth, Q gxp, (T|X;) represent Tt quantile of life expectancy, X;. denotes the

independent variables (EPE, CO,, GDP, EDU), B(t) refers to the vector of
unknown coefficients, ; indicates the unobserved individual effects. i denotes
the European countries, ¢ denotes the time. The model in our study is as follows:
Quexpy, (T1Xit) = P1:EPEy + B2:C02y + B3,GDPyt + By EDUy + 3)

The main problem with the estimation model (3) is that conventional
linear methods are not suitable for estimating the quantile regression model. In
order to overcome this problem, Koenker (2004) has proposed a penalty term
which can eliminate unknown fixed effects. Compared to alternative methods,
this method has some advantages in two ways; (i) It can efficiently reduce the
estimated parameters; (ii) It can limit the variability introduced by a large number
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of calculated individual coefficients. Following Koenker (2004), our study
estimates Eq (3) in this way:

K N T
argminE 2 Wk Prk
k=1i=1t=1 N
[LEXPit — B1cEPEjr — B2:C02;¢ — B3:GDPir — Bac EDUy — ] + p Xizs ||

“

where p,(y) = y(r - 1y<0) is a standard check function, 14 represents
the indicator function of set A. LEXP;;, indicates the life expectancy at birth. K
is the index for quantiles, and wy, is the weight of the k-¢A quantile to control the
position of different quantiles. p is the parameter to control the individual effect
(Cheng et al., 2019; Akram et al., 2020; Akram et al., 2021).

3.7. Causality Analysis

The FMOLS, DOLS and DK estimators do not give information about
the causation linkages. For this reason, we used the DH panel causality test
developed by Dumitrescu and Hurlin (2012) to test the causality between LEXP,
EPE, CO; emissions, GDP per capita and education. The DH test does not ignore
the problem of cross-sectional dependence and heterogeneity (Wang, et al.,
2020b; Igbal, Tang, & Rasool, 2022). Also, this method is applied to cases where
T>N or T<N as well as unbalanced panels (Amin et al., 2021; Assi, Isiksal &
Tursoy, 2021). The null hypothesis is that there is no causation in the panel
against the alternative that there exists a causal relationship in at least one cross-
section unit.

4. RESULTS AND DISCUSSION

4.1.Cross-Section Dependence

The result of the cross-section dependence tests is provided in Table 3.
The empirical estimates showed that the null hypothesis of cross-sectional
independence in the LE, EPE, GDP per capita and education are rejected. This
result implied that there is cross-sectional dependence between all variables. In
addition, the results of the slope heterogeneity test are displayed in Table 3. The
slope heterogeneity test shows that the null of slope homogeneity is rejected.
Since the null hypothesis of cross-section independence is rejected for all tests, it
can be said that there is a high dependency among European countries. On the
other hand, the existence of slope heterogeneity reveals that these countries have
different policy designs and instruments due to the differences in their economic
structures.
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Table 3: Results of the Cross-Section Dependence Test

LM (Breusch, CDvLwm (Pesaran CD (Pesaran LMag (PUY,
Pagan 1980) 2004) 2004) 2008)
constant
LEXP 298.892% (0.000) 5.586" (0.000) | -2.891* (0.002) | 1.672° (0.047)
EPE 338.430* (0.000) 7.614* (0.000) -1.471°¢ (0.071) -3.125 (0.999)
co2 296.277* (0.000) 5.452* (0.000) -2.374* (0.009) 5.454* (0.000)
GDP 299.820° (0.000) 5.634" (0.000) 0.100 (0.460) 1.346° (0.089)
EDU 368.801° (0.000) 9.172* (0.000) | -2.917* (0.002) | 8.621° (0.000)
constant and trend
LEXP 337.587* (0.000) 7.571* (0.000) -2.635* (0.004) 2.294° (0.011)
EPE 308.840° (0.000) 6.096* (0.000) | -2.239° (0.013) | 2.006" (0.022)
co2 316.840* (0.000) 6.507* (0.000) -2.237° (0.013) 1.449¢ (0.074)
GDP 311.857* (0.000) 6.251* (0.000) 0.552 (0.291) 1.875" (0.030)
EDU 357.906" (0.000) 8.613" (0.000) | -2.771° (0.003) | 8.545% (0.000)
Testing for slope heterogeneity
Statistic p-value

Delta 18.282° 0.000
Adj. Delta 20.440° 0.000

Note: a, b and c refer to significance levels at %1, %5 and %10. The value in parentheses is p value.

4.2.Panel Unit Root Tests

The results of the cross-sectional dependence test indicate that all series
are cross-sectionally dependent. For this reason, the stationarity properties of the
variables are examined with the second-generation unit root test (CIPS)
developed by Pesaran (2007), which gives accurate results under cross-section
dependence. The results of the CIPS are reported in Table 4. The result revealed
that series include unit root at level. In other words, all variables are stationary at
their first differenced form.

Table 4: Result of Panel Unit Root Test

Level Difference
Variables constant and constant and
constant constant
trend trend
LEXP -2.048 -2.179 -2.878? -2.852b
EPE -1.994 -2.233 -3.555¢2 -3.672%
CcOo2 -2.291b -2.553 -3.566° -3.3932
GDP -1.962 -1.993 -3.022¢ -3.2132
EDU -1.821 -2.035 -3.921% -4.3312
Critical Values constant constant and trend
%1 -2.38 -2.88
%5 -2.20 -2.72
%10 -2.11 -2.63
Note: a, b and c refer to significance levels at %1, %5 and %10
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4.3. Cointegration

Table 5 shows the DH test results. The results (DH_Group and
DH_Panel) reveal the long-run relationship between LE, EPE, CO, emissions,
GDP per capita and education.

Table 5: Result of the Cointegration Test

| Statistic | p-value

constant
DHg 7933.2912 0.000
DHp 48.8302 0.000

constant and trend
DH, 193.8522 0.000
DH, 121.3922 0.000

Note: a refers to significance level at %1

4.4.Panel Estimation Techniques

To examine the effect of EPE, environmental degradation, GDP per
capita and education on health status, FE-OLS, DOLS, FMOLS estimators and
DK techniques are applied in the study. The results of these tests are given in
Table 6. According to the results of FE-OLS, DOLS, FMOLS and DK, a rise in
EPE improves health status. Regarding EPE, empirical estimations indicate that
EPE has beneficial impacts on LE. In other words, EPE contributes to health
status in European countries. The positive connection of EPE with health status
is in line with the study by Onoftrei et al. (2020).

On the other hand, a percentage rise in environmental degradation tends
to worsen health status, revealing the adverse impact of environmental
degradation on health status. This finding is in line with the results of Majeed and
Ozturk (2020) for panel data of 180 countries, Mahalik et al. (2022) for 68 low-
and middle-income countries, Rahman, et al. (2022a) for the world’s most
polluted countries.

A rise in GDP per capita contributes to LE. Our estimated positive effects
of GDP per capita on health status are also in line with the studies by Wang et al.
(2020a) for Pakistan for the period 1972-2017, Rahman and Alam (2021) for ten
countries for the 2002-2017 period, Chen et al. (2021) for 20 developed and
developing countries from 2004 to 2016, Salehnia et al. (2022) for 100 countries
for the period 2000-2018.

The significant result of the elasticity of education indicates that a rise in
education is expected to rise health status. The positive association of education
with health status is in line with the previous studies by Majeed and Khan (2019)
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for 184 countries in the 1990-2014 period, Chireshe and Ocran (2020) for 45 sub-
Saharan African countries.

Table 6: Long Run Coefficient

. DK regression DK regrqssion
Variables FE-OLS FMOLS DOLS . estimator with fixed
estimator
effect
EPE 0.0102 0.0112 0.0102 0.0122 0.0102
(4.59) (3.33) (2.65) (10.56) (3.52)
co2 -0.0592 -0.058? -0.0392 -0.043¢ -0.0592
(-15.91) (-10.37) (-5.13) (-18.68) (-8.20)
GDP 0.0822 0.0782 0.0252 0.0282 0.0822
(18.88) (11.89) (2.95) (13.70) (11.61)
EDU 0.0882 0.0922 0.1542 0.1692 0.0882
(8.47) (5.77) (8.63) (10.70) (5.13)
Constant 2.5828 ) ) 3.086% 2.582%
(57.41) (72.96) (28.58)
Note: a, b, and c refer to significance levels at %1, %5 and %10. Parenthesis shows the t-
statistics. (DK, Driscoll-Kraay)

4.5. Quantile Regression

The results of the quantile regression are shown in Table 7 and Figure 1.
These findings are similar to the outcomes of FE-OLS, FMOLS, DOLS, and
Driscoll-Kraay estimators. Accordingly, EPE is positively affecting health status
for all quantiles. From low to high quantiles, the effects of EPE on health status
tend to rise gradually. More preciously, in European countries, EPE contributes
to health status. There exists a negative impact of CO; emissions on health
status across all quantiles. The magnitude of the impact rises as the quantiles rise.
In other words, in European countries, CO, emissions worsen health status.

The effect of GDP and education on health status is significantly positive
at all quantiles. That is, in European countries, GDP and education contribute to
health status. As the quantiles rise, the extent to which GDP and education
influence health status continues to slightly decrease. While the influence of GDP
and education on health status is marginally large in low-income countries, this
influence decreases in high-income countries. One plausible explanation for this
is that environmental pollution is suppressing health status. Also, with economic
growth, health status initially improves quickly but subsequently begins to
decline. Depending on their level of economic development, different nations
may perform better or worse than others (Baum et al., 2018; Freeman et al., 2020;
Salehnia et al., 2022).
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Table 7: The Results of Panel Quantile Regression

Lower Quantile

Middle Quantile

Higher Quantile

(]
E 10 20 30 40t 50t 60m | 70m | o | 9on
<
>
Zpp | 0-008 [0.009° [0.009 [0.010° [ 0.010° [0.011* [ 0.011° | 0.012° [ 0.012°
(1.68) | 224) | 279 | (335 | 3.20) | 2.86) | 2.56) | 2.33) | (2.09)
-0.044% | -0.048% | -0.051* | -0.057* | -0.061° | -0.064 | - - -
cos | 33D | (7.28) | (9.10) | (- - (-9.88) | 0.067* | 0.069* | 0.0722
11.01) | 10.82) - - -
8.97) | 8.21) | 741
cpp | 0097 0092 10089 | 0.084* [ 0.080° [ 0.076* [ 0.074 [ 0.071* | 0.068°
(10.66) | (12.63) | (14.21) | (14.75) | (12.84) | (10.63) | (8.91) | (7.60) | (6.28)
Epu | 0:095% [0.093* [0.091° [ 0.089 [0.087 [0.086 | 0.085" [ 0.084 [ 0.082¢
(3.78) | 461) | (536) | 581) | 5.15) | 434) | 3.7 | 3.23) | 2.75)

Note: a, b, and c refer to significance levels at %1, %5 and %10. Parenthesis shows the z-
statistics
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Figure 1: Panel Quantile Regressions Coefficients of EPE, CO,, GDP, and
EDU
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4.6. Causality Analysis

The results of the DH causality analysis are shown in Table 8. The results
show that a bidirectional causal relationship exists between LE and EPE, between
LE and CO., and between LE and education. Besides, there exists a bidirectional
causation between EPE and CO», between EPE and GDP per capita, between EPE
and education, between CO, and education, and between education and GDP per
capita. On the other hand, there is unidirectional causation existing from GDP per
capita to CO», and from GDP per capita to LE.

Table 8: DH Causality Test Result

Ho Hypothesis Zwald Zwtilde Result
EPE#LEXP 2.583(0.010) 1.908 (0.056) EPESLEXP
LEXP#EPE 4.546 (0.000) 3.560 (0.000) bidirectional
EPE#CO2 6.523 (0.000) 5.224 (0.000) EPE&CO2
CO2+4EPE 5.693 (0.000) 4.525 (0.000) bidirectional
EPE#GDP 3.355(0.001) 2.558 (0.011) EPE&GDP
GDP+#EPE 5.468 (0.000) 4.336 (0.000) bidirectional
EPE#EDU 4.935 (0.000) 3.887(0.000) EPE<EDU
EDU#EPE 3.025 (0.002) 2.280 (0.023) bidirectional
CO24LEXP 5.693 (0.000) 4.525 (0.000) CO2&LEXP
LEXP#C02 20.075 (0.000) 16.630 (0.000) | bidirectional
GDP#LEXP 5.468 (0.000) 4.336 (0.000) GDP=LEXP
LEXP#GDP 0.336 (0.737) 0.017 (0.987) unidirectional
EDU#LEXP 3.025 (0.002) 2.280 (0.023) EDUSLEXP
LEXP#EDU 6.512 (0.000) 5.215 (0.000) bidirectional
GDP#C02 11.247 (0.000) 9.200 (0.000) GDP=CO02
CO2#GDP 1.068 (0.285) 0.633 (0.527) unidirectional
EDU#%CO2 11.633 (0.000) 9.525 (0.000) EDU&CO2
CO2#EDU 7.189 (0.000) 5.784 (0.000) bidirectional
EDU#GDP 3.030 (0.002) 2.284(0.022) EDU&GDP
GDP#EDU 2.281(0.023) 1.654 (0.098) bidirectional
(#,9,=, and a) denotes null hypothesis, bidirectional and unidirectional causality, and 1%
significance level, respectively.

5. CONCLUSIONS AND POLICY INSIGHTS

Environmental pollution is one of the most dangerous global issues that
nations all over the world have to deal with. Therefore, expenditures and
investments to protect the environment continue to be important policy tools for
countries. A large body of the literature has focused on the environmental
degradation-health status nexus unraveling the causative association. However,
little or nothing is clear about the role of environmental protection expenditure
on health status.
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This study investigates the impacts of environmental protection
expenditure, environmental degradation, GDP per capita and education on health
status for a panel of 20 European economies from 1995 to 2019. The study first
employs the cross-sectional dependence tests to test cross-sectional dependence
and Pesaran and Yamagata (2008) to test the panel data heterogeneity. Secondly,
the stationarity of the variables is examined by the CIPS test. Thirdly, the
cointegration between the variables is tested by Westerlund's (2008) test.
Fourthly, the long-run estimates are obtained using FE-OLS, FMOLS, DOLS and
Driskoll-Kraay techniques. Also, Panel quantile regression is used to reveal the
effects of various factors on life expectancy at different quantities. Finally, the
causality between the variables is tested by the Dumitrescu-Hurlin panel causality
test.

The results reveal that Westerlund’s (2008) cointegration technique
confirms the long-run equilibrium relationships between the series. Moreover,
FE-OLS, FMOLS, DOLS and DK techniques reveal the significant positive
influence of EPE, GDP per capita and education on health status, whereas
environmental degradation has a negatively significant effect. The results of
panel quantile regression are consistent with the results of FE-OLS, FMOLS,
DOLS, and Driscoll-Kraay estimators. The findings suggest EPE contributes
positively to human health, so the increase in EPE is an important factor in
improving life expectancy in 20 European countries. EPE contribute positively to
human health by reducing environmental degradation (Onofrei, et al. 2020).
Since CO; emissions are the main cause of climate change and global warming,
their impact on LE is negative. The increase in environmental pollution will
adversely affect human health (Majeed & Ozturk, 2020; Mabhalik et al., 2022,
Rahman et al., 2022a). The positive impact of per capita income and education
on life expectancy may be due to the fact that when income increases and people
receive a better education, they care more about their health (Majeed & Khan,
2019; Chireshe & Ocran, 2020; Wang et al., 2020a; Rahman & Alam, 2021; Chen
et al., 2021; Salehnia et al., 2022). However, the DH causality test illustrates a
feedback causality between LE and EPE, CO, and EPE, GDP and EPE,
education and EPE, LE and education, education and CO,, GDP and education.
Moreover, there is a unidirectional causal relationship existing from GDP per
capita to CO, emissions, and from GDP per capita to LE.

Important implications for the policy can be drawn from the results of
this study. First, environmental protection expenditure may help improve health
status. If European countries want to improve their health status, they should turn
to policies that will reduce the negative effects of environmental degradation and
encourage the adoption and use of environmental protection expenditures.
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Therefore, promoting research and investment activities aimed at protecting the
environment should be one of the priority targets. Since the environment is vital
to improving health status, more resources should be devoted to technological
developments and research to protect the environment to prevent the deterioration
of health status. Second, CO2 emissions worsen health status in a threatening
manner. Third, GDP per capita and education can improve health status.
Moreover, European policymakers should create and implement policies that
prioritize growth and education in order to enhance health status.

In addition to the above conclusions, this study also identifies some limits
that could be used to guide future research. Firstly, this study focused only on
European countries. Therefore, the results obtained from this study may not be
generalized to developing and low-income countries. Future research should
focus on developing and low-income country economies in order to reach
additional conclusions and facts. Second, this study focused on the influence of
environmental protection expenditures on health status. Subsequent studies
should focus on the role of other government spending on environmental
protection, such as spending on biodiversity and landscape protection,
environmental protection R&D, pollution abatement, expenditure on waste
management, and expenditure on wastewater management.
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