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Abstract

This study investigates the relationship between environmental degradation and population health using a global panel data of
180 countries from 1990 to 2016. The empirical analysis is conducted using fixed-effects approach based on Hausman test.
Moreover, two-stage least squares (2SLS) and system-generalized method of moments (SGMM) are used to deal with the
endogenous nature of environmental degradation. The indicators of life expectancy and infant mortality are used to measure
population health, whereas environmental degradation is measured by CO, emissions. The empirical findings show that envi-
ronmental degradation negatively influences population health outcomes. It implies that countries having a high level of envi-
ronmental degradation experience low life expectancy and high infant mortality rates. Findings of the study suggest that health-
related reforms need to be aligned with policies which ensure lower environmental degradation.
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Introduction

Climate change is generally considered to be one of the most
severe global hazards to future population health and global
development (Costello et al. 2009). Climate change has varied
and significant effects on population health (Woodward et al.
2014). In 1988, heavy rains continued for 3 days in Central
America and caused many infectious diseases such as cholera,
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malaria, and dengue fever (Epstein et al. 2005; Kovats and
Hajat 2008).

The mechanisms through which climate change impacts
health can be broadly categorized into direct, indirect, and
delayed effects (Fig. 1). The direct or primary benefits include
injuries and deaths produced by extreme weather events such
as floods and cyclones. The indirect or secondary effects com-
prise infectious diseases caused by climate changes. The de-
layed or tertiary effects include disruption to health and social
services which are produced over time (Butler and Harley
2010; McMichael 2013).

There are a number of ways through which environmental
degradation can influence population health. Climate change
affects health through creating adverse variations in food pro-
duction (Rosenzweig et al. 2011; Chandio et al. 2019;
Chandio et al. 2020), increasing concentration of outdoor air
pollutants (Bernard et al. 2001; Knowlton et al. 2004; Haines
and Patz 2004; Ozturk 2015; Azam et al. 2019); creating ther-
mal stress (Martens 1998); creating extreme events (Knutson
et al. 1998; Ikeda et al. 2005); causing waterborne diseases
(Casman et al. 2001; Charron et al. 2004); and spreading dis-
eases such as dengue fever (Hales et al. 2002), malaria
(Loevinsohn 1994; Tanser et al. 2003), aeroallergens (Beggs
2004), and other diseases (Reiter 1998; Patz et al. 2005).
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Fig. 1 The impacts of climate change on health. Source: Author’s
analysis

The extant literature on environment and health is based on
qualitative studies. Some studies provide country-specific ev-
idence which cannot be generalized for the rest of the world.
This study extends the literature on environment and health by
providing empirical evidence using a large panel data set of
180 countries for the period of 1990-2016.

This study addresses the following questions: (1) Does envi-
ronmental degradation generate poor health outcomes? (2) Is the
relationship of the environment with health outcomes is sensitive
to different control variables? This study is the first of its kind that
provides an empirical analysis of climate degradation and health
using global panel data set. The potential issue of endogeneity is
also resolved using instrumental techniques of estimation.

The remaining study is organized as follows: the next section
provides the review of the related literature. Methodological dis-
cussion and data sources are provided in “Methodology and da-
ta.” The results are interpreted in “Empirical results.” Finally,
conclusion and policy implications are provided in “Conclusion.”

Literature review

Over the last five decades, human activities such as burning of
fossil fuels have substantially released carbon dioxide and other
greenhouse gasses, which trapped extra heat in the atmosphere,
leading to climate change. As a result, global warming is in-
creasing, glaciers are melting, sea levels are rising, and events
related to extreme weather are becoming more frequent.
Climate change also has an effect on human health. Global
warming may have some positive effects on human health
such as fewer winter deaths in temperate climates and high
food production in certain areas. However, overwhelming ef-
fects of climate change on human health are negative through
degrading the quality of air, food, and drinking water.
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Furthermore, climate change is fostering the frequency, in-
tensity, and duration of heat waves, which adversely affect
human health (Fig. 2). The World Health Organization states
that during 2030 to 2050, climate change is projected to cause
about 250,000 added deaths per year, from malaria, malnutri-
tion, diarrhea, and heat stress. According to the World Health
Organization (2016), 7,000,000 deaths have been caused by
air pollution.

The literature has examined various short-run and long-run
health problems related to climate change. The studies provide
the evidence that extreme waves of heat and cold increase
mortality rates (Lee et al. 2006; Deschenes and Moretti
2009; Gosling et al. 2009; Deschenes and Greenstone 2009;
Barreca 2012; Li et al. 2013; Gasparrini et al. 2015).

Ecosystem variability generates floods and droughts that in-
fluence psychological and societal well-being as a consequence
of insecurities related to livelihoods, food, and housing. Comrie
(2007) asserts that extreme climate changes are likely to increase
the risk of water-borne viruses as a result of increasing water
temperature and flooding. The higher temperature increases
ground-level pollution, including airway inflammation, breath-
ing problems, and also reduces resistance to infections.

Chemical reactions and volatile organic compounds that
formulate ozone are highly sensitive to climate change
(Sillman and Samson 1995; Constable et al. 1999; Aw and
Kleeman 2003; Seinfeld and Pandis 2016). Ozone concentra-
tion has negative effects on health by causing diseases such as
asthma and lung cancer (Lippmann 1989; Dockery and Pope
1994; Thurston and Ito 1999; Apergis et al. 2020). Bell et al.
(2007) analyze the effects of climate change on human health
through changes in ozone concentrations. They use the sample
of 50 Eastern US cities for five representative summers
(1993-1997 and 2053-2057). Their analysis confirms the
negative health consequences of climate change. Their study
showed that high ozone levels increased total mortality from
0.11% to 0.27%.

Haines et al. (2006) argue that climate change influences
health outcomes through several pathways, including heat
waves, droughts and floods, vector-borne diseases, malnutri-
tion, and risk of disasters. Extreme heat waves, droughts, and
floods have an immediate effect on mortality. Climate change
influences provision of goods and services which are
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Figure 2: Climate change and health
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necessary for human health. Besides, droughts, flooding, and
environmental degradation may lead to displacement and eco-
logical refugees.

Campbell-Lendrum and Corvalan (2007) compile evidence
of adverse health effects of climate change on urban popula-
tion. They argue that heat waves in cities are exacerbated by
the urban “heat-island” effect. Furthermore, global trends to-
wards higher and increasingly variable temperatures as a re-
sult of climate change are increasing the frequency of heat
waves. These waves have significant adverse effects on hu-
man health. For example, over 35,000 people died within
2 weeks in 2003 in Europe. Similarly, they provide evidence
on climate change and health nexus for urban population
through the channels of floods, storms, communicable dis-
eases, and air pollution.

Using the database of health conditions at birth and
historical global temperatures, Molina and Saldarriaga
(2016) investigated the impact of temperature variability on
infant’s health in Andean Region. Their findings show that
one standard deviation inclines in mean temperature reduces
birth weight by 20 g. They attribute such changes to limited
access to healthcare facilities and food insecurity during preg-
nancy. Temperature changes negatively affect food yield and
stock that can affect maternal diet and infant health.
Furthermore, extreme weather conditions can distort road in-
frastructure, thereby isolating people and limiting their access
to health care facilities.

Ngo and Horton (2016) explore the influence of cli-
mate change on birth weight for New York City
(Manhattan) from 1985 to 2010. Their analysis indicated
that extreme heat negatively influenced birth weight dur-
ing pregnancy. In particular, they asserted that those teen-
age mothers who work outdoor are more vulnerable to
climate change.

The links of climate change with population health have
received considerable attention in the recent years. The studies
have focused on the diverse dimensions of this issue but em-
pirical focus is largely ignored. Moreover, the extant literature
in this field largely focused on case studies or country-specific
evidence which cannot be generalized globally. This study,
therefore, focuses on a global sample of 180 countries and
provides empirical evidence of the relationship between envi-
ronment and health.

Methodology and data

Methodology

This study follows health production function given by
Grossman (1972). It links the relationship between health in-

puts and individual’s health output. Grossman (1972) suggests
that the health production depends on individual’s behavior,

medical facilities, and health constraints. The health produc-
tion function can be described as follows:

H = f (HI) (1)

where H refers to health output of an individual and HI
represents inputs required for individual’s health. Health in-
puts are factors that contribute to population health status.
This model examines health outcome at micro level. Since
this study examines health production at macro level, the
model is converted to macro level by expressed health inputs
in per capita form. Health inputs are broadly structured into
three types of factors that are economic, social, and environ-
mental factors (Fayissa and Gutema 2005).

H=f(ESN) (2)

Where, E, S, and N refer to vectors of economic, social, and
environmental indicators, respectively. Each vector incorpo-
rates diverse variables but empirical studies have used differ-
ent indicators because of the data and other research
limitations.

The vector of economic factors comprises economic
growth and health facilities. The vector of social factors is
limited to education and urbanization and finally vector of
environmental factors comprises carbon dioxide emissions.

H = f (Economic Growth, health facilities, Edu, CO2E) (3)

This study primarily focused on the relationship of health
with environmental degradation. To assess the strength of this
relationship, some other control variables are introduced one
by one. These factors include clean water, better sanitation
facilities, public health expenditures, food index, and age de-
pendency ratio. Health outcomes are measured using two
broader proxies, life expectancy and infant mortality. To mea-
sure environmental degradation, we have used CO, emis-
sions. The empirical relationships between health inputs and
health output can be specified as follows

lnHit = 6” + ﬂzlnYl-, 4+ 63[”1HF,’; + ﬂ4lnEDU,~,
+ BsInCO2Ey; + BelnZy + €4 (4)

where = Countries 1, 2, 3 ...180, #=time period 1990 to
2016, [n is natural logarithm, H is health status measured by
“life expectancy at birth, total (years),” and “infant mortality
per 1000,” Y is “GDP per capita (constant 2005 USS$),” HF
represents “health facilities (physicians),” EDU refers to “ed-
ucation (gross enrollment ratio, secondary, both sexes (%)),”
CO, represents “carbon dioxide emissions (metric tons per
capita),” and Z is a vector of other control variables.
Empirical analysis is conducted using Pooled Ordinary Least
Squares (OLS), Fixed Effects, Random Effects and System
Generalized Method of Moments (SGMM).
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Table 1 Pooled OLS result of environmental degradation and health
Variables ) @ A3) @ (5) 6
GDP per capita 0.0339%#* 0.0312%%* 0.0274%##* 0.0281%#%* 0.0338%%* 0.03227%#:#*
(0.00277) (0.00380) (0.00269) (0.00274) (0.00280) (0.00266)
Education 0.0913%#* 0.0936%** 0.0686%** 0.0775%%* 0.0851%#%* 0.0800%#*
(0.00861) (0.0104) (0.00898) (0.00940) (0.00899) (0.00856)
Physicians 0.0352%#* 0.0359%** 0.0345%%#* 0.0265%** 0.0367+** 0.0310%**
(0.00440) (0.00498) (0.00432) (0.00440) (0.00446) (0.00428)
Urbanization 0.00343* 0.00432%* 0.00500%* 0.00550%** 0.00364* 0.00489+*
(0.00192) (0.00211) (0.00194) (0.00202) (0.00196) (0.00219)
CO, emissions —0.0116%** —0.0129%* —0.0148%#** —0.0168%*** —0.0108** —0.0185%**
(0.00441) (0.00546) (0.00453) (0.00453) (0.00449) (0.00480)
Health spend 0.00186
(0.00133)
Water 0.00200%**
(0.000331)
Sanitation 0.00143%**
(0.000260)
Food 0.000296**
(0.000129)
Age dep. —0.00167***
(0.000288)
Constant 3.574%** 3.580%** 3.549%** 3.573%** 3.571 % 3.742%%%
(0.0419) (0.0514) (0.0430) (0.0405) (0.0421) (0.0458)
Observations 719 570 707 698 712 710
R-squared 0.773 0.775 0.789 0.788 0.774 0.785
Hat-square (0.08) (0.76) (0.73) (0.20) (0.04) (0.05)
Mean VIF 424 421 432 4.65 3.82 4.39
Breusch-Pagan (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Robust standard errors are in parentheses (***p <0.01, **p < 0.05, *p <0.1)

Data description

This study uses a panel data set of 180 countries from 1990 to
2016. The description of variables used and their sources are
given as follows.

Health outcomes

Health outcomes are measured using two broad measures
namely life expectancy and infant mortality. The indicator of
life expectancy represents “life expectancy at birth, total
(years)” and the indicator of infant mortality refers to “mortal-
ity rate, infant (per 1000 live births).” Both variables are ex-
tracted from World Bank (2016).

Environmental degradation

The focus variable is environmental degradation which is
measured using the data series of “CO, emissions (metric tons
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per capita).” The data is extracted from World Bank (2016).
The increasing levels of carbon in the atmosphere threaten
human health. The expected impact of CO, emissions on life
expectancy is negative and positive, respectively.

Control variables

Economic growth It is an important indicator of population
health outcomes. Economic growth improves income of indi-
viduals and they can afford better diet, housing, education,
and health facilities that lead to better health outcomes
(Fayissa and Gutema 2005; Majeed and Gilani 2017).
Economic growth is measured using “GDP per capita (con-
stant 2005 USS$)” data from World Bank (2016). The expected
effect of economic growth on life expectancy and infant mor-
tality is positive and negative, respectively.

Health care facilities Health facilities are important for better
health outcomes. The supply of physicians measured as
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Table 2 Fixed-effects result of
environmental degradation and Variables (6] @ 3 @ (5 (6)
health
GDP per capita 0.0831#%%* 0.0708%%*%* 0.0719%%%* 0.06997+%*%* 0.0676%** 0.0786%*%*
(0.00857) (0.00765) (0.00874) (0.00916) (0.00880) (0.00922)
Education 0.106%#%* 0.0996%%*%* 0.0739%#%%* 0.0904#%%* 0.0806%%** 0.103*%#%*
(0.00770) (0.00721) (0.00945) (0.00832) (0.00874) (0.00816)
Physicians —0.000724 —0.00746 —0.00360 —0.00327 —0.00317 —0.00149
(0.00629) (0.00563) (0.00620) (0.00630) (0.00614) (0.00641)
Urbanization 0.007907%** 0.003427%%* 0.00826%*** 0.009397%** 0.00716%** 0.00804%**
(0.00196) (0.00169) (0.00192) (0.00198) (0.00192) (0.00198)
CO, emissions —0.0238%** —0.0163%* —0.0236%%#* —0.0255%:#* —0.0212%:%* —0.0236%**
(0.00781) (0.00753) (0.00769) (0.00788) (0.00766) (0.00788)
Health spend 0.006417%%*
(0.00191)
Water 0.00247%**
(0.000450)
Sanitation 0.002007%**
(0.000429)
Food 0.000588***
(0.000101)
Age dep. —0.000380
(0.000290)
Hausman test 47.20 66.02 47.20 39.81 39.58 45.63
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Constant 3.102%** 3.210%** 3.116%** 3.130%** 3.276%%* 3.176%**
(0.0657) (0.0569) (0.0645) (0.0662) (0.0709) (0.0863)
Observations 719 570 707 698 712 710
R-squared 0.482 0.603 0.508 0.498 0.512 0.483
Number of id 180 175 177 176 178 176

Standard errors in parentheses (***p <0.01, **p < 0.05, *p <0.1)

“physicians (per 1000 people)” is used in life expectancy
model while immunization measured as “Immunization, mea-
sles (% of children ages 12-23 months)” is used in infant
mortality model. A high number of physicians per 100 people
indicate that access to health services and facilities is better
because more people can avail treatment and medical atten-
tion. Likewise, if more children are immunized against mea-
sles, then chances of their survival will incline (Gupta et al.
2002). The expected impact of physicians and immunization
on life expectancy and infant mortality is positive and nega-
tive, respectively. The data for these both indicators is extract-
ed from World Bank (2016).

Education The importance of education for better health is
well documented in the literature (Khan and Majeed 2018).
Educated people can have better health-related information
and can avoid risky behavior. Female education is also impor-
tant for the better health of child and family. This study uses
total education measured as “School enrollment, secondary
(% gross)” in life expectancy model while female education
measured as “Females School enrollment, secondary (%
gross)” in infant mortality model. The expected effect of edu-
cation on life expectancy and infant mortality is positive and
negative, respectively. The data for both variables is extracted
from World Bank (2016).

Urbanization Urbanization can have positive impact on health
by providing easy access to health facilities (Gupta et al.
2002). In contrast, urbanization can have negative effect on
health by increasing crowdedness that leads to social depriva-
tion (Rogers and Wofford 1989). Urbanization variable is
measured by “Urban population growth (annual %)” and is
collected from World Bank (2016).

Sensitivity analysis Other than these control variables, some
other important indicators of health are used for sensitivity anal-
ysis. These indicators include public health expenditures, clean
water, better sanitation, food index, and age dependency ratio.

Public health expenditures The rise in public health expendi-
tures can have better health outcomes by providing health
facilities and improving health awareness (Gupta et al. 2002).

Improved water Safe drinking water is an important source of
good health. Improved water variable is measured by “im-
proved water source (% of population with access)” and is
collected from World Bank (2016).

Improved sanitation Similarly, improved sanitation also has

constructive impact on health. Improved sanitation variable is
measured by “improved sanitation facilities (% of population

@ Springer



15906

Environ Sci Pollut Res (2020) 27:15901-15911

Table 3 Random effects result of

environmental degradation and Variables (6] @ 3 @ (5 (6)
health
GDP per capita 0.083 17#%*%* 0.0708%*** 0.0719%%* 0.0699%%** 0.0676%** 0.0786%*%*
(0.00857) (0.00765) (0.00874) (0.00916) (0.00880) (0.00922)
Education 0.106%** 0.0996%*%*%* 0.0739%** 0.0904*%** 0.0806%*%* 0.103%**
(0.00770) (0.00721) (0.00945) (0.00832) (0.00874) (0.00816)
Physicians —0.000724 —0.00746 —0.00360 —0.00327 —0.00317 —0.00149
(0.00629) (0.00563) (0.00620) (0.00630) (0.00614) (0.00641)
Urbanization 0.00790%%** 0.00342%%* 0.00826%** 0.00939%** 0.00716%** 0.00804*%*%*
(0.00196) (0.00169) (0.00192) (0.00198) (0.00192) (0.00198)
CO2 emissions —0.0238%#* —0.0163%** —0.0236%** —0.0255%#* —0.021 2% —0.0236%**
(0.00781) (0.00753) (0.00769) (0.00788) (0.00766) (0.00788)
Health spend 0.006417%**
(0.00191)
Water 0.00247%**
(0.000450)
Sanitation 0.00200%#*
(0.000429)
Food 0.000588***
(0.000101)
Age dep. —0.000380
(0.000290)
Constant 3.102%%* 3.210%%* 3.116%** 3.130%** 3.276%%* 3.176%**
(0.0657) (0.0569) (0.0645) (0.0662) (0.0709) (0.0863)
Observations 719 570 707 698 712 710
R-squared 0.482 0.603 0.508 0.498 0.512 0.483
Number of id 180 175 177 176 178 176

Standard errors in parentheses (***p < 0.01, **p < 0.05, *p <0.1)

with access)” and is collected from World Bank (2016).
“Improved sanitation facilities are likely to ensure hygienic
separation of human excreta from human contact. Poor man-
agement of excreta is linked to transmission of diseases such
as cholera, diarrhea, dysentery, hepatitis A, typhoid and polio,
and also contributes to malnutrition.”

Food production index Improved food intake has constructive
impact on health. “Food production index covers food crops
that are considered edible and that contain nutrients. Coffee
and tea are excluded because, although edible, they have no
nutritive value.”

Age dependency ratio It can have negative effects on health
because health problems increase at older age. High depen-
dency ratio indicates low working population ratio, which
negatively affects savings of individuals and they cannot af-
ford better food, shelter, sanitation, and health facilities.

Empirical results
Table 1 reports empirical results estimated using OLS. Column
1 indicates that environmental degradation has negative effect

on health. This effect is statistically significant at 1% level of
significance. To assess the robustness of health effect of
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environmental degradation, some additional health determinants
are controlled one by one. These additional controls comprise
public health spending, clean water, better sanitation, food in-
dex, and age dependency ratio. The negative health effect of
environmental degradation remains consistently negative and
significant in all models of population health production. The
coefficient on health also remains consistent in its size and im-
pact implying that 1% increase in carbon emissions lead to
0.01% decrease in life expectancy.

The effect of economic growth, education, physician, and
urbanization is positive and statically significant implying that
1% increase in economic growth, education, physician, and
urbanization improves health by 0.03%, 0.09%, 0.04%, and
0.003, respectively.

Table 1 also reports post-estimation tests in the last four
rows. The link test confirms correct specification of the model
because p values of hat square are larger than 0.05. The VIF test
shows that the problem of the multicollinearity is not detected
because mean VIF is not exceeding ten. The Breusch-Pagan test
indicates that problem of heteroscedasticity is present in the
selected model (p value is less than 5). To overcome this prob-
lem, robust regression analysis is used.

Since OLS results can be biased in the presence of country-
specific time invariant effects, the model is re-estimated using
fixed-effects method of estimation. The results of fixed effects
are reported in Table 2. Column 1 shows that coefficient of CO,
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Table 4  System GMM result of environmental degradation and health
Variables (€)) 2) 3) 4) 5) (6)
Life expectancy (t—1) 0.765%* 0.7507% 07574 0.697## 0.78 73 0.685%
(0.0545) (0.137) (0.0581) (0.0463) (0.0518) (0.0463)
GDP per capita 0.0150* —0.00422 0.0148* 0.00999 0.0150%* 0.00800
(0.00770) (0.0108) (0.00815) (0.00694) (0.00688) (0.00647)
Education 0.0555% 0.0459* 0.0502%#* 0.04807%* 0.0437%* 0.0190
(0.0137) (0.0286) (0.0216) (0.0146) (0.0222) (0.0178)
Physician 0.0227%* 0.0500% 0.0226%* 0.00257 0.0254%% 0.02307%*
(0.00892) (0.0152) (0.0100) (0.0129) (0.00821) (0.00771)
Urbanization 0.0165%* 0.0345% 0.01627%* 0.01273# 0.0168%* 0.0148%*
(0.00385) (0.00910) (0.00411) (0.00398) (0.00362) (0.00355)
CO, emission —0.0264%# —0.0319%#* —0.0272%%* —0.0302%#* —0.0264%# —0.0214%#
(0.00784) (0.0112) (0.00838) (0.00877) (0.00808) (0.00772)
Health spend 0.0204#*%*
(0.00724)
Water 0.000368
(0.000705)
Sanitation 0.00171%%**
(0.000597)
Food 0.000108
(0.000234)
Age dep. —0.00186%**
(0.000514)
Constant 0.645%% 0.803* 0.672%# 0.888:#s# 059273 1.3] 1%k
(0.197) (0.460) (0.210) 0.171) (0.191) (0.172)
Number of id 178 172 175 174 176 174
Number of instruments 28 21 28 28 28 28
ARI1 (Pr>z) 0.49 0.19 0.47 0.56 0.53 0.70
AR2 (Pr>z) 0.97 0.91 0.96 0.88 0.91 0.38
Hansen test (HT) 0.192 0.11 0.18 0.17 0.07 0.05
GMM instruments for levels 0.39 0.67 0.45 0.48 0.20 0.12
HT excluding group difference 0.13 0.03 0.09 0.07 0.07 0.06
GMM instruments for lags 0.38 0.88 0.61 0.20 0.06 0.06
HT excluding group difference 0.18 0.08 0.17 0.16 0.07 0.03
Observations 571 556 563 559 566 565

emissions is negative and statistically significant at 1% level of
significance implying that 1% incline in CO, emissions per
capita improves life expectancy by 0.02%. Fixed-effects results
reveal that the marginal impact of environmental degradation on
health is double implying that OLS underestimated the health
effect of environmental degradation.

Control variables have expected signs. Economic
growth, education, physicians, and urbanization have pos-
itive and significant effect on population health outcomes
which is consistent with the theoretical expectations. When
average income is high in a country, the residents of that
country have more resources to afford better food, shelter,
and health care facilities. Education exerts positive influ-
ence on health as educated people can avoid unhealthy
diets and habits. Physicians have positive effect on health
implying that availability and accessibility of physicians
increase and health treatment becomes more common.
Urbanization has positive impact on health. This fining is

consistent with Gupta et al. (2002). CO, emissions also
significantly lower infant mortality (see Tables 5, 6, and 7).

Random effects estimation method is also used to control
the effect of country-specific random effect. The results are
presented in Table 3. The results are similar to fixed-effects
estimation method. Environmental degradation has negative
effect on health outcomes. Control variables also have consis-
tent results.

To address the potential problem of endogeneity, 2SLS is
used. In the presence of heteroscedasticity in the data, howev-
er, 2SLS is not considered an appropriate technique. The al-
ternative is SGMM technique because it deals with both
endogeneity and heteroscedasticity. For SGMM, this study
uses lag of dependent variable as independent variable and
lags of endogenous variables as instruments. Table 4 presents
the results based on SGMM. The focused variable CO, emis-
sions carry negative and significant coefficient implying that
environmental degradation causes adverse health outcomes.
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Control variables also have consistent and stable effects on
population health outcomes.

Conclusion

This study extends the extant literature on population health
production by empirically analyzing the relationship between
environmental degradation and population health outcomes.
The theoretical model of Grossman (1972) is extended using
environmental degradation as input to health including other
socioeconomic factors. The sample of study covers 180 coun-
tries from 1990 to 2016. Empirical analysis is based on POLS,
FE, RE, and SGMM estimation methods. The outcome vari-
able (health) is measured using life expectancy and infant
mortality while environmental degradation is measured using
CO, emissions as focused independent variable.

Findings of the study confirm that high environmental deg-
radation negatively contributes to population health outcomes
by decreasing life expectancy and increasing infant mortality.
Environmental degradation affects health through creating ad-
verse variations in food production; increasing concentration
of outdoor air pollutants; creating thermal stress; creating ex-

Appendix

treme events; causing waterborne diseases; and spreading dis-
ecases such as dengue fever, malaria, aeroallergens, and other
diseases. These findings are not sensitive to control variables.

This study has certain limitations. First, health is measured
using life expectancy whereas health diseases are not incorpo-
rated. Moreover, life expectancy is a measure of quantity of
life while it does not consider quality of life. Second, CO,
emissions also influence mental health while this study focus-
es only on physical health. The present study uses two broader
measures of health because of the data limitations. fFuture
research can focus on other measures of health. Findings of
the study suggest that health polices need to be designed in a
way that negative effects of environmental changes can be
mitigated. Health care programs need to be aligned with po-
lices which ensure lower environmental degradation.

Compliance with ethical standards

Ethical statement The manuscript has not been previously published, is
not currently submitted for review to any other journal, and will not be
submitted elsewhere before a decision is made by this journal.

Table 5 Pooled OLS result of

CO, and health (infant mortality) Variables (M @ (€) () ) (©)
GDP per capita —0.561%%k  —(.5]6%** —0.535%#* —0.523 %k —0.560%%%k  —(.549%%*
(0.0186) (0.0291) (0.0201) (0.0192) (0.0187) (0.0181)
Education of females ~ —0.195%#*  —(.199%* —0.149%# —0.14] %k —0.186%*#*F  —(.120%%*
(0.0394) (0.0509) (0.0382) (0.0420) (0.0416) (0.0374)
Immunization —0.593%k (), 572%%k —0.480%# —0.457x —0.583##k  —().496%
(0.0892) (0.110) (0.0923) (0.0856) (0.0899) (0.0818)
Urbanization 0.0699%*%  (.0544% 0.0639%: 0.0529: 0.0693%#%#  (.0564%*
(0.0104) (0.0104) (0.0102) (0.00920) (0.0103) (0.00854)
CO, emission 0.135%** 0.0991%%*%* 0.138%*%#%* 0.180%*%*%* 0.130%%*%* 0.208**%*
(0.0227) (0.0275) (0.0224) (0.0220) (0.0236) (0.0245)
Health spend —0.045 ks
(0.0165)
Water —0.00669%**
(0.00209)
Sanitation —0.00777%#**
(0.00115)
Food —0.000721
(0.000703)
Age dep. 0.0134%%%*
(0.00165)
Constant 10.75%%% 10.50%*% 10.43%%%* 10.17%%%* 10.73%%%* 9.031%%%*
(0.403) (0.521) (0.399) (0.406) (0.405) 0.414)
Observations 751 615 739 728 745 737
R-squared 0.853 0.856 0.857 0.864 0.853 0.870

Standard errors in parentheses (***p < 0.01, **p <0.05, *p <0.1)
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Table 6  Fixed effects result of CO, and health (infant mortality)

Variables 1) 2) 3) “ ®) (6)
GDP per capita —0.875%** —0.883**:* —0.838*%* —0.801%** —0.838%** —0.774%%*
(0.0399) (0.0402) (0.0415) (0.0406) (0.0412) (0.0407)
Education of females —0.272%%* —0.22]%** —0.203*** —0.212%** —0.23]%** —0.198***
(0.0335) (0.0354) (0.0402) (0.0347) (0.0372) (0.0335)
Immunization —0.333%%* —0.101 —0.293%** —0.314%** —0.323%** —0.32]%**
(0.0649) (0.0631) (0.0662) (0.0627) (0.0644) (0.0619)
Urbanization —0.00820 —0.0150* —0.00899 —0.0159* —0.00692 -0.0104
(0.00880) (0.00836) (0.00880) (0.00861) (0.00872) (0.00841)
CO, emission 0.310%* 0.257%%* 0.307 % 0.313%%* 0.292% 0.305%*
(0.0381) (0.0398) (0.0384) (0.0375) (0.0381) (0.0369)
Health spend —0.0561%***
(0.00969)
Water —0.00719%*:
(0.00222)
Sanitation —0.00989%*:*
(0.00191)
Food —0.00105**
(0.000443)
Age dep. 0.00918***
(0.00127)
Constant 12.52%%% 1158 12.38%#* 12,295k 12,171 %% 10.75%s#:%
(0.351) (0.346) (0.353) (0.340) (0.373) (0.418)
Observations 751 615 739 728 745 737
R-squared 0.650 0.710 0.658 0.675 0.653 0.686
Number of id 176 176 174 173 175 172

Standard errors in parentheses (***p < 0.01, **p < 0.05, *p <0.1)
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Table 7 Random effects result of CO2 and health (infant mortality)
Variables 1) ) 3) “) ) 6
GDP per capita —0.698* —0.682%* —0.656%** —0.63]1 %% —0.684%x —0.635%%*
(0.0284) (0.0303) (0.0294) (0.0289) (0.0285) (0.0276)
Education of females — (.28 7k —0.266%* —0.207%%* —(.23] —.239%* —0.193¢%k:%
(0.0322) (0.0342) (0.0372) (0.0322) (0.0356) (0.0320)
Immunization —0.406%* — (.19 —0.349%* —0.363%#* —.389%* —0.367%**
(0.0637) (0.0636) (0.0650) (0.0617) (0.0631) (0.0602)
Urbanization 0.0126 —0.000546 0.0104 0.000942 0.0136* 0.00733
(0.00828) (0.00807) (0.00824) (0.00814) (0.00819) (0.00784)
CO, emission 0.234#55% 0.203 % 0.230%* 0277 0.210%* 0.250%*
(0.0275) (0.0291) (0.0276) (0.0280) (0.0282) (0.0261)
Health spend —0.0516%**
(0.00892)
Water —0.00846%*
(0.00190)
Sanitation —0.00936%*
(0.00138)
Food —0.00122%*
(0.000418)
Age dep. 0.0114%**
(0.00119)
Constant 11.497%s% 10.55%% 11.307%* 11,18 11.24pk% 9.685%%*
(0.302) (0.312) (0.303) (0.294) (0.308) (0.345)
Observations 751 615 739 728 745 737
Number of id 176 176 174 173 175 172

Standard errors in parentheses (***p < 0.01, **p < 0.05, *p <0.1)
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