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Abstract

Clean air is considered as one of the basic requirements for human being. Pollution-related
diseases due to air pollution continue to rise at an alarming rate and affect people’s
quality of life. Air pollution also adversely affects welfare inequality. Air pollution as
a significant risk factor affects health and sense of subjective well-being (SWB). In this
study, the effect of air pollution on subjective well-being (life satisfaction, happiness, and
optimism) is investigated. Relationship between well-being and air quality is a funda-
mental issue to design public policies. Hence, the studies about the link are of grooving
interest in the literature. The results show that air pollutants have an effect on subjective
well-being. The link between life satisfaction and happiness is very strong. Optimism
is also positively correlated with life satisfaction and happiness. Good air quality and
optimism make people happier. Air quality is likely to have an effect on people’s sense of
life satisfaction, happiness, and optimistic view. The results indicate that the PM 2.5 level
is significantly and negatively related to on optimism. It is obvious that there is a very
strong relationship between air quality and subjective wellbeing. Relationship between
wellbeing and air quality is a fundamental issue to design public policies.

Keywords: air pollution, happiness, optimism, life satisfaction, subjective wellbeing

1. Introduction

Air is the most important natural resource that forms the basis of life on Earth. The air in
the atmosphere provides oxygen and other gases that are essential elements for survival of
life for living beings. Clean air is vital to sustain the delicate balance of life on the Earth.
However, the quality of air can be affected by air pollution. To maintain human life in a
healthy environment is becoming increasingly difficult because of pollution caused by power
plants, transportation, industry, agriculture, and naturally occurring sources [1].
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The European Environment Agency defines air pollution as “the presence of contaminant or
pollutant substances in the air at a concentration that interferes with human health or welfare,
or produces other harmful environmental effects” [2]. Air pollution may also be defined as any
atmospheric condition in which chemicals, particulate matter, or biological materials are pres-
ent in the air at concentrations high enough above their normal atmospheric levels, causing
diseases, allergies, death, harm or discomfort to humans, damage to other living organisms
such as animals and food crops, or the natural or built environment [3]. Air pollution also
affects the quality of life and subjective well-being (SWB) [4, 5].

Air pollution occurs when certain gases and dust particles are introduced into the atmosphere
in a way to such levels that they can cause harm to our health, causing breathing and
respiratory problems, and even resulting in premature death, as well as damaging the envi-
ronment, animals, and plant around us [6]. Air pollutants can originate from manmade
sources, including emissions from internal combustion engines or the burning of fossil fuels
such as coal, oil, petrol, or diesel, but can also come from natural sources such as forest fires,
wind erosion, and volcanic eruptions.

A new World Health Organization (WHO) air quality model reveals that 92% of the world’s
population lives in places where air quality levels exceed the WHO limits. Exposure to outdoor
air pollution is the actual cause of death for as many as three million people worldwide each
year [7]. According to the WHO, it is known that air pollution is even the most dangerous
environmental risk affecting everyone [8]. As an important public health threat of this century,
the level of air pollution increases the risk of the global burden of disease from respiratory
infections, heart disease, and lung cancer [9]. Since people might adapt to poor environmental
quality, it has to be assumed that negative effects of pollution are even underestimated [8].

Pollution-related diseases due to air pollution continue to rise at an alarming rate, and
affects people’s quality of life [5]. Air pollution also adversely affects welfare inequality [10].
Association between well-being and air quality is one of the fundamental issues in designing
public policies about health of society as a whole. Therefore, the studies about the relation are
of grooving interest in the literature [11-18]. These literatures propose that air quality is likely
to have an effect on life satisfaction, happiness, and optimism. This chapter is concerned with
the effects of air pollution on human well-being. The relationship between air pollution and
subjective well-being is analyzed by using data about air pollutants and quality of life. The
chapter is organized as follows:

¢ Section 2 describes major air pollutants.

¢ Section 3 reveals effect of pollutants on human health.

Section 4 responds to the question “What is subjective well-being?”

Section 5 analyzes the link between air pollution and subjective well-being.

Section 6 evaluates the link between air pollution and subjective well-being.

Section 7 gives conclusion remarks.
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2. Major air pollutants

Major primary air pollutants, which can have effects as both directly and precursors of
secondary air pollutants (chemicals are formed as a result of reactions between primary
pollutants and other elements in the atmosphere), include the following [19-21].

¢ sulfur oxides (SOx)

* nitrogen oxides (NOx; NO, and NO, referred together as NOx)
¢ carbon monoxide (CO)/carbon dioxide (CO,)

¢ volatile organic compounds (VOCs)

¢ particulate matter (PM)

¢ chlorofluorocarbons (CFCs)

* ammonia (NH,)

Primary pollutants are emitted directly into the air from its man-made or natural sources.
Sources of air pollution, primary and secondary pollutants are shown in Figure 1.
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Figure 1. Sources of air pollution [22].
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3. Effect of pollutants on human health

Clean air is considered as one of the basic requirements for human health and subjective
well-being. Air pollutants, such as nitrogen dioxide (NOx), sulfur dioxide (SOx), particulate
matter (PM), carbon monoxide (CO), ozone (O,), can cause serious health problems [23]. The asso-
ciations between pollutants and health have usually been reported in previous epidemiological
studies that air pollution is an important risk to public health. Air pollution leads to the deterio-
ration of people’s health conditions and damage to human health [24-27]. People’s exposure to
air pollutants is also more likely to experience anxiety and depression [28, 29].

Air pollution is regarded as one of the most serious public health threats facing by countries
throughout the world [9]. Results from the studies about health and air pollution have
evidenced that exposure to pollution is associated with a very wide range of adverse
health or health-related outcomes such as cardiovascular diseases, heart attacks, decreased
lung function, chronic non-cancer lung disease, chronic bronchitis, increased respiratory
symptoms, asthma exacerbations, emphysema, earlier death from cardiovascular as well as
respiratory causes, and cancer, especially lung cancer [3, 25, 30].

The World Health Organization reports that in 2012 alone, around seven million people
died as a result of air pollution exposure [30]. A 2016 comparative risk assessment of the
Global Burden of Disease 2015 study found similar estimates. It was found that air pollu-
tion exposure was linked with almost 6.5 million deaths worldwide [31]. In 2012, air pollu-
tion was linked with one out of eight deaths across the world [30]. Particularly, vulnerable
groups to air pollution include elderly people, children, people with a preexisting chronic
condition [3] such as heart or lung disease, asthmatics, and socially disadvantaged groups.
Air pollution is also one of the leading dangers to children’s health [31]. It is linked with dis-
eases and infections, which kills around 600,000 children under 5 years old per year, globally
[32]. Risk assessment of the Global Burden of Disease 2015 study estimates that a nearly one
in 10 under-five deaths is linked to the air pollution [31]. Almost one million children die
from pneumonia each year. Air pollution is directly linked with pneumonia and other respi-
ratory diseases [31]. Pneumonia accounts for up to 16% of all under-five deaths [33]; more
than half of childhood pneumonia deaths are directly associated with air pollution [31, 34].

These findings confirm that air pollution is the single most deadly environmental health risk.
About 3.3 million people a year are killed prematurely by outdoor air pollution, meaning
that only outdoor air pollution is responsible for more deaths than both of terrible scourges,
HIV/AIDS and malaria combined, each year [30]. Around 18,000 people die each day as a
result of air pollution. In fact, the number of deaths due to air pollution each year is more than
the number from HIV/AIDS, tuberculosis, and road injuries combined [32, 35].

World Health Organization defines health as “a state of complete physical, mental, and social
well-being and not merely the absence of disease or infirmity.” It also recognizes health as all
physical condition, mental, and social well-being, and does not realize it as merely the absence
of disease or infirmity. Thus, health is both absence of disease and presence of well-being [36].
The 1947 World Health Organization definition of health includes not just physical health but
complete social well-being [37]. The quality of air and current potential risk to our health play
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a crucial role in state of people’s physical, mental, and social well-being. It is obvious that
reducing air pollution not only saves millions of lives but also prevents the damage resulting
from air pollution to people’s well-being [36]. Many aspects of the physical environmental
quality can affect people’s lives and well-being as a key factor in people’s well-being [38—40].
There is a close relationship between quality of life and the environment, which has a direct
impact on human health and well-being [38, 41, 42]. However, much less is known about how
air pollution damages well-being, quality of life, and mental health of people. Some major
pollutants, their sources, and health effects are listed in Table 1.

Pollutant

Sources

Health effects

Nitrogen dioxide (NO,)

A brownish highly reactive gas that ¢ Motor vehicles.
forms quickly when fuels burned at

high temperatures. * Power plants.

In the atmosphere can be converted Industrial plants.
to nitric acid (HNO,).

Contributes to the formation of
ground-level ozone and fine particle
pollution.

A main component of acid
deposition.

Particulate matter (PM) (fine dust)

* Mixture of visible or microscopic
solid particles and liquid droplets
in the air.

Burning coal and solid fuel in
power and industrial plants.

Combustion — including
emission from vehicles,
ships, power generation and
households.

Natural sources, such as sea
salt, wind-blown soil and
sand.

Road dust.
Sea spray.

Construction.

® Reduction in overall lung functions.

* Increases symptoms of chronic lung
disease.

e Lung inflammation, irritation and
damage.

® Respiratory infections.

* Symptoms of bronchitis and asth-
matic diseases in children increase
with long term exposure.

* Wheezing and exacerbation of
pneumonia, asthma, bronchial
symptoms.

e High risk factor of emphysema.
* Premature death.

e Aggravate existing hearth disease
exacerbation of lung.

* Wheezing and exacerbation of
asthma.

* Respiratory infections.

e Chronic bronchitis and chronic
obstructive pulmonary disease.

e Exacerbation of chronic obstructive
pulmonary disease.

® Decreased lung function.
e Eye, nose, and throat irritation.

e Irregular heartbeat/Nonfatal heart
attacks.

e Premature death

* Mutations, reproductive problems
or even cancer.
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Pollutant

Sources

Health effects

Sulfur dioxide (SO,)

e Highly reactive colorless and irritat-
ing gas.

e (dorless at low concentrations.

* Pungent at very high
concentrations.

e Related with the formation of acid
rain and aerosols.

Ammonia (NH,)

® The most abundant alkaline gas in
the atmosphere.

* Major component of total reactive
nitrogen.

* A gas with a pungent odor
characteristic.

e Colorless, pungent-smelling, caustic
(corrosive) gas.

Volatile organic compounds (VOCs)

® They are often divided into separate
categories of methane (CH4) and
nonmethane (NMVOCs).

e Contain carbon.

¢ Along with carbon, they contain
elements such as oxygen, hydrogen,
bromine, chlorine, fluorine, sulfur,
or nitrogen.

® Organic chemicals that have a high
vapor pressure.

Produced by volcanoes, power

plants, and other industrial
facilities.

Mainly generated from com-
bustion of sulfur-containing
fossil fuels, such as coal and
petroleum.

Decaying organic matters.

The excreta of humans and
animals.

Agricultural processes,
including animal husbandry
and NH,-based fertilizer
applications.

Industrial processes.
Vehicular emissions.

Volatilization from soils and
oceans.

Fossil fuel combustion.
Industrial activities.

Solvents, paints, glues, and
other products that are used
and stored at home and at
work.

Oil and gas fields.
Road vehicles.
Household heating.
Power generation.

Natural emissions from veg-
etation and fires.

* Wheezing and aggravation of asth-
ma and chronic bronchitis/Breathing
problems/Respiratory illness.

e Exacerbation of chronic
obstructive pulmonary disease.

e (Cardiovascular disease.
* Eye, nose and throat irritation.

* Increases symptoms of chronic lung
disease.

¢ Causing coughing.

e  Mucus secretion.

e Eye, nose, and throat irritation.

e Burning the skin eyes, throat, or
lungs might be cause permanent
blindness, lung disease, or death.

e Can cause life-threatening
accumulation of fluid in the lungs
(pulmonary edema).

* Long-term exposure may harm the
respiratory system.

* Eye, nose, and throat irritation.
e Headaches.

® Dizziness.

e Fatigue.

¢ Nausea.

* Emesis.

¢ Epistaxis.

* Loss of co-ordination.

e Damage to liver.

e Damage to kidney.

¢ Damage to central nervous system.
e Allergic skin reaction dyspnea.

e Cancer in humans.
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Pollutant

Sources

Health effects

Ozone (O,)
e Secondary pollutant.
¢ Colorless gas with a strong odor.

e Forms as a result of chemical reac-
tions between NOx, VOCs, and
oxygen.

Is not emitted directly from any
source but is formed in sunlight
when certain chemicals react.
These chemicals from:

e Motor vehicles.

e Coughing, chest tightness, chest
pain, and wheezing.

e Throat irritation and congestion.

e Worsen bronchitis, emphysema,
and asthma.

! . N ¢ Electric utilities.
e Highly active oxidization gas. o

e Refineries.

Asthma attacks.

® Decreased lung function.

e Factories.
® Permanent lung damage.

® Petrochemicals. )
e Damage to lung tissue.

* Vegetation.
e Aggravates chronic lung disease.

e Landfills.
e [Irritates respiratory system.

e Miscellaneous small sources

. ° 1
such as gas stations. Headaches and weariness.

® Increase premature death.

Table 1. Main air pollutants, sources, and effects [22, 43-46].

4. What is subjective well-being (SWB)

Interest in SWB has been increasing rapidly in recent years. SWB that refers to how people
experience and evaluate their lives and specific domains and activities in their lives [47, 48]
encompasses both cognitive judgments of satisfaction and effective appraisals of moods and
emotions [49]. There is no generally-accepted single definition of SWB. Diener et al. [41] define
SWB as judging life positively and feeling good. “Thus a person is said to have high [SWB]
if she or he experiences life satisfaction and frequent joy, and only infrequently experiences
unpleasant emotions such as sadness or anger. Contrariwise, a person is said to have low
[SWB] if she or he is dissatisfied with life, experiences little joy and affection and frequently
feels negative emotions such as anger or anxiety” [50].

“SWRB is a broad category of phenomena that includes people’s emotional responses, domain
satisfactions, and global judgments of life satisfaction” [51]. SWB is defined as a person’s cog-
nitive and affective evaluations of his or her life [52].

Snyder and Lopez [53] define SWB as “abroad concept that includes experiencing pleasant emo-
tions, low levels of negative moods, and high life satisfaction.” Eid and Diener [54] proposed
that SWB “refers to one’s multidimensional evaluation of their lives, including cognitive judg-
ments of life satisfaction as well as affective evaluations of moods and emotions.” “Well-being,
which we define as people’s positive evaluations of their lives, includes positive emotions,
engagement, satisfaction, and meaning” [55]. Kahnemann and Riis [56] consider SWB as being
a hybrid concept with two components, which can be labeled “experienced well-being” and
“evaluated well-being.” Both components are subjective and refer to a time of Ref. [56].

217



218 Well-being and Quality of Life - Medical Perspective

In the terms of Diener [57], “SWB is an umbrella term for the different valuations people make
regarding their lives, the events happening to them, their bodies and minds, and the circum-
stances in which they live.” Lyubomirsky [58] defines SWB as “the experience of joy, content-
ment, or positive well-being, combined with a sense that one’s life is good, meaningful, and
worthwhile.” According to Friedman, SWB refers to “the psychological wellbeing of a person
and how satisfying a person believes his or her life is” [59].

Reconciling these various definitions, OECD [60] builds an inclusive definition of SWB as:
“good mental states, including all of the various evaluations, positive and negative, that peo-
ple make of their lives and the affective reactions of people to their experiences.” This defini-
tion of subjective wellbeing includes three elements:

¢ Life evaluation—a reflective assessment on a person’s life or some specific aspects of it.

o Affect—a person’s feelings or emotional states, typically measured with reference to a
particular point in time.

¢ Eudaimonia—a sense of meaning and purpose in life, or good psychological functioning.

The three primary components of SWB include positive/negative affect, happiness, and life
satisfaction [45, 61-63]. Affect represents the emotional side of SWB. The balance of positive
and negative affects refers to the emotions, moods, and feelings a person has. These can be
all negative, positive, or a mix of both positive and negative [64]. Subjective well-being is at
the heart of happiness. In fact, SWB is considered to be a much broader concept than just
happiness. In other words, happiness is only one element of SWB. Veenhoven [65] defines
happiness as “the degree to which an individual judges the overall quality of his/her own
life-as-a-whole favorably.” Life satisfaction global judgments of one’s life and satisfaction
with specific life domains (e.g. work satisfaction) are considered cognitive components of
SWB [63] because they are based on evaluative beliefs (attitudes) about one’s life. Positive and
negative affects assess the affective component of SWB [51]. Life satisfaction represents one’s
assessment of one’s own life. It is described by the OECD as “measures how people evaluate
their life as a whole rather than their current feelings” [66].

Figure 2, summarizing the various items of a simple measurement frame for subjective
well-being, shows the different dimensions of the three measurement concepts and how they
relate to the subjective well-being determinants [60].

Sub-components Income satisfaction Anger Competence
Health satisfaction Worry Autonomy
Work satisfaction Happiness Meaning and purpose

_ Life satidaction Affect (+-) Eudaimonic well-being
Determinants Measurement concept
Income
Health status

Social contact
Employment status
Personality type
Culture

Figure 2. A simple model of subjective well-being.
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SWB is strongly correlated to personality characters [67]. Higher incomes, unemployment,
poor health, poor work/life balance and higher time spent commuting, social connections,
democracy and levels of generalized trust in a country, higher quality environment, and
lower crime are associated with subjective well-being [61, 68-72].

5. Analysis of the link between air pollution and subjective well-being

5.1. Methodology

The data used in this research is derived from the European Environment Agency (EEA),
the European Commission—Joint Research Centre (JRC)/Netherlands, the Environmental
Assessment Agency (PBL), OECD, and the 3rd European Quality of Life Survey (3EQLS). The
countries included in this study are Austria, Belgium, Bulgaria, Czech Republic, Denmark,
Estonia, Finland, France, Germany, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta,
the Netherlands, Romania, Spain, Sweden, and the United Kingdom. For this study, the
countries were selected due to the data quality and data availability of (EEA), the European
Commission— (JRC)/(PBL), OECD, and (3EQLS).

Air pollutants data set (Y variables) is defined as, y1: NH,; y2: NOx; y3: NMVOCs; y4: SOx;
y5: CO,; and y6: PM 2.5. Emissions of NH,, NOx, NMVOCs, and SOx are provided from EEA
statistics in 2014. CO, emission from fossil fuel use and cement production in 2014 is taken
from the European Commission—(JRC)/(PBL) statistics. Mean population exposure to PM
2.5 pg/m?in 2013 is extracted from OECD statistics [73-75]. The 3rd European Quality of Life
Survey is used as the basic source of subjective well-being data set (X variables set).

The 3rd European Quality of Life Survey (3EQLS) is a conventional tool for recording and
examining quality of life in the EU. Research for the (3EQLS) in 27 member states took place
from September 2011 to February 2012. This is a survey of people aged 18 and above, resi-
dents in EU for at least 6 months. Depending on the size of population 1000-3000 interviews
were finished in each member states [76]. There are a large number of possible indicators of
SWB in the (3EQLS) data, such as satisfaction with life, happiness, optimism about future,
liking one’s life, and perceived social exclusion [76]. The most widely used indicators of sub-
jective well-being have chosen for this study as, x1: life satisfaction; x2: happiness; and x3:
optimism.

In this study, one of the most common multivariate techniques—canonical correlation
analysis (CCA) is used to explore the link between air pollutant variables set and subjective
well-being variables set. CCA is a multivariate statistical analysis method that describes the
associations between two sets of variables. For more information about CCA, see the study of
Darcin and Darcin [77].

5.2. Results

Descriptive statistics (the mean values and standard deviation) of each variable measured in
both sets are presented in Table 2.
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Variable Observations Minimum Maximum Mean Std. deviation
NH, 20.00 1.59 739.79 170.07 223.10
NMVOC 20.00 3.00 1041.36 275.83 324.05

NOx 20.00 6.46 1224.29 311.70 372.18

SO, 20.00 1.56 388.03 100.24 113.62

Co, 20.00 241 767.15 143.89 191.01

PM 25 20.00 7.07 18.58 13.41 3.56

life satisfaction 20.00 5.50 8.40 7.18 0.72
happiness 20.00 6.30 8.20 7.40 0.49

optimism 20.00 33.00 85.00 59.20 12.94

Table 2. Descriptive statistics.

The Pearson’s correlations between air pollutant and subjective well-being variables are pre-
sented in Table 3. According to the result of the present study, the relationship between life
satisfaction and happiness is very strong. Optimism is also positively correlated with life sat-
isfaction and happiness. Similar results are found in a study from Turkey [5]. The present
study also suggests that there is a negative association between optimism and PM 2.5.

The CC (0.913) between the first pair was found significant (p < 0.01) from the likelihood
ratio test. The remaining canonical correlation is not statistically significant (p > 0.05). By
construing the first canonical variable, it is possible to find relationship between air pollution
and subjective well-being as rate of 83.3%. For the variable, there is very strong negative sig-
nificant correlation between air pollution and subjective well-being.

Variables NH, NMVOC NOx SO, CoO, PM25 life happiness optimism
satisfaction

NH, 1.00 0.89 0.93 0.76 0.89 0.20 0.05 0.07 -0.33
NMVOC 0.89 1.00 0.98 0.86 0.93 0.20 0.02 0.05 -0.36
NOx 0.93 0.98 1.00 0.87 0.95 0.18 0.05 0.09 -0.34
SO, 0.76 0.86 0.87 1.00 0.86 0.21 -0.23 -0.16 -0.33
CO, 0.89 0.93 0.95 0.86 1.00 0.23 0.04 0.07 -0.25
PM 2.5 0.20 0.20 0.18 0.21 0.23 1.00 -0.31 -0.34 -0.65
Life satisfaction ~ 0.05 0.02 0.05 -0.23 0.04 -0.31 1.00 0.97 0.58
Happiness 0.07 0.05 0.09 -0.16 0.07 -0.34 097 1.00 0.55
Optimism -033  -0.36 -034  -0.33 -025 -0.65 058 0.55 1.00

Table 3. Correlation matrix.
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6. Evaluating relationship between air pollution and SWB

Studies about the effect of air quality on public welfare are of vital importance for policy
development and evaluation [45]. However, there is relatively little empirical evidence avail-
able on the relationship between air pollution and well-being [3]. Because it is difficult to make
a clear relationship between pollution and well-being when air pollution tends to be reported
at a country level and well-being is an individual measure [45]. Air quality is an important
determinant of subjective wellbeing and an important policy issue [12]. Environmental poli-
cies and regulations are realized to improve air quality and thus subjective well-being [78].

There are a number of papers analyzing the relationship between air pollution and subjective
well-being. The significant effects of air pollution on people’s subjective well-being have been
explored by using measures of self-reported well-being and cross-sectional and panel data
measured for air quality and for several pollutants [11, 12, 79].

The relationship between subjective measures of well-being and individual environmen-
tal attitudes, using data from the British Household Panel Survey, is examined by Ferrer-i-
Carbonell and Gowdy [80]. They find that people’s attitudes and experiences toward effects of
environmental issues have an effect on individual’s well-being. Rehdanz and Maddison [15],
using data drawn from the German socio-economic panel, make an attempt to explain differ-
ences in selfreported levels of well-being in terms of environmental quality. They find that air
pollution and noise levels significantly reduce subjective well-being [15]. A paper with a focus
on Spanish regions recommends that environmental variables have a significant impact on
individual reported subjective well-being [81]. The results of present study are also compat-
ible with the results of work done in different countries that suggest a relationship between
air pollution and subjective well-being.

In the literature, different air pollutants, such as PM10 [12, 16, 83], SO, [18, 82], and NO, [12,
17], were evidenced a negative impact on individual well-being in different studies for differ-
ent countries or areas. Being exposed to local air pollution in terms of mass concentration of
PM10 significantly reduces individual’s well-being [45, 83]. A significant negative and robust
relationship between sulfur dioxide (5O,) emissions at the country level and subjective well-
being data in several European countries is found [82]. Smyth et al. [18], using pollution data
in 30 cities in urban China, also find a clear negative impact of SO, emission on subjective
well-being. Luechinger [84] finds a significant negative impact of SO, pollution on well-being
by using annual mean concentrations of SO, at 533 monitoring stations in Germany over a
19-year period. Welsch [85] suggests that air pollution plays a statistically significant role
as a predictor of differences in subjective well-being between countries and between time
periods. The relationship was stronger for NO, than for total suspended particulate (TSP)
concentration [85].

Several studies show the impact of air pollution on life satisfaction that has been considered as
one of the fundamental indicators of subjective well-being. Air pollution, which has objective
indicators, such as air pollutants including SO,, NO,, and PM10, is significantly and nega-
tively associated with the life satisfaction [8, 12, 17, 82, 84, 86]. The SO, concentration negatively

221
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affects selfreported life satisfaction [45, 84]. Ferreira et al. [45], using detailed regional data,
report a negative and significant relationship between air pollution and individual selfreported
life satisfaction. An increase in SO, concentrations by 1 ug/m? is associated with a reduction
in life satisfaction of between 0.016 and 0.030 points on the 11-point life satisfaction scale [45].
Furthermore, local NO, concentrations significantly reduce the life satisfaction. MacKerron
and Mourato [17], in a study in London, find that an increase in air pollution has a negative
effect on the life satisfaction. They estimate that an increase of 10 pig/m? in annual means nitro-
gen dioxide concentration is associated with a drop of nearly half a point of life satisfaction on
the 11-point scale [17].

Menz and Welsch [87], using data on life satisfaction for 25 OECD countries from the World
Database of Happiness, report that the link between air pollution (PM10 concentration) and
life satisfaction is significantly negative and stronger for young and old people than for mid-
dle-aged individuals.

A number of studies have examined the effect of air pollution on happiness [12, 14, 15, 17,
79-82, 84, 85, 87, 88]. Environmental concern can affect happiness either positively or nega-
tively [80]. Objective measures of air pollution have significantly negative impacts on the
national happiness level [12, 81]. Air pollution significantly reduces shorter-term hedonic
happiness and increases the rate of depressive symptoms [88]. The association between per-
ceived levels of noise and air pollution and selfreported happiness, using individual level
data from the German socio-economic panel (SOEP) surveys which contains a total number
of about 23,000 observations, is considered by Rehdanz and Maddison [15]. It is found that
higher perceived air pollution significantly diminishes happiness [15]. It is found that hap-
piness responses of around 350,000 people living in the OECD between 1975 and 1997 are
negatively correlated with environmental degradation (measured by SOx emissions) [14].
Regional air pollution (measured by CO, emissions and number of days that PM10 exceeds
a certain limit, 50 g/m®) has a negative effect on happiness. In other words, air quality affects
individual happiness positively [81]. Giovanis examines the association between happiness
and air pollution using the life satisfaction approach (LSA). The results of the study suggest
that the O, and SO, present the strongest negative effects on happiness followed by CO
and NOx [89]. Air pollution can significantly affect both human health and subjective well-
being. There is evidence that health and SWB may also equally affect each other [90]. For
instance, positive emotions and optimism as factors of SWB can have a positive influence
on health [91].

7. Conclusion

It is obvious that air pollution has a negative significant impact on subjective well-being. This
chapter also explores the association between air pollution and subjective well-being (life sat-
isfaction-happiness-optimism). The present results also give reason for policy-maker to create
clean environment. The findings propose that air pollutants, such as NH,, NOx, NMVOCs,
SOx, CO,, and PM 2.5, may affect life satisfaction, happiness, or optimism, suggesting that
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environmental policies focused on reducing air pollution will not only have a positive impact
on the health of future generations, but at the same time will increase present individual’s
quality of life. The clean air can be expected to make people who live elsewhere in the world
happier. There should be stronger and more stable approaches to general environmental
problems and air pollution. Fight against air pollution is the responsibility of all individuals.
The sensitivity of people to the environmental issue should be increased for healthier genera-
tion. The most important step to acquire awareness and sensitivity toward the environment
is education. Teaching correctly and consistent information about environmental problems in
schools are very important factors to raise awareness about air pollutants [92-95].

Author details

Murat Dar¢in
Address all correspondence to: mrtdrc@yahoo.com

Gendarmerie and Coast Guard Academy, Ankara, Turkey

References

[1] Shahzad A, Zaman K. The relationship between air quality and quality of life in Pakistan.
Journal of Economic Information. 2014;2(1):1-12.

[2] EEA. Environmental Terminology and Discovery Service (ETDS) [Internet]. 2016.
Available from: http://glossary.eea.europa.eu/terminology/concepthtml?term=air%20
pollution [Accessed: 20 December 2016]

[3] Cowie H, Crawford ], Davis A, Steinle S, Reis S, Dixon K, Morris G, Hurley F. Air
Quality, Health, Wellbeing and Behaviour [Internet]. 2015. Available from: http://www.
environment.scotland.gov.uk/media/126007/iom-seweb-aq-health-behaviour-review.
pdf [Accessed: 10 January 2017]

[4] Dargin M. Association between air quality and quality of life. Environmental Science
and Pollution Research. 2014; 21:1954-1959.

[5] Dargin M. The link between air quality and subjective well-being. Fresenius Environ-
mental Bulletin. 2014;23(9a):2235-2238.

[6] Scottish Environment Protection Agency (SEPA). The chemistry of air pollution
[Internet]. 2016. Available from: https://www.sepa.org.uk/media/120465/mtc_chem_of_
air pollution.pdf [Accessed: 20 December 2016]

[7] WHO. WHO releases country estimates on air pollution exposure and health impact
[Internet]. 2016. Available from: http://www.who.int/mediacentre/news/releases/2016/
air-pollution-estimates/en/ [Accessed: 19 December 2016]



224 Well-being and Quality of Life - Medical Perspective

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Schmitt, M. Subjective well-being and air quality in Germany [Internet]. 2013. Available
from: https://www.diw.de/documents/publikationen/73/diw_01.c.416307.de/diw_sp0541.
pdf [Accessed: 19 December 2016]

WHO. Air quality guidelines. Global update 2005. Particulate matter, ozone, nitrogen
dioxide and sulfur dioxide [Internet]. 2006. Available from: http://www.euro.who.int/
data/assets/pdf_file/0005/78638/E90038.pdf?ua=1 [Accessed: 19 December 2016]

Brajer V, Mead RW, Xiao F. Adjusting Chinese income inequality for environmental
equity. Environment and Development Economics. 2010;15(3):341-362).

Welsch H. Preferences over prosperity and pollution: Environmental valuation based on
happiness surveys. Kyklos. 2002;55:473-494.

Welsch H. Environment and happiness: Valuation of air pollution using life satisfaction
data. Ecological Economics. 2006;58:801-813.

Brereton F, Clinch P, Ferreira S. Happiness, geography and the environment. Ecological
Economics. 2008;65:386-396.

Di Tella R, MacCulloch R. Gross national happiness as an answer to the Easterlin
Paradox? Journal of Development Economics. 2008;86:22-42.

Rehdanz K, Maddison D. Local environmental quality and life satisfaction in Germany.
Ecological Economics. 2008;64:787-797.

Levinson A. Valuing public goods using happiness data: The case of air quality. Journal
of Public Economics. 2012;96(9-10), 869-880.

MacKerron G, Mourato S. Life satisfaction and air quality in London. Ecological
Economics. 2009;68:1441-1453.

Smyth R, Mishra V, Qian X. The environment and well-being in Urban China. Ecological
Economics. 2008;68(1-2):547-555.

Mathew TV. Transportation systems engineering. Fuel consumption and emission stud-
ies. [Internet]. 2014. Available from: http://www.civiliitb.ac.in/tvm/1111_nptel/583_
FuelEmi/fancy.pdf [Accessed 19 December 2016]

EEA. Emissions of the main air pollutants in Europe [Internet]. 2016. Available from:
http://www .eea.europa.eu/data-and-maps/indicators/main-anthropogenic-air-pollut-
ant-emissions/assessment-3 [Accessed: 12 December 2016]

United States Environmental Protection Agency. Criteria Air Pollutants [Internet]. 2016.
Available from: https://www.epa.gov/criteria-air-pollutants [Accessed: 20 December
2016]

Scotland’s Environment. Air Quality [Internet]. Available from: http://www.environ-
ment.scotland.gov.uk/get-informed/air/air-quality/ [Accessed: 20 December 2016]

EEA. Air quality in Europe-2016 report [Internet]. 2016. Available from: http://www.eea.
europa.eu/publications/air-quality-in-europe-2016 [Accessed: 3 Jan 2017]



[24]

[25]
[26]
[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

How Air Pollution Affects Subjective Well-Being
http://dx.doi.org/10.5772/67742

Currie ], Neidell M. Air pollution and infant health: What can we learn from California’s
recent experience? Quarterly Journal of Economics. 2005;120:1003-1030.

Field BC, Field MK. Environmental Economics. 3rd ed. New York: McGraw-Hill; 2002.
Graves PE. Environmental Economics: An Integrated Approach. New York: CRC; 2013.

Anderson DA. Environmental Economics and Natural Resource Management. 4th ed.
New York, NY: Routledge; 2014.

Guxens M, Sunyer J. A review of epidemiological studies on neuropsychological effects
of air pollution. Swiss Medical Weekly. 2012;141:w13322.

Marques S, Lima ML. Living in grey areas: Industrial activity and psychological health.
Journal of Environmental Psychology. 2011;31(4):314-322.

WHO. 7 million premature deaths annually linked to air pollution [Internet]. 2014.
Available from: http://www.who.int/mediacentre/news/releases/2014/airpollution/en/
[Accessed: 20 December 2016]

UNICEF. Clear the air for children. The impact of air pollution on children. New York,
NY: UNICEEF Division of Data, Research and Policy; 2016

WHO. Burden of Disease from Household Air Pollution for 2012: Summary of Results
[Internet]. 2014. Available from: http://www.who.int/phe/healthtopics/outdoorair/data-
bases/FINAL_HAP_AAP_BoD_24March2014.pdf [Accessed: 20 December 2016]

WHO. Global Health Observatory (GHO) data [Internet]. 2016. Available from: http://
www.who.int/gho/en/[Accessed: 10 December 2016]

Darrow LA, Klein M, Flanders WD, Mulholland JA, Tolbert PE, Strickland MJ. Air pol-
lution and acute respiratory infections among children 0-4 years: An 18-year time-series
study. American Journal of Epidemiology. 2014;180(10):968-977.

International Energy Agency (IEA)/OECD.Energyand AirPollution. World Energy Outlook
Special Report [Internet]. 2016. Available from: http://www.iea.org/publications/freepub-
lications/publication/WorldEnergyOutlookSpecialReport2016Energyand AirPollution.
pdf [Accessed: 19 December 2016]

WHO. Constitution of the World Health Organisation [Internet]. 1948. Available
from:http://www.who.int/about/definition/en/print.html [Accessed: 20 December 2016]

Callahan D. The Roots of Bioethics: Health, Progress, Technology, Death. Oxford: Oxford
University Press; 2012.

Streimikiene D. Environmental indicators for the assessment of quality of life. Intellectual
Economics. 2015;9:67-79.

Holman MR, Coan TG. Voting green. Social Science Quarterly. 2008;89:1121-1135.

Kahn ME. Demographic change and the demand for environmental regulation. Journal
of Policy Analysis and Management. 2002;21(1):45-62.

225



226  Well-being and Quality of Life - Medical Perspective

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Diener E, Suh E. Measuring quality of life: Economic, social, and subjective indicators.
Social Indicators Research. 1997;40(1-2):189-216.

United Nation Economic Commission for Europe (UNECE). Measuring Sustainable
Development. New York/Geneva: United Nations Publication; 2009.

Boamah PO, Onumabh J, Takase M, Bonsu PO, Salifu T. Air pollution control techniques.
Global Journal of Bio-Science and Biotechnology. 2012;1(2):124-131.

de Kluizenaar Y, Aherne ], Farrell EP. Modelling the spatial distribution of SO2 and NOx
emissions in Ireland. Environmental Pollution. 2001;112(2):171-182.

Ferreira S, Akay A, Brereton F, Cunado ], Martinsson P, Moro M, Ningal TF. Life satis-
faction and air quality in Europe. Ecological Economics. 2013;88:1-10.

Liao P-S, Shaw D, Lin, Y-M. Environmental quality and life satisfaction: Subjective ver-
sus objective measures of air quality. Social Indicators Research. 2014;124:599-616.

Stone AA, Mackie C (Eds.). Subjective Well-being: Measuring Happiness, Suffering, and
Other Dimensions of Experience. Washington, DC: The National Academies Press; 2014.

National Research Council. Subjective Well-being: Measuring Happiness, Suffering, and
Other Dimensions of Experience. Washington, DC: The National Academies Press; 2013.

Kesebir P, Diener E. In pursuit of happiness: Empirical answers to philosophical ques-
tions. Perspectives on Psychological Science. 2008;3(2):117-125.

Diener E, Suh E, Oishi S. Recent findings on subjective well-being. Indian Journal of
Clinical Psychology. 1997;24(1):25-41.

Diener E, Suh EM, Lucas RE, Smith HL. Subjective well-being: three decades of progress.
Psychological Bulletin. 1999;125(2):276-302.

Diener E, Oishi S, Lucas RE. Subjective well-being: The science of happiness and life
satisfaction. In: Snyder CR, Lopez SJ, editors. Handbook of Positive Psychology. Oxford
and New York: Oxford University Press; 2002.

Snyder CR, Lopez SJ. Handbook of Positive Psychology. Oxford University Press; 2002.

Eid M, Diener E. Global judgments of subjective well-being: Situational variability and
long-term stability. Social Indicators Research, 2004;65(3):245-277.

Diener E. Seligman MEP. Toward an economy of well-being. Psychological Science in
the Public Interest. 2004;5(1):1-31.

Kahneman D, Riis J. Living and thinking about it: Two perspectives on life. In: Huppert
FA, Baylis N, Keverne B, editors. The Science of Well-being. Oxford: Oxford University;
2005.

Diener E. Guidelines for national indicators of subjective well-being and ill-being.
Journal of Happiness Studies. 2006;7:397-404.



[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

How Air Pollution Affects Subjective Well-Being
http://dx.doi.org/10.5772/67742

Lyubomirsky S. The How of Happiness: A New Approach to Getting the Life You Want.
New York, NY: Penguin Books; 2007.

Friedman HS, Kern ML, Reynolds CA. Personality and health, subjective well-being,
and longevity. Journal of Personality. 2010;78(1):179-216.

OECD. OECD Guidelines on Measuring Subjective Well-being [Internet]. 2013. Available
from: http://dx.doi.org/10.1787/9789264191655-en [Accessed: 20 December 2016]

Dolan P, Peasgood T, White MP. Do we really know what makes us happy? A review
of the economic literature on the factors associated with subjective wellbeing. Journal of
Economic Psychology. 2008;29(1):94-122.

Van Praag BMS, Ferrer-i-Carbonell A. Happiness Quantified: A Satisfaction Calculus
Approach. Oxford: Oxford University Press; 2008.

Diener E. Subjective well-being: The science of happiness and a proposal for a national
index. American Psychologist. 2000;55(1):34-43.

Diener E, Biswas-Diener R. Happiness: Unlocking the Mysteries of Psychological Wealth.
Malden, MA: Blackwell Publishing; 2008.

Veenhoven R. Greater happiness for a greater number: Is that possible? If so, how? In
Sheldon KN, Kashdan TB, Steger MF, editors. Designing Positive Psychology. Oxford:
Oxford University, 2011. pp. 392-409.

OECD. Compendium of OECD Well-being Indicators. Paris: OECD Publishing; 2011.

Steel P, Schmidt J, Shultz J. Refining the relationship between personality and subjective
well-being. Psychological Bulletin. 2008;134(1):138-161.

Boarini R, Comola M, Smith C, Manchin R, de Keulenaer F. What makes for a better
life? The determinants of subjective well-being in OECD countries—evidence from the
Gallup World Poll. OECD Statistics Working Papers, 2012/03. OECD Publishing; 2012.

Dolan P, Metcalfe R. Measuring subjective wellbeing: Recommendations on measures
for use by National Governments. Journal of Social Policy. 2012;41(2):409-427.

Lim C, Putnam R. Religion, social networks, and life satisfaction. American Sociological
Review. 2010;75(6):914-933.

Eichhorn ]. Happiness for believers contextualizing the effects of religiosity on life-satis-
faction. European Sociological Review. 2012;28:583-593.

Graham C. Happiness Around the World: The Paradox of Happy Peasants and Miserable
Millionaires. Oxford: Oxford University Press; 2009.

EEA. Air pollutant emissions data viewer (NEC Directive) [Internet]. 2014. Available
from: http://www.eea.europa.eu/data-and-maps/data/data-viewers/emissions-nec-direc-
tive-viewer [Accessed: 10 December 2016]

227



228 Well-being and Quality of Life - Medical Perspective

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

JRC/PBL. Emission database for global atmospheric research (EDGAR) [Internet]. 2015.
Available from: http://edgar.jrc.ec.europa.eu [Accessed: 10 January 2017]

OECD. Exposure to PM2.5 in countries and regions [Internet]. 2013. Available from:
http://stats.oecd.org/[Accessed: 10 January 2017]

Eurofound. Third European Quality of Life Survey — Quality of Life in Europe: Impacts
of the Crisis. Luxembourg: Publications Office of the European Union; 2012.

Darcin M, Darcin ES. Relationship between quality of life and child traffic fatalities.
Accident Analysis and Prevention. 2007;39(4):826-832.

Frey BS, Luechinger S, Stutzer A. The life satisfaction approach to environmental valua-
tion. Annual Review of Resource Economics. 2010;2(1):139-160.

Welsch H. Environmental welfare analysis: A life satisfaction approach. Ecological
Economics. 2007;62:544-551.

Ferrer-i-Carbonell A, Gowdy JM. Environmental awareness and happiness. Ecological
Economics. 2007;60:509-516.

Cunado ], Perez de Gracia F. Environment and happiness: New evidence for Spain.
Social Indicators Research. 2013;112:549-567.

Luechinger S. Life satisfaction and transboundary air pollution. Economics Letter.
2010;107:4-6.

Ferreira S, Moro M. On the use of subjective well-being data for environmental valua-
tion. Environmental and Resource Economics. 2010;46(3):249-273.

Luechinger S. Valuing air quality using the life satisfaction approach. Economic Journal.
2009;119:482-515.

Welsch H. Environment and happiness: Valuation of air pollution in ten European coun-
tries [Internet]. 2003. Available from: http://www.diw.de/documents/publikationen/73/
diw_01.c. 40635.de/dp356.pdf [Accessed: 10 January 2017]

Orru K, Orru H, Maasikmets M, et al. Well-being and environmental quality: Does pol-
lution affect life satisfaction? Quality of Life Research. 2016;25(3):699-705

Menz T, Welsch H. Population aging and environmental preferences in OECD countries:
The case of air pollution. Ecological Economics. 2010;69:2582-2589.

Zhang X, Zhang X, Chen X. Happiness in the air: How does dirty sky affect subjective
well-being? Social Science Research Network Working Paper Series. Technical report,
Institute for the Study of Labor (IZA); 2015.

Giovanis E. Essays on Environmental Economics. A Dissertation the Degree of Doctor
of Philosophy, Economics department at Royal Holloway, University of London; 2015.

Okun MA, Stock WA, Haring MJ, Witter RA. Health and subjective well-being: A meta-
analysis. The International Journal of Aging & Human Development. 1984;19(2):111-132.



[91]

[92]

[93]

[94]

[95]

How Air Pollution Affects Subjective Well-Being
http://dx.doi.org/10.5772/67742

Diener E, Chan MY. Happy people live longer: Subjective well-being contributes to
health and longevity. Applied Psychology: Health and Well-Being. 2011;3(1):1-43.

Dargin ES, Dar¢in M. Secondary school students” knowledge level about environmen-
tal problems caused by vehicle emissions. Gazi University Journal of Gazi Educational
Faculty. 2009;29(2):485-512.

Cibik, AS, Dargin ES. Pre-service science teachers’ knowledge level about some basic air
pollutants. Journal of Baltic Science Education. 2009;8(1): 22-34.

Erduran Ava D, Dargin ES. Investigation of eight grade students” knowledge level about
global environmental problems. Eurasian Journal of Physics and Chemistry Education.
2009;1(2): 93-98.

Dar¢in ES, Bozkurt O, Hamalosmanoglu M, Kose S. Determination of elementary stu-
dents’ level of knowledge and misconceptions about greenhouse effect. International
Journal of Environmental and Science Education. 2006;1(2):104-115.

229



ntechOpen

ntechOpen



