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ABSTRACT
Purpose:
Air pollution and its adverse health effects result in an economic cost to society. Given that
the burden of disease from air pollution is to a large extent preventable, estimation of the
magnitude of its economic cost is important. We estimate the economic cost of the health
impact from exposure to ground-level ozone, and ambient and household PM 2.5 air
pollution, as well as their joint effects, in Greece.
Design/methodology/approach:
We analyze the economic cost of the health impact from air pollution using the Cost-ofIllness (COI) as well as the Willingness to Pay (WTP) approach.
Finding:
Based on the COI approach, air pollution attributable diseases resulted in a total economic
cost of €1.27 billion in 2019, or 0.68 percent of GDP. Under the WTP approach, mortality
cost is significantly higher.
Research limitations/implications:
In spite of some standard methodological limitations, giving a monetary value to the burden
of disease from air pollution highlights the significance of curbing air pollution, providing at
the same time guidance in prioritizing among various competing policy objectives. Air
pollution abatement interventions can yield significant benefits for global health and the
economy.
Originality/value:
To the best of our knowledge, this is the first study estimating direct and indirect costs of
air pollution-attributable health consequences in Greece, using the most recent data for all
specific-cause mortality and morbidity outcomes. Employing two alternative methodologies,
COI and WTP, we provide a lower and an upper bound of the economic cost of air pollution,
respectively. The COI estimates provide a financial measure of the potential gains (by age
and gender) if air pollution were to be extensively mitigated. The WTP estimates are a
starting point in a cost-benefit analysis evaluating certain environmental regulation policies.
Our results and their policy implications could be a guide to other economies with similar
characteristics and comparable air pollution levels with those in Greece.
©International Hellenic University

1. Introduction
Since the second half of the past century, a tremendous increase in global population, the global pressure of increased
economic activity, energy usage and pollution emissions (especially carbon emissions) have induced various crises,
with the most obvious and pressing one being the climate crisis (Harris, 2019). The present times are increasingly
defined by the need to tackle the ‘grand challenges’, including climate change, demographic issues, improvement of
health and well-being for all, while promoting sustainable but also inclusive growth (Mazzucato, 2020). It has been
advocated that the pressing need for action requires a reconsideration of the role of the government. It should not
merely correct arising market failures, for example, due to negative externalities, but also advance on an active
creation of markets confronting the most pressing issues and challenges faced by societies today, leading the way
towards a green transition (Mazzucato and McPherson, 2018; Mazzucato, 2020).
This green transition requires a fast and extensive transformation in the fields of energy, management of
ecosystems, investment in infrastructure and a redesign of governments’ industrial policies, providing opportunities
for green investment and innovation to tackle climate change and social inequalities (Mazzucato and McPherson,
2018; Galvin and Healy, 2020). For more on the proposed idea of a green new deal see, for example, Luke (2009),
Custers (2010), Aşici and Bünül (2012), White (2019), and Galvin and Healy (2020). In line with this debate, our
paper considers the important issue of environmental degradation and its negative consequences for human health due
to air pollutants. According to the most recent round of the Global Burden of Disease Study (GBD 2019, 2020), air
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pollution is the fourth leading risk factor causing death and disability, contributing to the burden of disease
worldwide. The World Health Organization (WHO) has estimated that 91 percent of the population around the globe
is exposed to air pollution levels exceeding the WHO air quality guideline limit values. The joint health effects of
ambient and household air pollution result in more than seven million premature deaths each year (WHO, n.d.), an
estimate which can be considered conservative when compared to the findings of Burnett et al. (2018) and Lelieveld et
al. (2019) regarding the impact of ambient air pollution. Lelieveld et al. (2019) find the mean per capita mortality rates
in Europe to be higher than the global average, with the difference being even more pronounced in Eastern Europe.
Air pollution exposure (including ambient fine particulate matter (PM 2.5), household PM2.5 and ambient ozone air
pollution) has been associated, among others, with upper and lower respiratory infections, lung cancer, stroke,
ischemic heart disease, diabetes mellitus and chronic obstructive pulmonary disease (GBD 2019, 2020). The majority
of these health conditions are non-communicable. Specifically, the estimated share of non-communicable diseases in
the air pollution-related global disease burden is more than 70 percent (Landrigan et al., 2018). This suggests that
interventions for air pollution abatement can yield significant benefits in global health.
Polluted air and its negative consequences for human health result in a significant economic cost. According to the
Lancet Commission on pollution and health, diseases related to air pollution are responsible for productivity losses
which in many low- and middle-income countries can be as high as 2 percent of their Gross Domestic Product (GDP)
(Landrigan et al., 2018). Also, healthcare costs resulting from air pollution-attributable diseases are significant in both
high- and middle-income countries, with estimated costs ranging from 1.7 percent to 7 percent of their total annual
healthcare spending (Landrigan et al., 2018). Global economic cost of air pollution, measured in welfare terms, is
estimated to reach many trillion US dollars each year (WHO and OECD, 2015; Landrigan et al., 2018), a cost which is
projected to rise significantly in the coming decades (OECD, 2016).
In Greece, the issue of air pollution has been recurrent. In the beginning of the 2000s, the largest cities have been
among the top 20 cities in Europe with the ‘most days per year of poor air quality’ (European Commission (EC), 2007,
p. 116). In the decade from 2000 to 2010, concentration levels of many air pollutants stabilized (or declined) due to a
more widespread use of higher quality fuels, major investment in public transportation and the use of technologically
enhanced road transport vehicles (European Environmental Agency (EEA), 2008; Organization for Economic Cooperation and Development (OECD), 2009). Concentrations of PM 2.5 and ozone, however, remained persistently high
(OECD, 2009). From 2010 onwards, a gradual improvement of air quality has been documented due to reduction of
primary pollutant emissions, mainly driven by the Greek economic crisis but also by the obligations stemming from
European legislation (National Centre for the Environment and Sustainable Development (NCESD), 2018). All
recorded mean annual concentrations of PM2.5, however, exceeded the WHO guideline limit value of 10 μg/m3,
although they did not exceed the European Union (EU) set air quality standard of 25 μg/m3 (WHO, 2006; EC, n.d.).
Ground-level ozone concentrations also have had a less pronounced long-term improvement, due to regional
climatological conditions which aid the manifestation of high concentration episodes (NCESD, 2018). The most recent
health data available indicate that exposure to ambient and household PM2.5, as well as ambient ozone air pollution
jointly, constituted the fifth leading risk factor causing death in Greece, in 2019, behind metabolic risks, tobacco use,
dietary risks and non-optimal temperature (GBD 2019, 2020). During the same year, air pollution was the seventh
leading risk factor causing disability. More than 90 percent of air pollution-attributable diseases are noncommunicable (GBD 2019, 2020). See Figures A1 & A2, in Appendix A, for mortality and morbidity due to air
pollution, by disease, gender and age.
As already noted, the burden of disease from air pollution is to a large extent preventable. To guide public policy
to this end, estimation of the magnitude of the economic cost resulting from air pollution exposure is important. Such
estimates for Greece, however, are scarce. Existing research has focused on particular metropolitan regions, and/or
emissions and concentrations from certain activities or sectors. Specifically, Georgakellos (2007) estimated the
external cost of various air pollutants from thermal power stations; Mirasgedis et al. (2008) estimated the cost of
environmental damage from air pollution emitted from industrial activities in the greater area of Athens;
Vlachokostas et al. (2012) calculated the social cost of the health impact of particulate matter (PM10) and ozone air
pollution in the greater area of Thessaloniki; Sarigiannis et al. (2015) estimated the economic cost of the health impact
from exposure to PM10 air pollution resulting from biomass burning in Thessaloniki.
Estimates of the economic cost, in terms of mortality and morbidity, from exposure to many pollutants emitted
from major industrial facilities in Greece are also included in a European study (EEA, 2011). Estimates from the
Impact Assessment for the EC Integrated Clean Air Package (EC, 2013) show that the external cost resulting from
air pollution reaches €7 billion (income adjusted, 2010) per year. A global study estimated mortality cost, resulting
from exposure to ambient and household PM2.5 air pollution in Greece, to be equal to 7.1 percent of GDP in 2010
(WHO and OECD, 2015). The World Bank (WB) and the Institute for Health Metrics and Evaluation (IHME) found
mortality cost to be equal to 8.55 percent of Greece’s GDP, in 2013, when using the same methodology, the
Willingness to Pay approach (WTP) (WB and IHME, 2016); using the Cost-of-Illness (COI) approach, economic cost
due to mortality from air pollution was found to be 0.14 percent of GDP. The relative magnitude of the estimated cost
in Greece, compared to the 142 countries included in the report, varied widely under the two alternative
methodologies employed. Under the WTP method, Greece was found to be among the top ten countries with the
highest mortality cost estimates, a result which is in contrast with the findings of the WHO and OECD (2015) study.
On the other hand, under the COI method, more than 58 percent of the countries had a relatively higher estimate for
mortality cost due to air pollution. The methodological assumptions, differences in health data, as well as differences
in economic conditions, are of paramount importance and greatly influence economic cost estimates.
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Neither of the studies conducted by major international organizations focuses specifically on Greece nor does it
calculate morbidity cost and healthcare expenditure due to air pollution. Our paper integrates the health impact from
exposure to air pollutants with the strongest epidemiological evidence, regarding their negative health outcomes,
while the spatial coverage concerns the whole country. We estimate the economic cost of air pollution, first, using a
market-based methodology, the COI approach, which is one of the most common economic evaluation methods
employed in the context of health economics (Tarricone, 2006; Jo, 2014). All cost components related to health impact
of air pollution are taken into account, with estimates concerning not only ambient air pollution but also household air
pollution from cooking with polluting fuels and technologies. The analysis is detailed, with cost estimates being
offered by gender and age group for mortality and morbidity cost. The most recent data available on the burden of
disease are used.
We estimate the cost of air pollution-related mortality with a non-market valuation method, as well, that is, the
WTP approach. In the original application of the methodology, a stated preferences survey elicits people’s WTP
through the valuation of ‘realistic, but hypothetical, [mortality] risk reduction scenarios’ (Lindhjem et al., 2011, p.
1382). The resulting measure, commonly referred to as value of statistical life (VSL), is essentially a trade-off rate
between wealth/money and fatality risk (Viscusi, 2010; Lindhjem et al., 2011), serving as a reference point against
which governments can assess the benefits of policies aimed at mortality risk reductions (Viscusi, 2003). The
alternative scenario is an implicit and arbitrary valuation through policy decision-making, a process which is often
non-transparent and can potentially result in inefficient resource allocation (Lindhjem et al., 2011).
Due to the lack of a primary WTP survey for Greece, we make use of the OECD-recommended VSL with the
necessary adjustments made (OECD, 2012, 2014).1 The OECD-recommended VSL is based on a meta-analysis of 92
published research studies on stated preferences within the context of environment, health and traffic (OECD, 2012).
The estimated monetary value is best suited for welfare cost analysis (see, Hunt, 2011; OECD, 2012, 2014; Narain and
Sall, 2016 and references therein) and represents welfare losses to the Greek society resulting from air pollutioninduced mortality.
By employing the two alternative methodologies, COI and WTP, we provide a lower and an upper bound of the
economic cost of air pollution in Greece, respectively (Cropper, 2000; Meisner, 2015; Narain and Sall, 2016). Our
estimates, under the COI approach, can be viewed as a financial measure of the gains that would have been achieved if
air pollution were to be extensively mitigated in the country. WTP estimates, on the other hand, can be used as a
starting point in cost-benefit (CB) analysis for evaluating environmental regulation policies aimed at reducing
mortality risk due to air pollution. In general, giving a monetary value to the burden of disease from air pollution can
redirect the allocation of resources in favour of further curbing air pollution, and highlights the significance of the
issue among various competing policy objectives and priorities. Our qualitative results and their policy implications
are expected to be of international relevance. The estimates could serve as a guide to economies with similar
characteristics and comparable air pollution levels with those in Greece.
2. Materials and Methods
We estimate the economic cost of the health impact resulting from exposure to ground-level ozone, and ambient and
household PM2.5 air pollution, as well as their joint effects (total air pollution). Both the COI and the WTP approaches
are employed.
2.1 Cost-of-Illness Approach
The COI method has been developed originally by Rice (1967) and Rice et al. (1985), employed thereafter by
numerous studies valuing the health burden of a disease. The information provided by the COI estimates can guide
the formulation and prioritization of policies and interventions in the healthcare system and, ultimately, guide
allocation of healthcare resources for policy efficiency, given the budgetary constraints (Jo, 2014). In this context, the
COI framework has been frequently used in the analysis of the health burden due to air pollution in various countries
or even sub-regions within countries (e.g., Alberini and Krupnick, 2000; Croitoru et al., 2010; Patankar and Trivedi,
2011; Meisner et al., 2015; Sander et al., 2015; Lu et al., 2016; Bherwani et al., 2020). To the best of our knowledge,
such a detailed analysis for Greece does not exist.
According to COI, there are direct and indirect costs. Direct cost includes healthcare expenses for diagnosis and
treatment of diseases related to air pollution exposure. The associated non-healthcare expenses, such as
transportation expenditure to hospitals and expenses for healthcare providers, are not included (as usual) due to lack
of data.
Direct cost, or attributable health expenses, is estimated according to the formula
𝑃𝐴𝐸𝑗 = 𝑃𝐴𝐹𝑗 × 𝑇𝐻𝐶𝐸 (1)

where 𝑃𝐴𝐸 is health expenses attributable to air pollution by air pollution subcategory 𝑗, 𝑃𝐴𝐹 is mean estimated air
pollution attributable fraction based on number of deaths by 𝑗, and 𝑇𝐻𝐶𝐸 is total healthcare spending, including all
domestic and international financing sources in 2019.
We have pinpointed a single study employing a contingent valuation method to elicit WTP for a marginal reduction in the risk of
premature mortality due to air pollution in the Greek context by Vlachokostas et al. (2011). However, in this study, WTP is
estimated only for the city of Thessaloniki and therefore it was deemed inappropriate to be used for the whole country.
1
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Indirect cost measures productivity losses stemming from morbidity and early mortality due to illnesses
attributable to air pollution exposure. The indirect cost component is quantified with the Human Capital method.
Human life is valued through the stream of present and future market earnings and the resulting economic cost of a
disease is measured through the disruption of this stream of productive output by morbidity and premature mortality
(Max et al., 2004).
Mortality cost consists of present and future income lost as a result of early mortality from air pollution
attributable illnesses. The attributable mortality cost 𝑃𝐴𝑀𝐶 for each pollution subcategory 𝑗, from premature death
by disease 𝑖 in the population subgroup 𝑘, is estimated as:
𝑚𝑎𝑥

𝑃𝐴𝑀𝐶𝑗𝑖𝑘 = 𝑃𝐴𝐹𝑗𝑖𝑘 × ∑

𝑎=𝑚𝑖𝑛

(𝐷𝑇𝐻𝑗𝑖𝑘𝑎 × 𝑃𝑉𝐿𝐸𝑘𝑎 ) (2)

where 𝑃𝐴𝐹 is the mean estimated value of the attributable to air pollution death fraction, 𝐷𝑇𝐻 is total number of
deaths, 𝑃𝑉𝐿𝐸 is the estimated present value of lifetime earnings and min - max are the minimum and maximum age
groups, respectively.
To calculate the present value of lost productivity, that is, productivity that would have been achieved in future
years had a person not died prematurely from air pollution attributable diseases, we use the formula by Max et al.
(2004). Under this approach, we take into account life expectancy in the different five-year age groups in males and
females, as well as labour force participation in each five-year age group and gender, respectively:
𝑚𝑎𝑥

𝑃𝑉𝐿𝐸𝑎𝑔 = ∑

𝑛=𝑎

(𝑆𝑃𝑎𝑔 (𝑛)) × [𝑃𝑅 × 𝐸𝑀𝑃𝑔 (𝑛)] ×

(1 + 𝜇)𝑛−𝑎
(3)
(1 + 𝑟)𝑛−𝑎

where 𝑃𝑉𝐿𝐸 is the present value of lifetime earnings, 𝑎 is the present age of a person and 𝑔 its gender and 𝑆𝑃 stands
for survival probability. This survival probability can be interpreted as the probability that a person of gender 𝑔
which dies at age 𝑎 would have survived at age 𝑛. 𝑃𝑅 is the chosen productivity measure, GDP per worker, 𝐸𝑀𝑃𝑔 (𝑛)
is the ratio of employment-to-population at gender 𝑔 and age 𝑛, 𝜇 is the growth rate of labour productivity and 𝑟 is
the chosen discount rate. Regarding the annual labour productivity growth rate, we make the common assumption of
1 percent increase. We assume no discounting for human life. A sensitivity analysis is undertaken below assuming 3
percent discount rate.
The age groups included in the analysis are infants under 1 year of age (minimum) to 75-79 years of age
(maximum age group). We assume that no person above the age of 79 years is working. Defining the workforce in
such a fashion could raise concerns of overestimation of indirect mortality cost. This is because not all people will
start working from age 15 and many individuals will retire around the age of 65 (Narain and Sall, 2016). As already
noted above, to account for this possible source of overestimation, indirect mortality cost (and morbidity cost below)
is weighted by labour force participation, following the approach used by WB & IHME (2016), discussed in Narain
and Sall (2016, pp. 39-47).
Air pollution attributable indirect morbidity cost (PAIC) is calculated as:
𝑃𝐴𝐼𝐶𝑗𝑖𝑘 = 𝑃𝐴𝐹𝑗𝑖𝑘 × 𝑌𝐿𝐷𝑗𝑖𝑘 × 𝐸𝑀𝑃𝑘 × 𝑃𝑅 (4)

where 𝑃𝐴𝐹 is the mean estimated value of air pollution attributable fraction of morbidity by air pollution subcategory
𝑗, disease 𝑖 and population subgroup 𝑘. 𝑌𝐿𝐷 is the total number of Years Lived with Disability (YLD) by 𝑗, 𝑖 and 𝑘,
𝐸𝑀𝑃 is employment-to-population ratio by population subgroup 𝑘, and 𝑃𝑅 is again GDP per worker.
The population subgroups included in the analysis are males and females of age 15-19 years to 75-79 years. As in
the case of the estimation of indirect mortality cost, no person above the age of 79 years is assumed to be working.
Unfortunately, the nature of the measure used to capture morbidity and the formula employed does not permit the
estimation of morbidity cost in the age group of less than a year old up to 14 years old, a major difference compared to
mortality cost estimation.
Finally, total economic cost of air-pollution attributable diseases 𝑇𝑃𝐴𝐶 by pollution subcategory 𝑗 is the sum of
the direct and indirect morbidity and mortality costs:
𝑇𝑃𝐴𝐶𝑗 = 𝑃𝐴𝐸𝑗 + 𝑃𝐴𝑀𝐶𝑗 + 𝑃𝐴𝐼𝐶𝑗 (5)

A frequent criticism of the COI methodology is that it underestimates the true cost of a disease in two ways. First,
it yields low or no values for children and older people after the age of retirement. Second, it does not include
‘psychological costs’, in the sense that pain and suffering caused by a disease are not included in the indirect cost
calculations (Max at al., 2004). In order to overcome these two shortcomings, the WTP approach has been proposed
as an alternative method to valuing human life.
2.2 Willingness to Pay Approach
The origins of the WTP method date back in the late 1960s and early 1970s, when authors such as Schelling (1968)
and Mishan (1971) suggested that valuing the prevention of premature mortality should be done through the amount
that a person would be willing to pay for a decline in risk of early death (holding expected utility constant). Since
then, the concept of WTP has gained an increasing importance in environmental decision-making and management,
while WTP estimation for ‘non-market-traded goods’ has become a significant subfield of study in environmental
economics (Baumgärtner et al., 2017).
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Formally, according to the WTP approach, life is valued through the monetary amount individuals are willing to
pay for marginal reductions in their risk of dying from a given risk factor (OECD, 2012). Mortality cost of air
pollution is calculated using the aggregate WTP or the VSL multiplied by the total number of premature deaths in a
particular year. Since WTP surveys that provide information on the valuation of mortality risks associated with
exposure to air pollution are not available for all countries, a set of OECD-recommend VSL values can be employed,
adjusted for differences in income (OECD, 2012, 2014). The formula used for making the necessary adjustments for
transferring the VSL is
𝛽

𝑉𝑆𝐿2019 = 𝑉𝑆𝐿𝑂𝐸𝐶𝐷,2005 × (𝑌2005 /𝑌𝑂𝐸𝐶𝐷,2005 ) × (1 + %𝛥𝑃 + %𝛥𝑌)𝛽 (6)

where 𝑉𝑆𝐿2019 is the value of statistical life for Greece in 2019, 𝑉𝑆𝐿𝑂𝐸𝐶𝐷,2005 is the VSL base value for the OECD
countries (US$ 3 million), 𝑌2005 is Greek GDP per capita at PPP in 2005, 𝑌𝑂𝐸𝐶𝐷,2005 is the average GDP per capita of
the OECD countries at PPP in 2005, %𝛥𝑃 is the percentage change in consumer price and %𝛥𝑌 is the percentage
change in real GDP per capita growth from 2005 to 2019. Finally, 𝛽 is the income elasticity of VSL.

2.3 Data
For the COI approach, we used the most recent data available (for 2019) on health effects of air pollution from the
Global Burden of Disease 2019 study (GBD 2019, 2020), including attributable to air pollution fractions of death and
disability (PAFs in formulae (1), (2) and (3)), as well as the total number of YLD (needed in formula (4)) and the total
number of deaths (necessary in formula (2)).
𝑇𝐻𝐶𝐸 was retrieved from the IHME Global Expected Health Spending 2018-2050 dataset (2020). Age and gender
specific employment-to-population ratios were obtained from the International Labour Organization (ILO) statistical
database, as was the case with the total number of workers which we used in the calculation of the GDP per worker
(ILO, 2020). Data on GDP were taken from the International Monetary Fund’s (IMF) World Economic Outlook
Database, October 2020 (IMF, 2020). Probabilities of survival were calculated using life tables available from the
WHO (n.d.). All data concern the year 2019, except for life tables which are for 2016, the latest data available.
For the WTP approach, data for the necessary calculations were obtained by the World Bank’s Word
Development Indicators database (WB, 2020). The income elasticity of the VSL is assumed to be 0.8, following the
OECD recommendation for transfers of the VSL between OECD (and EU) member countries (OECD, 2012). Formula
(6) yields the VSL value for 2019 in 2005 US$. This value is subsequently converted into local currency (€), using the
PPP-adjusted exchange rate (for private consumption, as proposed by OECD) for 2005 (OECD, 2012, p. 128). In
order to convert the VSL from 2005 monetary value into 2019 monetary value, we used the national CPI for 2005 and
2019 (WB, 2020).
3. Results

3.1 Cost-of-Illness Approach
The share of healthcare expenditure due to air pollution attributable diseases in total healthcare expenditure was 4.8
percent in 2019. From this, 4.44 percent was due to ambient PM 2.5 air pollution, 0.4 percent was due to ambient ozone
pollution and 0.03 percent due to household PM2.5 air pollution related illnesses (see Table 1, at the end of this
subsection).
Direct cost is estimated at €742.16 million. Direct cost due to ambient PM 2.5 air pollution related illnesses
comprised the largest share of the direct cost due to total air pollution, estimated to be €682.11 million, while
healthcare expenditure due to ozone air pollution attributable diseases was estimated at €60.97 million. Direct cost
due to exposure to household PM2.5 air pollution was €4.91 million, being by far the smallest component of direct cost
due to exposure to total air pollution (see Table 1).
Turning to indirect cost, total morbidity cost was estimated at €197.1 million. From this, 99.2 percent was related
to diseases attributed to ambient PM2.5 air pollution, while only 0.8 percent was due to household PM 2.5 air pollution
related illnesses. Morbidity cost accounted for 37.25 percent of the indirect cost of air pollution, while it was 15.5
percent of the total cost of air pollution. The economic cost of morbidity from air pollution is the smallest component
of the total economic cost, while the largest component is by far the direct cost (see Table 1).
The distribution of morbidity cost from total air pollution, by age and gender, is depicted in Figure 1. The sharp
decline of morbidity cost after the age of 59 years, and the particularly low estimates of morbidity cost for the 65-79
age group, are a result of the decreasing employment to population ratio. Morbidity cost resulting from males is
higher than the one resulting from females in all age groups, except for the 25-29 age group. This is because both the
number of YLD resulting from exposure to air pollution and participation in the labour market are higher in males
than in females in all age groups, with the exception of the 25-29 age group, in which the number of YLD is higher
for females. Figures A3 and A4 in Appendix A describe the age and gender distribution of morbidity cost from
ambient and household PM2.5 air pollution, respectively.
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Figure 1. Morbidity cost from total air pollution by age and gender, Greece, 2019
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Mortality cost was estimated at €331.9 million in 2019 (Table 1). From this, 97.67 percent was due to ambient
PM2.5 air pollution, 1.7 percent was due to ambient ozone pollution and only 0.63 percent resulted from exposure to
household PM2.5 air pollution. The share of mortality cost in total cost was 26.1 percent, while the shares of direct and
indirect morbidity cost were 58.4 percent and 15.5, respectively. The distribution of mortality cost from total air
pollution, by age and gender, is presented in Figure 2. The distribution of mortality cost from each subcategory of air
pollution, by age and gender, is presented in Figures A5-A7 in Appendix A.
Figure 2. Mortality cost from total air pollution by age and gender, Greece, 2019
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The highest proportion of mortality cost resulted from males in all age groups (see Figure 2). This is driven by the
fact that the PVLE is higher for males than females in all age groups, but also by the fact that the health impact in
terms of mortality is more severe in males than females in almost all age groups and from all air pollution
subcategories. Noticeable exceptions are mortality estimates from exposure to ambient, household PM 2.5 air pollution
and the joint effects of all air pollutants in the age group 10-14, which are higher in females than in males. The same
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applies in the case of mortality from exposure to household PM 2.5 air pollution in the 75-79 age group. Even in these
cases, however, the relatively higher estimated PVLE in males results in higher mortality cost estimates for men.
Total cost resulting from exposure to air pollution was estimated at €1.27 billion in 2019. From this, 94.1 percent
was attributed to exposure to ambient PM2.5 air pollution and 5.2 percent to ambient ozone air pollution, while 0.7
percent resulted from household PM2.5 air pollution related diseases. The share of total cost from air pollution in GDP
was 0.68 percent.
Assuming a 3 percent discount rate, mortality cost from total air pollution is estimated at €261.3 million (2019).
That is, mortality cost due to exposure to air pollution is 21.3 percent lower, compared to 1 percent discount.

Total air
pollution

Ambient
PM2.5

Household
PM2.5

Ambient
ozone

Table 1: Direct, indirect and total cost from air pollution, Greece, 2019
Direct cost
Indirect cost
Morbidity
Mortality
Total
valuea
742.16
197.1
331.9
529
cost per capitac
69.25
18.4
31
49.4
% GDP
0.4
0.1
0.18
0.28
% total cost
58.4
15.5
26.1
41.6
% indirect cost
37.25
62.75
100.0
% health exp.
4.8
valuea
682.11
195.5
324.7
520.2
cost per capitac
63.65
18.25
30.3
48.55
% GDP
0.36
0.11
0.17
0.28
% total cost
56.7
16.3
27
43.3
% indirect cost
37.6
62.4
100.0
% health exp.
4.44
valuea
4.91
1.57
2.1
3.67
cost per capitac
0.46
0.15
0.2
0.35
% GDP
0.0026
0.0009
0.0011
0.002
% total cost
57.25
18.35
24.4
42.75
% indirect cost
42.9
57.1
100.0
% health exp.
0.03
valuea
60.97
5.63
5.63
cost per capitac
5.7
0.5
0.5
% GDP
0.033
0.003
0.003
% total cost
91.55
8.45
8.45
% indirect cost
100.0
100.0
% health exp.
0.4
-

Total cost
1.27b
118.65
0.68
100.0
1.2b
112.2
0.64
100.0
8.58
0.8
0.0046
100.0
66.6
6.2
0.036
100.0
-

Note: The sum of estimated costs and cost shares in GDP related to ambient, household PM 2.5 and ambient ozone air pollution are slightly higher
than estimates corresponding to total air pollution, reflecting the structure of the health data used. Costs reported for individual air pollution risk
factors quantify the economic impact of each subcategory separately, while those reported for total air pollution signify joint effects.
Source: Own calculations based on data from the GBD 2019 (IHME), IMF and ILO
a Monetary amount in 2019, 2019 €, millions
b Monetary amount in 2019, 2019 €, billions
c Monetary amount in 2019, 2019 €

3.2 The Willingness to Pay Approach
Using formula (5), the VSL for Greece in 2019 is
𝑉𝑆𝐿𝐺𝑟𝑒𝑒𝑐𝑒,2019 = (𝑈𝑆$ 3 𝑚𝑖𝑙𝑙𝑖𝑜𝑛) × (0.86)0.8 × (1 + 0.195 + (−0.154))0.8 = 2.75

That is, the VSL is US$ 2.75 million measured in 2005 PPP-adjusted. When converting this monetary value into local
currency, the VSL value becomes €2.08 million (in 2005 terms). Finally, we convert the VSL to 2019 national
monetary value, which is €2.49 million.
By multiplying this VSL value with the total number of deaths resulting from exposure to air pollution, mortality
cost was estimated at €6.48 billion in 2019 or, equivalently, 3.46 percent of GDP. As expected, the estimate using the
WTP approach is significantly higher than the one obtained under the COI approach, as the former represents welfare
losses due to premature mortality from air pollution attributable diseases, while the latter concerns only market losses
due to forgone income from early mortality resulting from exposure to air pollution.
The WTP approach is a methodology suitable for calculating the welfare cost from reduced air quality and the
associated mortality outcome in the society as a whole, including the 80 years and above group of age. In this case, the
economic cost of mortality from total air pollution becomes even higher, as it is estimated at €15.47 billion, or 8.25
percent of GDP. This result was, of course, expected, since the number of deaths attributable to air pollution related
diseases skyrockets in the age group of 80 years and above (Figure A2 in Appendix A).
For a sensitivity analysis using alternative income elasticities of the VSL, that is, income elasticities of 0.4
(proposed by OECD (2012)), 0.6 and 1.0 (following the WB and IHME (2016) work), see Table A1, in Appendix A.
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4. Discussion
Our findings, based on the COI approach, indicate that air pollution attributable diseases resulted in a total economic
cost of €1.27 billion in 2019, or equivalently to 0.68 percent of GDP. From this cost, €742.16 million (0.4 percent of
GDP) is related to healthcare expenditure due to air pollution related diseases, €331.9 million (0.18 percent of GDP)
results from premature mortality, and €197.1 million (0.1 percent of GDP) is due to morbidity from exposure to air
pollution.
To estimate morbidity cost, we took into account the number of YLD from all health conditions resulting from
exposure to ambient, household PM2.5 and ambient ozone air pollution, as estimated by IHME. The EC Impact
Assessment (EC, 2013) bases morbidity cost estimates on the number of lost working days resulting mainly from
respiratory conditions from ambient particulate matter and ambient ozone air pollution, while household air pollution
is not taken into account. Moreover, healthcare cost is calculated through the number of respiratory and
cardiovascular hospital admissions as well as the cases of chronic bronchitis, while in the present analysis data on all
specific-cause health outcomes were taken into account. It should be noted, however, that our calculation of direct cost
was conducted through air pollution attributable fractions which were based on premature mortality estimates and,
therefore, healthcare expenditure due to air pollution may be either underestimated or overestimated.
When it comes to mortality cost estimation, our analysis (under the COI method) is closer to the WB & IHME
(2016) report. However, the assumptions regarding the growth rate of labour productivity and the discount rate
differ, and the PVLEs are calculated in a slightly different way. While mortality cost estimates are close to, but higher
than, the ones offered by the WB & IHME (2016) study, our overall estimate of total economic cost accounts for
almost 0.7 percent of GDP.
By analysing all relevant cost components resulting from the health impact of air pollution, it becomes more than
clear that indirect morbidity cost and healthcare expenditure due to air pollution should not be overlooked in relevant
international research. Direct cost due to total air pollution was found to be the component with the largest share in
total cost (58.4 percent) followed by indirect mortality cost (26.1 percent). At the same time, the share of morbidity
cost in indirect cost resulting from the joint effects of all air pollutants under examination was 37.25 percent. From
the air pollution subcategories under examination, ambient PM2.5 air pollution was by far the most significant
contributor to total economic cost.
In terms of limitations present when employing the COI method, one of the most common criticisms relates to the
valuation of human life, which is done through the estimation of PVLE in the case of mortality and forgone income
due to disability. This means that people that do not participate in the labour market (e.g., older people after the age of
retirement) are excluded from the analysis (Max et al., 2004, pp. 7-8). This is more important when examining the
economic cost of the burden of disease from air pollution exposure, compared to other risk factors commonly studied
in the literature, since the health effects due to air pollution are particularly high for old people (see Appendix A). We
calculated the economic cost of air pollution-related diseases for a wider range of age groups (<1–79 years of age)
than in similar analyses (e.g., <1–65 years of age) but, nevertheless, people over the age of 80 years were excluded, as
it was assumed that no person in this age group is participating in the labour market. Moreover, for the age group of
65-79 years, the resulting economic cost was low (compared to younger age groups) due to its low participation rate
in the labour market (and despite the fact that mortality and morbidity estimates were high compared to younger
ages). As a result, these shortcomings bring about an underestimate of the economic cost of the health effects from air
pollution exposure.
Under a welfare-based approach (WTP), mortality cost due to exposure to air pollution was found to be even
higher and equal to 3.46 percent of GDP, when mortality estimates in the age group under 1 year and up to 79 years
old are taken into account. This welfare cost accounts for 8.25 percent of GDP, when mortality estimates for the
whole population, including the age group of 80 years and above, are provided. These estimates are obtained using the
OECD-recommended (2012; 2014) base VSL, a common practice especially among OECD and EU member countries
due to the lack of primary WTP surveys. Note, however, that WTP depends heavily on income, inequality of income
distribution and other socio-economic characteristics related to a specific context (Baumgärtner et al., 2017). This
means that, if a primary WTP survey were to be conducted in Greece, a different VSL could possibly be uncovered,
leading to a different welfare cost estimate of the impact of air pollution on health. Despite the fact that in our
calculations we have made all the necessary adjustments with respect to income, inflation and income growth, the lack
of WTP surveys covering the whole country is a potential shortcoming. Investigating this issue further presents
research opportunities for the future.
Finally, under both cost estimation methods, data unavailability prevented the examination of the economic cost
resulting from the burden of disease due to exposure to other air pollutants causing negative health effects, such as
Nitrogen Dioxide (NO2) and Sulphur Dioxide.
5. Policy implications and conclusion
Offering incentives for the use of alternative energy fuels by households could lead to a reduction in PM 2.5 air
pollution concentrations and the attributable health impact. Despite the decreasing trend in the reported ambient
PM2.5 air pollution concentrations recorded over the last years in Greece, there is room for further abatement efforts
in major sectors, such as industrial processes and transportation. In the period 2010 to 2018, the largest amount of
PM2.5 air pollution emissions resulted from households (EEA, 2020). Among others, wood and solid fuels combustion
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for heat generation has been an activity that greatly contributed to the problem of reduced air quality, with available
data pertaining not only to the case of Greece but also to other parts of the European continent (EEA, 2019).
Environmental incentives should be examined under a CB approach. Offering an incentive for the use of natural
gas, instead of wood/biomass as a heating fuel, would require a lower environmental tax on the former, leading to
reduced revenue from this source. On the other hand, lower PM 2.5 air pollution concentrations would lead to a
reduction in the economic cost resulting from diseases attributed to this risk-factor. The matter is complicated even
further, if we take into account that, despite the negative impact on human health, biomass is considered a renewable
and carbon-neutral source of energy and, generally speaking, its burning for heating purposes is promoted under
energy and climate policies (Banja et al., 2020). Therefore, within a market-based framework, all relevant costs and
benefits should be taken into account. This means that collaboration of different governmental agencies is important
for improvements in both public health and the public budget.
In the context of energy transition and for meeting the EU 2030 energy and climate targets, Greece has decided to
progressively phase out lignite-fired power generation and completely cease the use of coal/lignite in electricity
production by 2028 (Hellenic Ministry of Environment and Energy (HMEE), 2019). An ambitious target has also
been set regarding the share of renewable energy sources (RES) in electricity consumption, with a provision for this
share to exceed 60 percent (HMEE, 2019, p.5). If this target is met, not only the health impact and the associated
economic cost of ambient PM2.5 air pollution concentrations will decrease (especially in the regions in which lignite
power plants were located), but also greenhouse gas emissions will fall significantly. This way, the transition into a
‘climate neutral’ economy will be facilitated and Greece will contribute to global efforts in mitigating the effects of
climate change. It is worth mentioning, however, that if an increased penetration of RES in electricity generation is
not achieved finally, the substitution of lignite with other non-renewable sources, such as natural gas, will have a less
profound impact on abatement targets regarding greenhouse gas emissions.
The “zero pollution action plan” (EC, COM (2021) 400 final) provides opportunities for further action. For climate
neutrality to be achieved by 2050, all EU relevant laws, policies and initiatives should include key targets of pollution
reduction and prevention, adopted and implemented by 2030. One of the most noteworthy targets, in the context of
our analysis, is the goal of reducing premature mortality due to air pollution exposure by more than 55 percent. To
this end, it is recognized that air quality standards set by the EU are less stringent than the WHO air quality
guidelines (WHO, 2006) and the EU Ambient Air Quality Directives should be revised to be more closely aligned
with the WHO recommendations. This is expected to happen in 2022. Taking into account both our market and
welfare cost estimates, significant cost savings are expected to be realized, provided Greece takes action in a timely
fashion and achieves the health-related target by 2030. An issue of concern, however, is the frequent delays in the
transposition and implementation of EU environmental legislation. It is only recently that Greece’s National Air
Pollution Control Programme (obligatory under the Directive (EU) 2016/2284, with a submission deadline by April 1
2019) has been adopted (January 2021).
Energy related restructuring, from the reduction of fossil fuels-based electricity generation to the de-carbonization
of energy consumption patterns in households and transport, can lead to significant co-benefits in the fields of climate
change mitigation and protection of human health. The synergies that would result, if appropriate policy measures
were to be designed and implemented, can be important. For example, Nitrogen Oxides and especially NO2
concentration limit target values set by the EU should be met in the major Greek metropolitan areas. Nitrogen
Oxides are harmful for human health by themselves, but they are also important precursors of ground-level ozone air
pollution.
These policy considerations are relevant not only for the case of Greece, since they can also serve as a guide to
other economies with similar structural characteristics and comparable levels of exposure to air pollution. Data from
the OECD environment at a glance indicators platform, for example, reveal that mean annual exposure of the
population to PM2.5 in Greece is slightly higher than the OECD average (in 2019) (OECD, 2020). Despite
improvements in air quality in advanced economies, air pollution abatement efforts should continue. The end goal
should be a reduction in exposure to harmful air pollutants and consequently a decrease in air-pollution related health
effects, which would, ultimately, lead to a reduced market and welfare cost.
The need for limiting emissions/concentrations of air pollutants and the negative externalities associated with
their adverse effects on public health is an issue that concerns all people irrespective of age, gender and income in all
countries (Health Effects Institute, 2019). Recent evidence has indicated that long-term air pollution exposure
increases the susceptibility of the affected population to other risk factors affecting human health, such as the COVID19 disease (Pozzer et al., 2020; Wu et al., 2020). Given the budgetary resources necessary for fighting the challenges
of the healthcare systems during the ongoing pandemic, and the welfare costs associated with the loss of human life
and the consequences of the COVID-19 health crisis for the economy, future policy measures should concentrate
(among other things) on limiting the negative impact of air pollution on public health. Reduced air quality can be a
potentially important cofounding factor leading to premature mortality from infectious respiratory diseases. Investing
in clean air can be a policy priority with clear long-term benefits. Apart from current cost savings in terms of direct
and indirect (mortality and morbidity) costs, enhanced air quality can lead to improved public health, which can be
seen as a preventive action designed to mitigate harm in the event of a pandemic.
Taking into account that epidemiological research is advancing in documenting the adverse effects on human
health form exposure to various other air pollutants (not included here) and that more health conditions are currently
being associated with exposure to air pollution, economic cost estimates of the burden of disease from this risk factor
are expected to be revised upwards in the near future.
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Appendix A
Table A1: Greece-specific VSL value & mortality cost from air pollution, 2019
Income elasticity of VSL Income elasticity of VSL Income elasticity of VSL
of 0.4
of 0.6
of 1.0
OECD VSL base value
(2005) US$, millions,
3.00
3.00
3.00
PPP-adjusted
Country-specific
VSL
2.87
2.81
2.69
(2019)
in
2005US$,
millions, PPP-adjusted
Country-specific
VSL
2.6
2.54
2.43
(2019)
in
2019
€,
millions1
Mortality cost (2019) in
2019 €, billions, ages <1
6.78
6.63
6.34
to 79
Mortality cost % GDP,
3.62
3.54
3.38
ages <1 to 79
Mortality cost (2019) in
16.17
15.82
15.13
2019 €, billions, all ages
Mortality cost % GDP,
8.63
8.44
8.07
all ages
1Calculated

using the OECD base value of US$ 3 million (PPP-adjusted) in 2005, with adjustments being made with respect to differences in per
capita income, post-2005 income growth and inflation. The income elasticities of the VSL employed are 0.4, 0.6 and 1.0, respectively, following the
recommendations of OECD (2012) and the work of WB – IHME (2016) as described in the technical report by Narain and Sall (2016).
Source: Own calculations based on data from the GBD 2019 (IHME), OECD and the World Bank
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Figure A1. Number of Years lived with Disability and number of deaths from air pollution by gender, Greece,
2019
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Figure A2. Number of Years lived with Disability and number of deaths from air pollution by age, Greece,
2019
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Figure A3. Morbidity cost from ambient PM2.5 air pollution by age and gender, Greece, 2019
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Figure A4. Morbidity cost from household PM2.5 air pollution by age and gender, Greece, 2019
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Figure A5. Mortality cost from ambient PM2.5 air pollution by age and gender, Greece, 2019
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Figure A6. Mortality cost from household PM2.5 air pollution by age and gender, Greece, 2019
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Figure A7. Mortality cost from ambient ozone air pollution by age and gender, Greece, 2019
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