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Executive summary

This deliverable presents the rationale underlyivegmonetary valuation of a Health Impact
AssessmentH{lA).

First, general guidelines covering the main issomeslved in monetary cost calculations are
given, with particular reference to the air-poliutirelated health effects assessed in
Aphekom.

For mortality effects, we follow the standard vadiloa procedure, which consistsusing a
Value of a Statistical Life (VSL) or a Value of &éYear (VOLY) derived from stated
preferences surveys, hence relying on preferendgeedevalues rather than market-derived
values.

For morbidity effects, we use the Cost of llineS©() approach to assess direct costs and we
use loss of production to assess indirect cosiangjible costs are accounted for only in
relation to the prevalence of chronic diseases.

For the sensitivity analysis, we perform a sepasagessment of uncertainties when
computing a) the number of health outcomes attaithetto air pollution, and b) unit
economic values. To compute the latter, we appli 83% range around the central
estimate; however, a specific uncertainty assessim@erformed when computing values for
mortality.

Then, unit economic values recommended as bestvale provided, including country-
specific values to be used in computations for edghexamined in Aphekom. They will be
used in the deliverables D4bis, D7bis and D11biglwhssess the economic burden of the
health effects attributable to air pollution exp@scomputed in WorkPackages WP4, WP5
and WP6.

WP5 uses traditional HIA methods to assess thectrgfaair pollution on health in 25
European cities. We conduct a formal review ofcées estimating a VSL (or a VOLY) from
stated preferences surveys that specifically aigstomate the benefits of air-pollution-
reduction policies. VSL is used for long-term métyeeffects and VOLY is used for both
short- and long-term mortality effects, dependinglte metric chosen in the epidemiological
computationsThe direct medical costs related to cardiac angin&®ry hospitalizations are
computed (COI approach), as well as the indireatioat costs.

WP4 applies innovative HIA methods to 10 Europdtiascto assess the additional long-term
impact on the development of chronic diseases (bosiet and exacerbation) from living near
busy roads.

The monetary valuation differs from the standangifience) approaches used for acute health
outcomes or chronic health effects, which apply aaonomic values to each case. In fact,

the annual costs involved in a chronic diseasegiven year are a mixture of direct medical
costs, direct non-medical costs and indirect cadt®f which depend on age, the degree of
severity of the disease and the probability of o@nce of each disease-related health
expenditure. To estimate an average annual costongulted 150 studies providing costs for
the three chronic diseases with reference to b@habd stated preferences studies. Joint
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assessments of chronic disease onsets and exameshated to be made with care, to avoid
double-counting.

WP6 investigates the mortality effects of EU legfigin aimed at reducing the sulphur content
of fuels in 20 cities. The legislation has two puial effects on mortality: short-term and
long-term. It has been decided that, in order lte &aconservative standpoint, mortality
effects will be considered as short-term effectsngequently, we use a VOLY similar to that
proposed in WP5 to value short-term mortality.
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1. Introduction

Although initially planned for WP5 only, this deéixable presents the rationale underlying the
monetary valuation of a Health Impact Assessmidii), with particular reference to the air-
pollution related health effects assessed in Aptrekbprovides unit economic values for
Aphekom Deliverables D4bis (2011), D7bis (2011) &4dd bis (2011) which assess the
economic burden of the health effects attributablair pollution exposure computed in
WorkPackages WP4, WP5 and WP6 (Aphekom Deliverdbe2011; D7, 2011; and D11,
2011). Appendix 1 sums up the different values meoended as best values in Aphekom,
including country-specific values that allow comgitidns for each city.

2. General guidelines

2.1. Choices for cost computations
Choice of a reference year

In order to be consistent, the economic data shioelich accordance with the exposure /
concentration data and the medical data. Hencausedhe air pollution measures as well as
epidemiologic data cover the 2004-2006 period foshof the cities, all costs are expressed
in euros 2005 Similarly, because the average lengths of stdypspital by country and by
disease are date- dependent (generally decreagimgime due to improvements in medical
techniques), those required for the cost computatare for 2005.

Choice of a reference currency

All monetary values should be made comparable twer and among countries and
expressed in a common currency. We suggest a ®popsbcedure. First, every monetary
value is expressed in national 2005 price levetetan the national consumer price index, as
given by the World Bank database for instance fggeendix 2). Then, it is converted to

euros using the purchasing-power-adjusted exchaatgs (PPPs) for private consumption in
2005, as given by the World Bank database (see #pe).

Choice of an annual discount rate

When time is a factor in the valuation processsaalint rate is needed to express future
flows of economic values in present value. A distoate equivalent to the growth rate of the
Gross National Product facilitates computationsah be derived from long-term government
bond yields or any other discount rate supported layge consensus. Weitzman (2001) for
instance, surveyed the opinions of 2,160 econoraistissuggests using the following
approximation of annual discount rates for longrt@ublic projects (see also Figure 1): 4%
for the immediate future (1 to 5 years hence), 8%4He near future (6 to 25 years hence) and
2% for the medium future (26 to 75 years henceg European Commission Directorate-
General Environment suggests using an annual 486uts rate, with sensitivities of 2% to
6%, and these values are also chosen in Cafe (R@f¥5astance.
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When needed, a 4% annual discount rate will be useith Aphekom, with sensitivities of
2% to 6%.
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Figure 1: Actual (histogram) and fitted (curve) frequency digribution.
Source: Weitzman (2001), p.263.

Sensitivity analyses

An economic assessment of the health effects qfadiiution exposure has to deal with
cumulated uncertainties coming mainly from exposuac&lence rate, response functions, and
economic values. A full and proper treatment ofartainty accounts for all these sources
through an integrated approach and Monte Carlolations (see for instance, Burmaster and
Anderson, 1994). It consists in propagating unaaits in the incidence rate, response
functions and economic values of health outcomes(&€afe, 2005a; or Ostro et al., 2006).

In Aphekom, we perform a separate assessment eftangties when computing a) the
number of health outcomes attributable to air gmhy and b) unit costs. Indeed, we apply
Low, Central (also referred to as Best) and Highrestes to the range of health outcomes
(generally lower 95% Confidence Interval, centaald upper 95% Confidence Interval
values) provided by the epidemiological computatiorhe complete economic results will
thus represent a range of monetary valuations (IGentral and High) for each health
outcome.

Empirically, there is little information on whicb base the uncertainty pertaining to the
economic valuation. Ostro et al. (2006) chooseedifit monetary values for each health
outcome and give a probability weight to each esttmCafe (2005a) adopts a standard error
of 33% for most of the economic value of the healitlcomes (except mortality). See also
Rabl (1999, 2000), who proposes a detailed anabfdise uncertainty in benefits estimation
in the ExternE Project.

In Aphekom, we apply the same rule as Cafe (200%a)t/- 33% range around the best /

central estimate of the unit economic values, eixtmpthe valuation of mortality, for which a
specific uncertainty assessment is doAkhough this decision is somewhat arbitrary, it
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provides a range of magnitude for the monetary fitsn@ssociated with a reduction in air
pollution.

2.2. Categorization of costs

According to accepted practice, in particular as;fibby Barnes et al. (1996) or Akobundu et
al. (2006) who did a general review on 365 artithed estimate cost of iliness, three
components related to the cost of a health outaanée distinguished.

Direct costs

Direct medical costscover medical resources consumed, like consuftaitispecialists,
general and hospital practitioners), drugs, ingudtand out-patient hospitalizations,
emergency room staysd cost of rehabilitatiorDirect non-medical costscover non-
medical resources consumed in direct connectiom tivé health outcome: i.e., cost of social
support (like home help), transportation, major kamodifications.

Indirect costs

They cover different types of resources lost:

- Loss of productive work by patient (either dueitoe off work or a poorer access to
employment due to poorer health),

- Loss of productive work by patient's family ameghds €.9. mother taking time off work),

- Loss of productive work due to patient's earlyreenent or premature death.

Intangible costs
They apply not only to the patient but also totmes/friends and family: grief, fear, pain,
unhappiness, loss of well-being and loss of qualithfe.

Obviously, almost no study takes into accounthabke costs in such detail. Moreover,
different studies may include different componamntder the same label, which makes
accurate comparisons among studies difficult.

2.3. Perspective chosen

The three cost components are borne by differesra@uic entities. Adapting Ungar et al.
(1998) and ASCC (2008), we can broadly distingtisbe perspectives:

- the Patient / Family perspective, which incluttesdirect medical costs not reimbursed by
the health system, the disease-related real in¢tassenot reimbursed by the society,
and the intangible costs,

- the Health System perspective (state and compltmehealth insurances), which includes
most of the direct medical costs,

- the Society perspective that includes all dise indirect costs.

Depending on the objectives of an HIA, any of thesespectives can be chosen to compute
costs. Note that an HIA may estimate costs fronthadle perspectives within the same study,
to estimate the share borne by each of them (seestance Ungar et al, 2001).

Since Aphekom is concerned with the overall burdlieair pollution exposurdhe Society
perspectiveis chosen. Whether or not intangible costs shbaldccounted for is debatable
and no clear consensus exists among economisisdén to assess the overall economic
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burden of the share of the health outcomes ataiidatto air pollution exposure, we propose
to explicitly take them into account when valuinggollution-related onsets of chronic
diseases (i.e. prevalence, in Aphekom DeliveralfledD11). However, we suggest that they
be ignored when valuing acute health outcomes (tadig@ations), mainly to avoid the risk of
double-counting (see section 2.5. for more details)

2.4. Overview of the economic valuation approaches
There are three main methods of valuing healthoroés.

2.4.1. Method based on market prices
Mortality

This method, when applied to mortality, assumesttievalue of the life of an individual is
equal to future losses in productivity as meastmethe discounted present value of that
individual’'s earnings over remaining life expectanits only advantage is its ease of
implementation but its drawbacks are numerous:rtigthod ignores the individual
preferences on which every economic value shoukkhteblished, the value of an individual
being represented only by his/er production, amlgroduction is measured only by earnings
from work. Issues involved include market imperi@as (unions, regulations,
discrimination), the value of inactive individudthildren or retired people), the role played
by the discount rate (which lowers children’s aondryg adults’ value). This method is now
rarely used to assess the value of a prematurh,deat will not be used in Aphekom
economic assessment.

Morbidity

This approach (referred to as Cost Of lliness, GOEspecially suitable for the assessment of
medical treatment costs, including hospitalizatiand productivity losses due to health
outcomes. It consists in directly interviewing pats or in scrutinizing the health expenditure
data of patients to compute a cost related to igeade. This approach is easy to implement
but cannot account for intangible costs like threeasment of pain, grief and suffering as there
are no market prices for these cost factors. N@eit relies on prices and tariffs generally
fixed by Governments.

2.4.2. Methods based on revealed preferences

This approach involves situations in which indivatkiactually reveal their preferences by
trading income for physical risk (risk of deathrimk of disease). This method is indirect, and
worksex post, using information available on the labor marketising market (via air
pollution exposure), averting goods (smoke detscweatbelts, airbags). Hedonic methods
are generally used as a theoretical and empiriudéilying framework.

The advantage of this method is that it deals atfual observed choices resulting from
individual decisions reflecting preferences. Thavdvacks are the difficulty of isolating a
particular risk reduction when different risks ammultaneously being reduced (injury, loss of
goods, disadvantages related to a specific job)edisas the fact that it postulates a
rationality requiring perfect information on theagts, the associated risks, the influence of
risk attributes on the death or disease probalality so on. Moreover, the sample may be
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non-representative of the general population, coetnder-representing certain groups
(workers, home owners).

This method, although still in use to assess theevaf a premature death, is seldom used for
morbidity Because of the major drawbacks outlinkeove, evidence from revealed
preferences studies will not be used to value heapacts in Aphekom.

2.4.3. Methods based on stated preferences

This approach generally uses contingent valuatiethods (or conjoint valuation) and works
ex-ante, by asking individuals (more or less) directly abtheir Willingness To Pay (WTP)
for improved safety (hence allowing the economigeasment of mortality) or for a decrease
in the probability of having a health outcome (gmgtoms) in hypothetical situations.

Its advantages are that it is easy to implemeat,ittallows very precise description of the
trade-off and the health risk at stake and thab@és not require a complex theoretical
framework compared to revealed preferences, ojyir@g the individuals to be able to
assess the risk and answer truthfully. WTP relatéstangible costs of the disease, but we
cannot exclude that possibility that a small pathe direct and indirect costs borne by the
patient (health expenditures or productivity loms® included in the stated WTP.

The main drawbacks are the various sources of £hias of the method that may not always
be controlled for (hypothetical bias, strategicsbiicitation bias, framing effect - the way
guestions are worded - context effect, incorrensgrity to risk reduction variations, see
Mitchell and Carson, 1989 for an exhaustive prestént) and the understanding / experience
of a given illness for those who have never expeed it before.

This method is increasingly used in the valuatibnan-market components.

2.5. Which method should be chosen?

Mortality

Regarding mortality, we follow the standard valaatprocedure adopted in ExternE (1999),
New-Ext (2004), Cafe (2005a), which consistsising a Value of a Statistical Life (VSL)
and a Value of a Life Year (VOLY) derived from staied preferences surveyshence
relying on preference-derived values rather tharkaetaderived values.

Empirical assessments based on revealed and ptatietences methods have so far provided
a range of values generally between € 0.7 and £8li5n (see Figure 2). Three recent meta
analyses of studies examine the WTP for reductimnsortality risk, either through wage-

risk studies or contingent valuation surveys: Kaatral. (2006) with 30 studies; ASCC

(2008) covering 224 studies, or Lindhjelm et a0%@) with 75 studies.

One important finding has been that the VSL depemde characteristics of the risk of
death. Age at death (and the remaining life expegtaf the person at risk), quality of life
(and health status) and nature of the underlyisky(see Figure 3) have generally been found
to be relevant factors (see for instance Slovic7i@8opper et al. 1994; Krupnick et al. 2002;
Alberini et al. 2004; Krupnick, 2007; Chestnut ddel Civita, 2009).
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Although numerous studies assess monetary valaésdh be used in accidental contexts (in

transportation, at work, harmful substances in foodmedication), only a few deal with
environmental hazards, and even fewer with airypiolh as detailed in Section 3.2.
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Morbidity

It should be noted that both the market prices (&G0t the stated preferences methods
underestimate the actual total health costs, réispcby the amount of the intangible costs
for the former and the costs borne by the socmtyife latter. However, because of possible
overlap between market prices and a WTP-based mhéithhéigure 4, the greyed part of
administration and medical care costs and the enanproduction losses / lost
consumption), combining the two methods is difficM/hat is sometimes done is to use both
types of method to offer a range of values, theketgorice approach being an “at least”
approach accounting for the loss (or consumptiémg¢sources borne by the society, and the
non-market approaches accounting for the intangibdéts borne by the victims.

In Aphekom, we choose to proceed as followge use the Cost of lliness approach to
assess direct costs and we use the loss of prodotmeasured by the average gross
earnings to assess indirect costs. Regarding intaib{g costs, we propose to account for
them only in relation to the prevalence of chroniaiseases (WP4). There are two reasons
for this choice.First, a new case of chronic disease attributedrtpollution exposure is

likely to generate higher intangible costs for @ats and their families than an acute
hospitalization. Indeed, the chronic diseases asddaa Aphekom (asthma, Chronic
Obstructive Pulmonary Disease and Coronary Heatddie) are generally lifelong and imply
majorloss of well-being and loss of quality of lifet accounted for through direct and
indirect costs.

Total health costs

Direct and indirect costs

costs medical care production
losses

costs borne by
the society

I
I
I
Administration Costs of Economic | he
| /
I
I

MMM s R H—————— —————o X

(lost
consumption)

Intangible costs
(for victims)

victim/ WTP

Y
costs borne by the

N

»
no market prices

4
4+

Y
2

rs

market prices / COI

Part of total health costs which is double counted (by COl and WTP)

Figure 4: Economic valuation of total health costdy COI and WTP
Source: Who (2008), p. 26

Second, the Health System generally affords gawahftial coverage to hospitalized patients
(especially those withomplementary health insurance), at least in EurAp@& consequence,
the intangible part of the costs related to aneabospitalization may be less easy to isolate
when individuals answer WTP-based surveys tharcdh@sponding intangible cost of
avoiding a chronic diseasghe portion of administration costs and medicaédhat may
potentially be double-counted facute hospitalizationis thus bound to be higher than for
chronic diseases
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However, it should be pointed out that we are mgilying that acute hospitalizations do not
generate intangible costs, merely that these imténgosts are likely to be lower and that the
overlap between market prices and WTP-based methald be higher than for chronic
diseasesGenerally speaking, economists have not yet reachesensus on the best way to
account for intangible costs.

2.6. Valuation from a timing standpoint

Depending on the acute or chronic nature of thétheanefits, there are two possible
approaches to deal with the time that elapses lestaeeduction in air pollution exposure
and the achievement of full health benefits.

In the“steady-state” approach,the health outcomes corresponding to two diffelevels of

air pollution are assessed and the number of easésuted to a change in air pollution
exposure is computed as the difference betweenuhmers of cases resulting from the
respective steady states. It is accurate for goutehort-term, ST) health effects, and provides
an idea of the magnitude of the public health pobfor chronic (or long-term, LT) health
effects. This approach tdear, simple and informative.

In the “marginal (benefit)” approach, the impact of a reduction in today’s air pollution
exposure on the future flow of health outcomessigraated. Indeed, a reduction in air
pollution exposure today does not produce all clar(or long-term) effects the same year,
due to their cumulative properties (see LeksellRabl, 2001; Miller and Hurley, 2003;
R606sli et al., 2005; or Chanel et al., 2006). Midad Hurley (2006), for instance, provide a
tool (IOMLIFET) that carries out the detailed cdhtions required by separating the
dimensions of year and calendar year. This apprsaa@ppropriate for cost benefit analysis in
which chronic health effects are involved: the flofxdiscounted future benefits can be
properly compared with the costs of the policy tpenerates these benefits.

Although the two approaches are similar for ac8(E) (health effects, they differ for chronic
(LT) health effects due to the latency period befibre achievement of full health benefits and
the additional impact of discounting future mongtaenefits.

In Aphekom, the steady-state analysis is chosé&ecause it islear, simple and informative
enough to assess the LT benefits that would résuit a decrease in air pollution. It mimics a
counterfactual approach, i.e. what if pollutantaamtrations were lower, all other things
being equal (see also Aphekom Deliverable D7, 20hlhis issue)lt should be clear that
this decrease would not fully and immediately iasethe associated health benefits, which
can only be obtained in the long term. Hence, thesefits should not be compared to the
estimated costs of a policy that would result aearease in air pollution.

Finally, we should bear in mind that some healttftomes may partially overlap. In
Aphekom for instance, the economic valuations &thiaa, COPD and CHD hospitalizations
(Aphekom Deliverable D4, 2011), and those for cardind respiratory short-term
hospitalizations (Aphekom Deliverable D7, 2011 npmat be added together without specific
assumptions.

2 Note that the metric of the exposure to air pahualso differs: proximity to busy roads in WP#, gollution
concentration in WP5.
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3. Economic valuation in WP5

3.1. General overview

This WP performs a “standard” HIA of urban air pibn on (ST and LT) mortality, and ST
respiratory and cardiac hospitalizations for PM andne (seéphekom Deliverable D7,
2011) Note that the valuation of mortality is basedspecific stated preferences studies and
will use a common VSL and a common VOLY for aliest The underlying rationale is
twofold. First, from an ethical perspective, it iebe difficult to accept a differing value of a
human being across EU cities / countries. Secoad) &n empirical perspective, because
reliable VSL and VOLY estimates do not exist in gveountry involved in Aphekom,
adjustments based on other countries’ VSL and V@Iovild have been necessary.
Moreover, accounting for differences among cousfrierough Gross Domestic Product
(GDP) per capita for instance, would also be etlyicmacceptable: this would have implied
a sevenfold lower VSL in Romania than in Irelandof\l Bank, 2010).

For morbidity, however, because the cost of illrggroach has been chosen, differing unit
costs across countries / cities are more acceptialoleed, they are based on country-specific
health care organizations or medical protocolsr@yelengths of stay in hospital for
instance) as well as country-specific market prioesnedical resources and wages.

Mortality

We propose the use of economic values derived $taed preferences surveys (VOLY and
VSL) to assess mortality effects. They will dep@mdthe metric chosen in the
epidemiological computations.

- For acute (ST) mortality (PMp and Og3), the annual number of premature deaths avoided
per year is used. In view of the way these dataxangputed (through time-series analyses
and proportional hazard models), the gains ind¥pectancy corresponding to each of
these premature deaths can be considered to be marnge of a few months, certainly
lower than one year (Cafe 2005b, p. 46). ConsefuenVOLY is preferred to value the
short-term mortality effects (see details in setBa2.3).

- For chronic (LT) mortality (PM »5), the number of premature deaths avoided is also
provided by epidemiology. However, unlike the aquiartality computations, they are
obtained through cohort studies that monitor paputa exposed to different levels of
pollution. One of the crucial issues is the magtetof the gain in life expectancy related
to these premature deaths. Although no definitnenger exists, a 10-year gain seems to be
supported by three pieces of evidence: medicatiempiological and past empirical
practices (see Ezzati et al., 2002; Cafe, 2005kkM&et al. 2005; or Janke et al., 2009).
The monetary assessment is based on a VSL.

- For chronic (LT) mortality (PM ,5), an average individual gain in life expectancyg htso
been computed using life tables and following accbhntil complete extinction (see
details on the methodology used in Aphekom Delibker®7, 2011). This metric
obviously allows an annual total number of yearbkfefgained in a city to be computed,
by multiplying the average gain in life expectatgythe size of the relevant population.
Because epidemiological computations do not tateancount any impact of air pollutant
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concentration on mortality before the age of 38,ahnual benefits are computed by
multiplying the average gain in life expectancytbg number of 30-year-old individuals in
the city, and by the VOLY. This corresponds to bleeefits (in terms of life expectancy)
30-year-old people would gain over their lifetinh@xposed to a lower average annual
level of PMys (10 pg/niin theWHO Air Quality Guideline or a decrease of 5 pufy/ithan
the current existing air pollution level in theyciThese benefits hence depend on the
demographic structure of the population in 2009, &ill evolve with the number of 30-
year-old people. Aphekom Deliverable D7 (2011) jmtes an extensive discussion on the
assumptions that underlie the computations of Weeage gain in life expectancy as well
as on the rationale for choosing this way to actéamhe effects of a reduction in the
levels of PM s on mortality.

Morbidity

The standard cost of illness approach is useddateshospitalizations, and consists in
applying a unit economic value approach to each,aasluding direct and indirect costs.

3.2. Specific values chosen for mortality

Empirical assessments based on revealed and ptatiedences methods have so far provided
a range of values generally between € 0.7 and £6lion. However, the context of the
underlying mortality risk is a relevant factor exipling the magnitude of the VSL, and
“accurate valuation requires the use of scenargmifip values" (Hammitt, 2007). Ideally, the
VSL in particular should depend on the specifictegty but only a few studies deal with
environmental hazards, and even fewer with airypioth.

For risk of death from air pollution, which has heegrowing source of concern in recent
years, two types of practice emerge. Some autlpply @ somewhat arbitrary correction
factor to existing VSLs obtained in contexts uniedisto environmental hazards (0.61 in
Sommer et al. 1999; 0.7 in UK DH 1999 or Pearce@rmavards 1996; 0.8 in Ostro and
Chestnut 1998). They then sometimes derive estgdt@OLY from a VSL as a flow of
discounted age-independent VOLY (Viscusi et al97t9 eksell and Rabl, 2001):

S

— t]
VsL, =voLY > T ey
where: - VSl is the VSL for an individual of age
- dis a discount rate (more precisely, the margiatd of time preference),
- S, is the survival probability at ageconditional on having survived until age
- T is the maximum age an individual can reach.

Hence, the European Union suggests a value of £2Q0n the ExternE (1999) program, and
this value is also used in Droste-Franke and Fakd2004). Nellthorp et al. (2001) suggest
VOLYs of € 109,117 &=0) and € 172,29®€3%) for environmental contexts in the UNITE
program. These values result from a doubling of YQ@ibtained with a VSL of € 1.72

million for accidental contexts, to account forased higher WTP to reduce environmental
mortality risks than accidental risks. Bickel et(@006) in the HEATCO program, instead
used a 33% lower VSL for environmental contextstfoat accidental contexts, and propose €
64,454 for acute mortality and € 42,934 for chranmrtality (also used in Infras / CE Delft et
al., 2008).
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The second type of practice consists in estimatiNM$L (or a VOLY) from stated
preferences surveys that specifically aim to edentfze benefits of air-pollution-reduction
policies. Such surveys generally favor one of e options detailed below: mimicking the
consequences of air-pollution-related health e$femt using a truly contextual air pollution
scenario.

3.2.1. Using VSL / VOLY obtained in scenario mimickg air pollution context

Studies that mimic the air pollution context usyaltesent respondents with hypothetical
scenarios that involve some of the features ofthgollution-related health effects: similar
diseases (mainly respiratory, cardiovascular and tancer), similar magnitude of annual
change in risk mortality (typically 1-in-10,000%ein-10,000), similar victim age-class
(generally aged 40 to 75). However, these studd@emmention air pollution as the source of
the increase in mortality risk.

Most of these studies rely on a survey instrumaeittally developed by Krupnick et al.
(1998) in a pilot survey in Japan, that propossas-of-death reductions of the magnitude of
those proposed in environmental programs to 4@5tgear-old respondents. The
hypothetical scenario involves a new product thates a 1-in-1,000 (5-in-1,000) reduction
in risk of dying from a disease or illness over tiext 10 years, without any mention of air
pollution. This scenario was subsequently use@weal countries and yielded the following
median VSL (converted to € 2005): Japan (0.47, Hitlpet al., 1999), Canada (1.35) and
USA (1.13, Alberini et al., 2004), France (1.113Jy (1.7) and UK (0.74, Alberini et al.,
2006) and Brazil (0.74-1.26, Ortiz et al., 2009)bé&kini et al. (2006) also estimate a VOLY
by pooling the CV data of the three European caoes(France, Italy and UK) and obtain €
57,500 for the median and € 173,700 for the meatiz €t al. (2009) estimate a VOLY
between € 59,100 and € 153,500 for Brasil.

Alberini and Chiabai (2007) estimate the WTP tauemdthe risk of dying from cardiovascular
and respiratory causes in a 30- to 75-year-oltaligbopulation. The estimated VSL for a 40-
year-old Italian ranges from € 0.74 million (mediém 1.59 million (mean), and “can be used
for estimating the mortality benefits of (...) emnmental policies that limit exposure to
pollutants” (p. 256).

3.2.2. Using VSL / VOLY obtained in air pollution mntextual scenarios

Another option, in use since 2004, assesses P& or VOLY by explicitly mentioning

in the scenario that air pollution is the causarofncrease in mortality risk. This allows the
true air-pollution-contextual VSL to be determin®¥de conducted a formal review of articles
dealing with air-pollution-related scenarios byrdpa structured literature search with
keywords in Scopus and a systematic review of abisti(or full-text) of every article cited in
one of the four recent reviews on the value of(#24 studies in ASCC 2008; 75 in
Lindhjelm et al. 2010; 30 in Chestnut and De Ci@®9; and 45 Kochi et al. 2006). We
foung only six studies based on a specific airygmh scenario, three in Europe and three in
Asia.

% Note that Soguel and van Griethuysen (2000) ussah#le of 199 Swiss respondents to estimate ancitmpl
VOLY based on a scenario that isolates the WTPafane-hour-of-life gain per year. Although their MO
estimate is of reasonable magnitude (€ 39,000)ch@ose not to consider this study in the reviewabee
computing a VOLY as 24x365 times the value of a fibur seems disputable.
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In a scenario eliciting health risks associatedhait pollution,Chilton et al. (2004)obtained

an average VOLY in normal health of € 45,000 (800), with a decreasing trend with age,
in a sample of UK residents. Mortality reductiorexpressed as an increase in life
expectancy: "you and everyone else in your housletmild expect to live about 1 month
longer in your / their normal state of health” (fgand 65). This reduction is obtained through
various measures that reduce emissions from fastand traffic and through the use of
cleaner fuels, all of which increase the costwhly for the household. Note that the survey is
conducted at the household level and the indivithdaPs are simply obtained by dividing the
household WTP by the number of household memberscé] the VOLY is derived under

the assumption of equal weights for each housemelahber (i.e., pure altruism, see Jones-
Lee, 1992).

Desaigues et al. (2007, 2010¥ed an approach similar to that of Chilton e{2004) for 9
European countries, based directly on the chantjiziaxpectancy (LEJ.It involves new

rules and laws applied to polluting firms and &t (industries, transport, etc.), thereby
increasing the cost of living; the scenario alsmiaes a public good dimension and raises the
issue of potential spill-over benefits to other nbens of society which are not accounted for
in the analysis. Using mean values based on a 3hdnhimprovement, they recommend

that a VOLY of € 40,000 be used in Europe-25.

More recentlyChanel and Luchini (2010)used a scenario derived from Viscusi et al. (1988)
and Guria et al. (1999) in a French city (Marssijlldt offers the respondent a hypothetical
choice between moving with his/her household toaftevo cities, which are exactly the

same (city size, housing, weather, public servateg with the exception of the cost of living
and the level of air pollution. The mortality redioo is expressed as a gain in years of life for
a random group of 100 people exposed to the ridk@iowed up to age 80, corresponding to
a 4-in-10,000 annual reduction. The authors findaarage estimated VSL of € 1.61 million,
and explicitly estimate the weights assigned tovélmeous members of the respondent’s
household.

Among the studies realized in Asi&ang and Mullahy (2006)estimated the VSL in a
Chinese city (Chongging), to reduce air-polluti@fated mortality. The new program to
reduce air pollution is financed by collecting @sial fee to cover its cost and, as in
Desaigues et al. (2007), the scenario also invavesblic good dimension that is not taken
into account. Moreover, it uses very small changesk (5-in-100,000 per year), which may
perplex respondents (see for instance Pidgeon eatti® 1997, or Hammitt and Graham
1999, on the perception of small risks). The VStaoted is € 36,950, and according to the
authors, broadly corresponds to a € 3.26 millidmege for a U.S. citizen when U.S./China
rate of purchasing power parity and daily wageaameunted for.

In Taiwan,Hammitt and Liu (2004) proposed a scenario that protects everyone in the
household thanks to air-pollution-control equipmiemposed on factories by the government.
This reduces the probability of someone in the bbakl dying by 2-in-100,000 (8-in-
100,000) per year but increases the cost of mamr goods. They estimate median VSLs for
a fatal industrial air-pollution-related bronchifresp. lung cancer) in the range € 1.2 -1.8

* It has recently been updated to ten countriesgisaijues et al. (2010).

® Note that a previous treatment of this datas&hanel et al. (2004) yields an average VSL of ®© Grgllion,

but implicitly (wrongly) assumes (as per Chilton at, 2004) a weight of one for every member of the
household.
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million (rep. 1.7 -2.4 million). While the authoasknowledge that the elicited "WTP may
include some component of altruism" (p.82), they vt control for it.

Finally, Vassanadumrongdee and Matsuoka (200%und a VSL that ranges from € 0.71 to
1.27 million when measuring Bangkok residents' W@ Reduce mortality risk arising from
air pollution. By eliciting WTP to benefit from andividual screening that would detect an
impairment in the respiratory system (and henceldvdacrease mortality), they avoided the
altruism issue in their valuation. However, unltke 5 previous studies, their reduced
mortality is obtained not through a difference iinpmllution exposure but through a medical
procedure in the spirit of the product used in Krigg et al. (1998). Moreover, the very small
annual changes in mortality risk proposed (3-in;000 and 6-in-100,000) may make risk
perception by respondents difficult.

This review of the literature indicates how difficit is to effectively tackle both spill-over
benefits and the problem of perception of very $etenges in death probability in the
context of air pollution scenarios. When potentahefits to other members of society have
been ruled out, altruism towards other family merali arbitrarily assumed to be of equal
weight for every member of the household.

3.2.3. Values chosen for mortality

Overall, the values obtained in the contextualissidnd those that mimic air pollution
health-related features are in the range of thbsareed for all other causes. We therefore
choose to rely on European studies when seledimgionetary values to be used (see Table
1). First, we favor the mortality valuation studydertaken for the EC DG Research-funded
New-Ext (2004) project and used in Cafe CBA (20Gbajwo reasons: it estimates both

VSL and VOLY values and it is representative of Bueopean population. We choose the
median VSL value (annual change 5:10,000 scenasi¢tgw value and the mean VSL and
VOLY (annual change 5:10,000 scenario) as highesl&or the VOLY’s low value, we
decided to take the recent results from the NEE®@8ram (Desaigues et al., 2010, based on
3 months’ LE gain with protesters and outliers thlg realized on ten European countries.
Finally, the respective arithmetic means of higt bow values provide the central VSL and
VOLY values. Note that the resulting central VSlluea(€ 1,655 million) falls in the range of
the values obtained in studies computing VSL ingingollution context, and that the low —
high range roughly represents a +/- 33% divergémre the central value.

The metrics used to assess mortality effects redbe use of VSL (for premature deaths) and
VOLY (for years of life saved). Indeed, we agre¢hwafe (2005b) that the use of a Value of
a Statistical Life (VSL) to value acute mortaligyaertainly not relevant, considering “that a
better estimate of the average loss of life expmgtamongst those affected by acute effects
of air pollution is around 1 year” (Cafe, 2005b4p). Consequently, a Value Of a Life Year
(VOLY) is preferred to value the short-term effectd®M reduction on mortality (with the
assumption that the gain in life expectancy assediwith each related premature death is 1
year), and a VSL for long-term effects of air ptdiots on mortality. Note that when long-
term mortality effects are expressed in terms ofhiper of years of life saved, a VOLY will

be used for their assessment.
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Table 1 Monetary values chosen to assess mortalitgalth effects (in € 2005)

Chronic Chronic and Source
mortality acute mortality
VSL VOLY
Low estimate 1,090,060 40,00¢” © Median value of New-Ext (2004)
®) Mean value of Desaigues et al. (2010
Central estimate | 1,655,000 86,600 Average of High and Low estimates
High estimate 2,220,000 133,200 | Mean value of New-Ext (2004)

3.3. Specific values chosen for morbidity (hospitedations)
We suggest the COIl method for direct and indirect asts of hospitalizations.

The direct medical costs related to cardiac angina&®ry hospitalizations are computed as
the cost per inpatient day times the average leoigstay in hospital. These cost data are
taken from CEC (2008or all twelve countries where cities analyzed\phekom are

located (see Table 2). The average lengths ofistdarys are obtained from the OECD Health
Database (2010) for all countries except Romankagfwis imputed from the population-
weighted average lengths of the 11 other countries)

The indirect medical costs are computed as theageegross loss of production per day times
twice the average length of stay in hospital. Infé®cause the number of working days lost
has not been assessed by specific functions (2a@&b, for instance, used a function derived
from Ostro, 1987), or through actual statisticsaare@ng sick leaves aressation of workwe
assume that the number of working days lost iséwhe length of hospitalizations (Ready
and al., 2004; or Sommer et al., 1999; used aairagsessment). Consequently, we cannot
verify whether these days were actual working d#ys.thus compute the daily loss of
production as the average gross earnings in indastt services (full employment) obtained
from Eurostat (2003) for each country, expresse2Diob and divided by 365 days.

The total medical costs for cardiac and respirabtmgpitalizations are obtained by adding
together the direct and indirect components. Astimeed in Section 2.1., we suggest a +/-
33% range around these estimates, to account tartanties specific to the economic
valuation. The Low and High estimates for the densi analysis are then obtained by
multiplying the costs respectively by 0.66 and 1.33

® Note that the cost per inpatient day differs dejrem on the Diagnosis-Related Groups. In Swedeis, fior
instance € 466 for respiratory hospitalization &d75 for cardiovascular (personal communicatiomtiBe
Forsberg, Nov. 2010) and in Cafe (2005b, p. 116 ‘fnpatient unit cost is 1.92 higher than the genenit
cost”. We chose a single average cost per daydtr ¢irculatory and respiratory hospitalizationgdugse more
detailed data cannot easily be obtained for most@tountries.
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Table 2 Average lengths of stay, daily hospitalizain costs and work loss, and total
hospitalization cost per patient.

Average length of stay in| Average cost per day  Total costs related to

days in 2005® (€ 2005) hospitalization (€ 2005)

Country Circulatory Respiratory Hosp. Work | Circulatory Respiratory
system system | all cause®’ los<? system system

Austria 8.2 6.6 319 83 3,977 3,201
Belgium 9.2 8.8 351 98 5,032 4,814
France 7.1 7.1 366 83 3,777 3,777
Greece 7.0 5.0 389 48 3,395 2,425
Hungary 7.4 6.5 59 18 703 618
Ireland 10.5 6.9 349 81 5,366 3,526
Italy 7.7 8.0 379 62 3,873 4,024
Romania 8.59 7.49 57 6 587 511
Slovenia 8.6 7.3 240 34 2,649 2,248
Spain 8.5 7.4 321 55 3,664 3,189
Sweden 6 5.2 427 92 3,666 3,177
United Kingdom 11.4 8.0 581 116 9,268 6,504
Mean® 8.5 7.4 373 73 4,411 3,840

Sources:® OECD Health Data (2010¥ CEC (2008), annex 7, cost/bed/day c&?fEurostat (2003);
@ population-weighted average, 2005 population data f{OECD Health Data (2010).

Hence, based on Table 2, the population-weightedage direct cost of a cardiac hospital
admission is 8.5 days x € 373= € 3,171 and theespanding indirect cost related to work
loss is 2 x 8.5 days x € 73= € 1,2@erall, the cost related to a cardiac hospital
admission is € 4,411.

Similarly, the population-weighted average direzstoof a respiratory hospital admission is
7.4 days x € 373= € 2,760, and the correspondidigeict cost related to work loss is 2 x 7.4
days x € 73= € 1,08@verall, the cost related to a cardiac hospital admsion is € 3,840
For city- or country-specific valuation, the lasotcolumns of Table 2 provide average

hospitalization costs computed following the saat®nale but using average lengths of stay,
cost per day of hospitalization and daily work ldsst are country-specific.

4. Economic valuation in WP4

4.1. General overview
This WP performs an “innovative” HIA of urban awlfution on chronic
morbidity/exacerbation hospitalizations for PM &h@.. (see Aphekom Deliverable D4,
2011).

4.1.1. Features of the innovative HIA

We estimate the economic burden associated witpréhalenceof three chronic diseases
attributable to proximity of traffic (i.e. Asthmareng 0-17, Coronary Heart Disease and
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COPD for 65 and over, see bloc A in Figure 5) dnwde exacerbations (hospitalizations) of
these chronic diseases attributable to air poltufsee blocs C, D and E in Figure 5).

From an epidemiologic point of view, this innovatiMIA approach is non-standard as it
allows the computation of the share of a chromseadse attributable to traffic proximity (bloc
A in Figure 5) as well as the exacerbation dudartpallution, whereas the traditional HIA
approach computes only the exacerbations fromadiutpon in a chronic disease attributable
to traffic proximity and to other causes. In othards, in Figure 5, the traditional HIA
approach is restricted to the C + E share of tleerbations, whereas the innovative
approach adds both the D part of the exacerbatindghe share of the chronic disease due to
traffic, A.

From an economic point of view, this differs frothstandard incidence approaches used for
acute health outcomes (for instance hospitalizagsthma attack or consultation) or chronic
health effects (for instance mortality or chronforchitis), which apply unit economic values
to each case. Indeed, the annual costs involvacthronic disease in a given year are a
mixture of direct medical costs, direct non-medmadts and indirect costs, all of which
depend on age, the degree of severity of the dismad the probability of occurrence of each
disease-related health expenditure. Moreover, wingking joint assessments of chronic
disease onsets and exacerbations, care must ettaleoid double counting, as detailed in
section 4.1.2.

Long-term other factors
exposure to air pollution B

Causes of
disease onset:

L Compllcatlon_l

Causes of
complication:

Complication attributable to air pollution

Figure 5: The burden to air pollution assuming a casal role of air pollution in both
disease onset and complication. Source: Kiinzli et. £2008).

4.1.2. Special features of the innovative HIA in tens of economic assessment

From an economic point of view, things are more gl@xthan with the standard HIA
approach. Indeed, Figure 6 divides the total cbatrepollution-related health expenditure
into two parts:

- the costs related to exacerbations due to alufpah among the chronic disease onsets not
attributable to traffic (E).
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- the costs related to the chronic disease on#etsusable to traffic (row A), including
exacerbations in chronic disease both attributetbéar pollution (C) and not attributable to
air pollution (D), as well as other health outcorheth due to air pollution (G) and not (H).
This bloc deserves attention to avoid over estiomafi.e., partial double counting) as the
costs related to A and those related to C and batigroverlap when joint overall valuation
of the economic burden is computed.

Exacerbations (hospitalizations) per year Other health outcomes per year
due to air pollution not due to air pollution due to air pollution not due to air pollution

oo [ ///7//

Figure 6: Break down of CD-related costs

Hence, we proceed in three steps as follows.

First, the annual economic cost of a chronic diseaseta@hg to traffic proximity (row A) is
assessed. This is done by considering the averagebcost per patient of a given age-class
with the chronic disease as an approximation ottst of this attributable case. The
underlying plausible assumption is that the aveag per patient does not significantly
differ depending on the cause of the onset (isthraa / COPD due to traffic exposure does
not significantly differ from asthma / COPD duecther causes).

Second the cost of exacerbations among chronic diseaset®rs assessed as the direct and
indirect costs of this exacerbation (hospitalizatio

Finally, we determine whether the results of the econematication of CD onsets and CD
exacerbations are to be assessed separately tby.join

In the case a$eparate assessmeiaf chronic disease onsets attributable to traggffaximity
and exacerbations in chronic disease patientgdbeomic valuation consists in applying the
annual cost to the number of cases in row A, wdqilelying the full exacerbation costs to
blocs C, D and E (see Table 3).

In the case gbint assessment (overall burdendf chronic diseases attributable to traffic
proximity, we have to take account of the fact thatannual cost per patient already includes
a fraction of the exacerbation cost. We should aespdit the valuation of the exacerbations
into two categories (see Table 3):
- patients that have chronic diseases whose oasseds not traffic proximity (bloc E):
we use the full average hospitalization cost (dbé@separate assessment),
- patients that have chronic diseases whose oaaseds traffic proximity (blocs C and
D): we use the full average hospitalization costusithe fraction of the annual CD cost
corresponding to exacerbations (i.e. hospitalinahio

This seems to provide a reasonable approximatidineobverall economic burden of air

pollution with respect to each of the three chraliseases. However, it should be pointed out
thatthe intangible component of costs is not accoufded the valuation of exacerbations,
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mainly to avoid the risk of double-counting (seetsm 2.5. for more details). Therefothe
economic assessments of CD constitute under-essnahtvelfare effects.

Table 3 Comparison of the separate assessment appot and the joint assessment

approach
Components of costs Direct and indirect costs Intangible costs
Type of valuation Separate | Joint -
CD onset due to traffic (A) Annual average cosa @D patient Accounted for

CD exacerbation in CD onset

not due to traffic (E)

CD exacerbation in CD onset Full average| Full average exacerbation cost

due to traffic (C and D) | exacerbation| minus fraction of annual averageNot accounted fof
cost cost related to exacerbationjJ

Full average exacerbation cost Not accounted for

4.1.3. Special features of the innovative HIA in tens of COI approach

The standard COI approach is obtained by direetwigw of patients or by scrutinizing the
health expenditure data of patients to computenaia cost related to the chronic disease.
The values obtained are actually observed. Threleb@&ed methods can also be used to
assess the annual economic cost of a case of cldizeiase.

- Cost of lliness using difference in average cohkis method differs from standard COIl in
that it accounts for co-morbidity health expendisyri.e. the fact that people with a chronic
disease may have higher health expenditures raieceto this chronic disease, due to their
relative frailty, for instance, or due to highesks of developing certain co-morbiditie$he
difference in hospital and primary care costs mes@n for a population having the disease
and a population not having the disease is computael values obtained are actually
observed.

- Cost of lllness using matching methotore rarely used, it consists in comparing health-
care expenditures for patients with the diseasepatidnts without the disease by matching
the patients as closely as possible in order térobfor possible heterogeneity (on age,
gender, revenue, place of residence, health statiasnily status). The values obtained are
corrected for differences across patients andriyuesenteteris paribus real values.

- Estimated COI using Markawodel:More rarely usedi computes the cost of a chronic
disease by first defining mutually exclusive diéiet disease states that have clinical meaning
(from mild to death, for instance). Then, transgitmrobabilities are assigned to moves
between these states as well as average monetdrigycstate. An overall estimate of the cost
of an average state is then computed, generathygtr Monte Carlo simulation¥he values
obtained are thus based on a probabilistic moderdosition and actual medical costs by
state, and are considered as constructed (i.@ctoally observed) values.

4.2. Economic values chosen

" Indeed, dealing with COPD, Ramsey and Sullivar08Cexplain that « individuals with COPD often have
more comorbidity than age- and sex-matched persstiwut COPD because of the impact of smoking on
developing coronary artery disease, cancers arat dliesses. In addition, persons with COPD may&drom
different socioeconomic groups than those withbatdisease, because smoking is disproportionategthose
with lower socioeconomic standing and in certaicialagand ethnic groups. To estimate the impact ©PO on
burden-of-illness or CEA studies, these factorstrhascontrolled for. »
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To estimate an annual average cost of a CD patiente consulted studies providing costs
for the three chronic diseases via a structureddlitire search with keywords in Scopus
database and a systematic review of abstractsil{eekt) for all studies realized in the

OECD (studies from developing countries were exaetl)dThe studies analyzed in this
section to compute the unit economic values ottirenic disease onsets cover both COI (for
direct costs and total costs) and WTP (for intalegilosts) for the computationBhe values
chosen aresummarized in Table 4 and aret country-specific due to missing data

However, it is possible to obtain country-specifidues by adjusting the annual average cost
of a CD patient according to GDP/Capita measurdtP&t in each country, or according to
average cost of hospitalization.

To estimate the average exacerbation costsge use several sources of information. Besides
studies from the literature for direct costs, waoalse country-specific data from Official
Diagnosis-Related Groups (DRG) (Health-Related @sdtiRG) in UK), personal
communications from members of the Aphekom projaut, average lengths of stay in
hospital specific to each of the three chronicases (source, OECD Health Data, 2010).
Indirect costs account for losses of productiooulgh country-specific gross wage loss per
day.Table 4 provides the population-weighted average agerbation costs for the three
relevant chronic diseasesand Table 5 presents the corresponding direct, indect and

total costs for each of the 12 countries.

As mentioned in Section 2.1., we suggest a +/- B&3¢ge around the cost estimates, to
account for uncertainties specific to the econovaiciation. The Low and High estimates for
the sensitivity analysis are then obtained by mbylithng the costs respectively by 0.66 and
1.33.

Table 4 Summary of the unit values for WP4 (in €208, all costs rounded to the nearest ten)

(d‘,'hromc Health outcomes Direct | Indirect | Intangible Total costs?
iseases costs | costs costs
Annual average cost of asthma 2,090
onset due to traffic 1,000 90 1,000 (1,390 - 2,790)
Full asthma exacerbation c85t 2,270
Asthma 1,600 670 - (1,510 — 3,030)
For joint valuation: 1.730
asthma exacerbation cost in asthma,100 630 - .
: (1,150 - 2,310)
onset due to traffic
Annual average cost of COPD 3,040
onset due to traffic 2,200 70 770 (2,030 — 4,050)
copp | Full COPD exacerbation cddt 3,070 100 ] 3,170

(2,110 — 4,230)

1,900
(1,270 - 2,530)

For joint valuation:
COPD exacerbation cost in COPD 1,840 60 -
onset due to traffic

Annual average cost of CHD onset 6,780

due to traffic 5,000 280 1,500 (4,520 — 9,040)

Full acute myocardial infarction 2,720
CHD | exacerbation co®t 2,630 90 i (1,810 — 3,630)

For joint valuation:

acute myocardial infarction 1560 30 i 1,590

exacerbation cost in CHD onset ! (1,060 — 2,120)

due to traffic
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@ Figures in brackets represent the Low and Highegfi Country-specific full exacerbation
costs are provided in Table 5.
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Table 5 Average lengths of stay, hospitalization sts, work loss, direct and total hospitalization cst per patient.

Average length of stay in| Average cost per | Direct average hospital. cost’ | Average cost of work los&” Total average hospital.
days in 2005 day (€ 2005) (€ 2005) (€ 2005) cost? (€ 2005)

Country | Asthma COPD  AMI 'igize Z‘b')' \f\écs’gﬁ) Asthma  COPD  AMI | Asthma COPD AMI | Asthma COPD  AMI

Austria 5.1 8.4 8.4 319 83 1,627 2,680 2,680 847 114 114| 2,474 2,794 2,794
Belgium 6.5 131 8.7 351 08 2,282 4,598 3,054 1,274 211 140/ 3,556 4,809 3,194
France 4.1 9 6.6 366 83 1,501 3,294 2,416 681 123 90 2,182 3,417 2,506
Greece 4.69 6 7 389 48 1,789 2,334 2,723 442 47 55 2,231 2,381 2,778
Hungary 6.7 8.3 8.3 59 18 395 490 490 241 25 25 636 515 515
Ireland 3.2 10 10.5 349 81 1,117 3,490 3,665 518 133 139 1,635 3,623 3,804
Italy 4.8 8.9 8.2 379 62 1,819 3,373 3,108 595 90 83 2,414 3,463 3,191
Romania | 4.6% 859 7.49 57 6 262 485 420 55 8 7 317 493 427
Slovenia 4 9.8 9.9 240 34 960 2,352 2,376 272 55 55 1,232 2,407 2,431
Spain 6.5 9.2 9 321 55 2,087 2,953 2,889 715 83 81 2,802 3,036 2,970
Sweden 6.1 10 7.8 427 92 2,605 4,270 3,331 1,122 151 118| 3,727 4,421 3,449
UK 2.7 6.4 5.3 581 116 1,569 3,718 3,079 626 122 101 2,195 3,840 3,180
Mean© 4.6 8.5 7.4 373 73 1,601 3,069 2,630 672 102 89 2,273 3,171 2,719

Sources:® OECD Health Data (2010¥ CEC (2008), annex 7, cost/bed/day c&?population-weighted averag€As explained in the text, we suggest a
+/- 33% range around these cost estimates, to atfmuncertainties specific to the economic viara
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4.2.1. Asthma-related costs

The asthma-related costs for children aged 0-13epita priori three major differences with
respect to the corresponding costs observed igeheral population:

- the severity of asthma is considered lower, héheenedical costs should be lower,

- the indirect costs are also lower as the logsaduction is limited to adults (generally
parents) who stop working to care for their chiigre

- a special care needs to be taken in computiaggible costs for children. Indeed, several
studies consider this issue from a general valngierspective (US-EPA, 2003; PEP, 2004;
OECD, 2006, 2010) or on specific issues (Leung@uda, 2006; Hammitt and Haninger,
2010; Liu et al, 2000; or Dickie and Messman, 20@43rucial question is what WTP values
should be used: based on parents’, children’s avgeperal population preferences? We
consider that parents are the right people to es#irthe intangible costs borne by their
children.

4.2.1.1. Annual average cost of an asthmatic patien

It is, then, likely that the average annual costgh#ld aged 0-17 is lower than the average
annual cost computed over the whole population. ¢l@w, the literature review does not

yield clear answers, mainly due to the definitidnh@ costs included in the computations.
Hence, Bahadori et al. (2009) report that “Yourage was found to be a significant predictor
of higher costs in seven studies” but that “sevadiss reported "older age" to be

significantly more likely to have higher costs” athat in seven other studies “costs of asthma
to be increased as patients' age increased”. Mergavohort study found that adolescents
(15-19) “had both lower inpatient and outpatieni) casts than either younger or older
patients” whereas a second “found extremes of af@ yrs and >60 yrs) to be significantly
predictive of higher asthma-related costs”.

A literature review on asthma yields to 20 origistldies plus 2 literature reviews that in
total provide the results of 80 studies betweem1&& 2010 computing an average annual
cost of asthma per patient. Among them, 71 are S&@lies (either standard or using
differences in average costs), one uses a matelpipigpach, one follows a Markov approach,
6 are WTP studies, and one tries to estimate thieasgic value of a new asthma case over a
10-year period.

Only three of the studies examined the annual geetd&ect and indirect costs of an asthma
patient under 18, and are detailed below.

Ungar et al. (2001) compute the direct and indicests for 339 asthmatic children (1-15) in
Ontario. They find a direct cost of € 949, andradirect cost due to loss of production by the
parents of € 124 (25% of the parents take an aeerbd.8 working days off to care for their
asthmatic child). Note that when the same authppied the same methodology to 940
asthmatic adults, they found a direct cost of 24,4nd an indirect cost of € 1,116 (due to
higher loss of productivity among adults).

Lozano et al. (1999) estimate the difference inthezare expenditures between 667
asthmatic children and 911 non-asthmatic childrethé US. They find a € 1,029 difference,
accounted for by both specific asthma expenditoteexpenditure due to the fact that
asthmatics more often suffer from pulmonary infercsi and have a higher risk of developing
certain comorbidities than other patients.
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Stock et al. (2005) study the cost of illness vaisithma in Germany by retrospectively
analyzing routine health insurance data. They éindverage cost per patient of all ages of
€ 6,035, with € 1,509 for direct costs and € 4,&#26ndirect costs (loss of production due to
sick leave, early retirement and premature deatig.hospitalization costs represent 6.9% of
the average annual cost (20.7% of the direct castt),an average cost of € 1,032 per
hospitalization. Note that this cost is lower fgealasses 0-5 (€ 641), 5-15 (about € 280),
and 15-17 (about € 400).

Due to these lower hospitalization cost, mainlkdid to the less severe nature of asthma in
children,we consider a direct annual cost of € 1,000 as aas®nable value for child(ren)
aged 0-17 Indirect costs are irrelevant for child(ren) a@etl7 themselves. However,
because the parents of a asthmatic child may stujmssrof productionye consider an
indirect annual cost of € 9C

Regarding intangible costs, two studies specifjcatlk parents for WTP to avoid symptoms
in their asthmatic children. Brandt et al. (2008)250 households of asthmatic children aged
5-11, find an annual WTP ranging from € 564 to € &Y get ride of all symptomatic days.
Blomquist et al. (2011) for 192 parents of asthmeahiildren aged 4-17 find an annual WTP
in the range € 1,819 — 3,463 for asthma contralgian improved asthma therapy.

We choose to estimate intangible costs at € 1,000.

The direct and indirect annual costs related to amsthma onset attributable to traffic
proximity in children aged 0-17 amount to € 1,090the intangible annual costs to € 1,000,
yielding a total annual cost per asthma onset of £,090.

Although the other studies in the literature revebal with asthma in adults or in the general
population, the following brief summary of the veduobtained is intended as a reliability
check (see also Figure 7):

- 24 studies provide estimates of direct (mediaal mon-medical) annual costs per patient,
with extremes of€ 225and€ 6,004. Most estimates are in the ra€g®0 —€ 1,600 and the
mean i€ 1,527.

- 17 studies provide estimates of indirect annoatper patient, withxécemes of€ 67and€
5,878 Most estimates are in the rarfj2@ —€ 2,000 and the mean#s1,377

- 27 studies provide estimates of total (i.e. dieew indirect) annual costs per patient, with
extremes of 243and€ 7,%0. Most estimates are in the ragy88 —€ 2800 and the mean
is€2,159.

- Finally, 6 contingent valuation studies provideektimates of intangible costs per patient,
with extremes of€ 564 and€ 3,463 The mean i€ 1,764.

Thus, the value chosen to compute the annual edortmmden of a case of asthma in
child(ren) aged 0-17 seems in line with the valieserved in the literature, being slightly
lower than for adults because the iliness is legsrg.

8 Ungar et al. (2001) find that 25% of parents takeaverage of 4.8 working days off to care forrthsthmatic
child, hence an average 1.2 days per child andgeily times the average gross production lossdagr in
Table 2: € 73 x 1.2 days = € 88, rounded to € 90.
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Literature review on morbidity costs related to asthma (in € 2005)
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Figure 7: Boxplots on the literature review on morlidity costs related to asthma (€ 2005)
4.2.1.2. Asthma exacerbation cost: asthma hospitadition
A) Full average asthma exacerbation cost

We present below the direct medical costs obtairead the literature and from personal
communications.

In Austria, the average duration for an asthma italggation in patients under 54 is 3.7 days,
leading to an average cost of hospitalization 8f¥19 (source: direct information from
Hanns Moshammer in October 2010, based on theiAnostystem of hospital financing
data).

In France, Com-Ruelle et al. (2002) report an aye@st of hospitalization in the range €
2,520 - € 5,639 on 1,793 patients, depending osdkerity of their asthma.

In Spain, the average cost for an asthma hosptadiz (without complications) in patients
under is € 1,787 (national Spanish Health Systeflrsiie
www.msps.es/fr/estadEstudios/estadisticas/inforRidamones/anaDesarrolloGDR.hinin
Bilbao, it is € 2,262 (direct information from Mad Lacasana in November 2010, based on
DRG) and € 1,871 in Andalousia (direct informatfoom Teresa Martinez-Rueda in
November 2010, based on DRG).

In Stockholm (Sweden), the average cost of an astiwspitalization (without complications)
in patients of all ages is € 2,461 (source: periscoramunication, Bertil Forsberg, November
2010, based on DRG).

In addition to these average costs, the direcsdosteach of the twelve countries are
computed in Table 5 by multiplying average courspgcific length of stay in hospital for
asthma (source, OECD Health Data, 2010) and ave@g®ry-specific hospitalization cost
per day (source ECE, 2008). The country-specifgpltalization costs range from € 262 for
Romania to € 2,605 for Sweden, with a populatiomgived average of € 1,601.
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Consequently, a valuation of € 1,600 is chosen ftire full average cost of a child’s
asthma hospitalization.

Regarding indirect costs, because the losses diption for children’s families should be
accounted for, we assume an average number ofodfay®rk equals twice the average

length of hospitalization for each country. By appd the country-specific average gross
production loss per day, we obtain a populationgivieid average indirect cost of 4.6 days x 2
X €73 =€672, rounded to € 670 (see Table 5).

In total, the average direct and indirect costs ofan asthma hospitalization for non-
traffic-onset asthmatic children can be estimatedte€ 2,270.

B) Partial average asthma exacerbation costs for jjot valuation

In cases of joint valuation, and to avoid doublefdtng, a specific value will be applied to
exacerbations of CD onset due to traffic (blocsn@ B), as detailed in Section 412.

We need to identify the fraction of the annual agercost per asthma that is due to
hospitalization. Two studies on children find thaspitalization costs account for
respectively 51% (Lozano et al., 1999) and 48% @y al., 2001) of direct costs. Note that
studies in the general population (or in adultsjl fiower figures: between 15% (Cisternas et
al., 2003) and 36% (Com-Ruelle et al., 2002).

We assume that the hospitalization component repte$0% of the costs for children aged
0-17. The cost of exacerbationa#ses of asthma attributable to traffic proxinstgqual to

the full average exacerbation cost minus the foaaticurred by hospitalization in the average
annual cost of an asthmatic child:

€2,270-€1,090x0.5=€1,725.

Hence, the average direct and indirect costs of asthma hospitalization in traffic-onset
asthmatic children can be estimated at € 1,730 irases of joint valuation (as opposed to
€ 2,270 for separate valuation).

4.2.3. COPD-related costs

The COPD-related costs for adults over 65 prea@nitori two major differences with respect
to the corresponding costs observed in the gepepllation (see also Gerdtham et al.,
2009):

- the severity of COPD is certainly greater, hetiieeevaluation of the medical costs may be
higher,

- the indirect costs are lower since the averageds in production apply to working adults,
whereas most adults over 65 are retired. Inde@yrding to Aliaga and Romans (2006), only
8.2% of European citizens aged between 65 and 60 w@005.
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4.2.3.1. Annual average cost of a COPD patient

It is therefore not clear whether the annual ave@@PD cost per adult over 65 is lower or
higher than the annual average cost computed beexiole COPD populatich.

The literature review yields to 37 original studpdgs 2 literature reviews, which provide
results of a total of 53 studies between 1990 &id) Zomputing an average annual cost of
COPD per patient. 35 are COI studies (either stahdiausing differences in average costs),
11 are WTP studies and 7 follow a Markov approach.

The costs obtained in the studies that deal witlPB@ adults or the general population are
presented below (see also Figure 8):

- 45 studies provide estimates of direct medicdl mon-medical annual costs per patient,
with extremes of € 262 and € 8,885. Most estimates atteeimange € 1,090 — € 2,700 and the
mean is € 2,167.

- 19 studies provide estimates of indirect annoatper patient, withxécemes of € 49 and

€ 1,920. Most estimates are in the range € 520, 3@ and the mean is € 891.

- 19 studies provide estimates of total (direct exairect) annual costs per patient, with
extremes of € 1,071 and € 5,435. Most estimategate range € 1,670 — € 3,403 and the
mean is € 2,696.

- 10 contingent valuation studies provide 11 ed@®af intangible costs per patient. Nine
estimate a WTP to avoid a COPD throughout lifea(éull to cure for COPD), and find values
in the range€ 20,154 - € 696,484, with a mean at € 193,200y Oné (Kleinman et al., 2010)
estimates the annual WTP to get ride of the effactssymptoms of COPD for one year, and
find a value of € 768 per year.

Literature review on morbidity costs related to COPD (in € 2005)
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Figure 8: Boxplots on the literature review on morldity costs related to COPD (€ 2005)

° According to de Miguel Diez (2008), for instantiggre is a statistical significant positive relasbip between
age and cost for males, but not for females.
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In line with the estimates observed in the liter@aiwe choose to set the direct annual cost

of a case of COPD in adults over 65 & 2,200, and the annual indirect cost at €

891x0.082 (the average probability of working afte65) = € 73Thisaccounts for the fact
that the COPD stages are certainly more severeithahadults on average, the indirect costs
linked to loss of production due to morbidity camtg lower and those linked to loss of
production due to mortality comparabfe.

The intangible costs are set at € 770 per year.

The direct and indirect annual costs related t@&D onset attributable to traffic proximity
in adults over 65 amount to € 2,270, the intangaeual costs to € 770, yielding a total
annual cost per asthma onset of € 3,040.

4.2.3.2. COPD exacerbation cost: COPD hospitalizain
A) Full average COPD exacerbation cost

We present below the direct medical costs obtairead the literature and from personal
communications.

Rutten-van Mdlken (2007), in Spain, uses an ave@@ED hospitalization of 8 days and an
average cost per hospitalization da{d&68 hence yielding an overall average cost of
€ 2944,

In Spain, the average cost of hospitalization (@uthcomplications) for COPD in patients
over 65 is € 2,746 (source: national Spanish Hegygtem website,
www.msps.es/fr/estadEstudios/estadisticas/inforRidamones/anaDesarrolloGDR.hinin
Bilbao, it is € 2,781 (direct information from Mad Lacasana in November 2010) and in
Andalousia, € 2,459 (direct information from Terdéartinez-Rueda in November 2010).

Viegi (2003),in Italy, gives the average COPD hospitalizatio® dsdays. The average cost
per hospitalization day 8379 in Italy (see table 2), hence yielding an oNengerage cost of
€2,415.

In Stockholm (Sweden), the average cost of a CO®&dpitalization (without complications)
in patients of all ages is € 2,402 (source: perscoramunication, Bertil Forsberg, November
2010).

In Austria, the average COPD hospitalization isdays, with an average cost of
hospitalization of € 3,423 (source: direct inforrmatfrom Hanns Moshammer in October
2010, based on data for the Austrian system ofitad$mancing).

19 An exact assessment of the respective importahtteese three categories of costs in adults over.85. the
general population deserves specific studies. Hewet/seems reasonable to consider that direciaalecosts
are certainly higher due to longer hospitalizatians higher costs of medication, that productilitys due to
morbidity is much lower due to age, and that pratitg loss due to mortality might not strongly fiif. For the
latter, the higher death rate in COPD patients @%fw.r.t. the general population) is counterbeéghby the
shorter life expectancy at death, which lowersatmaputed expected losses of production.
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In France, the DGS (2007) estimates an averagetalization cost o€ 3,354 in the general
population.

In addition to these average costs, the direcsdosteach of the twelve countries are
computed in Table 5 by multiplying average courspgcific length of stay in hospital for
COPD (source, OECD Health Data, 2010) and averagety-specific hospitalization cost
per day (source ECE, 2008). The country-specifgphtalization costs range from € 485 for
Romania to € 4,598 for Belgium, with a populatioaighted average of € 3,069.

A reasonable value for the average direct costs afCOPD hospitalization can thus be
estimated at € 3,070.

Regarding loss of production, as stated earlidy, 82% of the 65-69-year-old-population
work (and none above 70, except in Romania). Hahes assume an average productivity
loss equal to twice the average duration of hokpé#on, the population-weighted average
indirect cost is 8.5 days x 2 x € 73 = € 1,241 namd to € 1,240. Because the average
employment rate in adults over 65 is 8.2%, thereuicosts are equal to 1,240 x 0.082 = €
102, rounded to € 100 (see Table 5).

In total, the full average direct and indirect coss of a COPD hospitalization can be
estimated at € 3,170.

B) Partial average COPD exacerbation costs for joinvaluation

We need to identify the fraction of the annual agercost per COPD that is due to
hospitalization. Several studies apportion a sbairect costs to hospitalization costs: 35%
in France (Fournier et al., 2005); 37% in Swedamg3on et al., 2007); 54% in UK (Britton,
2003); 55% in Australia (Australia Lung Foundati@d08); 75% in Italy (Dal Negro et al.,
2003) and 84% in Spain (lzquierdo et al., 2003)s Témds to an average of 56%.

On average, we assume that the hospitalization coerg represents 56% of the direct costs
of COPD. The cost of exacerbationtihe cases of COPD attributable to traffic proxinsty
equal tathe full average exacerbation cost minus the halspdtion component in the average
annual cost of COPD:

€3,170-€ 2,270 x 0.56 = € 1,900.

Hence, the average direct and indirect costs of a@PD hospitalization for traffic-onset
COPD can be estimated at € 1,906 cases of joint valuation (as opposed to of € 3,0 for
separate valuation).

4.2.4. Coronary-Heart-Disease-related costs

Coronary heart disease covers several diseasesaEarrest, myocardial infarction, angina,
stroke), with various degrees of severity and whoasts strongly depend on the therapeutic
approach used. Similarly to COPD, CHD-related cpstsent priori two major differences
with respect to the corresponding costs in the iggp@pulation:

- the severity of CHD is certainly higher, hencaleation of the medical costs may be
higher,
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- the indirect costs are lower since the averageds in production apply to working adults
whereas most adults over 65 are retired.

4.2.4.1. Annual average cost of a CHD patient

It is not clear whether the annual average CHD pestadult over 65 is lower or higher than
the annual average cost computed over the whole @dflation.

The literature review is less homogeneous due ¢oditiersity of the diseases covered. We
found 17 original studies between 1990 and 2010 ¢benpute an average annual cost of
COPD per patient. 16 are COI studies (either stahdausing differences in average costs),
and one follows a Markov approach.

The costs obtained in the studies that deal wittbG#adults or the general population are
presented below (see also Figure 9):

- 15 studies provide estimates of direct medicdlmon-medical annual costs per patient,
with extremes of € 762 and € 11,444. Most estimatesmatteei range € 3,020 — € 6,920 and
the mean is € 5,153.

- 6 studies provide estimates of indirect annuatsper patient, betweé&nl,550 — € 4,602,

for a mean of € 3,372.

- 3 studies provide estimates of total (direct amttirect) annual costs per patient, between

€ 1,494 and € 8,168, for a mean of € 5,817.

Literature review on morbidity costs related to CHD (in € 2005)
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Figure 9: Boxplots on the literature review on morldity costs related to CHD (€ 2005)

We did not find any studies that provide WTP toidwane year of CHD. However, Groot et
al. (2004) estimate a monetary equivalent variatiocompensate for annual loss of welfare
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due to cardiovascular disease for 65- and 75-ylehmales and females (their Table 4, level
“sufficient”). The gender-average equivalent vaoats € 2,460 for a 65-year-old patient
with CHD and € 817 for a 75-year-old patient. Ie #ame spirit, Kartman et al. (1996) asked
402 Swedish angina pectoris patients (average &géir WTP for reduction by 50% in
angina pectoris attacks. Based on their resultsg & month reduction, the corresponding
annual WTP is between € 1,348 and € 1,604.

In line with the values observed in the literatwre, choose direct annual cost of a case of
CHD in adults over 65 of€ 5,000 and an indirect annual cost of € 3,372x028&he

average probability of working after 65) = € 277As with theCOPD valuation, it is
reasonable to consider that direct costs and icid@sts differ between patients over 65 and
the general population, but that the overall badazan result in a comparable annual cost
evaluation.

The intangible annual costs are set at € 1,500 pgear.

The direct and indirect annual costs related tdd®©nset attributable to traffic proximity in
adults over 65 amount to € 5,280, the intangibleuahcosts to € 1,500, yielding a total
annual cost per asthma onset of € 6,780.

4.2.4.2. CHD exacerbation cost: Acute Myocardial Ifarction (AMI)
hospitalization

A) Full average CHD exacerbation cost

We present below the direct medical costs obtaifreed the literature and from personal
communications.

In Stockholm (Sweden), the average direct mediasi of a Myocardial Infarction
hospitalization (without complications) in patiewofsall ages is € 2,714 (direct information
from Bertil Forsberg based on DRG data, Novembé&020

According to Lamotte et al. (2006) and based oitiaffDRG data, the cost of myocardial
infarction is € 1,665 in UK, 5,978 in Spain and,88Y in Italy.

In Bilbao, it is € 4,991 for patients over 65 (direnformation from Marina Lacasana based
on DRG data, November 2010) and € 4,293 in Andag(direct information from Teresa
Martinez-Rueda based on DRG data, November 2010).

In France, according to Montagne et al. (2000) lzamkd on DRG data, the direct cost of a
fatal myocardial infarction is € 4,453 and thabahyocardial infarction without
complications is € 6,485.

In Belgium, according to Lamotte et al. (2006) &aded upon DRG data, the direct cost of a
fatal myocardial infarction is € 3,881 and thatafon-fatal myocardial infarction is € 4,733.

In addition to these average costs, the costsaicn ef the twelve countries are computed in
Table 5 by multiplying average country-specificdédmnof stay in hospital for acute
myocardial infarction (source, OECD Health Datal@0and average country-specific
hospitalization cost per day (source ECE, 2008 dduntry-specific hospitalization costs
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range from € 420 for Romania to € 3,665 for Belgiwith a population-weighted average of
€ 2,630.

Regarding loss of production, as for COPD, only/8¢&f the 65-69 year-old population work
(and none over 70, except in Romania). Hence, idsgime an average productivity loss
equal to twice the average duration of hospitaliratthe population-weighted average
indirect cost is 7.4 days x 2 x € 73 = € 1,080. Wtie average employment rate of 8.2% is
applied to this amount, the indirect costs are egué 1,080x 0.082 = € 89, rounded to € 90.

Hence, the full average direct and indirect costnoacute myocardial infarction
hospitalization can be estimated at € 2,720.

B) Partial average CHD exacerbation costs for jointaluation

We need to identify the fraction of the annual agercost per CHD that is due to Myocardial
infarction hospitalizationAccording to Leal et al. (2006) and based on trexaye figures for
EU-25, 43% of the costs of CHD are due to hospiilbn for CHD, including acute
myocardial infarction. In New Zealand, hospitaliaas for AMI total a share of 50% of all
coronary heart disease in 2005 (Chan et al., 20083.share is also estimated on the basis of
discharge rate statistics by diagnostic categayr(e: OECD Health Data; 2010), and is
equal to a population-weighted average of 46% ©b2€or the 12 countries involved (except
Romania, missing data).

On average, a hospitalization for AMI representsul®.43 x 0.5 = 0.215, i.e. 21,5% of the
direct annual costs of CHD. The cost of exacerbatidhe cases of CHD attributable to
traffic proximity is equal tahe full average exacerbation cost minus the halspttion
component in the average annual cost of CHD:

€ 2,720 - €5,280 x 0.215 = € 1,590.

Hence, the average direct and indirect costs afcaite myocardial infarction hospitalization
for traffic-onset CHD can be estimated at € 1,580ases of joint valuation with the costs of
CHD onset (as opposed to € 2,720 for separate ti@h)a

5. Specific features of the economic valuation in WP6

The WP evaluates mortality effects for implemewtanf a regulation on sulphur dioxide
content in diesel fuel (segphekom Deliverable D11, 2011} can be observed that the
effects on mortality start before the regulatioadtually implemented. However, this is
probably due to rational behavior in anticipatidran increase in the cost of a tonne of SO2
(due to desulphurization). In fact, some major sigdrsulphured fuel before 1994 presumably
switched to natural gas prior to the implementatbthe regulation.

The regulation has two potential effects on madsgtahort-term and long-term. It has been
decided that, to take a conservative standpointtaiity effects will be considered as short-
term effects. Consequently, we use a VOLY simitathat proposed in WP5 (see section 3.2)
to value short-term mortality. The economic evabrathus constitutes a lower bound of the
mortality effects of the regulation.
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Although only mortality effects are accounted forAiphekom, we should bear in mind that
that sulphur dioxide emissions also generate effestmorbidity, on crops (with a positive
effect at low doses but a negative effect when sloserease), visibility or acid rains. We
should be aware that what will be assessed arepamtial benefits of the regulation. Note
finally that Olsthoorn et al. (1999) provides agbwestimate of the cost of desulphurization,
with an average cost of reduction by one tonneg 1&@ging from € 176 to € 3,072, central
value € 504 (expressed in euros 2005).
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Appendix 1 Summary of unit economic values used iAphekom for economic valuation (in € 2005)

Health outcomes(metric) Monetary value Low Central High City-specific WP
estimate estimate estimate values? involved
Chronic mortality (premature deaths)| VSL (based on CV surveys) 1,090,000 1,655,000 2,220,000 No WPS
Chronic mortality (years of life lost) | VOLY (based on CV surveys) 40,000 86,600 133,200 No WPS
Acute mortality (premature deaths) VOLY (based on CV surveys) 4D,0( 86,600 133,200 No VV\\//FI;SG
Respiratory hospitalization (cases) Direct and indirect hosp. costs 2,560 3,840 5,120 Yes, see Table 2 WPS
Circulatory hospitalization (cases) Direct and indirect hosp. costs 2,940 4,410 5,880 Yes, see Table 2 WPS
Asthma onset due to traffic(cases, D|re(;t and '|nd|rect medical costg 1,390 2.090 2790 Possibfd WP4
annual cost) and intangible costs
Full asthma exacerb. cos? (cases) Direct and indirect hosp. costs 1,510 2,270 3,030 Yes, see Table 5 wh4
. . — - _ WPA
COPD onset due to traffic(cases, D|re(;t and '|nd|rect medical costs 2030 3.040 4.050 Possibf@
annual cost) and intangible costs
Full COPD exacerb. cosP’ (cases) Direct and indirect hosp. costs 2,110 3,170 4,230 Yes, see Table 5 WP4
. . — - _ WP4
CHD onset due to traffic(cases, D|re(;t and'lndlrect medical costs 4,520 6.780 9.040 Possibf@
annual cost) and intangible costs
Full Myocard_lal mfarcstlon Direct and indirect hosp. costs 1,810 2,720 3,630 Yes, see Table 5 Wp4
exacerbation cos?t’ (cases)
Average cost of hospitalizatior(per Direct hosp. costs 249 373 497 Yes, see Table 2 wp4,
day) WP5
Average cost of work lossfer day) Goss loss of production 49 73 97 Yes, see Table 2 \\//VVFF),?__)

@ Country-specific values can be obtained dujusting the relevant chronic diseamenual average costccording to country’s GDP/Capita
measured at PPP or according to country’s average af hospitalization In cases of joint assessment of chronic diseasest® and
exacerbations, use the specific unit monetary satweposed in Table 4.
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Appendix 2 National consumer price indices (base 0dn 2005) and PPP exchange rates in
€ 2005 for the countries used in cost computatior{gcluding the literature reviews).

Year UK USA Canada EU-15 Sweden Australia Switzerlad |
1965 7.728 16.146 15.730  13.227  11.877 10.108 29.41
1966 8.030 16.629 16.318 13.664  12.637 10.409 80.81
1967 8.225 17.091 16.901 14.060 13.179 10.741 82.05
1968 8.614 17.812 17591  14.439 13435 11.026 92.82
1969 9.084 18.776 18.384  14.988  13.797 11.348 83.64
1970 9.662 19.883 19.003  15.693  14.765 11.791 24.86
1971 10.571 20.729 19.542  16.618  15.857 12.506 537.1
1972 11.320 21.414 20.475 17.632  16.810 13.240 289.6
1973 12.363 22.746 22.034 19.219 17.939 14.493 983.0
1974 14.329 25.256 24.428  21.679  19.717 16.683 077.3
1975 17.802 27.563 27.069  24.237  21.645 19.198 750.4
1976 20.745 29.144 29.102  26.685  23.870 21.794 431.3
1977 24.040 31.035 31427 29.781  26.612 24.474 0%2.0
1978 26.015 33.408 34.228 32282  29.253 26.414 562.5
1979 29.518 37.172 37.358 35220 31.362 28.815 634.4
1980 34.822 42.193 41.162  39.481  35.659 31.733 5%6.6
1981 38.959 46.546 46.292  44.180  39.980 34.808 360.3
1982 42.306 49.413 51.293  48.907  43.407 38.688 483.7
1983 44.255 51.001 54277 52966  47.258 42.600 385.6
1984 46.447 53.202 56.632 56.780 51.068 44.283 467.5
1985 49.264 55.097 58.869 60.016 54.828 47.267 669.8
1986 50.953 56.121 61.326 61.697 57.152 51.562 840.3
1987 53.067 58.221 64.003 63.362 59.541 55.938 031.4
1988 55.671 60.555 66.578  65.137 63.018 59.984 482.7
1989 60.012 63.478 69.903 68.003 67.075 64.518 495.0
1990 65.699 66.904 73.234  70.451  74.097 69.210 889.0
1991 69.545 69.738 77.346  73.973 81.016 71.441 383.7
1992 72.140 71.850 78511 76.414  82.864 72.145 287.1
1993 73.269 73.971 79.957 78.936 86.716 73.453 789.9
1994 75.084 75.899 80.105 80.988  88.623 74.845 480.7
1995 77.645 78.029 81.842 82932 90.864 78.316 792.3
1996 79.546 80.316 83.127 84.674 91.292 80.362 3%3.1
1997 82.038 82.193 84.475 85944  91.765 80.563 193.6
1998 84.842 83.469 85.316  87.061  91.640 81.251 383.6
1999 86.161 85.295 86.796  88.019 92.056 82.442 094.4
2000 88.683 88.176 89.156  89.779  93.011 86.131 695.8
2001 90.298 90.668 91.408 92.024  95.249 89.904 106.8
2002 91.774 92.106 93.472 93.864 97.305 92.604 397.4
2003 94.448 94.197 96.050 95.647 99.178 95.170 588.0
2004 97.248 96.719 97.834 97.847  99.549 97.401 498.8
2005 100 100 100 100 100 100 100 |
2006 103.195 103.226  102.002 102.40001.360 103.538 101.060
2007 107.605 106.171  104.183 104.24303.602 105.953 101.799
2008 111.903  110.247  106.653 108.51707.163 110.565 104.265
2009 111.282  109.855  106.972 107.86606.865 112.578 103.768
2010 111.691 109.700108.651
PPP exch. EUR/GBP EUR/USD EUR/CAD EUR/SEK EUR/AUSD EUR/CHF
rate in 2005 1.391 0.907 0.720 1 0.094 0.612 0.490

Source: World Bank database (World Development Indicatord Global Development
Finance) http://databank.worldbank.org/ddp/home.tist update 28/09/2010
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