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Chapter 2

Quantification of the Health
Ettects of Air Pollution

Previous reports

2.1

As mentioned in the Introduction, we have been able to identily the main health effects of
reductions in air pollution by drawing on previous work by the Committee on the Medical
Effecis of Air Pollutants (COMEAP), in J‘.l:‘l:ll'l['llt;n il5 MOSE PeCent Teport 'L';Iuﬁut”h'aunn ol the
Effects of Air Pollution on Health in the United Kingdom™ (Department of Health, 1998). This
repont assessed the available evidence on the health elfects of air pollution and identified dose-
response funcrions which could be applied with reasonable confidence in the UK. The criteria
used in thar repont to judge whether the dose-response functions were suitable for use in
quantification included the adequacy ol conwrol for confounding factors, the numbers of
studies showing similar resules and the likely transferability of studies from other countries w
the UK.

Pollutants covered in this report

s

4.3

The COMEAP quantification repon considered 5 pollutanis - particulate marter less than 10
g in diamerer (PM ), sulphur dioxide, ozone, nirrogen dioxide and carbon monoxide - and
was able 1o identify dose-response funcrions suitable for quantfication for PM, . sulphur
dioxide and ozone. Evidence for effects of nitrogen dioxide and carbon monoxide on health
was presented but was not considered sufliciently robust for quantification. Nonetheless, we
considered thar some of the effects of these pollutants could be examined in a sensitivity
analysis. Therefore, we have considered the spread of possible health outcomes resulting from
these 5 pollutants in this report.

The remaining pollutanis in the UK Natonal Air Quality Strategy (Deparment of Environment,
1997) (benzene, 1,3 -butadiene and lead) were not included in the COMEAP quantilication
report and will not be covered in detail here, However, we note thar the characrenistics of the
potential health outcomes resulting from exposure o these 3 pollutants (e g., development of
leubaemia many vears alter exposure for benzene (Department of Environment, 1994a),
development of lmphomas and leukaemias many years after exposure lor 1 3-butadiene
(Department of Environment, 1994b} and reduction in population 1Q for lead (Department of
Environment, 'I'mnsjmn and the Itfginmi. 1998Y) differ in nature [rom the other health
outcomes covered in the report.

Dose-response [unctions for use in quantification

2.4

5

The dose-response [unctions identified in the COMEAP repont as suitable lor use in
qu:mliﬁn'umm ane gi".'l_"ll in Table 2 1.

It will be seen from Table 2.1, that just wo types of health outcome were used for
quantification - increases in all-cause mortality and increases in respiratory hospital admissions
It is important to understand the nature of these effects when reflecring their significance in
economic appraisal. The COMEAP report notes that these dose-response functions are based
on the results of time-series studies. These studies examine the relationship berween daily
levels of pollution and the risk of adverse health effects, on the same day or subsequent days,
adjusting for climate and other factors. In the case of increases in all-cause mortality, all that
is known is that, on average, the numbers of deaths increase approximately in proportion with
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Chapter 3

Air Pollution Policy
Appraisal - Discussion of
Approach

Introduction

3.1

33

34

Policy appraisal is the process of identifying, quantifying, weighing up and reporting on the
costs and benefits (in their widest sense) of the measures which are proposed to implement a
policy - in this case the UK Narional Air Quality Strategy (Department of the Environment
1997). For Govemment Folicy, the basic principles are described in the Treasury “Green
Book™ (HM Treasury, 1997) and in guidance from individual government depanments
(Department of the Environment, 1991; Depantment of Health, 1995a)

The aim of policy appraisal is to ensure thar decision-makers are more fully informed abour the
detailed consequences of a proposed policy and can. thus, make “better” decisions. “Beer”
decisions may be those that:
- result in more eflicient use of scarce resources;

more adequately reflect public preferences;

are based on clearer cnteria, or more careful use of evidence;

command wider acceprability amongsrt those affecred;
- are more “transparent” in the sense of being open to scrutiny;
- are most defensible;
- anse from more complete stakeholder pamicipation.
Appraisal can range from a qualitative discussion of advantages and drawbacks 1o a full cost-
benefit analysis with costs and quantified benefits expressed in monetary terms. A varety of
techniques are used o assess the impormance of different cosis and benefits and o compare
them with each other  This Group was not asked 1o advise on the everall policy appraisal but
we have been asked in our terms of reference when advising on how 1o reflect the impomnance
of the health benefits of reducing air pollution:

- o consider whether monetary valuation of health effects is approprate in this context;

- o consider the merits of alternative approaches and, if necessary, o recommend further
work 1o help develop the most appropriate approach.

In this chapter, we present the following:
(i) some background abour the perception of risk and how this might affect the imponance
given to the health elfects of air pollution by individuals, experts or society (paragraphs

3o =3.00

(i) a discussion of what would constitute an ideal approach (paragraphs 3.10 - 3.12);
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(i) a comparison of different approaches to policy appraisal and how the benefits would be
expressed in each case. The approaches (which are not necessarily mutually exclusive)
include

cost-ellectivencss analysis (paragraphs 3.16 - 3.19)
cost-benefit analysis (paragraphs 3.22 - 3.42)
multicriteria analysis (paragraph 3.43 - 3.48);

(iv) a conclusion on which approach or combination of appreaches will be explored further in
later chaprers (paragraphs 3.49 - 3.55).

Who judges importance of risk - experts, individuals or society?

3.3

Souince

36

A fundamental question in judging the relative importance of benefits concens whose views
are being sought. The general public is affected by decisions on controlling the risks they face
and might reasonably be considered o have a right to be involved in those decisions. This
immediately raises the issue of whether, and how far, the general public's perceptions of risk
should be taken into account in these decisions (Pidgeon et al, 1992; Okrent and Pidgeon,
1998), There is concem that non-experns may not have the knowledge or resources 1o evaluate
accurately what will harm them, and that there is a potential for resources being diverted from
activitics which harm most to those that scare most. On the other hand, the public's
perceptions do have real consequences when policies are implemented (Kasperson, 1992}, as
was seen in the BSE controversy, and hence to ignore them entirely might also be damaging.
In addition, it is now generally accepted that expents are not totally impartial but work within
their own cultural framework (Fischhoff, 1989). Thus, some differences in risk perception
berween experts and the public are due to differences in attitude rather than misunderstanding
of facts. For example, the public may regard a risk that cannot be observed more seriously than
one which can, while accepting that quantitative estimates of the risks are the same.

Renn, 1994

Social science research has investigated some of the factors which affect people’s different
amtudes ro risk (Pidgeon et al, 1992; Pidgeon and Beawie, 1997). We describe these here as
they may give some insight into whether the public is likely to attach particular imponance to
risks from air pollution compared with other risks of similar magnitude. The findings show that
the lay concept #f risk means more to individuals and groups in society than just expected
faralities or other direct measures of harm. Qualitative characteristics of the hazards (and of the
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institutional context within which a hazard arises) are also impomant such as their controllability,
voluntariness, dread, carastrophic potential etc., (Slovic et al, 1980; Renn, 1998) (see box
above). A common example is that people’s artitude rowards and tolerance of risk depends on
whether or not they themselves feel they are in control of it: experience may suggest thar the risks
associated with two methods of transpont one private and one public may be very similar, but
people may be far more willing to accept private risks, which they believe they can conrol and
which they recognise are their responsibility, than they are willing 1o be exposed 1o the same level
of risk! from the actions of providers of public wansport services.  Attitudes to risk are also
related o wider social beliefs and contexts (Johnson and Covello, 1987); such as beliels about
equity of distnbution of risks and benefits; beliefs about the moral justification (or not) of the risk
generating process; blaming others (for risks imposed involuntarily and where consequences
could have been foreseen); and the degree of wrust placed on some institutions and not others.

3.7 Although there is now more understanding of how these factors influence people’s attitudes in
general terms, it is less clear whether people are willing or able to "wanslaie” these general
attitudes/ethical viewpoints into measurable, stable, consistent, quantitative preferences for
panticular reductions in risks (Beattie et al, 1998; Fischholf, 1991), such as those associated
with air pollution. In par, this is because judgements about such risks involve intrinsically
complex and uncerain scientific questions, as well as made-offs berween very different rypes of
values (.., berween the benefits [rom mobility and those of human health), but these are also
issues which people will generally not have thought about at length or in depth. This is
obviously important because approaches to policy appraisal based on assessing public
preferences rely on the consistency of these preferences when comparing costs and benefits or
the imponance of ane policy rather than another,

3.8 Several studies have shown that the rerm “air pollution” elicits significant levels of concem (Health
Education Authority, 1997; Kendall, 1997) but it is unclear what is driving these concems, Some
of the concemn might be modified by better understanding of the actual risks. For example, it is
commonly believed thar air pollution causes asthma (rather than just exacerbaring symptoms)
although this s not supported by the evidence (Depanment of Health, 1995b). Although it is easy
to interpret such findings as demonstrating that the general public are in some sense “imational” or
ill-informed in their thinking about risks, their views are not necessarily unreasonable given the
evidence people have at their immediate disposal. Hence, if their children’s asthma is indeed
triggered disproportionately on days when there are high air pollution levels the distinction between
“cause” and “exacerbation” may seem trivial from a practical perspecrive. Other aspects of concemn
may be influenced by the charactenstics of air pollution, for eample because it is an involuntary
risk which is not easily observed and it is not easily controlled.  The contea of air pollution is
actually quite complex as there are several different air pollutants, generated through a range ol
activities meeting different human needs (warmth, mobility erc.), controlled in a variety of ways, and
having a variety of effects. All of these aspects may impact on preferences lor reducing effeces of air
pollution in different ways for different groups.

39 So far we have compared the views of individual members of the public with the views ol expens.
In addition, the aggregate self-interested views of individual members of the public may not match
the aggregate views of how others should be weated (the views of society).  For example, individuals
might not attach much personal importance to allocating resources to preventing problems which
will not affect them during their lifetime bur society as a whole might regard the prnciple of
protecting future generarions as important. Another issue concems particular sub-groups of the
population. A single aggregate measure of individual views may not reflect the difference between a
level of imponance held fairly evenly across the population and a level of importance derived from
widely divergent views. This difference might be important in defining the consequences of policy
options, In addition, some groups may be more at risk than others. Should the views of these groups
be given more weight than those of others who may contbute resources to control of the risks but
do not know what the risks are like or do not need 10 face the possibiliry that they might be personally
alfected? Of course, many of the issues above raise very difficult ethical and policy choices, that are
unlikely 1o be resolved either simply, or 10 the complete satisfaction of everybody in sociery,

' In addition to prelerming voluntary risks per se, people may also underestimate scemingly controllable risks because they think they cin
take precautions (e.g., by driving more cancfully than aversge).

31



Eooxome Arpraisal OF THE Hearrn Errects OF Atk POLLumos

Specific approaches to policy appraisal

3.10 We consider thar it is difficulr 1o identify unambiguously a “best way” to present the health

5.12

3.13

benefits in isolation since the benefits need 1o be expressed in a manner thar is compartible with
the overall approach to policy appraisal. Therefore, in this chaprer we describe the main
approaches to general policy appraisal and comment on their advantages and disadvantages.
Based on this, we then consider which methods of assessing and presenting health benefits
mernit further investigation in the air pollution context in later chaprers.

We considered what would constitute our ideal approach o the assessment of benefits. The
approach would need to be able 1o consider different health outcomes on a similar scale, for
example using differences in survival (life-years) and/or quality of life/morbidity. The approach
would also need o lead readily 1o a comparison of the costs and benefits of alternative air
pollution policy measures. In the case of air quality control, decisions are, of course, mainly
being taken by government rather than by individuals or companies acting through the market-
place. We are, therefore, concerned with a process of social decision-making and our approach
would need to take account ol this. Social decisions may be based on the sum of individual
views or Governments may decide to ovemide the individual wishes of citizens either in the
interests of the collective good or because individuals are thought to be short-sighted or ill-
informed. There may also be issues of faimess to take into account, for example policies may
be designed o ensure that polluters pay for the conwol of pollution. There is, thus, a range
of information which the govemment needs in order to armive at a decision, including
nformation denved from private perceptions of the value to be attached to any change, from
the views of society and from scientific and other experts. The approach would also need to
allow comparison with other related policy areas. These points are bome in mind in the
discussion of the specific approaches.

Even though this report covers only health effects and not other benefits of reductions in air
pollution, there are still o many different eflfects on health o allow an easy comparison
between them, Common sense suggests that more priority should perhaps be given to
reducing deaths brought forward than to reducing hospital admissions and, in wm, hospital
admissions might be regarded as more important than minor respiratory symptoms. However,
it becomes more dificult to judge how much more important one health outcome is than
another and how much more important the change in health outcome is than some other
outcome of a particular policy (e.g., additional costs for industry). The approaches described
below are aimed at assisting this judgement by eliciting and structuring the views people have
about the relative importance of different ourcomes. Later chapiers consider whether dara are
actually available o allow the use of paricular approaches in the air pollwion policy appraisal
context.

Standard setting and risk criteria

Standards® represent levels (in rerms of risk or concentrations of the suspecred causal agent)
below which the risk is deemed acceptable and above which the risk is deemed unacceptable.
Such standards are usually set on the basis of the health evidence alone. Compliance with the
standard is then pursued. This appears to avoid trading-off risk against cost. However, the very
fact that compliance with the standard is pursued implicitly assumes that this is worthwhile
Le., that the benefits exceed the costs. Because this trade-off is not explicit it can lead to
enormous vanations in the implied valuations for protecting human health and ro an inefficient
use of resources. Some standards may be very expensive to meet and may be protecting people
against fairdy minor effects. Resources would then be better spent pursuing more “efficient”
standards. Examples of the extremely wide variation in the resources applied as a result of the
use of standards designed 1o save lives have been illustrated by a number of reviews (e g, Tengs
et al, 1995).

!

* The term “siandard” is not wsed consistently. It can also be used o describe a level selected after considertion of costs and benefits.
Wi are not relerming o this here
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3.18 Generic measures of quality of life may be too insensitive to detect clinically significant changes

in particular diseases. Disease specific measures may provide a more sensitive measure of
quality of life related to panicular diseases (Bowling, 1995). (The St George's Respiratory
Questionnaire (Jones et al, 1992; Jones, 1993) is one example we mention later in the mp-nrc’.l
However, the scales do not necessarily cover the same range (from full health 1o death) as for
the generic measures so it is dilficult to convert berween the two. In addition, they cannot be
used in siuations where more than one disease is affected. Unfortunately, very little work has
been done 1o compare the disease-specific measures and more general measures within the
same studies (Harper et al, 1997).

3.19 The quality of life states are scored withourt reference to the disease responsible for thar state.

This aids comparisan and could be regarded as an advantage on equity grounds since diseases
causing similar degrees of suffering are treated equally. On the other hand, the scoring will not
take account of the differental importance attached by individuals to avoiding a given loss in
quality of life from different diseases. People may, for example, have a particular dread of
cancer. The quality of life states are also presented out of the context of the age of those
affected. As currently used, a quality-adjusted lile year gained for somebaody at age 20 is weared
the same as a quality-adjusted life year gained for somebody at age 70, and 1 person gaining
10 quality-adjusted life years is regarded as the same as 10 people gaining 1 quality-adjusted
life year each. (The invariance with age has been challenged (Williams, 1997h) and methods
of dilferential valuation are being developed (Dolan and Green, 1998).) In addition, a quality-
adjusted life year gained by someone in a very severely impaired health state is wreated the same
as a quality-adjusted life year gained by someone in only mildly impaired health. Finally, the
empirical estimation of quality of life scores makes somewhat restrictive assumptions about
people's underlying preferences (assuming a zero discount rate, for example) (Broome, 1993;
Dolan and Jones-Lee, 1997) and about the eflect of duration on valuation.

Risk-rish analysis

3.20 In nsk-nsk analysis, people may be asked how they would trade-off one risk (e.g., death in a

3.21

road accident) against another (e.g., risk of developing chronic bronchitis) (Viscusi et al, 1991).
It can be used as part of a survey method ro assist in eliciting respondent’s relarive preferences
for reducing different types of risks and can derive monetary values for reduction of one type
of risk by comparison with another nsk for which the monetary valuation has already been
established. It can also be used as part of standard setting. For example, the US EPA may
consider risk-risk trade-offs when setting maximum concentration limits (MCLs) for
contaminants under the Safe Drinking Water Act (US EPA, 1996). The MCLs may be changed
10 minimise overall nsks by balancing the risks from the contaminant with the possible side-

effects of the treatments used to reduce levels of the contaminant.

More ambitious applications have involved the use of risk-nisk analysis to compare the benefits
of health and safety legislation against the risks that increased “costs to industry” place on
economic prosperity and hence on health (Cooper and Nye, 1995).  Such analyses have
argued thar requiring industry to invest in pollution control retards the nation's economic
prospenity and, if one accepts that there is a positive comelation between GDP and health, that
this loss of prosperity will in tum increase risks to health, The policy aim should, therefore, be
to balance the direct health benefits of environmental measures (lowering of health risks through
pollwion reduction) with the indirect health costs (increasing health risks due to foregoing
economic prosperity) to arrive at the point where the overall risks o health are minimised.
Though this type of analysis has attractions, a number of issues arise in its practical application.
For example, the relationship between GDP and the health of the population is open to dispute
(some diseases might increase with increased prospenity), as is that berween “costs to indusery™
and GDP As a result, this use of risk-risk analysis will not be considered further here.

' Ome study (Harper ot al, 1997) which compared several measures suggested that the completion rte of some ilems on the St Geonge’s
Respiratory Qrucstionnaine was lower than for other questionnaines.
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Cost-benefit analysis and monetary valuarion

(0]

322

323

3.24

325

3.26

3.27

The rationale jor willingness to pay (WTP)-based monetary values of safety (Jones-Lee and Loomes,
1908)

Two hard facts confront those who have o make decisions about the appropriate level of
provision of public safery. First, safety is usually not costless; and second, sociery has limited
resources. Consequently, a responsible decision about any propesed public safery
improvement will require a judgement as 1o whether the resulting reduction in risk is large
enough to jusify incurring the cost of implementing the improvement. Put another way: is the
reduction in risk resulting from the allocation of scarce resources to a particular safety project
worth more than whatever other good things could be provided il those resources were
diverted elsewhere?

How easily can such a judgement be made? Intuirively, most of us might agree that a safery
improvement costing just a few thousand pounds and which could be expected 1o prevent a
number of premature deaths, would be well worth it. Equally, most people would feel thar if
it would cost several millions of pounds to prevent, at best, only a few minor injuries, then
there would probably be many better ways 1o spend the money. However, in the less extreme
cases, which are more typical, the decision may not be quite so straightforward.

Clearly; if it were possible to obtain an acceptable measure of the monetary value of safety, then
this would go a long way rowards resolving the difficulty. Given such a measure, safety
improvemnent benefits could be weighed explicitly against other costs and benefits - such as
capital costs and time savings - in reaching a decision for or against any particular safery project.
Indeed, withour an explicit measure of the monetary value of salety, serious inconsistencies are
likely to emerge in the decision-making process. But how do we ammive ar such monetary values
of safery?

The key to this question is that members of the public not only stand to benefit from improved
public safery, but also ultimately pay for it (either directly through, say, fares on publc
transport, or indirectly through taxation). If social decisions are to take account of the public’s
preferences, then this suggests that values of safety should reflect the rate ar which members
of the public are willing to trade-off safery against other desirable things that might be
purchased. In shom, there is a very persuasive case for basing values of safery for use in public
sector project appraisal on people's coflecrive willingness to pay for it.

Under this WTP approach to the valuation of safety we should, therefore, ideally like 10
discover how much members of the public would be willing ro pay for improvements in their
own safery® (Where deaths might be involved, the improvements in safety are expressed as
small reductions in people’s risk of death - people are nor asked to value individual lives - see
paragraph 3.31). The total sum elicited would then be a clear reflection of what the safety
improvement was worth 1o people in the affected group, relative to altemative ways in which
they could have spent their limited incomes.

Most people readily accept that the best way to observe the monetary value which people put
on a visit to the cinema or a new outfit is to observe how much they are willing to pay for these
items of consumption. However, some people may have the view that lives cannot be wreated
as tradeable in the same way as goods bought in shops (although this is not what is being
asked). Some people may also be sceprical of the likelihood thar people will be able 1o express
reasoned and consistent choices conceming the value they put on options which increase or
reduce the statistical risk of death from various causes. Nonetheless, in their daily lives, people

* It should be noted that throughout the report we focus exclusively upon people’s viluation of their own salety and make no anempt
1o capuure: their alinuistic concem, and pms[:]r WTE for other people’s salery. The reason for this is thay recent theorerical work has
shawn that it is far from clear that WTTbased values of safery intended for wse in public sector dectsson making should take any account
at all of peaple’s WTP for others’ safety - see, for example, Jones-Lee (1992). Roughly speaking, the reason for this & that for centian
quite plausible types of altruistic concern in which people respect others’ prefenences (commonly refemed to in the lerature as "pure
altruism), inclusion of WTP for other people’s safety would involve a form of “double-counting™. It should alio be noted thar so far
anempts 10 determine the nawre of alruistic concem cmpinically (e, 10 establish whether or not it s predominantly “pure” or by
contrast, *parernalistic™) have proved w be largely unsuceessiul.
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do accept the risk that some of their actions could lead to death because they want other things
such as the income to enjoy material things or 1o travel to see new places. Many occupations
involve risks of injury or even death and most forms of tavel entail some, albeit generally
remote, risk of harm. In general, most people tolerate some risks in order to atain things they
enjoy or need.  All this suggests people do wrade-off risks against other things that are of value
to them, The more difficulr issue of whether they are able ro express this “value”™ in monetary
terms is discussed below in paragraphs 3.37/3.38.

3.28 The values ol safety that emerge from this approach will tend 1o be lower lor groups of people
with below average incomes and higher for those who are better off, and people may object to
the implications of this,. It s essentially for this reason thar most advocates of the WTP
approach would recommend the application of uniform values of safery, reflecting the aggregate
WTP of a representative sample of the population as a whole.

3.29 Those who benefit from salety improvemenis and those who pay for them may not necessanly
be the same group. However, the justification for using WTP values does not depend on those
who benefit being the same people as those who pay. The key issue is the overall size of the
benefit - and being able to compare it with the cost. 'Whether the beneficiaries pay or others
pay may be resolved by reference w other criteria - such as faimess. This can be dealt with
separately from measuring the size of the benefir.

(i) Estimating WTP-hased values of safety - general principles

3.30 Consider a road safety improvement that is expected o reduce each person's risk of premarure
death during the coming year by an average of 1 in 100,000, This risk reduction would mean,
on average, that, in a group of 100,000 people, the number of premature deaths during the
coming year would be reduced by one. MNow suppose that members of the population
concemed are, on average, each willing to pay £10 to effect the safety improvement. This
means that for each death prevented, there are 100,000 people willing, between them, to pay
£10 x 100,000, In this sitwation where, statistically, 1 life would be saved in the group of
100,000, the aggregate WTP per death prevented would be £1m. It has become the
convention to refer to such a result as the “value of a statistical life” (or “VoSL'). The expression
is open to misinterpretation - and, indeed, it is not really accurate since it is not about valuing
1 life, but abour the aggregate value that a large group of people places on typically very small
reductions in the nisk faced by each individual member of the group. In this report, we have
used the altemative term the “value of prevention of a statistical fatality” {or VPF)® (This does of
course refer to premarure fatalities since eveniually everyone will die.)

3.31 Tt should be clearly understood that this approach cannot be regarded, in any sense, as placing
a value upon the life of a particular individual. We are not valuing loss of life ex post, or assessing
the resources which should be spent in saving or prolonging individual lives. We are looking
ex dnte ar how people view reductions in the risk of death.  Though this approach has been
criticised® (Broome, 1985; Broome, 1991), it seems appropriate to cases where policy decisions
will prospectively affect risks thar are thinly spread across a wide population. 1If it is impossible
to know, at the time the decision is to be made, who will eventually suffer, and how badly, the

decision can only be based on ex ante values. Ex post valuations are simply unavailable.

3.32 Cleary, in the above example, the average individual WTE L10, for the average individual risk
reduction of 1 in 100,000 is a reflection of the rate at which individuals in the group concemed
are willing to trade off wealth for nsk, and it is, therefore, upon these individual wealth/risk
tracde-off rates that empirical work in the safery field tends o focus. Of course, the use of

* An alternative but equivalent way o calvulate the VPF s to appreciate that if a toeal of N people are at nisk and would benefit from the
safery improvemnent, then the overall number of fatabities prevented would be N x 1LAI00,000. In tem, sggregate WTP would be £10 x
M anwd apgrepgate WP per Bality prevented would be £10 x M divided by /100,000 Le.. it would again be given by £10:x 100,000,

® A bongstanding eritic of this appmtﬂ i Broome (Broome. 1985 Broome 19911, who has difficulies with vanous aspects, inchading
the latlure 1o take account of effects on the petential progeny of those whose lives are at risk. and indeed the whole notion that people’s
prefesences indicane what b good for them. However, further discussion of such issies is beyond the scope of this report.
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3.41

3.41

On the other hand, the contingent valuation approach has some problems and has generated
a good deal of controversy. Thus, for example, it relies on answers to questions concemning
essentially hypothetical choices and there is clearly a danger thar respondents may, for one
reason or another, systematically misrepresent their true preferences or be subject
unconscious biases.  However, there is wvery lietle hard evidence that deliberate
misrepresentation is pervasive. Of more concemn, perhaps, is the point that most people have
very little direct experience of the kind of explicit money/risk trade-offs that are typically posed
in contingent valuation questions. 1t may therefore, as noted ecarlier in paragraph 3.7, be over-
optimistic w0 expect them to be able 1o give thoroughly considered and stable answers to such
questions.

More specifically, there is evidence that in some cases responses to contingent valuation
questions may be unduly influenced by the precise way in which such questions are worded
(often referred 1o as “framing” effects) and may also be insufficiently sensitive to the quantity of
the good(s) on offer in the question concemed ("embedding” or “scope” effects) (Beattie et al,
1998; Cummings ¢t al, 1986; Kahneman and Knetsch, 1992; Arrow et al, 1993; Bjormnstad and
Kahn, 1996). There is also concem that the results are not always reproducible in a repeated
survey (Royal Commission on Environmental Pollution, 1998). Nonetheless, there are good
grounds for believing thar the more carefully conducted contingent valuation studies (for
example Chilton et al, 1998) do give an adequately reliable indication of at least the broad order
of magnitude of the value that members of the public place on salery improvement. Thus,
provided thar it is appreciated thar such studies are, by their narure, unlikely ever ro be capable
of generating very precise point-estimates but are, rather, best viewed as the source of “broad-
brush” indicators, then one can be reasonably confident that these studies are adequate for
their intended purpose.

Estimating WTP-based values of safety - the relative valuation approach

Finally, what of the relative valuation approach? In contrast to the revealed preference and
contingent valuation approaches, this does not involve an attempt to estimate wealth/risk trade-
off rates directly, but rather seeks to determine the value of preventing one kind of physical
harm relative to another.  Thus, for example, the DETR's current monetary values for the
prevention of different severities of non-fatal road injury were obrained by applying such
relative valuations to an absolute monetary peg in the form of the DETR's WTP-based
monetary value for the prevention of a road faraliy:

In fact, several different procedures have been employed 1o estimate relative valuations, but to
the extent thar all of these involve asking a representative sample of the population ar risk
questions relating to hypothetical choices or wrade-offs, they clearly have very much more in
common with the contingent valuation approach than with revealed preference.

More specifically, relative valuation questions typically seek to determine either the rate at which
respondents are willing to trade off the risk of one kind of physical harm against the nsk of
another kind [so-called risk-risk or standard gamble questions (Viscusi et al, 1991; Jones-
Lee et al, 1995)] or the number of casualties of one type whose prevention would be regarded
by respondents as being “equally as good” as the prevention of a given number of casualties
ol another type [so called “marching” or “pemson made-ofl” questions (Jones-Lee and
Loomes, 1995)).

At least some of the concemns people have about WTP and particularly the “value of prevention
ol a statistical Fatality” are related to misinterpretations of these concepts. We hope that these
descriprions of the varous methods of eliciting WTP values will assist in a fuller and betrer
understanding of what the approach actually involves.
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Multi-criteria analysis
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Establishing WTFP represents one approach among many toward investigating how individuals
value different things, and aggregating these individual preferences to help illuminate policy
choices. An extensive review of such methods, listing the advantages and potential pitfalls of
cach illustrated in the context of health care provision, is provided by Mullen (1998). Similar
approaches can in principle be used to investigate artitudes roward public health issues such
as air pollution. Given the remit of this repon, WTP is of paricular interest as the best-
researched way of establishing monetary valuations which might then be used o inform wider
benefit-cost analysis. Mevertheless, monetary valuation is not the only way of seeking to clanfy
the rade-off berween the different things thar people want.

In particular, it is impertant to distinguish two ways of structuning choices. One seeks 1o
measure any cost or benefit on the same single scale (usually, though not necessarily, through
monetary valuation). The other approach is 10 measure different effects on different scales,
.., monetary cost in terms of money, health risks in terms of expected health outcomes, and
to devise a way of choosing between them, for example by prionitising or “weighting” objectives
(Warson and Buede, 1987). These are known generically as multiple criteria methods.  Such
methods can be applied formally, with explicit scoring of each of the different, apparently
incommensurate, elements. However, the same approach can be used less formally. In reality,
a need for a consideration of multiple factors is probably inevitable when developing policies
to reduce tisks to public health since rather few decisions involve a straight trade-off between
health risks and money (and nothing else). This suggests that any form of political decision-
making can be seen as a form of multi-criteria analysis (just as it can also be seen as an informal
form of cost-benefit analysis since it will involve consideration of advantages and
disadvantages). In everyday life, as we have already noted, people routinely trade off personal
salery against a varety of other mon-monetary critenia such as enjoyment, or time or
convenience. In doing so, they “solve” a multiple criteria decision problem - without going
through the process of putting a monetary value on safety, another on enjoyment, time or
convenience and then comparing the answers. Various forms of analysis are available to
structure this process in more complex areas, two of which are described below.

Conjoint analysis

Conjoint analysis aims to establish the relative imponance placed on different criteria when
people evaluate particular goods or services. Having been used quite widely in market research,
it has more recently been applied to provision of health care - of obvious relevance here in the
sense of relating health outcomes and other eriteria (Ryan, 1996a). A typical study would first
investigate what criteria most people considered significant in judging a particular issue. They
are then presented with hypothetical scenarios that are better in some respects and worse in
others and asked to rate the scenarios against an overall scale of desirability, rank them from
best to worst, or express a preference between different pairs of scenarios. Each method has
relative advantages: for example, the third poses respondents with the simplest questions, but
more guestions are needed in order to get the same information. Whichever is used., the point
is that information is gained about respondents’ willingness to trade one desivable ateribute for
another. Given a large-scale study, statistical analysis can establish the average “rate of
substitution” for any pair of criteria - for example, how much a shorter stay in hospital would
compensate for some extra risk of a given side-effect.

Conjoint analysis methods recognise the multi-faceted narure of choice and seek 1o find the
criteria that actually matter to those faced with a risky situation. However, they have some
limitations as compared with WTP surveys. In particular, since the “rates of substitution”
found are only averages emerging from statistical analysis, one cannot test their validity by
investigating the consistency of individual answers. Some have argued that the owo approaches
should. therefore, be used in combination. Indeed, if the scenarios include cost as a vanable,
the resulis can be analysed to find the implied WTP for any of the other atrributes, including
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risk reduction. This has in fact been done recently in the air pollution context (Diener et al,
1907} - this study is considered urther in Chapter 6. One can, therefore, see whether the two
methods yield compartible results as 1o the implied “value of prevention of a statistical faaliy™.
In at least some cases, they do appear 1o give similar results (Ryan, 1996h).

Multiple criteria decision analysis (MCDA)

While conjoint analysis principally investigates people’s views about multiple criteria decisions,
MCDA is primarily conceived of as a means of assisting decision-makers (Warson and Buede,
1987; Belton, 1990). It is not really an altemative 1o cost-effectiveness or cost-benefit analysis
since it can incorporate information derived by these other methods. Decision analysis itself
models decisions in which the consequences of altemartive options may be uncertain, but the
uncertainty can - at least roughly - be expressed in rerms of probabilities. It thus firs naturally
into discussion of decisions about risk, In its simplest form, decision analysis deals with cases
where there is a single objective but the multiple criteria version does away with this. Instead,
it deals with cases in which there are several objectives, liable to be ar least partly competing.
As with conjoint analysis, cost can be included as one dimension. Analysis using MCDA would
invalve:

establishing a hierarchy of criteria 1o represent the decision-maker’s values;
defining the aliemarive oprions available;

- sconng each aliernative w show how it performs against each criterion {(where necessary
using probabilities, as in “simple” decision analysis);

giving the various critena weights o represent their relative imporntance; and
multiplying scores and weights to calculare the overall weighted score for each alternative,

Within this overall approach many specific techniques have been developed. Several make use
of flexible, interactive software which allows the decision-models o be displayed, analysed and
changed very readily. The models can, thus, be used to focus discussion, for example through
trying out different weights for the various criteria to explore the effects on the final result. This
can also help clarify which are the most critical areas of uncemainty needing further
investigation.  Whereas conjoint analysis is useful for asking large numbers of people
comparatively simple questions, MCDA is more typically used to explore issues in greater
depth with fewer people - often decision-makers and their advisers. This may seem less
democratic but by making value judgements more explicit, use of MCDA has the potential for
making decisions more transparent and accountable (provided decision-makers are willing - or
required - 10 make the model public). Used in this role, multiple-criteria models have the
advantage of allowing costs and benefits 1o different parties to be clearly differentiared (by
taking them as separate criteria) rather than obscured within a measure of overall social welfare.
Although less common, MCDA can be used to capture the views ol a wider public by
structuring the proceedings of extended discussion groups with members of the public or
representarives of stakeholder groups (Gregory et al, 1993; Ives and Footin, 1996) .

Conclusions

340

In summary, standard setting and nisk criteria, while useful for other purposes, do not examine
costs and benelits explicitly. Other approaches do examine costs and benefits directly bue not
always on a comparable scale. We have been asked w consider the best way to express the
importance of the health benefits from reductions in air pollution for use in a cost-benefit
assessment. The oprions for expressing the benefits before companson with the costs are:
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3,50 In discussing an ideal approach, we noted the importance of an easy companson between costs

3.52

554

and benefits. This criterion is not [ully met by sconing systems or health outcome measures
although they are useful for cost-elfectiveness analysis. We also note thar some scoring
systems, particularly conjoint analysis, have been only relatively recently developed and they
have not been used extensively in the public safety area. For these reasons, we do not discuss
scoring systems further in later chapters to any extent although we give some discussion of how
Multiple Criteria Decision Analysis might be used in Annex 3B and discuss one conjoint
analysis study in later chapters. Although such studies will not show whether the benefits
exceed the costs or vice versa, they can be useful in further clarifying the rade-offs 10 be made
in the area of air pollutdon.

If the choice is 10 use resources in reducing pollution and thus reducing effects on health rather
than spending equivalent resources on improving health in other ways, then it seems clear that
the best way in which the cost-effectiveness of different options can be assessed is via the
assessment of the impact on quality of life and life expectancy. This would ensure consistency
with consideration of other policy areas designed to improve health. We are a group
constituted by the Department of Health and we expect that an important audience for our
report will be health professionals. Given that people in the health service are increasingly
familiar with quality-adjusted life years and coming to understand the concept with its uses and
limitations, we believe that, despite the central focus on the need for a full cost-benefit analysis,
our work should also provide pointers to the implications for quality-adjusted life years. We
have. therefore, introduced this second thread of analysis throughour the detailed chapters of
OUT TEPOTE,

We have also examined whether we could combine the WTP approach (which allows direct
comparison with the costs of pellution control) and the quality-adjusted life year approach. For
example, the average loss of life expectancy for a death in a road accident can be estimated and
expressed in quality-adjusted life year terms (Department of Health, 1995a). The WTP to
reduce the risk of a death in a road accident can then be expressed as the WTP to reduce the
risk of loss of a certain number of qualiry-adjusted life years. This would lead to a WIP for a
quality-adjusted life year. However, it should be noted here, that WTP and qualiry-adjusted life
years were developed separately and rely on different assumptions. There are also theoretical
reasons why they may be difficult to combine. This can lead to some inconsistencies although
not all of the assumprions are essential to each rechnique. Willingness 1o pay for a qualin-
adjusted life year is discussed further in Chapter 4.

We have noted already that the WTP approach is the main approach which allows
determination of whether the benefits exceed the costs or vice versa. Of course, some of the
benefits of reducing air pollution such as reduced healthcare costs and reduced loss of
productivity (see Chapter 5) can alreacdy be compared with the costs of pollution control as
they are in monetary terms. However, comparing these alone, while useful, would omit the
grief and suffering caused by the health effects (i.e., the disbenefit of the decline in health
itsell). We believe it is important that such distress should be taken into account in a full cost-
benefir analysis and thar this is difficult 1o do if it is on a different scale. Therefore, we examine
the monetary valuation approach further in later chapters. We will continue 1o bear in mind
some of the issues raised in this chapter - the concern over whether individuals actually hold
stable quantitative preferences (paragraph 3.7), the need to understand what dnves people's
perceptions of the importance of different risks (paragraph 3.6) and whether some of the
aspects determining individuals’ views (e.g. their income) need to be ovemidden in the interest
of society's principles (paragraph 3.9). In particular, we note that, due 1o the different
perception of risks in different contexts (paragraph 3.6), it is likely that WTP values specific to
the air pollution context will be needed.

Whatever approach is used, there is a need for more systemanic research on: (1) the levels of
knowledge and understanding people currently hold on the causes and effects of air pollution;
(2) whar extra knowledge people might need to hold in order to make informed decisions
about their pcm?na'l health protection with respect to air pollution; and (3), in relation to the
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Your own health state today
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Chapter 4

Benetlits of Lower Mortality
Risks

4.1 This chapter assesses the ways in which the benefits of lower morality risks can be measured
and valued. It also compares ways in which these benefits could be incorporated into
economic approaches to decision-making for use in assessing potential health care and
environmental policies in the UK.

4.2 We are very aware that when the UK's resources are devoted to measures to reduce pollution
they are not then available for other uses - e.g., for personal consumption, other public sector
programmes, or health care. As previously noted, we therefore feel that it is highly relevant,
wherever practicable, o 1y 1o value the health benefits brought abour by lower levels of air
pclful:'inn, a0 thar full :lppmma] can be camed ocur to show that resources under the
government's control are devoted 1o the uses of greatest value 1o UK citizens. The benefits of
reduced mortality risks are likely 0 be the most imporant benefits, and so we believe it is
worth dedicating signiflicant elfort to estimating their value.

4.3  Chapter 2 explains the effects of air pollution on mortality risks. In essence the epidemiological
research has characterised three mortality pattemns atirbutable to air pollution.

= Acute risks: deaths in susceptible individuals may occur lollowing short-term (e g, day-to-
day) fluctuations in pollution levels.

® . Chronic rishs; deaths may occur following the development of chronic disease and
progressive deterioration of health, o which long-term exposure to pollution may
contribute.

*  Latent risks: a form of chronic risk in which deaths may occur many years after initial
exposure to pollution, but without many years of progressive deterioration of health

The evidence is strongest for effects on acute mortality.

Valuing benefits: whose values?

4.4 The benefits that need to be appraised are those accruing to all porental beneficiaries, As we
explain below, large parts of the population may anach value to reducing pollution.

4.5 In the case of the acute risks, those who die are likely to be, by the time of their death, already
in very poor health. This means that they will have a short life expectancy, whatever the level
of air pollution. However, in assessing the population which is interested in reducing these
risks it is relevant to consider the position not just of those who are already in very poor health,
but also of anyone who might become so, and thus be vulnerable ro air pollution, in the period
before contral measures take effect. There is likely 1o be much uncertainty as to which current
members of the UK population may eventually fall into the high risk groups who are most
vulnerable to the effects of air pollution and would benefit most from its control.  This
uncertainey is likely to increase as lead-in imes increase. Moreover, there are no a priori reasons
to believe thar there will be significant differences in preferences for risk reduction between
those who will become vulnerable and those who will not. Thus, the preferences of the general
population may be the most representative of those who would eventually benefit.
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4.6

+.7

+.8

Those porentially at chronic risk will gain direct benefits through reduction of cumulative
exposure. The evidence for effects on chronic nisks is less centain than for acure risks, and there
is less understanding of whether some groups are more at risk than others.

Those potentially at latent risk will gain direct benefits through reduction of carcinogenic air
pollutants,  Although there probably is some variation in individual susceptibility
carcinogens, there are currently no clearly identifiable sub-groups at increased or decreased
risk.

Paragraphs 4.5 10 4.7 above identify the interesis of the direct beneficiaries'. Unfortunately,
there are major gaps in our knowledge abour the quantitative health impact of the chronic and
latent risks and who might benefit most from their reduction.

Mortality effects

.4

4.10

Chapter 2 reports what it is currently possible ro say about the numbers of deaths, based on
the COMEAP report “Quantification of the Effects of Air Pollution on Health in the UK™
(Deparment of Health, 1998). For example, it is estimated that each year in GB as many as
12,500 deaths from respiratory disease are brought forward by acute exposure to ozone air
pollution.

Although such deaths are premarture, the loss of life expectancy involved may not be large. It
might range from one month 1o one year. With a loss of one year of life expectancy per death,
for example, this would imply that ozone air pollution was responsible for an aggregate annual
loss of 12,500 lile-years. On this basis, the annual monality effects of ozone could be
described in rerms of either 12,500 premarure deaths, or 12,500 life-years lost. 1f the loss of
life expectancy per death was only one month. however, the sum would be one twelfth of this
last figure - abour 1,040 life-years lost.

Economic approaches to health care policy-making

411

412

4.13

Chaprer 3 has discussed different approaches o decision-making in the context of pollution
reduction. Cost-benefit analysis (CBA) seeks to maximise overall net benefits through
balancing the benefits and the costs of policies, while cost-effectiveness analysis (CEA) seeks o
maximise effectiveness within the constraint of a pre-determined budger. CEA is now used
extensively in health care, where it typically employs standardised measures of morality and/for
morbidity improvement. For example, given the budger, the objective might be to minimise
the number of life-years lost.

As described in Chapter 3, a panicular vanant being widely adopted in health care policy-
making uses a measure of effectiveness that joins mortality and morbidity outcomes together.
In this type of CEA the aim 15 to maximise life expectancy weighted by changes in health-
related quality of life - i.c., the number of “quality-adjusted life years” that can be added 1o
people’s lives - with available resources.

Health care policy-making now aims to consider systematically the extent to which different
policies affect health - for example whether the health gains from using resources in one way
would be greater than the health gains from using them in some other way. Assessing quality-
adjusted life years gained (and costs) can greatly help with such systematic appraisal.

Thase who ane not potentially direct beneficiaries may siill feel some benelit from reduced air pollution through their lelings abor

the effects an their relatives, or through altraism rowards their fellow citizens (see also paragraph 3.26). Whether such altroism should
be seen a5 a reason for increasing the estimated aggregare value of pollution reduction will depend on whether it is pure altruism or
paternalistic aliruism. Pure altruisis will acrach value 1o whatever their fellow citizens value, to the extent thas they value it - bur will
attach neither more nor less value I::ju thar, becavse w do so would disten or double-count the valwes of their fellow drizens.

Paternalistic aleruises will anach greas

willee 10 cenain “good things™ which they feel would be of benefic o their fellow citizens and

which they fieel their fellow citizens undervalue. Patermalistic altruists are willing to pay more for these good things for others, 5o as 1o
correct” the “undervaluation”. For a more ngorous eatment of these issues see Jones-Lee (1992).
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4.14 Iu is, therefore, of interest to know how many quality-adjusted life years would be added 1o
people’s lives through reducing air pollution, and how this would compare with the quality-
adjusted life years 10 be obtained through other health policies. Given available resources,
policies can then be ranked and selected so as to maximise gains in life expectancy weighted
by changes in quality of life.

Quantity and quality of life lost due to premature deaths

4,15 Unfortunarely, there is a lack of evidence about the health-related quality of life of people who
are at significant risk of premature dearh from air pollution. Inferences about those who die
from a worsening of respiratory disease triggered by air pollution might be drawn from studies
of patients who are seriously ill with respiratory disease in general.  While it is not known
whether such patients are representative of those whose deaths are brought forward by air
pollution, it seems reasonable to suspect that there will be many similarities. An example is
the report by Osman ef al (1997) who studied quality of life in patients admitted to hospital in
Aberdeen with chronic obstructive pulmonary disease (COPD). The e of the patients
(readmissions, deaths, etc.) was then followed over the next 12 months. The patients who
died within this 12 month period had had substantially impaired quality of life at the beginning
of the period - typically falling into the worst half of the particular scale used 1o measure quality
of lile in this study (the 5t George's Respiratory Questionnaire),

+.16 A more recent study (Ayres et al, personal communication) has measured the health of COPD
patients in Birmingham. In this study, health-related quality of life was measured using the
EQ5D instrument. The patients themselves rated their own health on the five dimensions of
EQSD: mobility, ability to perform self-care, ability to perform usual acriviries, pain/discomfort,
and anxiety/depression. (On this scale 1 represents the best of health and 0 is as bad as being
dead - see Chapter 3.) Again it was found that the patients who died during the index
admission had had substantially impaired quality of life before being hospitlised: on this
scale, these COPD partients rated their health-relared qualiry of life ar about 0.4 on average (+
1 Standard Desaation (SD) from 0.2 1o 0.7)%. Our view is that this represents the best estimate
that can currently be made of the quality of life of people with COPD whose deaths are brought
forward by air pollurion.

4.17 A key issue is the effect thar reducing air pollution would have. While it is predicred that
improvements in air quality would reduce the number of premature deaths we really need w
know too whether these people’s quality of life would be improved ar the same time as their lives
would be extended. Informed clinical judgement suggests, however, that even il reductions in
risks were to postpone their deaths, their underlying chronic ill-health would not be improved.

4.18 Given the limited evidence, it is not yer possible to give good estimates of the number of quality-
adjusted life years lost owing to deaths brought forward by air pollution. While around 12,500
premature deaths from respiratory disease may be associated with ozone pollution per year, it is not
possible accurately to say how this would tanslate into the number of quality-adjusted life years lost.
It seems reasonable to suppose that it would be less than this. The best estimate that we can make
is that the loss of life expectancy would range from one month to one year, and the factor that should
be applied for health-related quality of life is 0.4 (& 15D 0.2 10 0.7). The qualiy-acjusted life years
that would be lost per death brought forward would, therefore, be between 0.03 (0,015 - 0.06) and
0.4 (0.2 - 0.7 for a loss of one month and one year, respecrively.  Thus, with a year of lost life
expectancy per death, we would estimate that about 5,000 (2,500 - 8,750) quality-adjusted life years
would be lost due to ozone pollution morality. Similarly, the quality-adjusted life years lost due to
PM, induced premarure mortality may be around 3,200 (1,600 - 5,700). The quality-adjusted life
years lost due o sulphur dioxide-induced premature mortality may be around 1,400 (700 - 2,500).
If the loss of life cxpectancy per death was anly one month, however, the number of quality-adjusted
life: years lost would be one rwelfth of these figures: abour 420 (210 - 730) for ozone, 270 (135 -
475) for PM, . and 120 (60 - 205) for sulphur dioxide.

 While the observed standard deviaton is not the measure wsually used 1o indecite the range of values within which we are conlident
the tmue value should be, in this case it is, unforunately, the only measure mailable 1o us (sce paragraph 7.54).
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The above estimares of quality-adjusted life years lost relate to deaths from respiratory disease.
For air pollution-induced premature deaths from cardiovascular disease there is even less
evidence. It is thought likely that there will be greater variation in the state of health of such
people before their death - some of them may have chronic heart disease that is painful and/or
limits what they can do, while others may notice no symproms and may lead a normal life.
Further research is needed to assess how air pollution affects cardiovascular health.

Deaths from cardiovascular disease occur mainly in those aged 65 and over. We do not actually
know whether the health of people who suffer premarure death from air pollution-induced
cardiovascular disease is better or worse than that of the general population of the same age.
Instead, for illustration, we show the implications of a quality of life rating equivalent to that of
the general elderly population. We note that the 1996 Health Survey for England (Department
of Health, 1998) assessed health-related quality of life in the general population using, inter
alia, the EQ3D measure. It found the average rating, on the 0-1 scale, to be 0.78 for people
aged 63-74 and 0.73 for those aged 75 or older - and a population-weighted average figure for
the whole 634 age group would be 0.76.

For now we leave the issue of quality-adjusted life years. We do, though, retum ro this later in
this Chapter and in Chapter 6. We turmn next to the issue of valuing reductions in risk of
premature mortality. In this we ry to explain how we think the available valuation evidence
should be interpreted for use in cost-benefit analysis.

Valuation of mortality risks

i

423

Evidence

424

425

Accepred valuation principles ascribe value to anything for which people are willing to pay
some amount® . 1t is not necessary for “payment” to be monetary - it simply refers to the idea
ol “giving something up”, which would include time or effort just as much as cash payment.
Conventionally this is known as the willingness to pay (WTFP) approach. This approach is
grounded in people’s preferences and reflects the swrengths of those preferences. It is,
therefore, entirely appropriate for the purposes of endeavouring to put resources to their most
highly valued uses.

The WTP approach can be used 1o assess the value which people put on reductions in risks, This
is dlealt with more fully in Chapter 3 (see in particular paragraph 3.30). Again, we stress that the
issue is not about valuing an individual, known, life, but about the value that people themselves
place on typically very small reductions in the risk they face. The collective values of risk
reduction of a large group of people are typically aggregared up to the level where, statistically,
one fewer premature fatality would be expected - and we term this the “VPE" for shont®.

For our task it would have been helpful if empirical studies had already been carried out to try
to assess the value thar people put on reductions in risks from air pollution. Unfortunately, no
work that directly addresses the questions that we want to ask has yet been undertaken.

There is, however, substantial evidence concerning the value that people attach to changes in
mortality risks in other contexts. A considerable amount of good research, in many countries,
has. now been camied out to estimate the value people put on reducing risks of death in car
crashes. Much research has also assessed how wages reflect risks in certain occupations. And
there is, too, some evidence from people’s willingness 1o spend money on safery, such as
purchases of smoke alarms.

"'Um:ll:lpmxhlhﬂlmﬁlﬂdahrdmadrsag:mﬁmmh'mcakuhuhwmuchmeumﬂdb:pmducedormnwdb}l&mamkﬁ
thecy lived longer @ a result of risks being reduced - the “Gross Ourput” approach, There are many Eults with such a simplistic approach. A
common method was o base such caleulazons on camings - 50 for these not in work the figure calculmed was zero. The approach was criticised
by many - inchuding ecomomists - for being inconsistent with accepeed principles for valuing economic goods. Thes approach . therefore, not
considered funher here.

* As noted in Chapter 3, this concept has often been referved 10 in the brerstune 2 the “value of a seatictical 1™ (see especially pasmgraph 3.30).
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Adjusting the baseline VPF

4,40 Our approach has so far yielded an air pollution baseline VPF applicable 1o an average person

4.41

+.42

(average age, health, wealth, erc). Multipliers for other factors, such as advanced age, poor
health and shon life expectancy, might then be applied to this base.

This, however, raises a key ethical decision that has to be made in developing a valuation
method: that is, whether or not 10 make any further adjustments at all®, We have stressed that
our aim is 1o value the potential benefits of reducing air pollution from the perspective of the
beneficiaries - in other words we try to predict the values that those alfected would themselves
use, if they were making the relevant choices and wade-offs, to reflect their strengths of
preferences.  Our judgement is thar people’s prelerences for reducing the risks that could
shorten their life will be stronger if they would have the chance of living, say, an extra year in
good health than if they only stood a chance of living an extra year in poor health. In other
words, we believe that the factors we have highlighred in Table 4.1 will affect the value people
put on reducing risks, and that it is important to reflect this.

There is also the issue of how much of sociery’s resources o devore 1o reducing air pollution
risks, and how much to devote to other uses, including health eare and' other public services.
In making such decisions, there are arguments for using the values that those affected would
use. That said, there are other ways of approaching such decisions, and we have discussed these
in Chapter 3. However, we take the view that our estimares of appropriate adjustments, using
the methods we describe, do have a role to play.  But we acknowledge thar some may 1ake a
dillerent stance, and that they might, for example, view our unadjusted baseline figure as more
appropriate. In a sense, therefore, the unadjusted figure might be regarded as an upper bound.

The impact of age, life expectancy and attitudes to risk

443

444

There are strong theoretical and empirical grounds for believing that, in any context, the VPF
can be expected 1o decline with age, at least after middle age'® . Several empirical studies have
produced evidence of a significant inverse relationship between the VPF and age, beyond
middle years. Perhaps the most marked example is the pronounced inverted-U life-cycle for
the roads VPF which emerged from the dawa generated by a nationally representative sample
survey employing the contingent valuation (CV) approach camed out in 1982 and reported in
Jones-Lee (1989). A later roads CV study reported in Jones-Lee et al (1993) suggests thar the
inverted-U life-cycle may be very much flatter than that which emerged from the earlier study.
However, the results of the more recent HSE/DETR/Home Office/Treasury project roads VPF
main study - completed in mid-December 1997 - substantially reinforce the lindings of the
1982 study, pointing roward a roads VPF thar is berween 55% and 75% of its mean value for
75 year olds and between 28% and 40% for 85 year olds'!.

The simplest explanation of the inverted-U life-cycle for the VPF is that it reflects the impact of
two opposing eflects - namely the decrease in life-expectancy with age (which tends 1o depress
WTP for salety) and the tendency for aversion to physical risk to increase with age (which
increases WTP). The hypothesis of increasing physical risk aversion seems particularly
plausible for individuals between the ages of 18 and 40, given the well known tendency for
vounger adults 1o take a somewhat more cavalier auitude towards their own salety than do
those of more advanced vears, ]

* It is worth noting that two recent studies have omirted such adjustment factors (Britsh Lung Foundation, 1998; Ossro and Chestnur,
1948 while another study (Smith, 1998) has argued that they ane relevant,

¥ in theory, within the framework of a standard economie model (disceunted expected utiliey) the VEF will either continuously decline
& age increases of will follow an inverted-ld over the life cycle. The specific pattemn depends upon the particelar sssumptions made
conceming bormowing and kending opportunities and the consequent implications {or the way consumpstion vanies over the life cycle:
wilh constant consumption the VPF is monotonically declining, whercas given constrsines an bormowing aned lending opportunities, s
in Shephard and Zeckhauser (1982), the VPF initially rises as eamings (and hence ability ro pay) increase, peaks at middbe age and then

declines,

¥
' These figures are standandised for (i ¢., do not refect differences in) income.  The ranges reflect ihe dilference berween the resubts of
a multiple regression analysis that tncludes only a quadnatic age vamable (which produces the lower Figures) and one that inchades both
4 linear and quadratic age varable (which produces the higher figures).
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The impact of impaired health state
(i) Life expectancy below average

4.46 The figures in paragraphs 4.43 10 4.45 refer 1o results derived from the general population,
which will enjoy average life expectancy. Figure 4.1 in fact shows average life expectancy at
different ages - for example, at age 75 this is around 10 years (9 for men and 11 for women)
and at 85 it is 5 to 6 years (for men and women, respectively). However, as previously noted
(see paragraph 2.12) those who are at risk of dying from air pollution could have a very much
shorter life expectancy than this - for reasons other than air pollution. Their life expectancy is
not known with any certainty bur is thought to be between one month or less and one year
Thus, we need to consider whether a further adjustment is needed for reduced life expectancy
and, il so, what this should be.

4.47 'We believe thar, while life expectancy will not be the only factor affecting WTE its effect will be
positive - in other words, other things being equal, increasing life expectancy would increase
WTE and reducing life expectancy would reduce WTE There are theoretical reasons for this:
basically, that WTP is expected wo be a function of, inter alia, aggregate future uiility and the
more years of life expectancy remaining, the bigger that aggregate is likely to be. This
presumption is not contradicted by the data - as shown in Figure 4.1, WTF drops with age in
the older age groups and reductions in life expectancy are thoughr likely to play a significant
part in this. The more difficult question is o what extent WTP falls with reducing life
expectancy.  There is no empirical evidence on WTP by people with severely reduced life
expectancy. There are several theoretical models of WTP which would predict falling WTP with
reducing life expectancy but such predictions have not been tested directly. Moreover, there is
debate about other features of the models, some of which would produce effects thar could
reinforce the predicted effect of life expectancy, and others of which might have contrary
effects'® . We did not, therefore, select any particular theoretical model but 1ook a more general
view which rellected the uncertaintes. Our view is that it is unelear by how much WTP would
be reduced bur, on theorerical grounds (Shepherd and Zeckhauser, 1982) and given the way
WTP is observed to fall with age, that it is unlikely 1o drop more than in proportion to life
expectancy.

4.48 In the previous section, we suggested an adjustment to 70% of baseline for over-63s. Average
life expectancy for this group is about 12 years (based on life expectancies for people aged 65
1o 90 - see Annual Abstract of Starstics, Office for National Statistics, 1998). Thus, for over
65s with a life expectancy as little as one year, WTP would be expected, as a minimum, to be
one wwellth of this (i.e., giving a factor around 6% of the baseline). For 1 menth, a further
division by 12 would be needed (i.c., giving a factor around 0.5% of the baseline). A factor of
6% of the baseline VPF would give a one-year figure of £120,000!7 | while a one-month figure
would be £10,000. These would be our minimum estimates. The maximum would be the
figure of £1.4 million (see paragraph 4.45), reflecting advanced age, bur not reduced life
LHpecrancy.

L)
¥ For example, Iife expectancy as shor as one year probably has the corollary of a high initial, or background, level of mornality risk. We
try o desess the implicmbons of this for the VPF - 2o paragraphs 4.52 to 4.54 and Annex 44,

¥ By way of comparison, a figure estimated by Johannesson and Johansson (1997h) in Sweden was only (US) §1,500 {i.e., abour £1,000)
fior onie extra year of life expectancy (ar age 86) for people who expecied their quality of life during that extm year to mte at 0,45 (see
paragragh 4.78). For a higher quality of life raring around our higher rating of 0.76, their liguse would have been abour double, Thus,
our approach might seem o produce substanially higher values. However, (s noted in paragraph 4.78) the average age of respondents
in this Swedish study was 42, so than the extra hfe-year was, on averge, 44 years away. Discounting our figure ata mie of shout 11%
aver 4 years would produce 2 figere similar o the Swedeh reaubt, (Decounting i explained famher ar paragraphs 4.64-4.65, and see
the glossary ) Johannesson and Johansson inferred, from the way their resulis varied with the age of the respondent, o discount mie of
about 1%. However, their estimation o¥fhe discount rate my hove conflated a number of factors 1o do with how responses would change
with spe - g, factors which we discuss in this Chapter - and asking about a lfe-year 44 vears nro the future could be expected w
produce responses thar weuld be Jess reliable than when asking about more immediate effects.
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4.54

As previously noted, however, premature deaths from air pollution could involve an average
loss of lie expectancy of between one month or less and one year (see paragraph 2.12). People
with an average life expectancy this short might well have a background nisk of surviving the
current year of less than 50:50, and so the effect of background risk needs to be considered.
Predicting the effect of such a high background risk does, though, depend on the model from
which the predictions are derived. The effect of background risk is very impomnant in some
madels of WTP - in particular, in models in which there are no annuities and people are
assumed to have no bequest motive, it can be shown that WTP for a reduction in risk is not
only proportional to the discounted number of life years expected to remain to them but also
inversely proportional to the baseline probability of surviving the current period. This
probability, as noted above, is very low in the case of those with very short life expectancy: This
dramatically artenuates the effect of reduced life expeciancy on the VPE (Of course another
corollary of short life expectancy is probably very poor health-related quality of life, which is
likely to reduce the VPF - sce paragraphs 4.49 1o 4.51.) Other models of WTE on the other
hand, assume that most people attach value o making bequests to those who would inherit
from them if they were to die {and are not just interested in their own personal consumption
during their own lifetime). In such models the level of backgound nsk has very much less
effect, as people are assumed 10 be interested in more than just their own longevity. Given that
two thirds of UK households have some form of life insurance, this assumption may not be
unreasonable. The prevalence of a bequest motive might be resolved by empirical research bur,
as this has not yet been undertaken, the bequest motive is unproven. Therefore, uncertainty
remains as to the significance of background risk levels for the VPF!'Y, This again serves to
illustrate the sensitivity of the calculations to the impaired health state adjustment factors, and
that the assumptions underlying adjustments to the baseline VPF are somewhat precarious.

Thar said, it is not currently possible w identify very precisely the sub-groups who are
susceptible o air pollution-induced morality or to quantify the levels of risk they face, even
though it is clear thar the background risks they face are likely to be higher than average. If
this information becomes available, consideration may need to be given to adjustments for high
background levels of risk. '

The impact of wealth/income/socioeconomic status

+.55

4.56

457

19 See TonesLee,

Higher wealth or income is expected (o lead o higher WTIE However, we have very serious doubis
abour the political acceprability of making adjustments o reflect this. In particular, we know of no
other context in the UK in which such adjustments are made. The proposal that adjustments of
this kind might be appropriate in the case of international salety extemnalities - some of which result
from air pollution - has met with widespread disapproval and distaste. In the lighr of this, we took
the view that a standard VPF should apply regardless of the income of those most affected.

There is, though, theoretical and empirical evidence on this issue which others might want 1o
draw on. Economic theory predicts that, under a wide range of circumstances, the elasticity of
the WTP-based VPF with respect to wealth or income will be greater than or equal to one - that
is 4 10% increase in an individual’s wealth or income will raise their WTP by at least 10% (see,
for example, Jones-Lee (1989) section 2.1, or the NERA/CASPAR report (1998) section 4.3).

However, as noted in the NMERA/CASPAR report, while empirical studies have tended o
confirm the existence of a positive and significant relationship berween WTP and wealth or
income, the implied income elasticities have typically been less than one and in the 0.3 10 0.6
range - so that, e.g,, a 10% increase in income would increase WTF by only 3% to 6%. Again,
the NERA/CASPAR report points out that these empirical estimates are based upon cross-
sectional data - i.e., comparing different individuals - rather than the ideal data, which would
assess the elfects of variations in an individual's wealth or income, over time. While the
available data are not ideal, therclore, for testing the theoretical predictions, they are

1989, secnon 2.1.1 for a more igorous irearment of this issee. The UK welfare neform Green Paper “New Ambitons

fior e Country: A New Contract for Wellase™ (Cm 3805, 1998) ststed that i 1995 two thirds of houscholds had some lie insurnce
tchaper 1, paragraph 32), which might suggest that such househobds do awach some value 10 bequests.
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Can the quality-adjusted life years approach and WTP approach be combined?

4.73 When considering appropriate approaches to reflecting the imponance of the benefits in

Chapter 3, we explored whether the quality-adjusted life years approach and the WITP
approach could be combined (paragraph 3.52). We now retum to this in a liule more deail.
Quality-adjusted life years were intended to be a measure of effectiveness and are, therefore,
pre-eminantly suitable for use in cost-effectiveness analysis. 1t might, however, be possible 1o
use quality-adjusted life years in cost benefit analysis if a monetary value (or set of values) could
be put on a quality-adjusted life year. This in wm raises the question of how 1o obtain such a
set of values.

4,74 One approach is described in Policy Appraisal and Health (Department of Health, 1995;

4.76

Appendix 6). This approach works backwards [rom the value of reducing mortality nisks. The
key step is to move from the valuation of life-saving to the valuation of one life-year The
assumption that is used to take this step is thar a life is equivalent 1o a stream of lile-years. So,
for example, the value of saving one life-year would be put at 1/40 of the VPF with a life
expectancy of 40 years (this example actually assumes a 0% discount rate, whereas using a 1%
discount rate the value of a life-year would be put at 1/33 of a VPF with a 40 year life
expectancy). Quality ratings can also be applied to each year to derive a value of a quality-
adjusted life year rather than of a life year. Folicy Appraisal and Health describes this rechnique
and gives examples of the results obtained - e.g., based on the value of life-saving used by the
UK government for road safety, it derives a value of a quality-adjusted life year of £23 500
(1994 prices) - which would be aboutr £27,000 ar 1996 prices. We note that this is very
substantially less than the value which we have derived for a life year of £120.000 - see
paragraph 4,48 - which in fact related 1o quality of life rated at 0.76 (the average for the elderly
population), and so would be equivalent to about £160,000 (£120,000 x 1/0.76) for a quality-
adjusted life year in full healch.

The simple annuitisation approach used in the above example rests on the premise thar “a
QALY is a QALY is a QALY". It does not, therefore, allow for variations in people’s preferences
- for example, if people attach greater importance to life and health at particular ages, or to
avoiding particular risks or causes of ill-health or death, or other reasons for variations due o
factors listed in Table 4.1. Evidence is emerging. however, that people attach different values
to quality-adjusted life years at different ages (e.g., Wnght, 1986; Cropper et al, 1994; and
Johannesson and Johansson, 1997a) and that some types of risks are viewed as worse than
others (despite equal numbers of quality-adjusted life years being at stake). For example, in
Johannesson and Johansson's (1997a) study in Sweden, people seemed to feel that an extma
quality-adjusted life year for a 30 year old was about 10 times as valuable as an extra quality-
adjusted life year [or a 70 year old (and this view was not significantly affected by the age of the

respondent).

The NERA/CASPAR report (1998) further argues thar the annuitisation of a predetermined VPF
into a time-stream of constant values of life-years is essentially arbitrary, since people’s WIP
appears not to be the result of individual thought processes involving the summing of such a
constant time-swream. The evidence, overwhelmingly, is that WTF depends upon a great deal
more than life span. The repon suggests thar particular factors 10 which people amach grear
imporance include:

*  emotional and personal costs to those who would be bereaved - these might be expected
to peak in middle age, when there are most likely to be young or old dependents;

*  the will to live, and an associated beliel in the sanctity of life and the right to protection
by society from certain hazards;

* concem about not achieving certain aspirations, typically over the next few months or
years, but sometimes extending for longer periods - such as seeing one’s children or
g,mndch:i'l.dr?i ErOwW up.
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ANNEX 4A

Baseline Risk

I Table +.1 suggested that people may be keener 1o reduce a high risk of death by a set amount
than a low risk of death by the same amount. 'We have, therefore, considered whether this
effect means an adjustment factor is needed when considering deaths brought forward by air
pollution as compared 1o road accident deaths, Modelling of the expected change in WTP
according to background level of risk (see box) suggests thar there is no marked effect over a
wide range of levels of risk, the effect only beginning to be mare significant above levels of risk
around 50:50.'%

2 Asdiscussed in Chapter 2 (Annex 2A, paragraph 5), the level of risk of a death brought forward
by air pollution can be estimated as around 2 in 10,000 for the general population and around
10 in 10,000 for the elderly population. Following the method in the box, starting with a
background risk of 10'in 10,000 rather than the risk of 0.6 in 10,000 for road accidents would
only be expected to increase WTP by about 0.1%. This is trivial by comparison with, say,
adjustments for age or health status. The risk of death from any cause in the elderly is abour
6 in 100 compared with 1 in 100 in the general population (Office for Mational Seatistics,
1998). This would only increase WTP by about 53%. Thus, we do not consider that
adjustment for baclground level of risk is required in cases like this.

3  lvwas also noted in Chapter 2 that those who are already seriously ill with heart or lung discase
are thought to be most at risk. It is not currently possible to identify the susceprible sub-
groups very precisely or to quantify the levels of nisk they face, but the risks are likely o be
higher than those [or the general elderdy population. 1f this information is available in future,
consideration may need 1o be given 1o adjustments lor imitial levels of risks above 50:50.

1% Ap these extremely high levels of nsk, WP becomes much more sentive to particular sssumptions in the model
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6.35

6.36

A recent study in Hamilton-Wentworth, in southem Ontario (Diener et al, 1997} has explored

the values artached 1o a range of outcomes of air pollution. The outcomes in the study were

health effects (deaths and hospital admissions), poor visibility, black fallour, and bad odour.
The study used conjoint analysis to assess WTP for reductions in these effects (through secking
preference rankings across alternatives in which these factors were varied, and where property

1ax or rent was also varied). However, rather than assess individual WTP for a reduction in

personal exposure to sk, the questions were framed in terms of reductions across the region
{and in terms of certain reductions, rather than sk reductions) so that indivicluals had ro make

their own assessment of how much less they or their household would sulfer. This study is of

particular interest as it directly asks about WTP ro reduce deaths and hospitalisations due to

air pollution. The average household’s WTP was (Canadian) $40 per month to reduce deaths:

and hospitalisations in the region by 1 and 6 per month, respectively, {and the average
household was further willing to pay more 1o achieve reductions in the other nuisance effects).
Unlorunately for our purposes, the health effects were grouped ogether and so no separate
valuations of deaths and hospiralisations were obtained. Moreover no overall values are

aggregated up to the level of a total community WTP for reductions in the health effects. ?anl}- E

this may have been because the results were from households who were not entirely typical of
the community in general - e.g.. respondents were more likely 1o have university degrees and

be homeowners, and may have been more concerned about air quality and its effects than the

average household. (In tum this rellects the way in which the survey was undertaken - it was

mailed to 1900 households, and the response rate was abour 30%.) Although this study does

not give us the WTP figures which we would ideally like. it does scem to olfer a pamnmlly
uscl'ul methodology which could be replicared.

1'-Jiullu.rfzs attached to avoiding chronic bronchiris have been assessed directly in the USA. Viscusi

et al (1991) esimated WTP 1o avoid a 1/100,000 risk of chronic bronchitis o be about $9 -

implying aggregate WTP of abour $0.9m 10 avoid one case (see box below). Chronic bronchitis

is primarily a disease of smokers. This study used a sample of people in a shopping mall with
varying smoking histories, including non-smokers who are not ar significant risk of developing

chronic bronchius.  However, there is no a priori reason o suppose that non-smokers:

7
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Adjustment factors
Age and impaired health state{reduced life expectancy and quality of life)

7.28 We have suggested adjustment factors for age and the impact of those affected already having

an impaired health state for reasons other than air pollution. There is empirical evidence on
the effect of age on WTP to reduce the risk of death. This shows a decline with age after middle
age, perhaps in pant because people are starting 1o accept the inevitable and may wish to make
bequests to their children. Impaired health state can be regarded as a combination of reduced
life expectancy and lower health-related quality of life. We expect reduced life expectancy 10
reduce WTP on theoretical grounds but it is unclear by how much. Theory and the
relationship of WTP with age suggest WTP is unlikely 1o drop more than in proportion to life-
expectancy. To adjust for both age and life expectancy may involve some degree of double-
counting but the effect of age is not just about life expectancy and those in an impaired health
stare have an exra reduction in life expectancy below the average for their age. There is even
less information on the expected impact of quality of life - apart from very severe health states
being regarded as being as bad as death where WTP would be expected to be extremely low
and a limited study showing WTP increased with increased quality of life (paragraph 4.78).
Given the limited evidence, we have suggested the use of quality of life measures to scale down
the expected WTE We discuss this further in paragraph 7.35.

Baseline bevel of risk

7.20%We considered thar the baseline level of risk from air pollution in the general elderly
population was typically not so high as to require an adjustment to our baseline pollution VPE
However, this might need to be reconsidered once evidence is available on the level of risk in
susceptible groups such as the elderly with advanced disease.

Aceeptability of adjustments for wealth/income and other factors

7.30 Higher wealth or income is expected to lead to higher WTE  Therelore, in theory, an

adjustment could be made if the group alfected had an income significantly different from the
average. However, this is one of the areas where it is generally thought appropriate that the
principle that policies should not discriminate against the poor should override individual
views which are alfected by income. Uniform values of salety based on a representative sample
of the population would usually be used. Therefore, we do not propose an adjustment factor
for income. We recognise that similar arguments could be applied o some of the other
adjustments [actors e.g., if the young are cavalier about risks should this be acknowledged or
overmidden when developing policies? If people regard gains in life expectancy as less important
when their quality of hie is already poor, should this be overidden to ensure the most help goes
to the weak? There is not such a clear consensus on - or much evidence about - these other
factors. More generally, our approach is based on individual WTP and society as a whole may
wish to allocate resources difierently on grounds of altruism or equity. These wider concems
may be taken into account separately as part of overall policy development. We have set out
our adjustment factors clearly so that they can be included or excluded as required.

Discount rate

7.31 Discount rates reflect the fact that a beneliv some time in the furure is less valuable 10 people

than an immediate benelit. Discount rate adjustment of the baseline VPF does not, therefore,
apply w acute monality - where effects are immediate - but would apply when there is a lag
to the effect (e.g. chronic effects). (This discounting for lag from current exposure to effect is
a separate point from the discounting for exposures in furure years which would be part of a
full cost-benelit analysis).  We considered that valuing future safery benefits should only
involve discounting at the pure time preference rate for wiility.  The Treasury’s “Green Book™
suggests that a plausible long term value of the pure time preference rate for utility would be
around 1% per year Sensitivity analysis could also be done using a discount rate of 6% per
year (the public seefor discount rate).
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745

We recognise that this is a very approximate calcularion inferred from evidence which was not
intended 1o derive quality of life changes from the effect of air pollution and only gives par of
the picture. We reiterate the need for the further work on quality of life mentioned above in

paragraph 7.17.

Willingmess fo peay studies

T.46

747

748

7.49

7.50

Tol

There are a few WTP studies available for respiratory outcomes, mainly from the US. However,
there are no WTP studies available for a respiratory hospital admission - the only morbidity
outcome quantified in the COMEAP report. 'We note that such a study is underway in Europe
but the resulis will not be available in time to use in this repor.

Although it is obviously preferable ro have empirical studies available, we considered whether
it would be possible to give a rough estimate inferred indirectly from other studies in the
interim. One option was to use the suggested rule of thumb (based on US data) of multplying
the cost of illness by two. We were concemned that this might not apply to UK healthcare cost
data and also thar it would vary substanrially by disease. Thus, although this could be used as
a rough check that answers were in the right order of magnitude, we considered it best to
pursue other indirect methods.

Another proposed indirect method is to use a regression equation relating WTP to quality of
well-being (QWB) scores, although this too has its uncerainties. We noted some af the
difficulties in selecting an appropriate symptom complex score and the lack of a smooth
distribution of QWB scores from 0 - 1 in Chapter 6. In addition, the equation is based on more
minor effects and there may be inaccuracies in extending it to apply to more serious effects
such as respiratory hospital admissions. The QWB scores were not based on empirical
evidence and it would be preferable, in the UK, 1o consider EQSD scores instead. Although
there clearly is a cormelation, the relationship between WTP and quality of life has not been
investigated directly to any extent. This would obviously be helpful and applicable more wicdely

than to the air pollution context alone.

To use the above startistical relationship requires a QWB score for the change in quality of life
due 1o a respiratory hospital admission. No empirical evidence on this change was available,
We lack information on quality of life using the same scoring system before, during and after
hospital admission. However, using a combination of empirical evidence on COPD outpatients
(QYWB score 0.6 (£ 15D 0.5 - 0.7)) and a theoretically predicted QWB score during a hospital
admission of 0.47, we estimated the WTP to avoid a hospital admission lasting B-14 days as
£170 - £735. This is less than the NHS costs and not double (£2,800 - £5,000) as would be
suggested by the rule of thumb described in 7.47.

Most inferred values for WTP to avoid a respiratory hospital admission in the literature are
based on this rule of thumb adjustment to United States cost of illness data.  This leads o
higher values (L9380 (Maddison et al, 1996); 6,600 ECU (£4,500) (European Commission,
1995); $14,000 (L8.600) (Ostro and Chestinut, 1998)) than we have suggested here. This is
partly due to the high healthcare costs in the US but also because of the difference in analytical
approach. We have based our approach on that used in a paper submitted 1o the World Bank
(Maddison et al, 1997) although the figure given in this paper ($4732 (£2,900)) is higher than
our figure. We have taken into account the shift in quality of life on admission to hospital
rather than the absolute quality of life score during a hospital stay and this may account for our
lower figure.

We suggest thar cardiovascular admissions might be valued similarly 1o respiratory hospiral
admissions. Length of stay and shift in quality of life could be smaller or larger than for
respiratory hospital admissions depending on the type of effect on heart disease. This is
currently insufficiently understood. There is some evidence of an effect of air pollution on
strokes - avoiding this would be valued more highly since large shifts in quality of life and
extended lengths of gftaf in hospital are possible.
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