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-t.-Introduction: Motivation and development of the study

The original main objective of this study was to test the applicability and usefulness of the

HEATCO guidelines with concrete transport infrastructure projects that are being or have

been analysed by the EIB. The results of these applications are used to analyse the
practicability of the methodology, the problems associated with uncertainties and - based on
these findings - to propose changes in the methodology if necessary.

One goal was therefore to get accustomed to the general framework and principles of the
RAILPAG guidelines, but especially to concrete applications for the evaluation of

investments in the rail transport sector, and how it is actually taken into practice for EIB
project evaluations. This includes an inventory of effects quantitatively or qualitatively taken
into account. It also represents a basis for a comparison with the final results of the

HEATCO project and an identification of potential overlaps and gaps. A second goal was
also an exchange of information between EIB project managers and their experience in
project appraisal and the experiences of HEATCO including the case studies. Furthermore

some concrete representative case studies from different countries for the analysis of the
guidelines have been examined, and in the end one of them selected for a comprehensive
re-evaluation.

Along with the study, accompanied by a detailed dialogue and exchange of experience and
knowledge with the tutors as well as further practitioner experts in project appraisal at the
European Investment Bank, it emerged that the research subjects on the monetary
valuation of different effects caused by transport should be focused on some issues which
are of high importance in more detail, whereas some other valuation questions, though also

important, would need a special examination of their own. Therefore, it was decided that e.
g. the valuation of traffic noise, of the value of time, or the interference to landscape could

not be dealt with in particular. Since some thoughts and calculations on the value of time
have already been started, it was decided to keep them as an excursus at the end of
Chapter 2.

On the other side, the evaluation of effects on human health, both fatal and non-fatal ones,
has proved crucial for the overall results on external effects. Especially the monetary
valuation of mortality impacts has been the dominant parameter in the assessment of

external costs from all activities causing external effects - energy conversion, road, rail and
airborne transport but also other industrial activities. This insight has been gathered by the

author, in co-operation with other experts of the ExternE project team, from thirteen years of
experience working on this subject. Thus, this parameter also plays a dominant role for the
acceptance of results on external costs - as policy supporting information for stakeholders,

policy makers, but also for the public opinion. It has to be mentioned that some people, even
academic persons, who are not familiar with these evaluation methods still react in a
reluctant way towards the evaluation of "lives lost" in monetary terms.

During earlier phases of the ExternE project on external costs of energy and transport, it
was suggested that the most appropriate methodology for the valuation of mortality impacts
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to be followed and further elaborated is the newer approach of the 'Value of a Life Year'

(VOL V). Since no such studies on direct estimation of the willingness to pay for a life year

have been conducted in Europe before, two empirical studies have been carried out during

projects of the ExternE series from 2001 until 2007. This has been done to provide an
empirical basis for this most important single parameter in the accounting framework. The

results of the survey are applicable to the valuation of different risks to life - acute and

chronic effects as well as accidental risks.
During the time frame of one year scheduled for the work on this study, the situation has

arisen that the most important studies for this subject have become available (and especially
accessible to the public) relatively late - among them the report with the final results and
recommendations of the HEATCO study', but especially the results of the new contingent
valuation study on the value of a life year within the research project NEEDS2. However, this
new contingent valuation study has turned out to be of crucial relevance for the evaluation of

mortality since then, and it has been performed in an area of investigation consisting of nine
countries; therefore it can, also due to this fact, be regarded as more reliable and verified
than the studies existing before. On the other side, there are still some points of criticism to

be highlighted which will also be addressed in detail in this study. However, the monetary
values gained by this study are currently the present state of knowledge and will continue to
be for some time.

These circumstances turned the balance to set the focus of this study mainly on health
effects, and its structure in the way as it is on hand. The study is divided into two main

chapters:
The first part will - after a brief introduction of cost-benefit analysis within the paradigm of
welfare economics and the evaluation of non-market goods in general - explain the

approaches of the monetary valuation of health impacts. This starts with the necessity to
evaluate different health impacts differently and then explains the development and
progress of the economic valuation of the risks of death from early studies of the value of a

statistical life towards the evaluation of life years. Understanding the different steps and
milestones of this development is crucial for the actual state of knowledge, and therefore
especially an emphasis is put on the willingness-to-pay approach and the results of the

latest NEEDS study to be applied for actual valuation, but also on the experiences and
preliminary thoughts leading to that final step for the moment. However, also critical aspects
of the author with regard to the procedure are highlighted. Furthermore, the important

valuation issues and components of (non-fatal) morbidity impacts are explained as well.
In the second central part of the study, the application of the valuation of health risks

consistent with the NEEDS results for a typical case study - the modernisation and

electrification of a railway line - is shown. Compared to the original project appraisal, all
health risks due to accidents, but also acute and chronic effects of air pollutants are

calculated anew, based on the quantitative data of the original cost-benefit analysis and
applying ExternE-based factors recommended by HEATCO. Thereby, on the one hand the

Bickel et al. (2006) summarizing the main results, with some later minor updates.
Desaigues et al. (2007). This study is examined in detail in Sub-chapter 1.2.3.4.



Application of the ExternE/HEATCO methodology for the evaluation of projects 3

practical application of the HEATCO guidelines can be shown, and the use of forecast
transport and emission data with suitable input from the TREMOVE database is exemplified,

applicable in the same manner for all kinds of transport projects in Europe. On the other

hand, the example allows a comparison with an even more detailed site-specific calculation

of external effects arising from a point source of emissions, namely a power plant,

alternatively coal- or gas-fired to show a typical range of results. This power plant is
assumed to produce the complete electricity input for the operation of the electrified railway

line. This example shows the consistency of HEATCO results with site-specific results from
the software EcoSenseWeb developed at IER. In this software, the monetary values of all
fatal and non-fatal health impacts have been implemented that are explained in the first

main chapter. Finally, since the railway line investment consists of several components, the
attempt is made to split up the overall effect into three components: the electrification of the
line, the accident reduction by eliminating level crossings, and the remaining other steps of

modernisation, and to calculate the financial ratios of each component separately.
Therefore, it was consequently decided to concentrate also in this quantitative re-

assessment of the study on the health effects and keep the evaluation of the other cost and

benefit components unchanged. This enables a judgment how influential and critical the
evaluation of health effects is for the overall assessment of typical transport projects, and

whether they may decide about the pro and con of financing such a project. This can

especially be the case when internal rates of return are rather low and close to an economic
break-even, which is often a typical situation for long-distance and urban rail transport

projects, and the intangible effects on health and the environment are supposed to be the
decisive benefit (beside the time savings) in favour of such a rail project. The focus on this
question justifies the proceeding that the evaluation of other effects of transport is only
touched in a cursory and qualitative way.

The work tries to pinpoint how the typical effects of a transport investment, the increase in

transport volume as a whole, the substitution of different transport modes and the

substitution of diesel-driven by electric trains should be assessed using the latest
methodology and monetary values for health risks. Though this methodology shown and

applied to this specific transport case has sort of a prototype character, it can be further
standardized in order to be applied in a rapid and efficient way to all kinds of transport
projects.



4 Alexander Grefsrnann

1-1.



Application of the ExternE/HEATCO methodology for the evaluation of projects 5

1. Overview, examination, and future prospects of the methodology
in the main fields of health risks, traffic noise annoyance, travel
time, and further impacts

1.1. Overview: The general framework of welfare economics

For all economic decisions carried out by private or public decision makers, all costs that are

a consequence of these decisions have to be taken into account. This means, that external
costs should be internalised or a private or public cost-benefit analysis should be made for a

project to be financed. Only this way a rational decision base can be created from an ex-
ante perspective, i. e. for answering the question, whether an investment is beneficial to
society or not.

~1.1.1. Cost-benefit analysis and consumer sovereignty

The effects to be evaluated are in the end changes of utility for individuals that have to be
aggregated in an appropriate manner. Therefore for this type of analysis the underlying

paradigm of welfare economics is applied that assumes that individuals or private
households are generally the best judges of their preferences and thus of their welfare.
"Stated more carefully, the assumption in welfare economics is that within the constraints

imposed on them by their incomes and by market prices, people's market choices are made
in their best interest ...".3 This implies that people are able to make all their decisions, i.e. to

choose all their amounts of consumption goods and saving within these constraints in a way

that their individual utility is maximised, that means that their necessities are satisfied in an
optimal way. Thus, wherever possible, the preferences of the population have to be
measured, e. g. the affected individuals are to be asked for their willingness to payor

willingness to accept, rather than the preferences or judgments of political decision-makers.
This assumes that the population is well-informed, i.e. the relevant and available information
should be explained to them before measuring preferences.

Evaluation concepts that refer to the individual valuation of customers or persons affected
are categorised as non-authoritarian. In contrast to that, authoritarian valuation techniques

take the valuations of public decision-makers and estimate the duty of payment taken as
essential for political reasons, e.g. for projects improving the environment, regardless of the
preferences of users. Authoritarian techniques shall only be taken as a substitute for non-
authoritarian techniques when the latter are not available."

4
Feenberg and Mills (1980), pp. 14 f.
The use of authoritarian evaluation has often been substantiated in the past discussion if "merit" or
"demerit" goods are claimed to exist. However, in the case of externalities (see chapter 1.1.4) it is better
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1.1.2. The ExternE methodology and the Impact Pathway Approach

The impact pathway approach - and coming along with this approach, the EcoSense model,
an integrated software tool for environmental impact pathway assessment - was developed

within several phases of the so-called ExternE project series5 since the early 1990s and
represents its core. Impact pathway assessment is a bottom-up-approach in which

environmental benefits and costs are estimated by following the pathway from source

emissions via quality changes of air, soil and water to physical impacts, before being
expressed in monetary benefits and costs. The use of such a detailed bottom-up

methodology - in contrast to earlier top-down approaches" - is necessary, as external costs
are highly site-dependent and as marginal (and not average) costs have to be calculated.
An illustration of the main steps of the impact pathway methodology applied to the

consequences of pollutant emissions is shown in Figure 1.1.

SOURCE
(specification of site and technology)

~emission
(e.g., kg/yr of particulates)

!
DISPERSION

(e .g. atmospheric dispersion model)

~increase in concentration
at receptor sites

(e .g., udm> of particulates
in alf affected regions)

I,
DOSE-RESPONSE FUNCTION ...•

(or concentration-response function) ;:-----------~~impact
(e .g., cases of asth.ma due to ambient

concentration of particulates)

Dose-
Response
Function

DOSE

MONETARYVAlUA liON
- - ~Cost - -

(e .g. cost of asthma)

Figure 1.1: The Impact Pathway Approach: Principal steps for the example of air

pollution

to talk about goods with positive or negative externalities instead of merit or demerit goods.
See for more detailed information the website www.externe.info or the latest ExternE methodology
report (European Commission 2005a).
The early empirical studies on the external costs of energy, such as Hohmeyer (1989) for Germany and
Ottinger et al. (1990) for the USA, generally known as the "PACE study", used this topdown approach.

6

http://www.externe.info
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The principal steps of the impact pathway approach can be classified as follows:

• Emission: Specification of relevant technologies and pollutants, e.g. kg of NOx (nitrogen

oxides) per GWh emitted by a power plant at a specific site (or alternatively, kg of a

certain pollutant per passenger kilometre or ton kilometre of a specified means of
transportation)

• Dispersion: Calculation of increased pollutant concentrations in all affected regions, e.g.

incremental concentration of 03 (ozone), using models of atmospheric dispersion and
chemistry for ozone formation due to NOx;

• Impact: Calculation of the cumulated exposure from the increased concentration,

followed by the calculation of impacts (in physical units) from this exposure using an
exposure-response function, e.g. cases of asthma due to this increase in 03;

• Cost: Valuation of the impacts in monetary terms, e.g. multiplication by the monetary
value of a case of asthma.

The impacts and damage costs attributed to an (additional) activity or project thus results
from the difference of the impacts of a scenario with this activity and another baseline
scenario without the activity. Therefore the calculation of the impact pathway approach has
to be made twice - with and without the project or activity.

In this context we deal with marginal (or rather incremental) costs - these are not strictly

marginal in terms of infinitesimal calculus but rather refer to the additional costs of an
additional (discrete) unit.

1.1.3. The problem of non-market goods

The last step of the impact pathway approach is to value the impacts in monetary terms.
The most crucial problem of this step is to find suitable prices for the evaluation of the

several damages and losses. Only in limited cases the values of goods and services

damaged can be taken from existing market prices, such as e.g. the loss of agricultural
crops or damages on materials, e.g. on buildings. Moreover, even in this "simple" case of

reduced crop yield by air pollutants, it is far from trivial which prices to take - ideally, world
market prices should be preferred to regional ones such as prices within the European
Union, because they are not distorted by subsidies. This prepares no difficulty for such

products where there is in fact a world-wide trading of considerable importance (wheat,
barley). But on the other hand, some crops have primarily a regional consequence (rye), or
their quality varies considerably from one country or region to another (wine, grapes), or

they are only in exceptional cases traded on markets but primarily serving as internal inputs
for agricultural production (silage, fodder beet). So, the selection which suitable prices to
take has to be decided specifically from case to case.

In most of the impacts, however, there are no real market prices because the effects to be
valued refer to public goods (the natural environment) and represent "intangible" costs

(effects on human health). In these situations, the fundament of the valuation is, based on

two concepts developed in economic welfare theory, either the individual's willingness to pay
(WTP) for a reduction of a pollutant or damage or the willingness to accept (WTP) the
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increase.

Non-market valuation describes the idea that a number of welfare components in the
valuation of external costs or any project appraisals do not have the value of that welfare
expressed in a market price. In many cases this is due to characteristics of a public good

that leads to market failure in a sense that individuals are not free to vary independently the
level of the services they consume? Thus, non-market valuation techniques are necessary
to estimate monetary values of welfare changes in consumption e.g. of environmental

services. Other examples include the welfare effects of changes in pollution on human
health. In neither case is the good or service traded in a market but it is recognised that

there is a welfare change. Therefore non-market valuation techniques have to be adopted to

measure the size of the welfare changes.
There are several classifications of non-market valuation methods according to the origin or

source of the data analysed. Although in earlier literature the differentiation between direct
and indirect valuation methods has often been used synonymously to the one of stated and
revealed preference methods, newer classifications allow further combinations, also of

stated preference with indirect valuation methods (see Figure 1.2).

Valuation methods for non-market goods (especially health risks)

Revealed Preference (RP) Stated Preference (SP)
surveys (about future ofbehaviour (shown in the past) behaviour)

1 I 1
Indirect valuation Direct valuation

assesses costs or efforts that can • Contingent Valuation
be linked to the non-market good Method (CVM)

•Hedonic Price Method •Attribute Based Choice
•Averting Behavior Method Modeling (ABCM)
•Travel Cost Method
•Contingent Behavior Method •Participatory approaches
•Past behaviour of public
decision makers •Surveys for preferences of

I
public decision makers

I

Figure 1.2: Systematics of valuation methods for non-market goods (following the

description of Ahlheim and Fror 2003)

Such a classification is also applicable to the special case of the evaluation of human health
risks, therefore these valuation methods will appear again within examples in Chapter 1.2.
For studies about the values of a statistical life, both indirect and direct valuation methods

See e. g. Freeman (2003).
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have been applied; however values of a life year lost have been especially gathered by
using the contingent valuation method.

1.1.4. The existence of external effects

External effects or externalities are generally present if, caused by any activity of a

participant in the economy (that can be the production but also the consumption of goods),
positive or negative influences affect other people without being adequately represented in
market prices. So these influences occur outside of the market.

The basic idea of the methodology of monetising and internalising external effects is to
quantify all external effects, to express them in monetary values and then to internalise
them, that means to add them to the internal costs of the alternatives.

Cost-benefit analysis is a technique for comparatively assessing the (monetised) costs and
benefits of a project or any other activity over a relevant time period. The technique has its
origins in economic feasibility studies of public infrastructure projects, its use has grown

concurrently with the increase since the 1970s in laws and regulations to protect health,
safety, and environmental values, and is especially applied for project appraisals, but also

for the assessment of larger measures and directives to protect the environment and human

health. To use cost-benefit analysis in evaluating the merits of public actions requires
translation of positive and negative effects to a common monetary measure.

Some motivations for calculating external costs are declared in the following treaties: The

Treaty of Amsterdam, agreed by the European Union's political leaders in 1997 and entering
into force in 1999 for the European Union, includes in its Article 175 the declaration of intent:

"In preparing its policy on the environment, the Community shall take account of the
potential benefits and costs of action or lack of action". Also the Gbteborg European Council
realised in June 2001: "Getting prices right" so that they better reflect the true costs to

society of different activities would provide a better incentive for consumers and producers
in everyday decisions about which goods and services to make or buy."

1.2. Monetary valuation of health impacts

1.2.1 Adequate evaluation of different types of fatal health risks (accidents, acute and
chronic mortality)

One problem identified in several empirical studies that evaluate the impacts of significant
economic activities, especially in the energy, transport and industrial sector, or the
comparison of alternative projects, reveal that human health damages play an important
part, in most cases even the most relevant part of all external effects in quantitative terms. A
consistent evaluation of different effects in a common unit of measurement, however, is

inevitable for the specification of rational decisions. Although this unit of measurement

theoretically might also consist of a dimensionless points rationing scheme, within the
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framework of cost-benefit analysis monetary units are applied because they have significant

advantages, e.g. a better clearness, interpretability and fundamental comparability

independent of the particular situation.
Health damages in principle consist of ex-ante risks to the life and limb of humans, this

contains mortality and morbidity risks. Mortality impacts are defined as all health impacts
that lead to an (immediate or delayed) reduction in life expectancy, whereas all acute or

chronic, i.e. reversible or irreversible, effects on health that do not affect life expectancy are

subsumed as morbidity effects.
Within the ExternE project series, the impact pathways for which exposure-response

functions for mortality and morbidity risks on human health have been identified and applied
according to the status quo" are shown in Table 1.1:

Table 1.1: Impact pathways and concentration response functions of health
effects included in the analysis

Impact Category Pollutant I Burden Effects

Human Health - Primary and secondary PM2.Sa
) Reduction in life expectancy - chronic years of life

mortality lost, (adults 30 and above)

031 SOM035b) I Reduction in life expectancy - acute years of life lost

Primary and secondary PM1Qc) Cases of infant mortality (age 1 month to 1 year)

Cd, As, Ni, Cr, Cr-VI, Cancers
Formaldehyde, Dioxin'"

Accident risk Fatality risk from traffic and workplace accidents

Human Health - Primary and secondary PM10C
) New cases of chronic bronchitis (adults 27 and above)

morbidity Respiratory hospital admissions (all ages)

Cardiac hospital admissions (all ages)

Medication use 1bronchodilator use (children 5-14 and
asthmatics 20 and above)

Lower respiratory symptoms (symptomatic adults and
children 5-14)

Primary and secondary PM2Sa) Work loss days (adults 15-64)

Minor restricted activity days (adults 18-64)

Net restricted activity days (all ages)

031 SOM035b) Respiratory hospital admissions (elderly people 65
and above)

Minor restricted activity days (adults 18 to 64)

Medication use 1 bronchodilator use (asthmatics 20
and above)

Cough days (children 5 to 14)

Lower respiratory symptoms excluding cough (children
5 to 14)

Cd, As, Ni, Cr, Cr-VI, Cancers (non-fatal)

The actual status quo is the one of the year 2008 according to the latest results and decisions of the
NEEDS project which concentration response functions to use (Torfs et al. 2007). This has been taken
into respect for the case study results of Chapter 2; see also Annex B of this study.
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Formaldehyde, Dioxin"

Human Health -
morbidity
(continued) PM10 Cerebro-vascular hospital admissions

Cases of chronic bronchitis
Cases of chronic cough in children
Cough in asthmatics
Lower respiratory symptoms

Pb,Hg Neurotoxicity (decrease IQ)

Accident risk Risk of major and minor injuries from traffic and
workplace accidents

a) Particles with an aerodynamic diameter < 2.5 urn, including secondary particles (sulphate and nitrate
aerosols)

b) Sum over means over 35 ppb ozone concentration
c) Particles with an aerodynamic diameter < 10 urn, including secondary particles (sulphate and nitrate

aerosols)
d) All these pollutants are in the context of the EcoSenseWeb software aggregated as "micro pollutants",

see also Table 2.12.
Source: concentrated from Torfs et al. (2007), pp. 31 f.

Regarding the three main types of mortality risks, it becomes obvious that different types of

mortality risks affect in average a different structure of population and age groups, and
therefore the average amount of years of life lost is significantly different.
The reduction in life expectancy caused by the primary and secondary pollutants PM2.5 and

PM1Q,(the first category being a subset included in the latter) represents mainly "chronic
mortality" with the assumption of a latency period between exposure and death. Note that
the emissions of the primary pollutants S02 and NOx are indeed relevant for the damages,

however (according to present state of science) no immediate concentration response
functions are used that are linked to these pollutants. However, S02 and NOx emissions and
background concentrations are significant input data for the development of secondary
particles, i. e. sulphate and nitrate aerosols.

For the secondary pollutant ozone, moreover, there is a dose-response function for acute
mortality as well, i.e. an immediate incidence of deaths due to an increase in ozone

concentration. This is described by the relationship of a 0.3 % increase in all-cause mortality
per 10 IJg/m3 increase in the daily maximum 8-hour mean 03 equation."

It has to be emphasized that such an effect on acute mortality only affects people with old
age and serious co-morbidities whose further life-expectancy without the peak of ozone

concentration would already have been significantly reduced, probably in the range of

several weeks or months. Since there are no more accurate estimations available about the
average lifetime lost, for the evaluation 6 months per death on average are assumed.

By now, experts of epidemiology have agreed that these acute mortality effects of PM1Qare

already included in the long-term (panel) studies that are the basis for the exposure-

9
European Commission (2005a), p. 91. This exposure-response function has been derived by a WHO
meta-analysis done by Anderson et al. (2004).
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response functions for chronic mortality, therefore these acute effects have implicitly been

taken into respect within the impacts on chronic mortality and do not have to be assessed in

addition. In contrast, this is not the case for acute impacts caused by ozone; here additional
acute mortality effects are still observable.

-h2.41.2.2 The "value of a statistical life" and its limitations

In earlier phases of the ExternE study, all types of "additional deaths" i. e. accidents but also

acute mortality impacts of PM10 have been examined and evaluated with a value of a
statistical life (VSL) of 2.6 Mio. ECU.10 This value has been found as an average gathered

by a meta-analysis of a variety of U.S. and European studies available at that time

estimating the VSL from wage-risk studies, behaviour towards risks revealed on other
markets 11, and contingent valuation studies.

Studies that estimate the value of statistical life have started in the English-speaking science
community in the mid of the 1970s, the first ones done by Thaler and Rosen (1975) and
several done by R. S. Smith. Later, most of them have been based on a basic decision-

theoretic model postulated by Weinstein et al.12 or used similar models with slightly changed
assumptions. This basic model of Weinstein et al. assumed a special shape of an expected

utility function u(L, y) with L a random dummy variable than can take the value 1 (life) or 0

(death) and y as assets. From that under certain formal assumptions of this utility function
features of the marginal rate of substitution of risk and assets can be gathered. One is that

the marginal compensation of risk increases with income, the second that it also increases

with the increasing initial level of risk. However, only the first feature, the positive
dependency with income, has really become observable in reality.

In the original model, bequest motivations are not taken into respect in the model. However,
since in reality it is obvious that such a motivation is existent, this can be included in the
utility function, e. g .: by including the utility of the own offspring in one's own utility function.

This motivation has two components, a merely altruistic, and a strategic one. The motivation
is then entitled strategic when the intention to bequeath one's assets is connected with a
service in return, e. g. help in case of becoming high-maintenance, or more general with

exerting influence on the behaviour of the person(s) to be benefited. The tendency of
altruism generally decreases with increasing distance to other persons. However, bequest
motivation does also exist without an existing personal relationship. Often people willingly

bequeath a considerable share of their fortune as earmarked to charitable and non-
commercial purposes or establish a foundation of their own, where the testator can fix the

purpose of use of his fortune for the future. Even in this case, the motivation may contain

10 ECU = European Currency Unit (in 1999 converted to Euro). The studies having used this VSL
evaluation have been the ExtemE (1995) volumes 1 to 6, seehttp://www.exteme.info/publications.hhll
One of the first studies regarding a market other than labour has been the one of Atkinson and
Halvorsen (1990). They derived a VSL based on the automobile market, setting up a statistical
relationship between price differences for cars and differences in fatal accidents. However, influences
of several correlated variables make such a calculation doubtful.
See the original article of Weinstein, Shepard and Pliskin (1980), also depicted more descriptively by
Breyer and Zweifel (1999).

11

12

http://seehttp://www.exteme.info/publications.hhll
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both an altruistic and a strategic motivation, e. g. gaining remembrance or fame beyond
one's own death.

To which extent altruistic or strategic motivation can be included or is already included in

specific observable values of a statistical life is not clear in discussion. Anyway, the average

VSL value used within earlier ExternE studies resulted of a wide range of values from single

studies dealing with very peculiar real or hypothetical decision situations. An overview with

very critical arguments and caveats on studies of the values of statistical life in general, but
wage-risk studies in particular before 1990 has been given in an article by Dickens -

especially he criticizes some of the underlying assumptions about human behaviour as out

of touch with reality." Another overview on VSL studies up to that time with an attempt to
find out the most reliable studies can be gained from a meta-analysis of Miller."

This situation during the ExternE publications of 1995 was the motive to search for a more
adequate valuation of such death risks where the remaining lifetime is very short. See that
mortality risks due to public and occupational accidents 15 have been evaluated with the

same value of a statistical life as the acute mortality effects due to the airborne emissions of
electricity generation by fossil fuels. This has been a severe point of objection on a fair

comparison of the external costs of fossil, nuclear, and renewable fuel cycles, if mortality
risks of a typically different nature are not treated adequately in monetary terms.

Going back to the mortality impacts shown in Table 1.1, there are two other "typical" types of

mortality risks due to the environmental impacts of activities associated with energy,
transport, and other industrial activities: the chronic fatal health effects due to air pollution
(primarily cardiopulmonary), and the cases of additional cancer. For both types of mortality it

can be identified that the average lifetime lost linked to chronic mortality or cancer is
significantly higher than for acute mortality per case of death, but still much lower than for

accidents. This is mainly due to the time-lag (latency period) between the exposure and the
death that can amount to 15, 20 or even more years.

During a later phase of the ExternE project named Externfi-Pot", also a dose-response
function for neo-natal infant mortality (i.e. between the ages of one month and one year) has

been identified. A relationship of a 4 % increase in all-cause infant mortality per 10 I-Ig/m3

PM10 outdoor concentration is estimated." In this particular case the life years lost per death

case are the highest, namely approximately the average life expectancy. For an adequate
evaluation of these cases and their relevance within a typical application we come back in

13
See Dickens (1990). Note that Dickens refers to the unrealistic assumptions of these VSL studies by
using the provoking title "Assuming the can opener".
See Miller (1990). Also Miller used a pictorial headline speaking of "red herrings among the mackerel"
within the variety of results from VSL studies available up to then.
Accidents are called occupational if the victims are people employed within one of the processes under
examination, e.g. workers in a coal mine, an oil platform, bus or lorry drivers, electricians installing
photovoltaic cells on a roof, etc. If third people are affected by an accident (e.g. the resident population
due to a nuclear accident, a dam break or an explosion), the accident is categorized as public. The same
holds for (approved) occupational diseases such as silicosis.
This study has been performed from 2002 to 2004, see the description and reports at
http://www.exteme.info/exterpol.html
European Commission (2005a), p. 91. This exposure-response function has been derived by a cohort
study of 4 million infants in the USA by Woodruff, Grillo and Schoendorf (1997).

14
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the case study showing site-specific results of pollutant emissions (Chapter 2.1.2.).

As the most significant contribution to health risks the chronic fatal health risks have been

identified; therefore the main focus here is on this type of risks. In this narrower definition as
used within the ExternE framework these chronic health risks do not include cancers;
cancers also show a considerable time of latency between exposure and effect but are

different with regard to the time structure of latency and course of disease.
The epidemiological basis of this relationship is constituted by several long-term cohort
studies in the United States. Cohort studies analyse the survival of a cohort of individuals

over a longer period of years and correlate it with individual exposure to air pollution. The
main studies with the largest population under examination (half a million individuals) are
those by Pope et a1.18. First results have been published in 1995, and after the continuation

of the study with an extended time frame, new updated results have been published in 2002
that have been based on an observation period of 16 years."

Therefore, this source of Pope et al. (2002) is still the main concentration response function.
The essence is that the mortality risk increases in relative terms by the factor 1.04 to 1.06
due to an increment of 10 I-Im of PM2.5. The two factors represent different assumptions

about the relevant exposure period. Therefore, the average relative risk of 1.05 is used for

the ExternE studies.
For cancer cases (caused by transport emissions and radio-active substances), the time

structure of latency and course of disease is different to other cases of chronic mortality.
The following Table 1.2 shows those types of cancer where dose-response functions of

pollutants have been identified.

Table 1.2: Types of cancer (non-radioactive causes) and estimations of latency

and years of life lost

Cancer types leukaemia lung cancer stomach nasal cancer
cancer

causative pollutants benzene, PAHs, ethylene oxide formaldehyde
butadiene diesel

particulates

latency in years
I

8 15 15 20

"

Years of life lost 22 16 15 14

Source: European Commission (1999a), p. 252.

The monetary values due to a fatal cancer case have been calculated based on these
factors and underlying mortality and population data, and an additional value for both cost of

18 See Pope et al. (1995) and Pope et al. (2002).
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illness and the intangible costs for the period of pain and sufferinq." For cancer cases due
to radioactivity, also leukaemia and other cancers can be distinguished due to their deviating
characteristics with regard to latency and life years lost. Comparing estimations for latency

and years of life lost, it was decided to use the same values per average (non-leukaemia)
cancer case due to radioactivity as for lung cancer.

Within the actual stage of application of the EcoSenseWeb software, cancers caused by

micro-pollutants such as heavy metals are evaluated using DAL Ys (disability-adjusted life
years). This is shown in more detail in the chapter of the case study results, especially the
site-specific calculations of Chapter 2.1.2.

Going back to the general problem of the specific evaluation of mortality risks, there are two
potential ways to deal with the factor of average lifetime on values of a life lost. One way is

to look for and examine empirical evidence on a dependent relationship of VSL values with
age. The next one (to be explained in detail in the following Chapter 1.2.3) will be to change
the view from a death risk as such to the unit of lifetime lost attached to fatal health risks.

It has been stated by Pearce and Crowards - also in connection of having to evaluate
emission-related mortality damages - that "empirical work on the age-value of statistical life
issue is very limited,,21 - this judgment chiefly refers to several older research done by

Jones-Lee. A more recent study by Aldy and Viscusi22 also deals with the age-dependency
of the VSL and finds out - in accordance with earlier studies available - an inversely U-
shaped relationship of the VSL over the working life. However, this study concentrates on

wage-risk studies and - as well as all wage-risk studies - has the restricted angle of view
making statements on those time spans of life only in which the population under
consideration is gainfully employed." Such age-dependent results gained by wage-risk

studies may therefore originate from the structural characteristics of the labour market with
regard to its interdependency of abilities, qualifications and skills, the age of employees, and
the relative scarcity of specialist workers.

The only wage-risk VSL study performed for Germany by Spengle~4, that thus filled an

empirical as well as a methodological gap, had an interesting reference to applications,
namely the estimation of costs of crime, especially with physical injury. However, this is also
of relevance in a field of cost-benefit analysis, namely for investments in safety or social

programs. Spengler is the first to use and match all available labour market and accident

19

20
See European Commission (2005a), pp. 87 f.
These monetary values shown in European Commission (1999a), p. 252 are not explained here, because
the calculation performed at this time is no longer consistent with the present state of knowledge with
regard to the value of a life year.
Pearce and Crowards (1999), p. 133
Aldy and Viscusi (2004). In the conclusion this paper confirms (p. 33): "There is an inverted U-shaped
relationship with a fairly flat upper tail in our sample. Individuals make decisions over risk and income
that clearly indicates that the value of their life varies with age, but the relationship is rot a simple one."
Aldy and Viscusi (2004, p. 4) also state: "The failure of labor market evidence to resolve the age
variation issue may stem in part from data limitations." The aspect of a generally limited explanatory
power of the labor market for the questions under examination will be further highlighted in the
following.
The original Ph.D. study of Spengler (2004) also estimated causes and determinants of crime, but one
substantial part was the VSL study by wage risk study. In an updated work (aso published in English by
Spengler and Schaffner 2007) the focus was especially on cases of job changes.

21

22

23

24
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statistics for Germany and to compare results using cross-section data (from one single

year or the mean of five years) with a longitudinal section or panel analysis. Especially the

results of the studies made by Spengler show clearly that the application of wage-risk

studies for gaining VSL values have come to a limit. On the one hand, results show that
distinguishable and therefore relevant risk differences for individual job or job change

decisions only exist in the sub-group of male workers, but neither within white-collar

employees nor within female workers. Therefore a statement about the VSL can only be
made for this population sub-group that is restricted to a certain age and professional

category. Furthermore, only accidents can be taken into respect, but not chronic labour-
caused diseases (such as pneumoconiosis), because there is a considerable time lag
between the labour wage data and the time of occurrence (notification or approval of

disease or entry of death). This especially causes problems for using panel data.
Therefore such wage risk studies may be biased: For a worker the risk of fatal (or non-fatal)
work-related disease might be an equal or even more important factor than the risk of

accidents for influencing job decisions, because accident risks are from a subjective point of
view to a certain extent capable of being influenced by cautious behaviour, the risks of
chronic diseases caused by long-year inevitable exposition to pollutants are not. Another

limitation of the force of expression of wage-risk studies is that data refer to the past: In the
study of 2004, the maximum period from which data could be analysed stretches out to the

years from 1985 to 1995. Within the labour market, fundamental processes of change have
occurred during the past twenty years. One trend has been identified and interpreted in a
plausible way by Spengler: Fatal labour accident risks have continually declined, to be

explained by improvement of safety standards or technical progress leading to the
substitution of mechanic by machine- and computer supported work routines. Therefore
absolute risk differences between different job categories have decreased, risk differentials

among the job groups have not decreased proportionally within this time, therefore the VSL
from cross-section data of single years or five-year averages increases with time. Spengler

concedes the awareness that "further proceeding progress of improving safety standards at
work can further impede the identification of compensatory wage differentials in future
empirical studies,,25. Besides that, a principle objection remains that Viscusi and Aldy

concede in their overview on existing studies: "While policy makers have relied on VSL
estimates to an increasing degree in their benefit assessments ... matching these values to
the pertinent population at risk is often problematic, particularly for people at the extreme

ends of the age distributions=".
Aldy and Viscusi also performed updated research for the potential age and cohort effects

on the VSL27. Since these studies are also restricted to the labor market, they do not seem

to bring fundamentally new insights. Aldy and Viscusi conclude: "The implicit valuations of
risk revealed through labor market decisions resolve some, but not all, outstanding issues.

First, it is clear that VSL does vary with age. The labor market VSL increases with age,

25

26

27

Spengler (2004), p. 128 (translated from German by the author)
Viscusi and Aldy (2003), p. 7.
See Aldy and Viscusi (2007) and further recent studies of these two authors quoted there.
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peaks in mid-life, and subsequently declines.':" In the end, the authors also concede:

"Pinpointing the VSL at different ages will require further research, including evidence other
than market-based revealed preference studies.,,29 This insight seems to address a crucial

problem: Certainly labor market data on risk premiums show some specific patterns due to

age and cohorts. However, it is not clear whether these patterns have to do with age-
specific individual risk behaviour (that is the real essence of interest here), or whether they

are rather due to the fact that the employment of several labor activities and operations
(even within the "homogeneous" work categories used for the regression analysis) and their
associated risks change with age in some typical manner.

A recent study done by Alberini has examined four VSL studies and comes to some different
results, especially the conclusion "... that claims about the shape of the relationship
between WTP and certain covariates of interest (e.g. age) may no longer be valid when

alternative distributional assumptions are made, alternative welfare statistics are used, or
alternative (e.g. semiparametric) procedures are emproyed.:" Moreover, Alberini also finds

out that the mean willingness to pay estimate itself (but not thus much the median WTP)

can be very sensitive to the assumptions and procedures used". By the way, the focus of
this study is only the unit of VSL, not the value of a life year lost.

Back to the findings of the inversely U-shaped dependency of the VSL with age - and the
assumption that this dependency is existent: One plausible explanation is that the empirical
overall result is the interaction of three separate effects:

• The influence of decreasinq further life expectancy that in itself ceteris paribus would lead
to a strictly monotonous decrease of VSL

• The positive influence of income and wealth on willingness to pay. Since typically within

the life of an individual or a household both periodical income and the wealth position (as
a size of stock) have a maximum somewhere towards the end of the working life32, this
influential factor also would lead to a maximum of VSL in this age group.

• The influence of the family life cycle, i. e. of being single or married and the number of
children living in the household

An inversely U-shaped dependency of VSL with age can therefore be the logical result if the
second and third influential factor prevails over the first factor of decreasing life expectancy
in the age phase up to the VSL maximum.

A closer look at the concept of the family life cycle shall be allowed. It is well known from
. marketing research that the position of a household within the family life cycle is a

determining element of market segmentation. That means, marketing experts have

identified and utilized for a customer-specific provision of goods, that requirements,
preferences, and thus also (manifest or hypothetical) consumption decisions are typically

28

29
Aldy and Viscusi (2007), p. 19.
Aldy and Viscusi (2007), p. 19.
Alberini (2005), p. 798. See also the diagrams of alternative mean WTP with age estimates for the same
underlying study in Alberini (2005), p. 791.
See Alberini (2005), p. 798.
See e. g. the empirical results for the wealth distribution within age groups and cohorts for Germany in
the Ph. D. study of Stein (2004). Stein processed the latest available sample surveys of income and
expenditure from 1983 to 1998.

30

31

32



18 Alexander Grefsmann

dependent on the category of family life cycle the household actually belongs to.

In the initial and pure shape the orderly progress of stages is the following:

• The bachelor stage; young, single people

• Newly married couples: young, no children

• The full nest I: young married couples with dependent children (youngest child under six /
youngest child six and over)

• The full nest II: older married couples with dependent children

• The empty nest: older married couples with no children leaving with them (head in labour
force / head retired)

• The solitary survivors: older single people (in labour force / retired)"
Not all people pass each of these stages, and therefore these categories have been
enlarged e. g. to people in their middle ages who never have children in their life, as well as
part families and patchwork families. However, it is obvious that there is a close and typical
correlation of the membership of one of the stages with life age.
If, however, consumption decisions as a whole are strongly dependent on the respective
family life-cycle category (otherwise applying this segmentation would be useless for
marketing research)", it can be strongly supposed that this also has an impact on those
consumption decisions dealing with risks or avoiding risks (e. g. safety equipment for the

house and the automobile, insurances, etc.). Especially this is plausible since decisions
towards risks comprise motivations such as maintenance and safeguarding of the spouse
and family, as far as existent.

Also Aldy and Viscusi addressed this potential influence of life-cycle events in their (already
described above) examinations on the life-cycle profile of the VSL35. They evaluated
whether the higher VSLs in the 25-44 age range reflect life-cycle events such as marriage or

having children, not variations in age itself. In the case of marriage, the interaction of
mortality risk and the indicator variable for being married was not statistically significant. In

the case of children (using an indicator variable for whether the worker has any children,
and a discrete variable for the number of children), the interaction was statistically significant
and negative, but did not have a meaningful impact on the VSL. All in all, the conclusion was

that "the variations in VSL by age do not appear to be driven by changes in family status?".
To interpret this result of Aldy and Viscusi, this does not seem to be a real contradiction that
family status and size are supposed to have an effect on individual risk behaviour beyond

the pure effect of age. As already emphasized, Aldy and Viscusi concentrate only on wage-
risk studies, not studies on conJumption behaviour. Therefore, they only can identify and

measure the effects and patterns on wage determination observable in the labor market. If

there is a specific influence of family type and size, it is conceivable that this influence does
not reveal itself in the labor market. Moreover, determinants in the labor market are country-

33 This categorization shows the original typology of Wells and Gubar (1966), p. 355.
See as an example of an actual 6mpirical study on the influence of the family life cycle on consumption
Putier, Li and Liu (2007).
See in the following Aldy and Viscusi (2004), pp. 29 f., also for the details of the statistical approach
applied.
Aldy and Viscusi (2004), p. 30.

34

35

36
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specific due to different law regulations, the influence of trade unions, and structural
differences of various types. See e. g. that there has been an influence of marriage and the
number of children within the civil service in Germany (the so-called "Ortszuschlag" as one

additional component of the wage for civil workers and employees increases with being

married and which each child born), but there is no such equivalent in the private economy;

furthermore this 'Ortszuschlag' has recently been abolished. Therefore, especially the
transfer of results of wage-risk studies to different countries is questionable.

To describe the influence on different markets from the view of the household decisions, this

means that risk considerations influence the decision on utility-maximising consumption, but
not to this amount the (prior or simultaneous) decision on utility-maximising labor supply.
One argument for that is that decisions on consumption are definitely more of a voluntary,

deliberate and controllable character for the household than the - often involuntary -
decision of changing a job.

Therefore, in order to find evidence on the influence of family status on risk-related
decisions, it is strongly suggested for future research to pursue one of the following two
approaches:

• examine data on revealed consumer decisions with regard to risk, e. g. from sample

surveys of income and expenditure officially available, or from suitable data gained by
marketing research, and/or

• use the contingent valuation approach asking in an appropriate way for the willingness-
to-pay for risk reduction or a prolongation of life, also registering individual data for family
status, number of children (within or outside of the household), and age so that statistical

correlations can be examined between these variables and the willingness-to-pay.
As carried on in the following, the perspective to evaluate fatal health risks shall head for life
years and away from the quantity of the "value of a statistical life".

-1--.2.21.2.3 The concept of life years lost and approaches of their evaluation

During the third phase of the ExternE study in 1996 and 1997 (comprising ExternE-Core,
Transport and National Implementation) researchers discussed the alternative concept of

evaluating mortality based on the measuring unit of life years lost instead of "statisticallifes".
This originated from the very insight that the evaluation of all kinds of death risks with a
uniform value of statistical life does not always seem appropriate. The most important

argument for a valuation of life years lost has been that important dose-response functions
for mortality relate to additional life years lost rather than "additional deaths". This especially
holds for chronic mortality due to particulate matter". If - as the studies of Pope et al. show

- we find a relative increase of annual mortality risks due to an increment of PM2.5, this total
risk increase can be transformed to a change in life years of an existing population. This
transformation is depicted in detail in Chapter 1.2.3.3. However, the results of health

37
The actual status at that time was based on the epidemiological cohort study of Pope et al. (1995). At
that time also a dose-response function on acute mortality due to a change in SOz concentration has
been taken into respect; however, this one is, according to the actual state of science, no longer
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endpoints are of a stochastic character, and therefore it is not clear how many persons will

be affected ex ante and thus what is the amount of "additional deaths". In fact, there are no

additional deaths, since each person exactly dies once, but only "prematurely occurring
deaths", compared with the baseline mortality. However, the endpoints in the exposure-
response functions gained from the studies of Pope et al.38 can only be quoted as average

life years lost. The corresponding "additional death cases" cannot be detected in a well-

defined way; this would need further assumptions. The construction of an equivalent loss of
lives for the valuation of time-delayed mortality in order to apply VSL values gained from
other studies is regarded as artificial. 39 Moreover, there is a general inconsistency attached
with applying the VSL for chronic mortality that can be revealed when two effects of

additional pollutant increments are added."
A more comprehensive set of criteria for the comparison of monetary valuations based on
VOLYs instead of VSL shows that the considerable majority of arguments - including

questions of interpretation of risk changes, public acceptability, and avoiding potential
confusion of an ex-ante versus an ex-post perspective, favour the use of the VOL y.41 The
only case where the VSL may be easier to use is the valuation of accidental deaths.

However, here the use of the VOL Y instead requires only one additional step - multiplying
the VOL Ys with the average loss of further life expectancy of the accident victims. If this
average loss of life expectancy can be estimated in a plausible way (e. g. if it can be

assumed that potential victims are approximately an unbiased sample of the total
population), both evaluation approaches are consistent with each other. This is shown in the

case study for the railway line.42

The following sub-chapters show how the approaches of finding empirically based VOL Y
values have developed from the late 1990s until today.

1.2.3.1 The indirect approach of ExternE (1999)

The first approach to gather monetary values for values of a life year both in the "acute" and
"chronic" case has been governed by the data limitations that empirical values have only
been available for the VSL from a variety of studies, but not direct values for a value of a life

38

39

considered as verified. I
This holds for Pope et a1. (1995l but also for the updated actual study of Pope et a1. (2002).
See European Commission (2005a), p. 141, Table 7.3. In this table (as well as in this source in general)
the term "VPF" (value of a prevented fatality) is used instead of the "value of a statistical life". This
shall emphasize that the effects to be evaluated can, dependent on the perspective, also be interpreted as
benefits rather than damages (prevented fatalities or life years due to an investment that leads to reduced
emissions).
This problem of inconsistency ~as already been described by GreJ3mann (1997), p. 25: "The effect of
the sum of two additional pollutant increments, regarded as one larger increment, would not be
equivalent to the sum of the ~o separately calculated effects. Since the life expectancy of the same
persons may be reduced slightly by the first increment and again by the second one, counting the two
effects separately would count ~he same death cases twice. So, splitting pollutions to smaller parts might
produce arbitrary results when valuing chronic deaths with the VSL."
See again European Commission (2005a), p. 141, Table 7.3 on the whole.
See Chapters 2.1.3 and 2.1.4 for the evaluation of the differences in fatal accidents due to the
elimination of level crossings and the changes in transport modes (rail versus private car and bus).
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year test." Therefore the value of a life year lost had to be derived in an indirect way out of
the existing average of VSL values.

This has been done in two steps: First a value of a life year with regard to acute effects has
been derived by the following equation 1.1:

VSLo = VOLYr * I~~a+lor * (1 + rta
-
1

(1.1)

with a = (average) age of the person whose VSL has been estimated

api = conditional probability of survival up to year i, having survived to year a

T = upper age bound (usually 100 years are sufficient)
r = underlying discount rate - alternatively 0 %,3 % (central value) and 10 %

Since VSL values have been observable but not VOL Y values and an average of suitable
VSL values can be calculated, this equation has to be dissolved for VOL Yr. In fact, the
calculations have been performed twice, both for the assumption that this VSL refers to a
35-year old male and to a 45-year old male, respectively, and the mean of the resulting

VOL Ya=35,rand VOLYa=45,r values used then." As a rationale for taking life-table data of
males only, it has to be kept in mind, as also confirmed by the study of Spengler (2004), that

wage-risk studies are chiefly only valid and relevant for male workers, because significant
risk differences conscious to people only exist in this group.

This value has been applied for life years lost due to acute mortality, since in these cases
death immediately or within a few days follows the exposition of pollutants without a period
of latency. Lifetime lost per case of acute mortality has been estimated as less than one
year, since only people in old age and an already poor health state are affected having such
a low further life expectancy.

For chronic health effects, a second calculation step has to be added based on the VOL Y
values gathered for acute mortality. Using mortality tables, i. e. age cohort distributions and

their annual baseline survival probabilities for males in the European Union, the average
time structure of life years lost from the time of emission into the future due to chronic
mortality including latency has been derived. This has been done by comparing the share of

the initial population surviving over the years to follow with a population exposed to an
additional I-Ig of PM2.5; this leads to a relative risk factor of 1.0064, spread over 30 years

after exposure. The result is a relative increase in baseline mortality of 0.64 % I 30 = 0.021

% for each of the following 30 years after exposure. The difference in the survival

43
Only one earlier contingent valuation study in Sweden directly addressing the question for life years,
under the condition of having survived the age of 75 years, has been published during that time by
Johannesson and Johansson (1996). This study showed consistent results with regard to the assumptions
of the VOL Y concept in two sorts of respect: The VOL Y only slightly increased with the age of the
persons questioned, and the internal rate of time preference has been in the reasonable range of 1% to 4
% per year. Thus this result of Johannesson and Johansson supported the approach undertaken later in
the NewExt study.
See for details of this approach - and also inthe following for the step of calculating VOL Ys for chronic
mortality - European Commission (I999a), pp. 247 ff. or GreBmann (1997), pp. 24 ff. The same
approach has also been applied by Friedrich and Bickel (2001) for external costs of transport, see pp.
87 ff.
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percentage of both groups shapes the time structure of life years lost YOlli, i = 1 to T.45

This time structure is then used to calculate a discounted chronic Val Y according to
Equation 1.2:

IT YOLL; VOLyr
VOLY:;'ronic = *. !

i=! YOLL (1+ r)l-
total

(1.2)

with vou, =
YOlltotal =
T =
r =
voiv =

years of life lost in year i (i = 1 is the year of exposure)
sum of all YOlli , i = 1 to T
upper age bound"
underlying discount rate; alternatively 0%,3% (central value) and 6%
value of a life year for acute mortality, calculated according to

Equation (1.1), with discount rate r used

Thus, as far as a discount rate larger than 0 % is used (such as the central value of 3 %),

the "chronic" Val Y value is lower than the corresponding acute VSl value; this difference
increases with rising discount rate. This is due to the fact that years of life lost due to chronic
mortality emerge in the future, viewed from the time the emission and exposure take place,

and therefore their values have to be discounted over the time frame up to 70 years.
Using this approach, the following values of a life year lost have been derived:

Table 1.3: Values of life years lost for acute and chronic mortality derived
indirectly from VSL values (ECU 1995)

Discount rate (r)

I

0% 3% 10 %

Val v; acute 98,000 155,000 312,000

VOLv; chronic I 98,000 84,330 60,340

ECU = European Currency Unit (in 1999 converted to Euro).
Source: European Commission (1999a), pp. 251 f.47

A similar analysis has been done for four different types of cancers based on the acute

45
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See the description and Figure 3 in Grefimann (1997), p. 26. Note that the assumption of a latency time
equally spread from 0 to 30 years is no longer applied in present studies, but has been the basic of this
VOL Y calculation.
Here an upper age bound of T = 70 years has been applied, since due to the exposure-response function
only people above the age of 30 years at the time of exposure are supposed to be affected by the dose,
and people surviving beyond the age of 100 years can be neglected in quantitative terms.
In Friedrich and Bickel (2001, pp. 88 f.) these ECU(1995) values have been projected forward to
Euro(2000) values using price iydex development.
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VOLYr for r = °%, 3 %, and 10 %.48 This leads - using the central value of a 3 % discount
rate - to values of ECU 1,810,000 for a fatal case of leukaemia or ECU 1,080,000 for a fatal

case of lung cancer. An additional value of ECU 450,000 for cost of illness before death has
to be added to these values.

Since newer contingent valuation studies have been developed and performed where the

value of a life year can directly be calculated, presently it is not recommended to estimate
the VOLY out of the VSL in this way any lonqer." The approaches of these contingent

valuation studies (especially during the NewExt and the NEEDS projects) are explained in
the following sub-chapters.

1.2.3.2. The NewExt approach

In the phase of ExternE described before it was suggested that the most appropriate

methodology for the valuation of mortality impacts is the new approach of the value of life
year (VOL V). Since no such VOL Y studies have yet been conducted in Europe, within the

EU project NewExt such a study has been carried out to provide an empirical basis for this
most important single parameter in the accounting framework. 50

This work had as its objective the derivation of unit values to account in monetary terms for

the incidence of premature death estimated to result from air pollution in Europe. Values
were derived from three surveys undertaken simultaneously in UK, France and Italy, using a
common survey instrument.

The values that currently exist in literature (often wage-risk studies derived in the context of
the work-place and therefore belonging to a different specific context) are generally not
believed to express accurately the willingness-to-pay (WTP) that individuals might express,
e.g. for the introduction of a new air quality regulation of the EU.

The contingent valuation survey instrument adopted in the NewExt study has been used in
studies in US and Canada. 51 It was decided in the first instance to adopt this existing survey
instrument, because development costs could be minimized, it had already been the subject
of peer group review and represented the state-of-the-art, and it allowed comparability with
the North American results. Nevertheless, a series of focus groups and/or one-to-one
testing have been conducted in order to adapt the instrument for the national contexts of the

three countries. Thus it can be guaranteed that the quality criteria for contingent valuation
surveys (going back to the Nobel prize laureates Kenneth Arrow and Robert Solow) in order
to avoid or minimise potential biases are fulfilled. 52

48
See Table 1.2, Footnote 16, and European Commission (199?a), pp. 251 f. where the tentativeness of
these calculations for cancer values is highlighted: " ... these figures are being revised, as more accurate
data on these epidemiological parameters is being includedf Compare also the actual evaluation of
cancers within the group of "micro pollutants" used within the EcoSenseWeb software in Chapter
2.1.2., especially Table 2.12.
See European Commission (2005a), p. 141, Table 7.3: Such an estimation assumes a constant discount
rate and a "simplistic relationship between VPF (value of a prevented fatality) arrllife expectancy".
See for the following in detail the description in European Commission (2004), pp. III-I to III-III,
containing also all descriptive statistics.
Results are reported in Alberini et al. (2001).
See for the potential biases of contingent valuation surveys and especially a selection of the Arrow-

49

50
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52
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The survey instrument is designed to elicit WTP for mortality risk reductions to be incurred

over 10 years (effective immediately) and for reductions in the probability of dying between
age 70 and 80. Specifically, people were asked to value an immediate 5 in 1000 risk

reduction, an immediate 1 in 1000 risk reduction, and a reduction of 5 in 1000 to be
experienced at age 70, in that order. The survey instrument has been self-administered and
computerised, thereby removing any interviewer biases. The use of a series of computer

screens allows the graphics to be made clearer and more adaptable to the individual than
would be possible with printed questionnaires. Comprehension is also improved by

reinforcing the written text with voiceovers, so that respondents both see and hear the

questions. This has shown to be particularly important in the case of older respondents. One
example of the survey screen is shown in the following Figure 1.3. This is the first
willingness to pay question following the situation description:

"Suppose that a new product becomes available that, when used over the next ten years,
would reduce your chance of dying from a disease or illness. This product would reduce

your TOTAL chance of dying in the next ten years from 42 in 1,000 to 37 in 1,000." (The
surveyed persons always had to press a "blue key" to continue to the next screen.)

Keeping in mind that you would have less money
to spend on other things, would you be willing to
pay $150 a year for the next ten years ($1 ,500 total)
to purchase this product?

AGE:
40 45 50 55 60 65 70 75 80 85

IIIIIIIIII~IIIIIIIIIIIIIIIIIIIIIIIII)
I

LIJ = Period of Payment

• = Period of Reduction in Chance of Dying -
from 64 in 1.000 to 59 in 1.000

1. Yes 2. No

Figure 1.3: Graphic illustration of the contingent valuation question in the NewExt

survey (example for an interviewed person being 50 years old)

Source: spreadsheet of contingent valuation software53

Sample sizes have been 330 in the UK (Bath), 292 in Italy (Venice, Genua, Milano and

Torino), and 299 in France (Strasbourq)." The age group of the sample has been restricted

54

Solow criteria Annex C of this rFPort and Arrow et al. (1993) as the original article.
Compare also European Commission (2004), p. III-I08 with different figures and age, and pp. III-
103 ff. for the whole description of the survey instrument.
Since the samples have mainly been gathered in the environment of universities (Bath, Strasbourg),
representativeness of the sample population with regard to the average population is questionable.
However, due to time and financial constraints of the project, this was unavoidable.

53
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to people in the age of 40 to 75.

Experience suggests that mean WTP tends to be two or three times as large as median

WTP. Therefore median WTP has to be regarded as a conservative, but robust and more

reliable estimate. The median of the WTP figures for the 15in 1000 risk reduction beginning

presently have been 386 € annually for the United Kingdom, 479 € for France, and 724 € for

Italy. The WTP values for the 5 in 1000 risk reduction have been used as central values
because previous testing in the North American context suggests that answers to the first

question asked tend to be more reliable. It is also likely to be an easier size of risk change to
effectively comprehend. The resulting value of a statistical life (VSL) implied by these figures
is 772,000 € for the UK, 1,448,000 € for Italy, and 958,520 € for France.

The data from the three European countries have also been pooled to increase the sample
size and to be able to provide recommendation for VSL figures to use for policy purposes in

the EU. Regressions with different independent variables were run on the pooled data to

explain the 5 in 1000 risk reductions; the results imply that mean WTP for the 5 in 1000 risk
reduction from the three European countries is € 1,129 per year, while median WTP per

year is pegged at € 526. The implied VSLs are € 2.258 million and € 1.052 million,
respectively.

Household income is Significantly associated with WTP, a result that is consistent with

expectations. Including country dummy variables to account for the different sampling
frames at the different locales and holding household income the same, the French and the

Italian respondents hold WTP values that are greater than their UK counterparts. WTP

declines only for the oldest respondents in the sample (age 70 or older), who hold WTP
amounts that are approximately 25% lower than those of the other respondents, all else the
same. However, the coefficient on the dummy for a respondent who is 70 or older is not

significant at the conventional levels; the French results suggest that such an age effect
may be due to lower income during retirement. As in earlier studies, males have slightly

lower WTP and so do people with higher levels of education. Persons who have been
hospitalized for cardiovascular or respiratory illnesses over the last 5 years hold WTP
amounts that are over twice as large as those of all others. The presence of cancer and
chronic illnesses, however, does not influence WTP.

Discussion of the appropriate WTP metric for the air pollution context has concluded that
the epidemiological evidence dictated that the VOL Y be adopted. Since there are no direct

estimates of VOL Y - the survey generates in the first instance VSLs - it has been relied
upon a conversion relationship between changes in probabilities of death and changes to

life expectancy." According to calculations of Rabl, the extension in life expectancy ranges

from 0.64 to 2.02 months, depending on the person's age and gender, and averages 1.23
months (37 days) for the sample. To find out the value of a life-expectancy extension of a

month, a respondent's WTP is divided by that respondent's life expectancy extension. A
Weibull double-bounded model pegs mean WTP at 1,052 € per year for each month of
additional life expectancy. Median WTP is 465 € for a month of life expectancy gains.

Because in the survey the payments would be made every year for ten years, the total WTP

55 This relationship is established in Rabl (2002).
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figures for a life expectancy gain of one month are 10,520 € and 4,650 € respectively. The

implied values of a statistical life-year are 125,250 € and 55,800 €, respectively. Given the

uncertainties, this might safely be rounded to €50,000.
The VOL Y of € 50,000 is derived from an annual payment made over a ten-year period and

as such does not require further discounting: It can be assumed that the respondents have
implicitly done this when giving their answer. Since available empirical evidence suggests

that a typical time period of latency to elapse in the case of chronic air pollution-induced
mortality is 5-7 years this value may be adopted for chronic mortality impacts, whilst noting
that the life years lost (gained) after the time of death are not accounted for in this unit

value. If, however, we assume that the VOL Y of 50,000 € is equivalent to the VOL Y derived
from life-table analysts." discounted at 3%, then the equivalent undiscounted VOL Y is
50,00010.67 = 74,627 €. For calculating new results, this value is rounded to €75,000. This
can be interpreted as a value for acute mortality as long as it is assumed that no other
factors (e.g. a victim's health condition at time of death) affect WTP for these end-points.

An upper bound value is taken as that resulting from the mean WTP value of the 1:1000

immediate risk change. These give a VSL of 3,310,000 € and a VOLY (discounted) of
151,110€.57

Although these results provide al much-needed empirical validation for current practice in
policy analysis, they leave open some outstanding issues and the need for future work. The
three elements of the survey instrument that have been most challenging are outlined in the

paragraphs below.
• Even given the pictorial representation of the risk changes in the survey instrument and

the reinforcing voice-overs, t~ere was some evidence that the small size of the risk

changes involved still proved to be difficult to assess for the respondents. The internal
scoping tests showed that though the values for the smaller risk change are lower than
the larger risk change, they are not proportional, or close to proportional, as one might
expect. Work was undertaken in the French variants of the survey instrument to address
this problem by substituting the risk change for the equivalent length of life expectancy,

though here the perception of the quality of the change in life expectancy needs to be
addressed more carefully. The issue of the appropriate metric, though, remains
outstanding for valuing premature death in the air pollution context since the

epidemiology seems to dictate the use of values for the change in life expectancy and
more future effort in valuing this directly in Europe is clearly required.

• There remains a question mark over the effectiveness of using an abstract commodity to

be valued. On the one hand supplying a public good context is likely to attract a number

56

57
Following Hurley and Miller (2004), and Friedrich and Bickel (200 l), p. 92.
Also a lower bound estimate could be derived from the results of the French questionnaire that uses a
direct estimate of an equivalent change of life expectancy of € 200. This converts to a VOL Y of
18,250 E. This is considerably less because of concerns about the quality of life during that extra period
and because the gain (about 40 days on average) is too short for the respondents to consider it
significant and worth undertaking the medical treatment for ten years; also, this value is very uncertain
because it is based upon a much smaller sample size of 50. See in the following (sub-chapter 1.2.3.4)
the approach performed in the NEEDS project.
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of biases relating to free rider effects or altruistic motives'". On the other hand, in the

absence of a recognizable or familiar commodity there is a tendency to think of health
products or services for which individuals have been shown to have different preferences,

biased in relation to the real context with which we are concerned.

• There is a problem with the acceptance of the scenario because many respondents tend
to doubt the efficacy of a treatment that they have to pay themselves because it is not

recognized for reimbursement by the social security system common in Europe, in
particular France. The questionnaire had been developed for the USA where the health
insurance system is totally different.

• It remains to be seen whether there is robust evidence of starting point bias being
introduced by the use of dichotomous choice in the survey instrument. Preliminary

analysis presented in the French report has found this to be the case. The importance of
the starting point bias in contingent valuation has been demonstrated in many studies. 59

These issues suggest the need for further research in establishing unit values for air

pollution-related deaths in the ExternE context. However, the values of 50,000 € for chronic
mortality and 75,000 € for acute mortality have been applied for the new results calculated in
the NewExt project and further projects since then such as ExternE-Pol. 60

~1.2.3.3. Relationship between probability of dying and corresponding lifetime change

The following approach attempts at the modification of the survey design performed in the
NewExt contingent valuation study in order to better fit the trial of directly asking for the

willingness to pay to avoid lifetime lost. It is shown how the probability of dying during a

certain year now or in future can be transformed, based on empirical population data, into a
corresponding lifetime chanqe."

An optimal way of asking the questions would be to divide the sample into two different
groups with separate questions (in the following described as a and b) but based on the
same basic data. The results of both groups can afterwards be checked for consistency."

The basic argument line of the NewExt survey approach, justified on the background of
restricted funds available for this work package and on the argument of comparability with

58

59

60

This has been recognized by Krupnick et al. (2000) and also demonstrated by the French variants.
In particular the study of Green et a1. (1998).
See European Commission (2004), pp. VII-l to VII-59, the revision of external cost estimates within
NewExt. All reports of the project Externe-Pol are available at the website http://www.externe.info/
exterpo1.htm1.
The following thoughts of this sub-chapter are based on a discussion paper during the NewExt project
(GreBmann 2001) at the time when the final survey design to be applied for Great Britain, France and
Italy was stilI under discussion. Moreover, this paper also contains some details to be changed or
adjusted in the questionnaire. Although for the NewExt study, it was decided to stick as close as
possible to the design of Krupnick et a1. (2000) for Canada to guarantee as much comparability of
results as possible, later these suggestions were adapted in the new, completely refashioned willingness
to pay study for a value of a life year lost within the NEEDS project (Desaigues et aI.2007).
An approach in this direction has been undertaken for the French sub-sample of the NewExt
questionnaire (European Commission 2004, pp. III-60 - III-84), as mentioned in the sub-chapter before.
This extension was only possible due to additional financing by Electricite de France and therefore not
envisaged from the beginning within this project.

61

62

http://www.externe.info/
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the U.S. results", has been to leave generally the focus of the question on the reduction of

mortality risks as in the American study. Although the present intention is to show another

combined approach in the following (named part b), this first approach should be applied to
a comparison group of interviewed people.

Asking for "willingness to pay to avoid life years lost" only might be in a way too theoretical

and would falsely give to the interviewee an implication of "determinedness", as far as the
relationship to an equivalent reduction of mortality risks over a definite time frame is not

clearly made obvious to the interviewed persons.

Certainly, it is generally possible to introduce and explain average further life expectancy of
an x-year old man/woman - and transform reductions of mortality risks that are asked for in

the survey version of Krupnick et al. (2000) at a certain stage into an average increase in life

expectancy. To explain that this further life expectancy is an average value of an
asymmetric distribution requires some additional effort to reduce the difficulties in

comprehension beyond the explanation of death risk probabilities within ten years.
On the other hand, it shall be kept in mind that the calculation of the "value of a life year lost"
out of the average "value of a statistical life,,64was not based on the average live expectancy

(of 35- or 45-year old people), but on the discounted series of further live years from now
into the future, weighted by their conditional survival probabilities. For the fundamental
calculations of VLYL for chronic mortality, always the changes in age-specific death

probabilities and their effect on the share of the initial population surviving after x years have
been the critical quantity. Thus, the question as it was constructed in the U.S. American

survey, and the results it could produce, in principle seems consistent with the VOL Y

approach - but it does not seem to bring fundamentally new knowledge in addition to
studies already existing. In the following an alternative way of survey design is shown where

the three questionnaire situations are transformed into further life expectancy and it is asked
for willingness to pay to prevent a life year lost - or as will be explained, rather a month
instead of a year.

To favour this approach means to ask directly for willingness to pay to avoid a life year (or
other time span) lost - but this should be done in a way that the two different approaches of

asking design represent an identical situation (as far as possible), only described in different

quantities. Ideally, it would be optimal to split the sample into two groups in each country
with half of them asked in the way described in a) and half described in b). However, this

would require a further increase in the sample size - that was identified as a problem

anyway.
This transformation to a question of willingness to pay for an average life year (or suitable

time span) saved could consist of two different ways:

• based on the relationships and thoughts using the regression results of the Gompertz
formula"

• on calculations based on empirical population data.

63 Krupnick et al. (2000)
Done in an earlier stage of the ExtemE study (European Commission 1W9a)
As explained by Rabl in his discussion paper 2001 (later updated as Rab12002)

64

65
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The advantages and disadvantages of both alternatives could be discussed. Moreover, if
possible, results should be calculated using both ways and compared afterwards - a survey

of such a kind would give a good opportunity for such a comparison without an untenable

additional effort. The author does not see any objections why a calculation directly based on

empirical data is not practicable. The populations of France, UK and Italy ought to be large

enough to give a statistically solid database for age-specific annual mortality tables - or if
not, the EU average data might be sufficient as well. 66 I

This transformation based on empirical population data would consist of the following

additional steps that are demonstrated with the example of one specific male age group:
For each combination of age group and gender the specific risk reduction over ten years
can be transformed via age-specific annual mortality rates of the European Union or the

three countries under research, as done in the earlier VOL Y calculations described in sub-
chapter 1.2.3.1. In the following example calculation a 1-year age group is used, but it might

be permissible to aggregate them to 5-year age groups, in the same way as they are
grouped in the U.S. survey. This leads - for each age/gender group - to two survival curves
respectively - with and without a reduction of risk over the following 10 years67. The

deviation of both curves shows the amount and time structure of live-years saved from now
into the future. See Figure 1.4 - the lower curve is the baseline development, the upper
curve the one where a reduction of mortality has taken place over ten years from 0 to 10.

Since it is advisable to calculate these mortality reductions with the help of tables where
annual mortality probabilities are used instead of 10-years mortality probabilities, the

mortality change over 10 years (as used in the U.S. questionnaire) has to be transformed to
equivalent annual mortality changes.

This has been calculated for the example of 48-year old males (since this is in the very
middle of the 46-50 years age group of the survey) and the results are shown.

66
In the previous ExtemE project (European Commission 1999a) it was assumed that the differences in
age-specific mortality do not differ considerably within EU countries (i. e. EU- 15 before the
enlargement in 2004).
Similar to the diagram shown e. g. as Figure 3 in GreJ3mann (1997), p. 26.67
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Population development with/without new product

0,1

°

I

~
.

<; -popo-.-, -Pop + good-, -, -life yearssaved

-
-, -.- -.-

~

0,9

0,8
co
~ 0,7
Sc..8. 0,6
iU
E 0,5
c
'0 0,4-c
(I)
~ 0,3
(I)c..

0,2

o 10 20 30
years from now

40 50 60

Figure 1.4: Survival and death of a population of 48-year old males over the

following 53 years - with and without the new product that reduces

mortality within the next 10 years by 5/1000. Although the divergence of

both curves is small and not easily visible, the "Pop + good" curve is

above the baseline "Pop 0" curve for all years after 0, since at any time

a slightly higher share of the original population remains alive.
For the calculation in this figure the same German mortality tables were used as in ExternE
for estimating the value of a life year lost for chronic mortality". These lead for a 48-year-old

male - neglecting the fact that the mortality rates measured for a population cross-section
today tend to decrease for people of the same life age in the future - to a baseline mortality

over the next ten years of 77.95 per 1000. (This is considerably lower than the 132 in 1000
mentioned in the questionnaire for males aged 46-50.) However, what now has to be found
out is the corresponding annual (linear) reduction in death probability 0 - gained by this
"new product" - that leads, assumed 0 remains constant over the following 10 years, i. e.
from age 48 to age 58, to a reduction of death probability by exactly 5 in 1000 - to meet the
example of the questionnaire. This is for the male 48-year age group an annual reduction by

o = 0.5366 in 1000 that has an effect over all 10 years. After these ten years, only 72.95 per
1000 have died instead of 77.95 per 1000. This parameter 0 might be slightly - but not

substantially - different for all different age groups and also for men and women and is best

found out by trial within the underlying excel spreadsheet.
The result is that for each of the 14 or 70 groups (depending whether 5-year or 1-year age
groups are used) the sum and time profile of life years lost (or rather "life years won") can
be calculated - the vertical difference between the two curves in Figure 1.4, not quite easy
to see in the scale of this diagram without manipulating the parameters. Note that this time
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profile spreads over much more than 10 years, i. e. for persons of an age of 48 it spreads

until about 53 years from now - when all people of this age cohort are supposed to be dead.

It is assumed that people who survive above the age of 101 can be neglected in quantity in
both developments. Both graphs are very close to each other in Figure 1.4, but in Figure 1.5
this structure of life years saved by this product can be seen in detail.

Average life years saved In year after start
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Figure 1.5: Life years saved in each year from year 0 on for 48-year old males by

the new product that reduces mortality within the next 10 years by
511000

Subject to the assumptions of the situation described, the contribution of life years saved
reaches its maximum 10 years from now, and the maximum is exactly 5/1000 of one life
year, because after 10 years in average 5 additional individuals out of 1000 of the initial
population will survive this year 10.

Summing up these additional life years over the whole time horizon (strictly spoken under

the further assumption that within each single year deaths are uniformly distributed) leads to
a sum of life years saved due to the product. For this example, the sum is in average 0.121
years or 1.452 months per person. Note that in this sum no discounting or time preference is

included - the rate of individual time preference should rather result endogenously out of the
survey results by examining the variations of willingness to pay for different age groups.

It is evident that - starting with the same linear mortality reduction of 5 in 1000 for the

following 10 years, the resulting sum of life years saved (the area below the curve of Figure
1.5) will decrease with rising age of person interviewed, since the time horizon of the

diagram becomes narrower with the maximum after ten years always remaining the same.
For the same reason, the life years saved will be higher for women than for men of the
same age.

At this stage, in order to improve the survey design, one could:

68
As done in European Commission (1999a), pp. 247 ff., described in Sub-chapter 1.2.3.1.
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• either start with the questionnaire as done in the U.S. study of Krupnick et al. (2000) and

then explain to the interviewed person - before asking the first question for willingness to
pay - (this can even be done in a bit more detail as sketched here): "Statisticians can

also calculate that in this case the use of this product leads ... for men of your age ... in
average to an extension of your life of 1.452 months. Would you be willing to pay ..."

• or alternatively add another step that might be useful to apply in order to define the

"exact" question in the survey: a standardisation having the effect that the statistical life
span is always the same in the survey, independent of the age of the person under

question.
The order of magnitude of life years saved per person resulting from the situation described
in the first of the three WTP questions is about one month; for the upper age end of the

population (age of 75 years) it will be less than 1 month. However, this equivalent value of
life years/months saved is an odd value, and it is different for each age and gender. To
avoid this in the questionnaire, there is the possibility to perform another transformation in

the following way before asking for willingness to pay:
To standardise the question, instead of the annual mortality reduction 0 as defined above
one can take another annual reduction J3 that exactly leads to an average additional life span
of 1 month over the whole lifetime. This J3 is - for this example - approximately equal to
0/1.452. This is not exactly true, because the mortality development is non-linear, but this

approximate relationship is consistent with the one that Rabl69 finds out. The exact value

gained from the spreadsheet is J3 = 0.3698 in 1000, and this leads in the example of 48-year
old men to a reduction in mortality rates after 10 years by 3.443 in 1DaD, i. e. from the initial

77.946 in 1000 to 74.503 per 1000 people. Figure 1.6 shows the difference in life years

gained between the use of the annual mortality reduction 0 (delta) and the annual mortality
reduction J3 (beta). This J3 is also specific for each age and gender.
The basic idea is now: If people of different ages (between 40 and 75) are asked, one starts
explaining the situation in the way as in the initial survey for the U. S, but the reduction in
mortality for the following 10 years is not 5 in 1000 but age- and gender-specific for each

interviewed person, in this case J44 in 1000 (maybe one might avoid the decimal digits and
3 or 3.4 out of 1000 is okay). Then it should be described: "From that, as has been
calculated by statisticians using mortality tables of the average population of this country, an

extension of your life of 1 month will result, that refers in average to all men who are now
your age. If you have to pay for this product all by yourself, considering your budget, would

you be willing to pay ..." So, the reference is always 1 month for all ages and genders.
If now one further wants to check and compare the willingness to pay of the interviewed
people with the one for a smaller unit of risk reduction, as was done in the U.S. survey with

the 1/1000 instead of a 5/1000 risk reduction, then one can do the same procedure in a
second question with 1 week instead of 1 month. These time spans are familiar and vivid to

all people.

69 See Rabl (2002), p. 4 f.
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Structure of life years saved (delta: mortality reduction by 5/1000 over ten years; beta:
sum of life span saved = 1 month)
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Figure 1.6: Life years saved in each year from year 0 on for 48-year old males by

the new product that reduces mortality within the next 10 years by

511000or alternatively increases life expectancy by 1month in the sum

In a similar way the question, that is a willingness to pay 10 years from now on, but for
gaining a mortality reduction in future (from the 715t to the 80th life year) - NewExt named
WfPYO 5 - can be transformed. Also a parameter 02 has been calculated by which the

probability of death is linearly reduced between the 715t and so'' life year so that the overall
risk of death for a 70 year old man within the following 10 years is reduced from 479.2 per
1000 (in the baseline case, according to the underlying mortality tables) to 474.2 per 1000

(in the reduced case). The resulting 02 is 0.8954 in 1000 and thus much higher than the
original 0 in the situation first described.

The resulting time structure of life years saved shown in Figure 1.7 has a different shape

compared to the original one of Figure 1.5 in the first decision situation. Until the completion
of the year 22, population in both cases is the same, so life years saved due to the product
are different from zero from year 23 on, but not before.
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Life years saved if risk reductio n starts at year 70
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Figure 1.7: Life years saved in each year from year 0 on for 48-year old males by
the new product that reduces conditional mortality between the ages of

70 and 80 by 511000

Note that the maximum is found, as might be expected, in year 32 (i. e. when the person is

80 years old and the reduction of mortality risk ceases), but now the maximum is not 0.005
(5 in 1000) but only 0.00351. This is a logical result, because life years saved in this
diagram are referred to the initial population (100 %) who are alive at the age of 48 in

year O. To be consistent with the original survey, it is important to remember that the
reduction of 5 in 1000 between the ages of 70 and 80 is referred to the condition that the
person has already survived until the age of 70, i. e. to only a part of the initial population.

The probability that a person now aged 48 will survive until the age of 70 is (according to the
underlying mortality probabilities) 0.701 or 70.1 %; thus the maximum 0.00351 results of
0.005 * 0.701 + 0.000 * 0.299. In the case (occurring with a probability of 29.9 %) that the

person will not survive till the age of 70, although he now makes up his mind to pay for this
live-saving product, there are no life years saved at all. The sum of life-years saved in this

situation, based on the entire population at the age of 48, is also considerably lower than in

situation 1, namely 0.0442 years or 0.531 months per person.
It was discussed within the NewExt team to add a further question for a reduction of

mortality by 10 in 1000 between the 70th and so" year (wrP70 10) and to leave aside the
WTP 1 instead, the WTP for a smaller reduction of risk by 1 in 1000 in presence. The same

procedure could be added as well for this wrP70 10 question."

70 This has been suggested by Alan Krupnick, being also as a sub-contractor an expert in the New Ext
team. Also the author brought forward some further arguments in favour of this suggestion - see
GreBmann (2001), p. 8. One argument of GreBmann was that in the old age between 70 and 80 years,
the same percentage change in baseline annual mortality leads to a higher additive difference in risk
change than for younger people. Therefore the lOin 1000 change might not be too high but rather in the
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Also in the delayed mortality case, a standardisation of the statistical life span can be

performed. If the step of "standardisation" was not used to define the first question of the
questionnaire, one would explain here before asking for willingness to pay: "In this case, this
product leads ... in average for all men of your age that are alive now to an extension of your

life of 0.531 months. This is much lower than in the case of the question before, and this is
due to the facts that the remaining lifetime will only be affected after the age of 70, which is

only a part of your overall time span of life remaining, and some people of your age cohort

will die before the age of 70 and are thus not touched by this effect". Then can follow the
question as done in the U. S. survey.

If, however, the standardisation was used in the first question, it should be applied here in a
similar way. This last step is explained in the following example.

This step consists in transforming this situation to another one where the life-years saved
are also standardised to the size of 0.5 or 1 month. In the following the example of
transforming WTP70 5 to WTP70 (1 month) is shown. However, if one asks for two different
quantities of mortality risk reduction at old age, it might fit best to transform

WTP705 -7 WTP70 (0.5 month) and WTP70 10 -7 WTP70 (1 month)

Such a transformation - here shown as WTP70 5 -7 WTP70 (1 month) - is done in a similar

way as described in the case without a latency period by finding the suitable parameter 132
that reduces the mortality per year between the 7151 and eo" life year in order to bring this
result. This 132 is in this constellation higher than 02 - a value of 1.6825 in 1000 has been

found out. The reduction in conditional probability of death within the following 10 years if
one has survived to the year 70 is in that case from 479.1i7 in 1000 to 469.74 in 1000, i. e. a
reduction of 9.43 per 1000. The comparison of both cases shows Figure 1.8.

right order of size realistic for the situation of chronic air pollution effects. However, since this
suggestion has not been adopted within New Ext, these arguments are not explained hire in more detail.
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Structure of life years saved (delta2: conditional mortality reduction of 5/1000
over 10 years; beta2: sum of additional life span = 1 month)
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Figure 1.8: Life years saved in each year from year 0 on for 48-year old males by
the new product that reduces conditional mortality within the next 10
years by 511000 (delta2), or alternatively increases life expectancy by
one month in the sum (beta2)

The advantage of the kind of question adjusted in the way described above is that it is
always asked for the willingness to pay for one month (or half a month) saved, i. e. the same

amount of time. Only the structure of lifetime saved is different

• for each initial age and gender of person asked, and
• especially between the two cases of mortality reduction beginning instantly or at a

scheduled age in future, i. e. at the age of 70.
So, systematic differences in answering with age (and gender) - if they can be found in the
results of the survey - should be explained by

• time preference

• income differences
• differences in family situation (family life cycle, provision of spouse and chudren)".
In order to keep the number of cases more limited, the ages of 41-45 years, 46-50 years,
etc. can be grouped together, as done in the original Krupnick (2000) study. Here, the

population of the respective age interval should be aggregated, either according to the initial
population share of each age group within the country under consideration, or by 20 % of
each of the 5 ages; this will not lead to substantial differences. Anyway, the parameters [3

and [32 have to be found for each age/gender cluster. The parameters 0 and 02 might not be
as essential in that type of question design, but they are still needed if one intends to
compare the situation directly with the one asked for in the original U.S. study. If one asks

See the discussion on the influ+ce of income and family lifecycle with age in Chapter 1.2.2.71



Application of the ExternE/HEATCO methodology for the evaluation of projects 37

for both situations, an average life span increase of half a month and one month, the
equivalent parameters have to be added for both cases.

Ideally, the questionnaire should be performed" for two different groups - one in the original

way to ask for reductions in mortality risk, one in the "transformed" way described above.

Both results should be compared for consistency in the results - as long as the time and

money restrictions given by the frame of the project are not violated.
Having gathered the influence of the income and household type index, the approach could

include a modified overall regression equation with the VSL being a function of several

variables, such as (beside the age) the income and the household type index, estimating
also the respective elasticities. However, this would require suitable data, either from such a

contingent valuation study, or indirectly from empirical consumption data", and thus has
been beyond the scope of this study.

~1.2.3.4. The final approach and results of NEEDS (2007)

As suggested in the previous sub-chapter, the direct demand for the willingness to pay

attached to an additional amount of lifetime could show some advantages compared to the
demand for a change in annual statistical risks. This idea has been adopted and

implemented within the project "New Energy Externalities Developments for Sustainability"

(NEEDS).74 The overall objective of Research Stream 1b of this project has been, based
also on the experience of NewExt where part of the same research team has been involved,
"to obtain a more reliable and credible number for the value of a life year (VOL Y) lost by air

pollution mortality"." The motivation of this approach has also been that "... our experience
with the questionnaire of Krupnick et al. during the New Ext project had demonstrated that

people have too much trouble understanding small probability variations, whereas a change
in life expectancy is well understood, as shown ... by tests in France during the NewExt
project." 76

Since the aim was to investigate how much people in the different EU countries are willing to
pay for reductions in the health risks associated with air pollution, this issue of air pollution
was explicitly treated in the context of the questionnaire, unlike the abstract "product" in the

NewExt study. In the context of chronic effects, the study focuses on gains in life
expectancy in normal health. The questionnaire was designed to obtain estimates of three

and six month gains in life expectancy. A substantial period of time was spent developing
the questionnaire using cognitive testing and pilot studies. The main survey was conducted

in between November 2005 and January 2006 in nine European countries; the aim was to
question a representative sample of the population in one major city in each of these

72

73

74

75

As GreBmann (2001) suggested in the introduction.
See the thoughts at the end of Chapter 1.2.2.
See also the website of the NEEDS project http://www.needs-project.org/.
Desaigues et al. (2007), p. 1 (Summary). See in the following for details the whole study of Desaigues
et al. (2007), the descriptive statistics pp. 10-13, the different results for the countries examined, and the
wording of the questionnaire in the annex (pp. 35-54).
Desaigues et al. (2007), p. 4. See that these suggestions have already been made by GreBmann (2001).

76

http://www.needs-project.org/.
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countries." Unlike the NewExt study, interviews were carried out on a personal one-to-one

basis by members of the research teams themselves or trained interviewers.
The risk reduction of premature death due to air pollution is communicated as a small

increase in life expectancy customized to the individual person. However, the description as

small risk reductions throughout tre life of the respondents attempts to avoid the impression
that the gain were a certain increase of several months at the end of life.

In the questionnaire, after somer initial general information about the background to the
project and its rationale, respondents were asked to consider the effect of pollution on their
health and whether it was of general concern to them. The aim was to provide initial context

for the subsequent valuation quJstions and to allow respondents to consider explicitly the
effects of air pollution on health. The following questions concentrated on the knowledge of

these effects of air pollution, air pollution-related illnesses in the family of the respondents,
their general health and lifestyle, specifically exercise and smoking.
In the second stage the respondint was given information on average life expectancy in the

various countries and how air pollution affects life expectancy. Attention was also drawn to
their own life expectancy, given how old they were at the time of interview and factors which
affect individual life expectancy such as genetiC, behavioural and environmental conditions.

In the third stage, the hypothetical decision situation was introduced: Two potential policies
that could reduce air pollution and hence generate gains in life expectancy were outlined:

• Policy I will impose a 3 % reduction per year in the emission of air pollutants for 20 years
(which means a total reduction of 60% by 2025).78 Afterwards the emission of air
pollutants will be maintained at this lower level whatever the economic growth. The

benefit in terms of life expectancy would be an average increase of 6 months.

• Policy II will impose a 1.5 % reduction per year in the emission of air pollutants for
20 years (which means a total reduction of 30% by 2025). Afterwards the emission of air
pollutants will be maintained at this lower level whatever the economic growth. The
benefit in terms of life expectancy would be an average increase of 3 months.

To illustrate the effects on life expectancy and produce a better comprehension, a

schematic diagram was presented. This is shown in Figure 1.9. This diagram is used in the
questionnaire to illustrate the notion of a survival curve whereby a person's chance of

surviving to the next year, conditional on having reached the current age, falls as people age
until at some point i. e. death that person has no chance of further survival. Each person
has a survival curve associated with current levels of air pollution, and in case of a change

of the air pollution level the survival curve will shift up or down depending on whether air

77
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The cities have been Newcastle upon Tyne (United Kingdom), Paris (France), Warsaw (Poland),
Prague (Czech Republic), Budapest (Hungary), Neuchatel (Switzerland), Barcelona (Spain),
Copenhagen (Denmark) and Karlsruhe (Germany). Germany was not envisaged as additional sample
from the beginning and added later due to additional funding for the survey gained by Electricite de
France. See Oesaigues et al. (2007), p. 6 and for the detailed information about the German sample
Rabl (2007).
This description seems inconsistent or at least misleading, because a continuous reduction of 3 % of the
level of the year before makes ip the sum much less than 60 % reduction. What is obviously meant is a
linear reduction by the constant amount of 3 % of the initial level of pollution. The same holds for the
description of the following Pol1icyII.
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pollution is reduced or increased respectively. Thus it was able to explain the actual process
by which gains in life expectancy arise i. e. as small increases in the probability of survival

throughout their lives due to a slowing down of the aqeinq process. This results in an
upward shift of their survival curve such that life expectancy is increased by three or six

months depending on the amount of air pollution reduction. This is not just an additional

three or six months at the end of a person's life, but rather an increase in "healthy life
expectancy" shown by the horizontal arrows in Figure 1.9. It was also emphasized that while

most of the risk reduction (or increased chance of survival) occurs towards the end of a
person's life, conditional on them reaching this stage, some benefit accrues immediately the
risk reduction is implemented. The research team stated that the survival curve needed
detailed description but then worked well.

Ability to survive

gain of
"healthy LE"

current
air pollution ~=LEgain

30 40 50 60 70 age

i i
LE, current LE, reduced
air pollution air pollution

Figure 1.9: Gain of life expectancy (LE) when air pollution is reduced (example of
someone who is age 30 now)

Source: Desaigues et al. (2007), p. 52 (Annexl9

In the fourth stage of the questionnaire the link of the emission reduction measures and the

corresponding costs by increasing prices and thus cost of living was explained. Each
respondent was asked first of all whether he/she would in principle be willing to pay

something in the form of higher prices to gain an increase in individual life expectancy (and,

in addition, for any other benefits from improved air quality). In case of a "no" response the
reasons for this were explored further and noted down, in order to identify protest votes from
those who legitimately did not value the health benefit. In case of "yes" the respondent was

reminded of his/her budget constraint that was explained earlier: "... there will be a general
increase in the cost of living. It would mean a cutback in your daily consumption of goods

79
Modified graphics have been used for other age groups (people who have ages of 20, 40, 50, 60, and 70
now.) with changes in the scale of the x-axis.
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and services and/or savings if you can afford to save". 80

The respondent was then asked the maximum WTP for the six month gain average life
expectancy followed by the three month gain. To help the participant finding his/her exact

maximum willingness to pay, each was then given a set of payment cards and template.

They were asked to shuffle the cards, take one card at random and decide whether they
were willing to pay that amount per month for the rest of their lives, if yes they were told to

place it on the template in the box marked "definitely would pay", if no, they were told to

place it in the box marked "definitely would not pay", or if they were not sure place it in the
"unsure" box. This was repeated for all of the different payment cards. The interviewer

recorded the highest value placed in the "definitely would pay" box onto the questionnaire
booklet along with the lowest value placed in the "definitely would not pay" box. Then the

interviewer asked the participant:
"What is the maximum amount you are willing to pay in the form of higher expenses to gain
an average of 6 months in your life expectancy? It may be one of these figures or something

in between." It is then reminded that the value "per month (for the rest of my life)" also

corresponds to a value "per year (for the rest of my life)".
People had to be reminded that they should only consider their own increase in life

expectancy, not other effects. However, altruism and effects on quality of life and the
environment were present to some degree in many answers. Therefore continued reminders
have been built in to try and consider only oneself, and that the type of air pollution that

would be reduced would not be that which affected greenhouse gas emissions.
The survey design itself therefore appears sound and well thought-out and an improvement

compared to the one of NewExt based on this experience. Having a look at the results

gained from this survey, some items should be commented in detail:
The question whether to use the arithmetic mean or the median instead as a measure of

central tendency is discussed, but the decision is done differently compared to the NewExt

study.
It is stated that the arithmetic mean of the WTP is much higher than the median, due to the

asymmetric, right-skewed distribution of the observed values." It is correct that the median
is less sensitive to high outliers that are not considered representative or realistic. For the
arithmetic mean, however, outliers can have a significant effect. The median can also be

interpreted as a "voting system", e. g. for yes/no choices in democratic elections. However,
Desaigues et al. argue that the arithmetic mean also includes the "strength of each vote" so

that they regard the mean as mor appropriate. To the opinion of the author, there is even a

more simple argument for taking the mean and not the median: The total willingness to pay
is the sum of the willingnesses to pay of the individuals and has to be equal to the costs of a

measure in the welfare optimum; therefore, according to the optimality conditions of

80

81

Desaigues et al. (2007), p. 43 (Annex). The development and implementation of the questionnaire
summarised here is in mrre detail described in pp. 7-10.
See Desaigues et al. (2007), PP'114 and 21 f. in the following for the comparison of arithmetic mean and
median and arguments for and against their use. Also it is simply said (p. 22:) "Mean WTP is the
theoretically correct measure (9ased on welfare economics)". See that in New Ext, the median has been
used; although part of the research team has been the same in both studies, this question has not been
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Samuelson or Musgrave for non-market goods, the sum of WTP and the average WTP per
person are relevant for evaluation rather than the median.

To eliminate the "outliers" that are regarded as unrealistic because they might neglect their

own budget constraint, simply those observations have been removed where even the

highest of the bid cards available has been accepted." This criterion seems somewhat

arbitrary because it is no clear argument that the individual willingness to pay might not be
as high for certain persons in reality as stated. This "cleaning" of data lowers the arithmetic
mean significantly.

An expected result is that WTP rises with income, but to a degree lower than proportionality.

Estimated income elasticities for the pooled sample over all countries are between 0.38 and
0.69, which seems a realistic range.83 Also most of the variations between countries can be
explained by differences in income level.

For the procedure how the value of a statistical life year can be estimated out of these
results some points of criticism should be added:

First, the VOL Y is calculated on the observed willingness to pay values for each of the
countries, based on two alternatives, i. e.

• based on average ages and derived from that average further life expectancy, and
average willingness to pay for each country,

• based on individual ages and derived from that individual further life expectancies, and
individual willingness to pay for each surveyed person in this country, summed up over all
individuals of the respective country

Both alternatives show slightly different results for the countries. In the majority, the second
calculation (based on individuals and not country averages) shows higher values, but not in

general for all countries - Germany is e. g. an exception. Although the individual variant is
"considered to be theoretically more correct=" - the author agrees with that, since individual

values, when available, show more information than classified values - in the end an

average of the results of both calculations is used. This seems to a certain extent
inconsequent and illogical, but taking the individual values only would only slightly raise the
results.

These two alternatives are combined each with the WTP for the 6 months lifetime change
(asked first in the questionnaire), multiplied by a factor of two to get a yearly value, and the

WTP for the 3 months lifetime change (asked afterwards), multiplied by a respective factor
of four. These two alternatives in comparison are more remarkable: The results are not
proportional to the length of life saved (i. e. WTP6 is not the two times WTP3), but only in the

ratio of 1.28. This means that in the end a VOL Y value based on the 3 months change of life
expectancy comes up higher than the respective value based on a 6 months change.

However, another caveat is that for all VOL Y calculations a discount rate of 0 % is assumed,

i. e. no discounting, without any discussion on this item. This also seems inconsistent - in all
previous studies an implicit individual rate of time preference has been assumed, and

82
83

highlighted further.
See the description of the "data cleaning protocol" in Desaigues et al. (2007), p. 14.
See the description of alternative underlying models in Desaigues et al. (2007), pp. 18 f.
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empirical data have revealed that there is indeed such a positive rate of time preference."

This influence of discounting on the result is ambiguous at a first glance, because first a net
present value of the expressed series of cash flows over the further life expectancy has to
be calculated, and then this net present value has to be referred to a "gain of healthy life

expectancy" in the future (shown in Figure 1.9 for illustration), e. g. another discounting
effect taken into account into Ithe other direction. The effect of both dimensions of
discounting in the sum is far from trivial, as has been the time structure of acute and chronic

life years for an indirect calculation of YOlls out of the VSl described in sub-chapter
1.2.3.1. Obviously taking this aspect of discounting into respect has been regarded as too

complex within this study, because it should have been calculated on an individual basis and

therefore separately for each age group. However, leaving the aspect of discounting
completely out without discussion seems incorrect as well.

With regard to the country-specific VOL Ys it is mentioned that "the sample size for each
country is too small to provide reliable country estimates of VOL y,,86. Therefore, a pooled
VOL Y estimation has been performed in addition. This has been done

• for the "EU-16" countries, i. e. for the "old" 15 EU countries before the enlargement in
2004, represented in the sample by Denmark, Spain, France, Germany and the United
Kingdom, plus Switzerland that was also included in the sample

• for the "new member countries" (NMC) having joined in 2004 (i. e. without Romania and
Bulgaria having joined in 2007), represented in the sample by Czech Republic, Hungary

and Poland

• for "EU-26", the sum of both groups EU-16 and NMC.
The pooled results are weighted by the populations of the countries in the survey, both for

the EU-16 and the NMC countries. This leads to the following recommended values in the
end shown in Table 1.4:

Table 1.4: Values of life years lost recommended in NEEDS in EURO for chronic

mortality

Rounded value to be used Exact average value

EU-16 41,000 41,341

New Member countries 33,000 33,269

EU-26 40,000 40,048

Source: Desaigues et al. (2007), pp. 21 and 23.

The smaller values for the new member countries are to a large extent due to lower per-
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Desaigues et al. (2007), p. 23.
It can be referred again e. g. to the findings in the study of Johannesson and Johansson (1996) described

I
at the beginning of sub-chapter ~.2.3.1.
Desaigues et al. (2007), p. 23. I86
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capita income, as the findings on income elasticity of willingness to pay has revealed.
However, there are country-specific deviations from that rule: The Czech Republic shows,

compared with per capita income, a comparatively high WTP whereas Switzerland has in
spite of a high per-capita income a low WTP.

For cost-benefit analysis of EU directives and policies, however, it is recommended to use
the same value for the entire EU-25 countries (or EU-26, if Switzerland is added), based on
the VOL Y value of 40,000 € from the pooled sample."

Again, the difference of results in the question scenario for 6 months and 3 months has to
be emphasized. Due to the non-proportionality of WTP statements (mean WTP for a six

months life expectancy gain is much less than twice the mean WTP for a three months life
expectancy gain), the VOL Y results of both variants are quantitatively different. The
inclusion of both questions with a different change in the length of life had indeed the

intention to find some empirical answer to the question of proportionality in willingness to
pay with the amount of risk reduction - an earlier article of Hammitt had already dealt with
this phenomenon in theory."

In the values listed in Table 1.4, it was decided to take the WTP3 questions as the
underlying basis leading to higher values of VOL Y. There is only one rationale for this
decision given explicitly: "Because individuals' budget constraint will kick in for the 6-months
LE, we recommend using the mean VOL Y estimate based on the WTP for a 3-months LE
gain:,,89

This rationale appears as a quite poor argument: First, if people do take into respect their
budget constraint in their response to a willingness-to-pay question, they behave in a sound
and consistent way. One sort of bias is the very problem that budget constraints are

neglected. Second, the WTP question for a six month change in life expectancy is the first
of the two questions the surveyed person is confronted with. It is quite an educated guess

that people might be irritated or confounded by the second variant of the question that only
differs from the first in one detail. Obviously many of the people surveyed did not catch that

it would be consistent giving a WTP half as high as in the first one. Therefore, the results of
the second question (WTP3) seem less reliable than the WTP6 ones.

However, taking the VOL Y estimations based on a life length gain of 6 months would be
even lower - the corresponding values would have been 26,812 for EU-16, 21,932 for new
member countries and 26,030 for all EU_26.90This means even lower values that are about
half of the values gained by NewExt and used hitherto. It seems that the decision for the use

of WTPrbased VOLY values has mainly been taken because these values are closest to
the values previously used. However, the problem that there are non-proportionalities within
the range relevant for air pollution in principle cannot be solved definitely. Or, to give another

logical explanation, it may result from the feature of positive but declining marginal utility of a
further increase in life expectancy that is inherent in individual preferences. However, then
the author would rather suggest an average of VSL6- and VSL3-based VOL Y values, i. e. (if
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See Desaigues et al. (2007), pp. 23 f.
See Hammitt (2000).
Desaigues et al. (2007), p. 23.



44 Alexander Grefsrnann

values are rounded in the same way) 34,000 € for EU-16, 28,000 € for new member

countries, and 33,000 € as an average for EU-26, if real air pollution situations may be

situated both in the range of a higher and of a lower marginal WTP for the reduction of risks.
In spite of the potential criticism and objections to this study as explained above, it was
agreed to use the value of 40,000 € as the value of a life year for chronic mortality. It is

obvious that the survey design directly refers to the situation of chronic mortality to air
pollution, unlike studies taken from other fields such as the market for labour or other safety-

related goods.
Though in the NEEDS study itself there was no further connection to the different situation
of the occurrence of acute mortality without latency, the practice has been since then to use

the same factor of 3/2 for the adjustment of chronic to acute mortality as applied for the
results of NewExt. Thus years of life lost due to acute mortality are valued with 60,000 €
since then." Nevertheless, the in1consistency remains that within NEEDS the chronic VOL Y
value was estimated with a discount rate of 0 %, whereas the difference between chronic

and acute mortality implies a Poslitive discount rate - in the case of 0 % discount rate, both
values are identical." However, since there are no further empirical results on the evaluation
of acute versus chronic mortality, these values represent the latest state of knowledge, and
will be applied in further cost-benefit analysis, such as in the case study of a new railway line

within this report."

1.2.4 Monetary values for morbidity effects: Cost of illness and willingness-to-pay results

Besides the fatal effects, also morbidity, i. e. health risks that do not lead to loss in life
expectancy but do have an acute or chronic (irreversible) effect on human health, have to be

attached with suitable monetary values.
Since chronic bronchitis" constitutes a large share to the morbidity costs", it was also
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91
Calculated from the figures of Desaigues et al. (200n p. 21, Table 18.
This value has been implemented in EcoSenseWeb for acute mortality due to ozone, see Preiss and
Klotz (2008), pp. 49 and 53.
Compare also the results of Table 1.3. Generally the ratio of acute versus chronic mortality ceteris
paribus increases with the rise of the underlying discount rae.
One step into the direction how to investigate risk preferences of older people beyond their working life
(i. e. the age group also mainly relevant for acute mortality) Ins been a Ph. D. study of Telser (2002) for
Switzerland. He found out using a contingent ranking study design (discrete choice experiment) that
people in his survey aged 70 to 90 years are very well still able to express their preferences for safety
tools in a consistent manner. The choices have been made for different types of hip protecting tools
preventing against fatal and non-fatal but severe injuries when falling or collapsing. These alternatives
are described by a series of different features, including the purchase price. Results are consistent with a
positive sign of the WTP for the feature of safety, but since some features are described in qualitative
scales only, VSL or VOL Y values cannot be derived from them.
Chronic bronchitis is the ma~ disease pattern of the generic term "chronic obstructive pulmonary
disease" (COPD) used in earlier phases of the ExternE project.
Desaigues et al. (2007), p. 30 note that " ... CB contributes by far the largest of the morbidity costs and
about a quarter of the total health costs of PM, NOz and SOz." Comparing these shares mentioned to the
detailed results of the case study in Chapter 2, there the share of chronic bronchitis to the total health
effects for coal- as well as gas-fired power plants for the energy of the railway line is much lower,
namely about 25 % of all morbidity effects and about 10 % of all human health impacts gained by the
combined local and regional range model. These shares can be calculated by comparing the results of
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attempted within the NEEDS project to revise the valuation for cases of chronic bronchitis.

The new approach is based on the concept of quality-adjusted life years (QAl Ys) assuming

that one year living with chronic bronchitis leads to an average loss of 0.26 VOL Y compared
to a year in perfect health, that the monetary value of a mALY is identical to a VOL Y,96and

that the discounted duration of one case of chronic bronchitis is about 20 years, i. e.
5.2 VOL Ys, the monetary value for one case of chronic bronchitis would be close to

200,000 €97,therefore no change of this value is recommended. Although this consideration

of a valuation based by the QAl Y concept has to the o~inion of the author some caveats

and inconsistencies, it can serve as a rough validation o~ plausibility of the previously used
monetary value. I

The other monetary values used for morbidity impacts have not been revised within NEEDS,
therefore the values gathered by earlier ExternE project phases are used further. Especially

within the ExternE-Pol project the questions have been raised and examined whether
special epidemiological studies for morbidity symptoms in children exist, and whether these
morbidity symptoms should be valuated differently from the same symptoms for adults."

The costs per unit (that can be one day or a whole case) in principle comprise both the
direct cost of illness (e. g. costs of treatment and medicine in a hospital or at a doctor's
surgery) and the willingness to pay to avoid suffering and inconvenience caused by a

disease. This willingness to pay can in general be investigated by indirect methods
(revealed preferences, i. e. analyzing how individuals spend their money) or questionnaires

such as contingent valuation." Generally, for morbidity there are fewer existing willingness-
to-pay studies available than for mortality.

When adding the cost of illness and willingness one has to take care of possible double-

counting. Willingness to pay may include a part of the cost of illness - that depends which
share of the cost of illness has to be borne by the individual and which is covered by social

96

Table 2.11 and Annex B. Nevertheless, chronic bronchitis, due to the irreversible effect on health, is
indeed a major contribution to morbidity impacts; therefore a second view on its monetary valuation
seems justified. I
Both assumptions combined are problematic, as Desaigues et al. (2007) concede (p. 31, Footnote 6),
since the VOL Y is the value of a life year referring to the average health of the population which is
worse than "perfect health", the reference point of QAL Ys. ljhe author also agrees with that objection
and moreover strongly advises not to use such index constructs as QALYs or (similarly) disability-
adjusted live years (DALYs) mixing mortality and morbidity in cost benefit analysis of this type. These

I
concepts may well be useful for cost-effectiveness analysis in health economics (QALYs) or as a social
sustainability indicator usable for comparison over countries and/or over time (DAL Ys, introduced by
the WHO), but origin of a different paradigm than welfare ecohomics and cost-benefit analysis. See also
(as an exemplary source) the substantiation of this argument in Breyer, Zweifel and Kifmann (2005),
pp. 64-67. Also further problems and inconsistencies of different QAL Y approaches are explained in
the description by Breyer, Zweifel and Kifmann (::n05), pp. 26-38.
Even here Desaigues et al. (2007), p. 31, emphasize that the estimation of the duration of one case of
chronic bronchitis is a very rough estimation, since "the onset of CB is typically around the age of
fifty", but data for a more firm estimate have not been found. It is also not traceable why this estimation
uses at this point a VOL Y of 35,000 € and not of 40,000 €, but using 40,000 € instead would come even
closer to the previous value of 200,000 € per case of chronic bronchitis.
See in detail Rabl et al. (2004), pp. 9-11 for a compendium on findings from epidemiological studies
and pp. 13-18 for the different health endpoints relevant for children. Summarized also in European
Commission (2005a), pp. 150-156.
See Rabl et al. (2004), p. 10.
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security without having a direct retroactive effect on the individual fee. This situation can be

totally different between EU countries, and also within one country it can change between
insurance schemes existing in parallel, and also over time."?
Having a look at the estimations of both cost of illness and willingness-to-pay to avoid

suffering for the relevant morbidity endpoints reveals that the relative shares of both

components are different as the case arises: For childhood cancer, the willingness to pay to
avoid suffering has been estimated as 0.5 million € in the non-fatal case 101 and 1.5 million €
in the fatal case. Compared to that, cost of illness both of a fatal and a non-fatal cancer
case is estimated as 50,000 €, that adds, though considerable in absolute terms, only a
minor contribution. For respiratory symptoms in healthy children, both components
contribute approximately in equal share, whereas the valuation of asthma is clearly
dominated by the cost of illness; however the WTP component is extremely variable to the
severity of asthma.?"

Often no special monetary values for children are available. In these cases a US guideline is
consulted: "For rules where health gains are expected among both children and adults and
you decide to perform a cost-benefit analysis, the monetary values for children should be at

least as large as the values for adults (for the same probabilities and outcomes) unless
there is specific and compelling evidence to suggest otherwlse."!" Therefore, current

practice is to take in general the same values for morbidity endpoints appearing in children
and adults. Where no monetary values for morbidity endpoints have been gathered, the
values are based on and updated from the earlier ExternE Core/National Implementation
staqe.'?' I

It should be mentioned that in other studies also some morbidity endpoints due to noise

(mainly from transport) are mentioned and attached with a monetary value. Although the
impacts of noise are mainly annoyance, some further health effects can be the cause of
noise beyond a threshold value of 70 d8(A). These are myocardial infarction (fatal and non-

fatal), angina pectoris (non-fatal, causing hospital admissions, work loss days and general

100 An obvious example is Germany with the systems of compulsory health insurance (gesetzliche
Krankenversicherung) versus private health insurance (private Krankenversicherung). Within the
compulsory health insurance there has been a dominating principle of solidarity so that the fee is not
dependent on individual risk factors, However, a tendency in the last years is obvious that more and
more categories of medical services are no longer included in the fees and therefore have to be paid
extra by the insured individuals, starting from additional fees per prescription up to dental prostheses.
Therefore, on the other hand, a set of voluntary bonus arrangements or the choice of different tariffs has
been introduced recently also n the compulsory insurance, previously only elements of the private
health insurance. This example is explained to reveal that estimating the share of overlap between cost
of illness and willingness to pay is not trivial, i. e. which part of cost of illness is actually included in
WTP representing marginal cost of the individual. Thus meta-analysis and transfer of such empirical
WTP results for morbidity is c0f,plicated.
It is estimated that 80 % of childhood cancers can be cured, i. e. do not lead to a loss of life expectancy.
20 % are supposed to turn out fatally.
See Rabl et al. (2004), p. 18, Table 6.
U.S. Office of Management B~dget Circular A-4 on Regulatory Analysis, quoted according to Rabl et
al. (2004), p. 17. I
See the status of this ExternE stage in European Commission (1999a), pp. 253-262, especially the
figures in ECU 1995 (European Currency Unit) of Table 12.9, p. 258.
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days of illness) and hypertension (hospital adrnisslonj.!" These are not listed in the
following Table 1.5 since those effects of noise are not taken into respect in this study, and

since the monetary values of this source have not been updated to the actual status of the
NEEDS project.

105 See Maibach et al. (2007b), p. 103, Table 20.
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Table 1.5 shows as an overview of all monetary values currently used for both morbidity and

mortality impacts. .

Table 1.5: Monetary values for the evaluation of human health impacts (morbidity

and mortality)

(EURO 2000 per case / per day or per year where indicated)

Endpoint Monetary value
[Euro2ooo]

Morbidity

Medication use, bronchodilator use 1
38

38
38
53

75

75
130

295
2,000

200,000

481,050

Minor restricted activity days

Lower respiratory symptom days (adults and children), cough days
Net acute respiratory symptom days a)

Consultations with primary care pHysicians, asthma a)

Consultations with primary care physicians, upper respiratory diseases a)

Consultations with primary care physicians for allergic rhinitis a)

Net restricted activity days

Work loss days
Respiratory hospital admissions, cardiac hospital admissions

New cases of chronic bronchitis
Non-fatal cancer due to radio nuclides b)

Mortality I

Life expectancy reduction - chronic year of life lost
Increased mortality risk - acute year of life lost

Fatal cancer due to radio nuclides

Hereditary effect due to radio nuclides

Value of prevented fatality
Increased mortality risk (infants) per case c)

40,000
60,000

1,120,000

1,500,000
1,500,000

3,000,000

a) No core endpoints, appearing only as endpoints in "less certain concentration
response functions for additional sensitivity analysis", and thus also not included in
the case study results of Annex B.
Mainly relevant for nuclear power plants, but in principle also appearing for certain
fossil fuel cycles such as coal, if emission data are available'?". Not included in the
case study results for Annex B due to a lack of such data for coal.
Based on an (undiscounted) product of Euro 40,000 for a chronic year of life lost
times 75 years as averagj life expectancy for infants.

Source: summarized from Preiss and Klotz (2008), pp. 49 f. (Table 10) and p. 52 f. (Table 12)

b)

c)



Application of the ExternE/HEATCO methodology for the evaluation of projects 49

2. Effects of methodology changes and sensitivity analysis on the
results and ranking of projects

The second main chapter of this study shall apply all relevant monetary valuation issues but

especially the different risks on human health to a typical case study of the European
Investment Bank in the transport sector. After having examined several potential cases, in

the end a railway line project in Portugal has been chosen for a closer re-examination,

because in this case several different health risks typical fbr transport activities act together.
In the beginning a check was made which kind of effects have already been included in the

original project appraisal, and what can be added with the ExternE methodology available.
This is different among two types of projects with differing complexity of impacts: a regional
train line and an urban metro line. The categories are shown by the following in Table 2.1.

Cost and benefit categories taken into aJcount in case studiesTable 2.1:

Case study I
Effect under consideration

Barcelona metro line No. gO)

Availability of parameters to (Site-specific)
estimate external costs of Electricity consumption
electricity generated and

Costs:

• Investment and renewal

• Operation and mainten.

• External costs
Time savings:

• Existing users

• Derived from pro car

• Derived from bus

• Newly generated

• Road network effects
Cost savings

(passenger transport)

• Operational costs

• Ext. benefits

• Safety benefits
Cost savings

(freight transport)

• Operational costs

• Ext. benefits

• Safety benefits

Yes (car, bus)

Yes" (air pollution, climate change)

Yes'? (ex-road; existing train)

Portugal railway line
Entroncamento - Guarda

Yes
Yes

Yesa) (differential benefits)

Yes

Assumed not existing
Yes
Yes

Assumed not existing

Yes (truck)
Yese) (air pollution, climate change)

No

(Site-specific)

Electricity consumption

Yes
Yes

No

Yes (i.e. from other metro lines)

Yes
Yes
Yes

Yes (20 % of direct time gains)

Yes (car, metro, bus)

No

No

Not applicable

106 See in more detail "Emission of radio nuclides" in Annex A.
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external costs from fuel use .I. Diesel fuel consumption
saved (life cycle analysis)
a) I

b)

c)

d)

2.1

usmq average figures (EUR/vehlcle-km) from UNITE(2003) for air pollution and an EIB source
using 35 €/ton CO2

ex-road: using average figures (EUR/pax-km) from INFRAS (2000)
(According to INFRAS (2000), a negative difference of ex-bus users should consequently be
applied as well)
Existing train users: reduced accident costs by elimination of road level crossings
using average figures (EUR/ton-km) from UNITE(2003) for air pollution and an EIB source
using 35 €Iton CO2

The original data of this second case study on a metro line have been examined as well during
this study, including very helpful information of Ayrnerich' (2007) on this case, and it was

I

envisaged to perform a similar updated calculation also for this case study. However, due to
the limited time frame and resources of this STAREBEI program it could not be carried out.

Case study on the modernisation and electrification of a regional railway

line I

LThe project comprises as its main component the second phase of the modernisation and

electrification of a 240.3 km single track railway (Linha da Beira Baixa) linking
Entroncamento in central Portugal with Guarda in the Beira Alta near the Spanish border.

Therefore finally an improved rail link will be delivered from Lisbon to Guarda with regard to

journey times, reliability, safety and comfort, both for passenger and for freight transport.
In the original project appraisal of the European Investment Bank, the project as a whole is

taken under examination, and its economic rate of return (ERR) - or alternatively the net
present value - and financial rate of return (FRR) estimated.
From such an overall result, however, there is no possibility to identify which part of the

value of the project is due to the different individual effects. Therefore - after and in addition
to the overall result on economic rentability of the project - a re-evaluation of the effects

shall be broken down into three particular measures, general modernisation of the line,
accident reduction due to elimination of level crossings only, and the electrification itself.
These steps are explained and focussed in detail in chapter 2.1.6.

2.1.1. Approach and calculation of environmental external benefits due to reduced

emissions

The findings of the HEATCO project mainly recommend monetary values for environmental
costs due to air pollution, noise, and greenhouse gas emissions. Other impacts (such as

effects on sites and landscape) are mostly site-specific and are thus "difficult to assess

based on general values". But such effects are often (qualitatively) included in
environmental impact assessments as part of the project appraisal procedure.!"
One main category of environmental benefits and costs are due to the emission of different

107 See Bickel et al. (2006), p. 9 I.
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amounts and composition of pollutant emissions generate~ by different transport modes that

are either substituted or created as additional traffic. singe the focus of this study has been
to apply the approach, i. e. the proposes and recommendations of the HEATCO project!",

the emissions of all relevant transport modes should I be available. To use data and

parameters of consistent sources, both the emission and the energy consumption data of all
transport modes are taken from the TREMOVE database 109.This is regarded at the moment

as one of the most reliable and detailed source for transport data in Europe. It shows data in

a standard and uniform way for all European countries,1 also as forecasts up to the year
2030. Thus it can be easily applied to future project appraisals, since it covers most of the
typical time frame for the lifetime of transport projects. Data stem from a consistent baseline

scenario, i. e. the description of a possible, uncontroversial future development of a system
(here the European system of transport), compiled with a simplified description of the
considered system by a model, consisting of a set of equations. 110

TREMOVE data of emissions available for all relevant transport modes are shown in the
following Table 2.2. In this table only those emissions ~ave been chosen where damage

cost factors in HEATCO exist. The amount of emissions can be referred to the amount of

passenger-km and ton-km of the respective year, available from the same scenario. From
those data, emission factors for 2000 and the future can be generated and applied to the

case study under examination. I

These data for emissions as well as passenger-km and ton-km are available for the years

2000, 2010, 2020, and 2030. For the years within each decade, it is assumed that the
emission factors per passenger-km for passenger transport and per ton-km for freight
transport change in a linear manner from year to year. From 2030 to 2044, the end of the

time horizon under consideration of the railway line, the emission factors are assumed as
constant. For CO2 and NMVOC, both emission categories (exhaust and well to tank) can be

added, because within the HEATCO guidelines there is no differentiation in effects. For
other effects, it makes a difference where the emissions take place. This is especially the

case for PM2.5 and PM1Q,because emissions at ground level are assumed to cause much
more damages than emissions from higher sources, e. g. power plants. This is especially
the case for the electricity to be generated for electrified railway lines.
Therefore, for both diverted and newly generated traffic the differential or additional

emissions can be estimated and evaluated for each year during the assumed lifetime of the
project.

108 This means especially to use the HEA TCO cost factors provi1ed in Bickel et al. (2006), pp. 98 ff. See
also the deeper insight of the HEA TCO team: "Carrying out bottom-up calculations for every potential
transport infrastructure project appears unrealistic due to the amount of data and time required." (Bickel
et al. 2006, pp. 93).
TREMOVE (2007). Data for Portugal are excerpted from the file EMISSIONS.XLS generated with the
base case pivots v2.7 v2.7_Basecase_Pivots_EU15+CH+NO.exe (7-zip self-extracting archive)
available at http://www.tremove.org/documentation/indexhtrn.
For a detailed description ofTREMOVE, the methodology, modules and models used see De Ceuster et
al. (2007). See that for the purpose in this study, only a small part of data generated by TREMOVE is
used.

109

110

http://www.tremove.org/documentation/indexhtrn.
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Table 2.2: Emission data available from TREMOVE - related to pkm for passenger

transport, and related to tkm for freight transport - for rail and road
transport modes

Rail Rail Car Bus Truck
electric a) diesel (passenger) (passenger) (average) b)

(passenger (passenger (freight)

and freight) and freight)

CO2 exhaust c) none yes yes yes yes

CO2 well to tank c)
I

yes yes yes yes yes

NMVOC exhaust c) none none yes yes yes

NMVOC well to tank c) yes yes yes yes yes

NOx exhaust none yes yes yes yes

I
NOx well to tank

I
yes yes yes yes yes

PM exhaust (PM2.5) none yes yes yes yes

PM non-exhaust (PM1o) none none yes yes yes

PM well to tank (PM1O) yes yes yes yes yes

S02 exhaust none yes yes yes yes

S02 well to tank yes yes yes yes yes

Energy consumption (Terajoule) yes yes yes yes yes

a) Electric rail does not produce exhaust emissions.

b) Average over four categories of heavy duty truck (> 32 t; 16-32 t; 7.5-16 t; 3.5-7.5 t) and one
category of light duty truck « 3.5 t): Sum of ton-km of all truck categories are referred to the sum of
emissions of all categories.

c) For CO2 and NMVOC the differentiation of exhaustlnon-exhaustlwell to tank is of no relevance for
the monetary evaluation.

It is assumed that the substituted private car and bus traffic for passenger transport, as well

as the substituted truck traffic for freight transport, are in their composition, e. g. of petrol
and diesel, but also of the share of urban road, non-urban road, and motorway traffic,
representative for the average ofl Portugal. For the railway line under consideration, most of
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it passes rural areas outside of cities. The largest towns along the line have 55,000

inhabitants. Therefore, for the factor costs of PM2.5 and ~M10' where the local environment
has a crucial effect, a 15 % share of urban area and 85 % of outside built-up area are

assumed'!'.

The external costs can then be calculated using the emission factors gathered by
TREMOVE and the monetary values gathered from HEATCO, with some updates on the

valuation of PM2.5and PM10112.The values used are shown in Table 2.3.

In order to reproduce the monetary values shown in Table 2.3, first one has to convert the
Euro values of 2002 (or of 2000 in the case of PM2.5 and PM10due to the updated source,

see last footnote) to €2006to adjust for inflation up to 2006. Beyond that, it is recommended
in HEATCO to use "increasing values for future years based on a default inter-temporal

elasticity to GDP per capita growth of 1.0. If air pollution costs prove to contribute an

important part of the benefits quantified in an assessment we recommend sensitivity testing
with an income elasticity of 0.7"113.

The income elasticity tends to differ between resources and between countries. In HEATCO

it is further recommended that - where evidence exists -I the income elasticity used should
be specific to the cost or benefit being considered. The present state of the art to transact

this recommendation given by HEATCO is to assume a growth of per capita GDP of 2 % per
year up to the year 2030 and a lower growth of per capita GDP of 1 % in each year after
2030. For the income elasticity, the arithmetic mean of 1 and 0.7, i. e. a value of 0.85 is

used'". This means the willingness-to-pay to reduce health risks and other external effects
is assumed to increase slightly under-linear with per-capit1 income.

To deliver insight into the amount of this growth of monetary values with regard to external

effects, the values of three years are shown - the initial year 2006, the year 2030 - this is
the year after which a decelerated growth rate is assum~d, and the year 2044, the end of
the time horizon of the project. From 2006 to 2044, values increase by 69 %, which in the

end effectively leads to a reduced net discount rate for these environmental and health
effects.

For CO2 effects, a different type of increase of monetary value has been used - central
guidance values that have been based on a combination of damage cost and marginal
abatement cost esttmates.I" Since this non-steady increase in progressive stages is

recommended this way within HEATCO, it is also applied this way for the calculation.

III

112

113

114

Estimation of Fernandez Riveiro (2007). I
As documented in Maibach et al. (2007a), p. 200, this update of monetary values originates from newer
results for Germany (Umweltbundesamt 2007), transferred to l0ther EU countries.
Bickel et ai. (2006), p. 102
These rates are currently applied as described here within the projects NEEDS and CASES (Klotz
2008, Preiss 2008), therefore we apply it in the same way here for consistency. See also the table of
CASES (2008).
See Bickel et ai. (2006), p. I 17, Table 6.12, and for furt er details of the underlying calculations
Watkiss et ai. (2005).
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Table 2.3: Monetary values used in € per ton of emission and source

Euro pe~ ton Source and assumptions
2006/2030/2044
(factor prices)

CO2 29 (201012019) Bickel et al. (2006), p. 117, shadow prices based on
36 (2020-2029) Watkiss et al. (2005), converted to €2006

45 (2030-2039)
62 (204012044)

year 2006 2030 2044 Increase in values of 1.7 % from 2000 to 2030, of

0.85 % after 2030 (Klotz 2008)

NMVOC 1199 1797 2023 Bickel et al. (2006), p. 98 and 100, converted to €2006

NOx exhaust 3357 5031 5664 Bickel et al. (2006), p. 98, converted to €2006

(ground level)

NOx well to tank 2997 4492 5057 Bickel et al. (2006), p. 100, converted to €2006

(high stack)

PM exhaust 60252 90291 101657 Maibach et al. (2007a), p. 200, 15 % urban and 85
(PM2.S) % outside built area assumed, converted to €2006

PM non-exhaust 24113 36137 40683 Maibach et al. (2007a), p. 200, 15 % urban and 85
(PM10) I % outside built area assumed, converted to €2006

(mainly tyre abrasion)

PM well to tank 7440 11150 12553 Maibach et al. (2007a), p. 201, 50 % urban and 50
(PM10) % outside built area assumed, converted to €2006

S02 exhaust 2278 3414 3843 Bickel et al. (2006), p. 98, converted to €2006

(ground level)

S02 well to tank 2038 3054 3439 Bickel et al. (2006), p. 100, converted to €2006

(high stack)

Multiplying the monetary value of each type of emission with the respective emission factor

per passenger-km for electric-driven rail, diesel-driven rail, passenger cars and buses, and
per ton-km for electric-driven rail, diesel-driven rail and trucks for each year, and adding the

contribution of all pollutants to external costs leads to monetary values for the external costs
of passenger transport per passerger-km and the external costs of freight transport per ton-
km. The development of external costs per passenger-km to be used over the lifetime of the

project, as well as the comparison of these figures between the different transport modes
that are relevant in the substitution process 116 shows Figure 2.1; the same development for

116 See that, although the project starts in the year 2006, the substitution of transport modes due to the
project is assumed to start in 2010. Therefore the development is relevant for the project in the time
frame from 20 I0 to 2044. Since the forecast figures of TREMOVE end in the year 2030, the parameters
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freight transport is shown in Figure 2.2.
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External costs of passenger transport per 1000 passenger-km for

electric rail, diesel rail, private cars and buses in Portugal

The change of external costs per 1000 passenger-km over time is due to two effects
overlapping each other: First, mainly due to technological progress, efficiency gains, and a

tendency of emission reduction, for most pollutants external costs decrease over time.

Another effect is due to the assumed steady increase In the monetary value per ton of
pollutant. The further effect of the monetary value per ton Iof CO2 equivalent that is assumed

to increase each ten years is visible through the additional upward jumps of the curves each
ten years. It is also remarkable that diesel trains generate higher external costs per
passenger-km than private cars. This is relevant in the way that the existing diesel traffic in

the northern part of the line is going to be completely replaced by electric rail due to the
project. Also, an explicit comparison of diesel and electric rail will be done in a separate step
within Chapter 2.1.6.

The development and comparison for freight transport (Figure 2.2) shows a similar result.
Even here, although truck traffic leads to higher external costs than electric rail, it is still less

damaging to the environment than diesel rail. However, there has been no (or a negligible

share of) diesel rail freight traffic on the line before the project, thus the results of diesel rail
do not have any influence on the overall result and will onll~ be used later for the comparison

of a hypothetical alternative of modernisation without a simultaneous electrification.

of the year 2030 are assumed without a further change up to the year 2044. The increase in monetary
values however goes on after 2030 with a reduced growth rate of 0.85 % per year.
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Figure 2.2: External costs of 'fJ1reighttransport per 1000 ton-km for electric rail,
diesel rail, private cars and trucks (average fleet) in Portugal

Having calculated these figures for all the time frame under consideration, the external
environmental benefits can be re-calculated both for the shift of passenger transport and

freight transport. For passenger transport, the following shifts of transport are relevant.
Passenger traffic without the project:

• 65.8 % of passenger-km already electrified, no change due to the project

• 34.2 % of passenger-km diesel to be replaced by electric rail
Additional passenger traffic without the project:

• 45 % of passenger-km private cars to be replaced by electric rail

45 % of passenger-km buJes/coaches to be replaced by electric rail

10 % of passenger-km ne~IY induced traffic due to the project
•
•
For freight transport, the assumptions are less complex:

• Freight traffic without the project: already electrified, no change due to the project

(the non-electrified part of rhe line was to a substantial extent not suitable for freight)

• Additional freight transport due to the project: 100 % replacement of truck transport
on the road, no newly induced traffic due to the project

Hence, all these changes in transport modes can be converted into environmental external
benefits due to the project. SincJ electric rail has the least external costs compared to all

other transport modes under consideration, the environmental benefits are positive for all
components except the additionaf external costs due to the newly-induced passenger traffic.

As visible in Table 2.2, electric rail only causes "well-to-tank" emissions and no exhaust
emissions. This means the emissions of the electricity generation including all up- und
downstream process steps, refeTng to the average compound of electricity generation in
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I
Portugal and reasonable assumptions how this compound is going to develop up to the year
2030 and beyond. For consistency reasons with the other assumptions used in the baseline

scenario of the TREMOVE database, this assumption is Plausible.

2.1.2. Alternative results: Site-specific calculation of external costs by electricity with

EcoSenseWeb

The approach estimating external costs and benefits developed in Chapter 2.1.1 is based on

the HEATCO guidelines and combines them with newly available data on present and
forecasted emissions. However, though it is already a considerable amelioration of the

usually applied project appraisal method (due to time-efficiency pressure), it still has to trust
in average values in certain steps. One of the characteristic features of the methodology
developed within the ExternE framework however was to calculate site-specific effects, i. e.

dependent on the location of emission and the receptors. Therefore, as an example, at least
for a specific component of external costs and for one year covered in the time frame of the
project, this site-specific methodology is shown applying the most recent tool developed
within the ExternE framework!"
Alternatively, it could be known from the information provided by the operator or assumed

that the electricity generated for the operation of the electric trains is produced at a specific

power plant. However, in this particular case there have been no data from the operator of
the line on the specific source or sources of the electricity purchase. Thus, for the exact

"

electrlcity mix used (or intended to be used) there is no estimation available. To get an

overview about the actual electricity mix in Portugal, the following Table 2.4 shows the most
recent data on electricity produced in Portugal. From that it can be gathered what type of
electricity production can be typical or reasonable to be assumed.

117 At the current stage, a site-specific calculation of external effects is only possible for point-sources of
emissions, e. g. a power plant or industrial location, or a combination of different point sources, but not
for typical line sources, e. g. transport emissions along a road or railway line. For this reason, the
following descriptive example concentrates on the electricity production for the newly generated rail
traffic on the railway line under consideration. This is relevant for this case because the electrified
traffic does not generate direct emissions from exhaust but only indirect ones, e. g.from the production
of fuel.
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Table 2.4: Electricity mix of Portugal in GWh 2005

Generation GWh (2005)

Hard coal 15,226
Petroleum products 8,791
Natural gas 13,606
Biomass 1,977
Industrial wastes 13

Conventional thermal 39,613

Hydro 5,118
Wind 1,773
Geothermal 71

Total gross generation

I
46,578

Total imports
I

9,626
Total exports 2,802

Final energy consumption (electrTty): Transport 360

No electricity produced in Portugal 2005 from nuclear, lignite and peat, and derived gases.
Source: Eurostat (2007), p. 320.

Since the main contributors to electricity in Portugal are hard coal and natural gas, the
assumption is reasonable that the electricity produced for this railway line will be produced

either in a coal-fired or a natural gas-fired power plant, ideally situated in proximity to the
railway line. Both alternative assumptions can serve as a check of results or a type of
sensitivity analysis. It is supposed, based on the comparison of previous results for external
costs of different fossil, but also nuclear and renewable fuel cycles.!" that the external cost
estimates stemming from the average TREMOVE emission data are situated within the

band width generated by the coal-fired power plant (upper central estimate) and natural gas-
fired power plant (lower central estimate). Hard coal is typically affected with a high level of
external costs, natural gas with the lowest level within the fossil fuels relevant for Portugal.

Since electricity consumption per passenger -km can also be derived from the same
TREMOVE data source, such a comparison of results as described should be consistent;

the TREMOVE emission data for electric rail should represent the average electricity mix
somewhere in between the hard coal and natural gas level.

The following Table 2.5 shows the relevant transport data necessary as a baseline for a
I

118 The most seminal studies for such comparisons in different countries have been the ExternE National
Implementation study (European Commission 1999b) and New Ext (European Commission 2004).
Although the methodology has b6en improved since then, which changed the absolute level of external
cost estimations, the relative ranking of the external costs of dfferent fuel cycles remained largely stable.
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comparison of both calculations. The years 2010, 2020,1 and 2030 are the relevant years
during the transport project where TREMOVE provides explicit data.

Table2.5: Electricity consumption and additional passenger-km for passenger
transport by electric rail and ton-km for Ifreight transport by electric rail;
average for Portugal I

Year 2010 2020 2030
Passenger transport (GJ per 1000 pass-km) 0.188 0.167 0.156
Freight transport (GJ per 1000 ton-km) 0.336 0.352 0.353
Additional passenger-km electric rail (1000 pass-km) 15,873 27,654 39,203
Additional ton-km electric rail (1000 pass-km) 0 272,322 545,339
Additional GJ by electric rail passenger transport 2,986 4,620 6,119
Additional GJ by electric rail freight transport

I 0 95,766 192,318
Sum additional GJ per year 2,986 100,386 198,437
Sum additional GWh per year 0.83 27.89 55.12

Source: calculated from case study data and TREMOVE (2007) data.

The year 2010 is assumed as the first year with additiOnjl passenger-transport due to the
project; however the increase in freight transport is assumed to start not before 2011.

Therefore we decide to use as a best example the year of 2020 for an estimation of external
costs due to electricity by passenger and freight transport generated in a coal-fired power
plant or a gas-fired power plant, compared to the average values from TREMOVE.119 In the

following, it is supposed that the 100,386 Gigajoule generated in the year 2020 for the
additional electricity necessary for additional passenger and rail transport originates are
produced by one single power plant120.

In the National Implementation phase of the ExternE study!", for Portugal the coal-fired
power plant of Pego, at that time the more recent one of two coal fired power plants in

Portugal, has been used as reference power plant for the hard coal fuel cycle. It is situated
in the municipality of Abrantes, district of Santarern, and thus directly close to the railway
line passing Abrantes. Therefore it is reasonable that the electricity to be produced for the

railway line stems from this plant. For the natural gas fuel cycle, the reference plant Tapada
do Outeiro under examination is located further in the north of Portugal, in Gondomar near

119
Also, for the year 2020 another specific future emission scenario is available in EcoSenseWeb besides
the scenario for 2010. Since the TREMOVE data are explicitly available for 2010, 2020, and 2030 and
have been interpolated in the years in-between, the choice of 2020 as the reference year seems most
consistent.
We further assume that the energy consumption of electric rail, as found in the TREMOVE data, is in
full electricity. Possible further shares of energy, e. g. of heat produced at another place such as at a
separate heat supply station, for heating of railway stations or track switches, are considered as
negligible.
Martins et al. (1998), pp. 15 and 37ff.

120

121
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Porto, a combined cycle gas turbine (CCGT).122 A CCGT associat~s a gas turbine that

generates electricity to a heat recovery steam generator and a steam turbine that produces
additional electricity.123

Since the input data for the power plants used for the ExternE National Implementation

study for Portugal in 1998 would not be satisfactorily complete or are not completely
reported with regard to the input necessary for the actual EcoSenseWeb version of 2008,

and moreover these data have to be considered as out-dated with regard to future plants,

data of two other power plants of a different country have been used instead, one coal-fired
and one gas-fired combined cycle power plant of about equal size, constructed in 2004 and

1999.124

An overview of the data requirements for the case studies performed by EcoSenseWeb is
given in Annex A of this report. ~or a more detailed description of EcoSenseWeb see the
elaborate user's rnanuat'"'. Besides the emissions of radio nuclides 126,input data have been
complete for all sorts of pollutant ~missions.
Comparing both types of results of environmental external effects due to the additional
electricity generation for the increased electric rail transport exemplarily for the year 2020 -
the one on the basis of the data of the TREMOVE scenario and the one with two site-

specific EcoSenseWeb calculations for a coal-fired power plant at the site of Pego and a

gas-fired combined cycle gas turbine (CCGT) has been done in the following way:
First, out of the estimated project data the component of external costs due to additional

electricity generation had to be isolated. Since the effects due to CO2 have the main effect
on the result, using the value of 36 €2006per ton of CO2 suggested in HEATCO from the
years 2020 to 2029127, this share of external costs is shown isolatedly from the remaining
other external costs, of which health risks are the major component. See that the external

costs per 1000 passenger-km for the year 2020 are estimated as 0.72 €2006,of which the
contribution of non-Co, effects is only 0.08 €2006.Per 1000 ton-km external costs for 2020

are estimated as 1.52 €2006,of which non-Co, effects contribute 0.18 €2006.The absolute
values are shown in Table 2.6.

122 The coordinates for the power plants used as input for EcoSenseWeb are 39.462 "N and -8.149 °E for
Pego and 4 I. I5 "N and -8.53 °E for Gondomar; coordinates have been gained from the Portuguese
wikipedia source for the respective municipalities.
See the description of the reference power plant (Martins et ai. 1998, pp. 55 f.)
The complete technical data ~sed as an input for EcoSenseWeb have been gathered within the
framework of a masters thesis in 2007 at the IER, University of Stuttgart and have been declared as
confidential, provided by personal contact with the operators. Therefore, for reason of confidentiality,
they cannot be made public,
Preiss and Klotz (2008). Available for registered users of EcoSenseWeb at the website
http://ecosenseweb.ier.uni-stuttgart. de/index. php.
Radio nuclides are usually only applied for nuclear power plants and estimated in Becquerel per kWh.
For fossil fuel cycles there is some evidence of radioactive emissions too: coal for instance contains low
levels of uranium, thorium, and other naturally-occurring radioactive isotopes whose release into the
environment leads to radioactive contamination. However the quantities of these emissions are usually
not known or taken into accou~tfor other than nuclear fuels.
Bickel et ai. (2006), p. 117, shadow prices based on Watkiss et ai. (2005), converted to €2006. See also
Table 2.3.

123

124

125

126

127

http://ecosenseweb.ier.uni-stuttgart.
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Table 2.6: External costs due to additional electric rail traffic on the line in 2020 in
€2006 (values based on TREMOVE data)

Health, crops etc. CO2 Sum
due to passenger transport 2,327 17,616 19,943
due to freight transport 48,234 365,182 413,415
Sum 50,561 382,798 433,359

Source: calculated from case study data and TREMOVE (2007) data.

First, the results for the coal-fired power station, made comparable to the values from Table

2.6, are shown. Since input data refer to the total electricity of the plant in a year,

EcoSenseWeb also presents as an output all external costs arisinq to the one-year
electricity production of this plant (or, alternatively, in €-c~nt per kWh.) Therefore, it has to

be taken into respect that the additional electricity production needed for the railway line is in
the year 2020 only 0.306 % of the total electricity produced in the plant and so is the share
of external costs. Due to the standards set by current iresearch projects, EcoSenseWeb

calculations refer to €2000values and thus monetary values are updated to €2006values using
the inflation factor of 20.3 % gained for Portugal from the original case study data.

Furthermore, the increase in monetary values from 2000 to 2020 has to be applied, which
results in a factor of 1.01720 = 1.401. This means a further increase by 40.1 %.
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Table 2.7: Input data and external costs due to additional electric rail traffic on the

line in 2020 in €2006, electricity produced in the coal-fired power plant in

Pego (values based on EcoSenseWeb, adjusted for value increase and

updated to 2006 fir inflation)

Electricity production of the Pego power plant under consideration 9,100 GWh

Electricity production for additional electric rail transport (passenger and

freight) in 2020 I
27.885 GWh

Share of electricity production of the power plant used for railway line 0.306 %

Inflation factor €2000to €2006for Portugal 1.203

Factor of monetary value increasEf from 2000 to 2020 1.401

External costs due to additional traffic

Human health, materials and crops

Local scale a)
I 61 €2006

Local/regional scale a) I 111,839 €2006
Local/regional/hemispheric scale 124,374 €2006

Biodiversity losses due to acidification/euthrophication 7,669 €2006
Micro pollutants 7,070 €2006
Sum of non-greenhouse gas effects (275 % of TREMOVE-based results) 139,113€2006
Costs of greenhouse gas emissions 0) (218 % of TREMOVE-based) 833,377 €2006
Sum (224 % of TREMOVE-based results) 972,490 €2006

a)

b)

included in the sub-total result "Local/regional/hemispheric scale", not to be added

for comparison, the same value of 36 €2006per ton of CO2-equivalent was used as in the
alternative calculation shown in Table 2.6. (EcoSenseWeb input as 29.60 €2000)

It is evident that the site-specific results show more than double the amount of external

costs than the average ones gathered on the basis of the TREMOVE data (275 % for non-
greenhouse has effects, 218 % for greenhouse gas effects, 224 % in the sum). However, it
is plausible that for a specific coal-fired power plant the results are in tendency higher, due

to the following reasons:
• Hard coal is, compared to the other components of the Portuguese electricity mix, a fuel

cycle with comparatively high external costs

• The coal-fired power plant represents a quite up-to-date, but current technology
(electricity generation started in the year 2004), whereas the TREMOVE scenario

assumes further technologioal progress (i. e. efficiency gains) between now and the

year 2020, and

In the EcoSenseWeb calculations, other greenhouse gases than CO2 have also been

taken into respect (CH4 a~d N20), although their share to global warming is of

subordinate importance compared to CO2.
128

•

128 It is emphasized again that w9 explicitly assumed the same (HEA TCO-based) cost per ton of COz-
equivalent as input for EcoSenseWeb as we did in the alternative calculations.
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In the same way, the results for the gas fired CCGT are Jresented. The assumed electricity
production is with 9,308 only slightly higher than the one of the coal-fired plant, the

additional electricity production needed for the railway line accounts in the year 2020 for

0.300 % of the total electricity produced in the plant and so is the share of external costs.
The corresponding results are shown in Table 2.8.

. Table 2.8: Input data and external costs due to additional electric rail traffic on the

line in 2020 in €2006, electricity produced in the gas-fired CCGT power

plant in Gondomar (values based on EcoSenseWeb, adjusted for value

increase and updated to 2006 for inflation)

Electricity production of the Gondomar power plant under consideration 9,308 GWh
Electricity production for additional electric rail transport (passenger and
freight) in 2020 27.885 GWh

I

Share of electricity production used for railway line 0.300 %

Inflation factor €2000 to €2006 for Portugal 1.203
Factor of monetary value increase from 2000 to 2020 1.401

External costs due to additional traffic

Human health, materials and crops
Local scale a) 1,017 €2006

Locallregional scale a) 6,707 €2006

Local/regional/hemispheric scale I 7,092 €2006

Biodiversity losses due to acidification/euthrophication I 437 €2006

Micro pollutants I o €2006

Sum of non-greenhouse gas effects (14.9 % of TREMOVE-based results) 7,528 €2006

Costs of greenhouse gas emissions 0) (29.4 % of TREMOVE-based) 112,442 €2006

Sum (27.7 % of TREMOVE-based results) 119,970 €2006

b)

included in the SUb-totalresult ULOCallregiOnal/hemisPhe+scale", not to be added

for comparison, the same value of 36 €2006 per ton of CO2-equivalent was used as in the
alternative calculation shown in Table 2.6. (EcoSenseWeb input as 29.60 €2000)

a)

As supposed in tendency but not to this amount, the site-specific results for the gas-fired

fuel cycle show Significantly lower results for external costs than the average ones gathered
. I

on the basis of the TREMOVE data (15 % for non-greenhouse has effects, 29 % for

greenhouse gas effects, 28 % in the sum). Similar results have been known from other

countries, since a CCGT plant has comparably less emissions than a coal-fired one. It is
I

consistent that using the average values from TREMOVE leads to values in between this
range.

For the effects on human health, building materials, and crops, i. e. the calculations done on

a real site-specific basis, EcoSenseWeb uses results of three different air transport models



64 Alexander Grefsrnann

integrated and combined: 129

• The Industrial Source Complex model (ISC) on a local scale (100 x 100 km2 around the

plant size, with a resolution or 10 x 10 grid krn")

• Source receptor matrices fOr regional modelling based on EMEP/MSC-West Eulerian
dispersion model

• Source receptor matrices for intercontinental transport modelling in the Northern
hemisphere and for mOdellin~ of North-African countries

For the local 100 x 100 km area, i. e. for the highly affected area close to the source of

emissions, the results of the loc11 model are regarded as more reliable than those of the
regional and hemispheric one. There is no double counting, since in the local area the
results of the same area arising ~rom the regional and hemispheric models are not added.

The same holds for the overlap of the regional and hemispheric modelling.
Figure 2.3 shows the coverage jf Europe by the EMEP grid that delimits the range of the
regional model. Therefore especially the Far East, the Middle East, North America, the main

part of Russia and North African countries are only covered by the North Hemisphere
model.

Figure 2.3: The range of the EMEP 50 x 50 km grid used for the regional dispersion

model I

129 See for the description and linking of the models in more detail Preiss and Klotz (2008), pp. 10 ff.
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Source: EMEP, http://www.emep.intlgrid/grid50.pdf

In Tables 2.7 and 2.8 the shares of the local modelling only, of the combination local plus

regional modelling, and the sum of results are given.13o In comparison, one result is

remarkable but totally logical when the neighbourhood of the two power plant sites is
inspected. In the local area (100 x 100 km with the plant in the middle) covered by the ISC

model, the gas-fired power plant shows significantly higher external costs than the coal-fired
one. The reason is obvious, since within this area the citylof Porto (330,000 inhabitants) and
a large share of the greater urban district of Porto (1.26 Mio. inhabitants) are situated. The

coal-fired plant is situated in the rural area of Abrantes with no larger city nearby. Therefore,
for the coal-fired power plant the local share of external costs for human health, crops, and
material damages is only 0.05 % of the overall results, fOIthe gas-fired power plant the local

share is 14.3 %. It would be interesting at this stage fori comparison to perform additional
calculations of the two power plants at the alternative site of the other one to see the

influence of the site-specirtcity.?" However, since both sites are still in the same country, it is

foreseen that the regional and hemispheric influence on tre results will not differ very much,
so only the share of the local results will differ significantl~. To discuss the effects of building

a new power plant at alternative sites, i. e. the choice of location, however, this would be a

tool to provide help for such a decision, at least from the ,nvironmental perspective.
The sum of the categories of human health impacts, crops, and material damages, is shown

in the summary results file, but a more detailed output also provided by EcoSenseWeb
shows in addition the amounts of the endpoints of individual dose-response functions.
To see the relative contributions of these three main damage categories caused by the

"classical" primary and secondary air pollutants, the percertages are shown in Table 2.9.

Table 2.9: Shares of external effect categories material, crops, and human health

due to primary and secondary air pollutants, estimated by the local and
regional range models

Effects on Coal Gas
Building material 1.1 % 0.6%
Crops 2.0% 5.1 %
Human health (mortality and morbidity) 96.9 % 94.3%

Damages to crops (i. e. yield loss of potatoes, rice, sugar beet, sunflower seed, tobacco,

and wheat) are caused through three different impact pathways: acid deposition, nitrous
deposition, and ozone. The first two components show in this particular case a negative
sign, i. e. there is an arithmetical benefit due to additional emission; this is due to non-

linearities in the interaction of S02 and NOx. However, this result is over-compensated by

130
Calculation results of "regional model only" and "hemispheric model only" are also given as output of
EcoSense Web, for the sake of comparison of the model results, but part of this output is not used since
for this area a more specific model exists.
Due to time constraints of the STAREBEI program, this was not possible at the moment.131

http://www.emep.intlgrid/grid50.pdf
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the damaging effect due to the foJmation of ozone.

This (as well as a large series or former similar results during the ExternE study phases)
shows that the damages on human health are (besides the global warming damages) the

main component of external costs. In the following, a detailed view is given to the share of
mortality and morbidity risks that are included both in the combined results of the local,
regional, and hemispheric model. I

The additional contribution of the [hemiSPheric model for those world regions not covered by
the regional model to the result is of minor importance (10.1 % for the coal fuel cycle, 5.4 %

for the gas fuel cycle) but not cOTPletely negligible. The hemispheric model only comprises

effects on human health. The Iresults of this hemispheric model are displayed within
EcoSenseWeb in a more aggregate way than those of the local and regional model. Table

2.10 shows the results of the hemispheric model for coal and gas in the areas not covered
by the more detailed regional mfdel, aggregated for the following five types of pollutants
taken into respect separately. This is also the basic classification for the dose-response

functions of the regional model; for the local one only primary particulates are taken into
respect, because within the local range no chemical conversion of substances is included.

• Primary particulate matter1with diameter < 2.5 IJm

• Primary particulate matter with diameter < 10 IJm

• Secondary inorganic aerosols with diameter < 2.5 IJm

• Secondary inorganic aerosols with diameter < 10 IJm

• Sum over means over 35 hPb ozone concentration
Although the particles < 2.5 IJm are a sub-section of the respective particles < 10 IJm, the

damages due to the categories do not contain double counting, because all categories are
attached to different dose-response functions.

Results of the cohtribution of the hemispheric model on human health

for the coal- and gas-fired power plant due to primary and secondary air
Table 2.10:

pollutants and ozrne

Coal Gas

I €-Cent2oo0 €-Cent2oo0
per kWh per kWh

Primary particulate matter with di~meter < 2.5 IJm 0.0001 0
Primary particulate matter with diCjlmeter< 10 IJm 0 0
Secondary inorganic aerosols with diameter < 2.5 IJm 0.0046 0.0001
Secondary inorganic aerosols wit~ diameter < 10 IJm 0.0218 0.0006
Sum over means over 35 ppb ozone concentration 0.0003 0
Sum in total 0.0268 0.0007

A value of 0 in the cells means less than 0.00005 €-cent2oo0per kWh

See that in this table and in the fLowing the output data in €-cent per kWh are expressed in
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2000 values (as given by the EcoSenseWeb software) and not adjusted for inflation and

value increase to future years. More detailed results are displayed with regard to the major

components of external costs estimated by the local and Iregional scale models. Table 2.11

shows the results of health effects, categorised for mortality and morbidity, as well as for

primary and secondary particles, in comparison for the coal-fired and gas-fired electricity

production. Again it is noticeable that the gas-fired power plant has a higher share of
damages due to primary particulate matter than the coal-fired one. This is due to the vicinity
to the densely populated city and surroundings of Porto that overcompensates the effect

that the absolute amount of emissions (apart from primary PM2.S) is lower than in the case of
coal.

Table 2.11: Results of mortality and morbidity due to the local and regional range

models and to primary and secondary air pollutants and ozone for the

coal- and gas-fired power plant

Coal Gas
Damage costs caused by: €-Cent2oo0 €-Cent2oo0

per kWh per kWh
Chronic mortality (years of life lost a € 40,000;

Icaused by primary and secondary particles < 2.5 urn) 0.1357 0.0079
Acute mortality (years of life lost a € 60,000; I
caused by means over 35 ppb ozone) 0.0035 0.0002
Infant mortality (cases a € 3,000,000;

caused by primary and secondary particles < 10 urn) I 0.0013 0.0001
Total mortality I 0.1405 0.0082
Total morbidity I 0.0902 0.0053

I
Primary particulate matter with diameter < 2.5 urn I 0.0015 0.0054
Primary particulate matter with diameter < 10 urn I 0.0006 0.0010
Secondary inorganic aerosols with diameter < 2.5 urn 0.1694 0.0046
Secondary inorganic aerosols with diameter < 10 urn 0.0361 0.0011
Sum over means over 35 ppb ozone concentration 0.0231 0.0014
Sum in total 0.2306 0.0135

The detailed results of damages for all mortality and morbidity endpoints are shown in the
table of Annex B. Here, the results of the impacts and damages with regard to single
morbidity endpoints show the same result. All primary p~rticles have a high impact in the

local area, so for this share of the pollutants the impacts of the gas-fired power plant in the
densely populated area are higher. Moreover, the smaller primary particles with a diameter

less than 2.5 IJm (PM2.s) responsible for chronic mortality are, according to the input data,

for the gas CCGT nearly double as high as for the coal plant - this increases the result for
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the primary particles. However, the share of larger particles between 2.5 urn and 10 urn is

zero for the gas-fired power plant, so measured in PMlO as a whole, the coal emissions are
higher than for gas.

Also from the detailed results it becomes obvious that chronic mortality is by far responsible
for the largest share of external costs due to health, although the current monetary value of

40,000 €2000to be used for onellife year lost, based on the recent contingent valuation

survey in NEEDS132 is lower than rhat has been used in earlier ExternE studies before. Two
other mortality effects, acute mortality due to peak concentrations of ozone (affecting people

generally at the end of their lives), and increased mortality of infants below one year133,
attribute only a smaller share to external costs.
For morbidity effects, the highest shares of external costs are cases of chronic bronchitis

affecting adults of 27 years and above caused by secondary PMlO, work loss days affecting
adults from 15 to 64 caused by secondary PM2.5(both effects accounting for more than 0.02
€-cent2ooo/kWh for the coal fuel dcle), and .cough for children from 5 to 14 years caused by

ozone (more than 0.01 €-cenhooo/kWh for the coal fuel cycle).
What also needs to be exPlainld is a further category of minor quantitative importance
appearing in Table 2.7 and 2.8 called "Micro pollutants", not included in the results of Table

2.11. These additional catego~ of pollutants, consisting of heavy metals and other
carcinogenic substances, also have an effect on morbidity and mortality due to fatal and

non-fatal cancers; however, the impact pathways of these substances are ditterent'".
Moreover, lead (Pb) and mercury (Hg) also have an effect on neurotoxicity, i. e. various
impacts on the nervous systems, both on children and adults. Among all these (to a large

extent overlapping) impacts, IQ loss of children has been quantified and given a monetary
value.135. The minor substances and the generic monetary values per unit of release used
shows Table 2.12. The emissions of all 'these substances contribute to the corresponding

value of 5,046 €2006for micro pollutants in Table 2.7 for the coal fuel cycle. External costs
due to these micro-pollutants are] although not completely negligible, for the coal fuel cycle
only additional 6 % of the darnaqes due to the classical air pollutants. For the gas fuel cycle

(Table 2.8), the amount is zero due to the absence of emissions.

132.
133

134

Oesaigues et al. (2007) recommend to use this value of 40,000€2000 as an average for all EU countries.
As explained earlier in Chapter 1.2.2., an evaluation of a case of infant mortality with an (undiscounted)
double value of the statistical I life of an average adult should be appraised as an overestimation.
However, in spite of that, in this context of primary and secondary particles, according to the dose-
response functions used, cases of infant mortality playa minor role (less than I % of damages occurring
due to chronic mortality).
This group of pollutants is categorized as "minor parts", since emitted in small amounts, compared to
the "major parts" of the classickl air pollutants. For these minor parts, dispersion modelling has been
undertaken in models other than included in EcoSenseWeb, mainly within the NewExt project
(European Commission 2004, see chapter V dealing with the externalities from multi-media -
air/water/soil - impact pathways). In EcoSenseWeb, therefore, only average values per ton of pollutant
are used. I
See in more detail the explanation of Preiss and Klotz (2008), p. 22. Estimations of IQ loss have been
performed within studies of Spadaro and Rabl in the years 2006 and 2007.

135
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Table 2.12: Generic monetary values per unit of release for micro pollutants, used
for the estimation of external costs in EcoSenseWeb (€2000 per ton)

Pollutant Impacts Monetary value (€20oo/ton)
Cd cancer I 39,000
As cancer 80,000
Ni cancer 4,000
Cr cancer I 31,500 *)
Cr-VI cancer 240,000
CH20 (Formaldehyde) cancer 200
Dioxin cancer 37,000,000,000
Pb 10 loss 600,000
Hg 10 loss 8,000,000

*) average between 29,000 (coal-fired power plants) and 34,000 (oil-fired power plants)
Source: Preiss and Klotz (2008), p. 22

The evaluation of cancers here is based on disability-adj~sted life years (DALYs), using a
different concept, mixing mortality and rnorbldlty.!" This evaluation is not explained in more
detail here, since the effect of this damage category is rather low - and also using rough

and site-independent averages. However, the monetary e~aluation for these impacts can be

regarded as not totally consistent with the evaluation of the other fatal health risks. Here it is
recommended better evaluating morbidity and mortality endpoints separately.

This exercise demonstrated in Chapter 2.1.2 shows that Iusing site-specific calculations, if
justified by particular data, can indeed change the results substantially. However, this case
also reveals that the relevance of such a site-specific calculation is in tendency higher for

the evaluation of specific energy projects such as new power plants, or energy policies, than
for transport.

2.1.3. Accident reduction due to the elimination of level crossings

Besides a general reduction of transport emissions, another benefit of the modernisation of

the railway line under consideration is that in the final p~ase 80 existing crossings at the
same level will be eliminated. For the evaluation it is assumed that the accident reduction

due to the elimination of level crossings is based on the increased transport volume

generated by 2.1.1. and comprises the reduction of accidents with fatalities, severe injuries

136
See especially Bachmann (2006) as one of the main fu~damental and detailed examination of
air/soil/water impacts and external costs due to ingestion and inhalation, where DAL Ys have been used
for the evaluation of cancers. Bachmann states a reason with [COnsistenCYof other data and studies in
this field why he uses DAL Ys and not e. g. monetary values for cancer based on life years lost and
additional cost of illness, such as applied in earlier ExternE studies (see European Commission 1999a,
p. 245, Table 12.8 for life years lost and derived monetary values for different types of fatal cancer). In
this Ph.D. study of Bachmann (2006), the integrated water a~d soil environmental fate, exposure and
impact assessment model of noxious substances (WATSON) was developed.
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and slight injuries that occur at level crossings.

The additional accidents due to a level crossing, i. e. the incremental accidents avoided due
to an elimination of a level crossing, for the railway line under examination amount to 0.0305
per year. This value is based on empirical data for another railway line in Portugal.137 From

the same data source and time frame it has been gathered that one accident at a level
crossing leads in average to 0.450 fatalities, 0.158 severe injuries and 0.117 slight injuries.

The crucial part of the evaluation of these effects is the application of alternative values for

accident risks. The following Table 2.13 shows an overview of the monetary values used for
fatal and non-fatal accidents used in the original appraisal and suggested by the HEATCO

project.

Table 2.13: Alternative monellY values for fatal and non-fatal accidents at level
crossings

Country/study Fatality Severe injury Slight injury Cost per

I

accident 0)

Portugal/ EIB (€2006 prices) 1,074,570 139,690 10,750 506,930

Portugal/ HEATCO (€2002 PPP,
I

1,055,000 141,000 9,700 498,210

factor prices) ,

updated to €2006 for inflation and 1,264,830 169,040 11,630 597,300
income elasticity of per-capita
GDP growth

values used for the year 2030 1,895,560 253,340 17,430 895,140
values used for the year 2044 2,134,020 285,210 19,620 1,007,760

Portugal / HEATCO (€2002, 803,000 107,400 7,400 379,220

factor prices)
updated to €2006 for inflation and 962,670 128,800 8,870 454,630

income elasticity of per-capita
GDP growth

values used for the year 2030 1,442,720 193,020 13,290 681,340

values used for the year 2044 1,624,220 217,310 14,960 767,050

Average VSLadull for Europe 800,000 - n/a n/a

(consistent with NEEDS) 1,000,000

0) It is assumed that one accident at a level crossing leads in average to 0.450 fatalities, 0.158 severe
injuries and 0.117 slight injuries (based on empirical data from 1992 to 2003).

I
Regarding the alternative values for accident mortality and morbidity, there is an influence
on the overall result that increases with time. Since the main recommendation of the

HEATCO project has been to take the monetary values as factor prices in €2002 PPP, we

137 From accident data of the years 1992 to 2003 at level crossings from the Sintra line, a mean value of
0,457 accidents per year and level crossing has been estimated. Since the relationship of rail traffic
frequency is 20/300, comparing the Beira Baixa line with the Sintra line, it is assumed that the risk of an
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would take the 498,210 €2002 as a starting point for the cOit per accident. Then - in the same

way as done for the external effects due to the emiSSiOj of pollutants, we first update the

values to €2006 PPP to account for inflation; this leads to a damage value of € 558,350.
Furthermore, the increase of the monetary value due to an increasing per-capita GDP of 2

% and an income elasticity of 0.85 leads to a value of 597,300 €2006 to be used for the year
2006. This is also the year when the first level crossings are eliminated. This is - for the

year 2006 - an increase of 17.8 % compared to the value originally taken in the EIB

appraisal. However, by the year 2030 this increase rises to 76.6 % and by 2044, the end of
the time horizon, to 98.8 %.
The underlying value per fatality used here represents an "average" VSL value. For this type
of accidental health risk this seems admissible. If we assume that people are equally
exposed to the risk of a fatal or a non-fatal accident of this type regardless of their age, it

can be assumed that an application of values of life years lost instead of a general VSL
would not lead to a (significant) change in the results. Hd1wever, in principle one can check
databases with regard to the age distribution of accident risks.!" This could be a task for

future research, including the question whether there might also be differences in such an
age distribution of risks between countries. 139 I

USing the (unchanged) value of 0.0305 accidents per level crossing per year for the line

under consideration, and the monetary values increasing from € 597,300 in the year 2006 to
€ 1,007,760 in the year 2044 per accident at a level crossing, we end up with mortality and

morbidity damage costs of € 18,213 per level crossing f9r the year 2006, € 27,295 for the
year 2030, and € 30,729 for the year 2044 (compared to € 15.459 in the original calculation
for all years). In the final stage, from the year 2010 on eighty level crossings will be
removed.

2.1.4. Accident risk change due to changes of transport modes

To be consistent in the estimation and evaluation between the benefit category "safety

benefits for rail users" which only consists of the effect of the elimination of level crossings
(described above), and the benefit category "safety benefits for ex road users" (as well as
two smaller, previously neglected effects of the category "safety benefitsllosses for ex bus

138
accident per year is proportional to the rail traffic frequency a?d thus the factor is adjusted by 20/300.
Note that victims at level crossings can be both passengers or staff of the train and drivers or passengers
of cars, buses, trucks, motorcycles, etc., as well as cyclists and pedestrians crossing the railway line.
Therefore we can a priori neither assume a tendency that oldJr nor younger people are generally more
accident-prone. This might be different for some specific accident risks. E. g. are higher fatal accident
risks observable for young car or motorcycle drivers after hav~ng received their driver" s license. On the
other hand, older drivers might suffer from restricted concentration, e.g. when passing a railroad
crossing. However, for accidents at level crossings, such effects playa subordinate role, weigh out each
other, and only affect drivers but not other passengers. A general tendency however is reflected in age-
specific IRTAD data (http://cemt.orglIRTADIIRTADPUBLIbgraphslP135.pdf) that show a relative
minimum of people killed by 100,000 population of the same age group in the 25-64 years group
compared to both younger and older age groups for European bountries in general.
One main source for this would be CARE (EU road accidents database) data which show more
heterogeneous results. See e. g. the latest data in the Safety Net Annual Statistical Report 2006 (ERSO
2007). However, such questions are beyond the scope of this study.

139
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users" and "safety risks due to rewlY induced traffic") to be attributed as an effect of the

"general modernisation of the linEr the following assumptions are taken:
For road accidents, based on CARE data an estimation of a "deadly accidents coefficient" of
0.019385 fatalities per million person-km has been performed for Portuqal."? Since severe

and minor injuries are not documented in the same way in the CARE database, we take the

relationship of the occurrence o~ fatalities, major injuries and minor injuries from the data
gathered from the level crossings. That means, in average accompanied by each fatality we

assume in addition 0.352 severe injuries and 0.259 slight injurles.!" From this the non-fatal
accidents coefficients due to severe and slight injuries can be gathered, and finally, by

multiplication of these factors with the respective monetary values, the damage costs per
million person-km, as shown in Table 2.14.

Table 2.14: Assumptions and calculation of damage costs per million passenger-
km for private ca~s

Fatality Severe injury Slight injury Sum

Monetary Value HEATCO .
Portugal, (€2002 PPP, factor I 1,264,830 169,040 11,630 n/a
prices, updated to €2006 - range - - -
from 2006 to 2044) 2,134,020 285,210 19,620

Ratio of injuries versus fatalities 0) 1 0.35185 0.259259 n/a

Accidents coefficient per million
person-km (road)

0.019385 0.00682 0.00503 n/a

Damage costs per million person- 25,729
km (road) (2006 - 2044) 24,518 1,153 58.44

-41,367 - 1,945 - 98.60 - 43,411

0) assumed from the ratio of accidents at level crossings in Table 2.13.

In the original case study, a "safkty factor" value of 48.57 €2006 per 1000 passenger-km for
road was used. This was based on the INFRASIIWW 2000 study. Taking respective data

140 Murias (2007), based on data of the year 2005. This is about in the middle of the range of different EU
countries: Sweden and the United Kingdom show less than 0.005, Bulgaria, Romania and Lithuania
more than 0.065 fatalities per m~IIion person-km.
This might be an underestimati9n of non-fatal accidents, since for those accidents at level crossings the
share of severeness (i. e. the ratio of fatalities and non-fatal injuries) might be higher than for accidents
as a whole. The Road Safety Cbuntry Profile shows a very different relationship between injuries and
fatalities - 52,009 injuries withjn 38,930 accidents with injuries, compared to 1,294 fatalities in 2004,
both figures with a decreasing trend since 1998 (European Commission 2005b, p. 1). However, it does
not show a share of severe and slight injuries (and moreover the definition which is a severe and a slight
injury is not standardised withid countries). Most recent available figures from EUROSTAT for railway
accidents in Portugal for the yekr 2006 show an amount of 53 fatalities, 18 of which occurred at level
crossings, and 33 severe injuriks, 9 of which at level crossings (Bialas-Motyl 2008, pp. 2-3). Slight
injuries have not been reported in this source.
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from the updated INFRAS/IWW 2004 study!", the corresponding value would be 28.99 €2006

per 1000 passenger-km 143. In comparison, the newly calculated data are for 2006 only

53.0 % of the value based on INFRAS/IWW 2000. This difference declines with time due to

the growth factor, so that in 2044 the value reaches 89.4 % of the INFRAS/IWW value.

Compared to the value of the INFRAS/IWW 2004 study, the initial deviation for the year
2006 is much lower, i. e. the damage costs per million peison-km are in 2006 88.7 % of the

INFRAS/IWW 2004 value and will exceed this value by the year 2013.144

For bus and train passenger-km, such accident data per person-km are not available in the
same way as for road. Therefore, it is - again for the sake of consistency - assumed that

the ratio of accident damage costs per million passenger-km used for road, bus and train
can be transferred from the factors available from INFRAS/IWW. To smooth out the
influence of single accidents with high costs (especially for rail and buses/coaches), an

average of the accident costs for the two years available was used. This calculation is
shown in Table 2.15.

Table 2.15: Damage costs in €I1000pkm (road, bus, and rail transport)

I Road Bus Rail

INFRAS/IWW 2000 (€1995, updated to €2006) 48,57 3,75 5,97

INFRASIIWW 2004 (€2000, updated to €2006)

28,99 3,37 5,53
Ratio Means of Transport versus Road Transport

(based on the average of both INFRAS/IWW 2000
and INFRAS/IWW 2004 €2006 values) 1 0.092 0.148

New calculations (based on Table 2.14 and the 25,729 2.360 3.815
ratio of the average of INFRAS/IWW values) -13,411 - 3.982 - 6.437

Turning the attention at the relationship of the average accident costs between
buses/coaches and train, it is remarkable that, according to the INFRASIIWW 2004 figures,
in only four of the 17 European countries under consideration (EU-15 + Norway +
Switzerland) the average accident damage costs are hi~her for rail than for bus, namely
Norway, Finland, Portugal and Greece, with only Greece having a higher ratio than

142

I

The updated INFRAS/IWW 2004 study has been published al Schreyer et al. (2004). Values stemming
from the older INFRAS/IWW (2000) study have been quoted bd referred to in the original spreadsheet
calculations of the case study. I
INFRAS/IWW (2000) suggested a value of 35 €1995 per 1000 passenger-km that was adjusted due to
inflation to the year 2006. INFRAS/IWW (2004) show 24.1 €Qooo per 1000 passenger-km, also adjusted
due to inflation to 2006. I
The initial deviation might be due to an under-estimation of tHe share of non-fatal accidents, but also to
lower monetary values for mortality than those used in earlierltimes. However, for consistency with the
monetary valuation of the benefits from the elimination of level crossings, we keep this value.

143

144



74 Alexander GreP..mann

Portugal. 145 Therefore in this care a shift of passenger transport from bus to rail would

slightly increase the damage costs, though this effect is much smaller than the decrease of

damage costs due to a shift fro, private car to rail. In most other European countries, the
shift of passenger transport from bus to rail would also lead to a decrease of damage costs.

There is a slight question of consistency in the fact that the elimination of level crossings
leads to a decrease in average icosts for trains as well and therefore affects the average
risks also for those passengers changing the transport mode. However, this already seems

to be taken into respect completely in the category "safety benefits for rail users"!". The
original description of this categolry might be misleading because the safety benefits do not

just accrue to the previously using rail passengers, but also to people crossing the railway
lines, and therefore also to accidents with freight trains not transporting passengers.
Therefore, a shift of 1,000 passeiger-km from private cars to rail leads to a safety benefit in

the amount of the difference of t~e respective damage costs, a shift of 1,000 passenger-km
from bus to rail leads to a negative safety benefit due to a risk increase also in the amount
of the respective damage costs, and 1,000 newly induced passenger-km due to rail lead to

an additional risk increase. USinglthe estimation that the additional train passenger-kms due
to the project are drawn by 45 % from private cars, by 45 % from buses/coaches, and are by

I
10 % newly induced traffic, each increment of passenger -km due to the project leads in

average to a safety benefit of 9.4~ € per 1000 passenger-km in 2010 (the first year in which
additional traffic due to the proje1ct is assumed), 13.23 € per 1000 passenger-km in 2030,

and 14.89 € per 1000 passenger-km in 2044. The comparable value used in the original
calculation has been 19.17 € per 1000 passenger-km for all years. Therefore, this
component of external benefits IWili be of smaller importance for the overall result than

before. Note however that this component is later, when the three components of the project
are evaluated separately, attributed as a part of general modernisation.

2.1.5. Overall results in comparln

Including all effects on valuatiot in the final results of the economic rate of return, the
influence of the different components of valuation can be seen. Note that only the external
cost components have been re1calculated, including the changes in fatal and non-fatal

accident (or "safety") risks, both due to changes in transport modes and due to the
elimination of level crossings 147. The result on the benefits side is shown in Table 2.16.

145

146

147

See Table 70 in Maibach et al. (i2007a), p. 176.
See that a trend of decreasing fatal and non-fatal accidents per passenger-Ian (observable in the past) is
not taken into respect for the future. This seems in this case correct in order to be consistent - otherwise
the explicitly estimated accident reductions due to the elimination of level crossings would lead to
double counting. It can be a4umed that a substantial part of the trend of accident reduction per
passenger-km has been due to the elimination of level crossings in the past having come along with the
replacement or modemisation or railway lines.
It was not the task of this work to question the assumptions on the estimation of investment costs as well
as operational costs. Also it was decided not to change values of time saved. Therefore, these cost and
benefit components show no ch~nge compared to the original project assessment.
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Table 2.16: Comparison of benefits of the project with original and new calculation

of external and safety benefits (in 1,000 €; 5 % discount rate assumed)

New results Original results Percentag Percentag
e of total e of total

benefits benefits
new original

Passenger benefits

Total time savings 17,800 17,800 4.8% 4.7%
Car operating costs savings 27,582 27,582 7.4% 7.3%
Bus operating cost savings 3,406 3,406 0.9% 0.9%
External Environmental 2,082 1,564 0.6% 0.4%

benefits passenger

transport

Safety benefits for ex road 3,763 5,805 1.0% 1.5%
users

Safety benefits for rail 26,851 17,783 7.2% 4.7%
users

I
Freight benefits I

Truck operating costs 263,004 263,004 70.3% 69.8%
savings

External Environmental 29,590 39,736 7.9% 10.5%
benefits freight transport

Sum of project benefits 374,078 376,680 100.0% 100.0%

The main quantitative difference leading to a reduction of benefit values is due to the lower

external environmental benefits of freight transport. The cause for this is that - as evident in
Figure 2.2 - in the TREMOVE data especially the emissions for trucks and therefore the
external costs per ton-km of truck traffic are assumed to decrease significantly over time.

Therefore the difference in external costs per ton-km are lower than in the original
calculation with constant rate of external costs per ton-kms of 10.47 € per 1000 ton-km for
trucks and 1.41 € per 1000 ton-km for (electric) rail. This cannot totally be compensated by

the increase in the valuation of external costs (or in this case differential external benefits)
over time. On the other hand, the safety benefits for rail users due to the elimination of level

crossings are the main contribution to an increase in valuation. In the sum, however,
changes nearly completely even out each other.

Having a look at the key figures of cost-benefit analysis before and after the re-calculation,
the following results are shown in Table 2.17:



76 Alexander Grefsrnann

Table 2.17: Net present values (in 1,000 €; 5 % discount rate) and economic rate of

return of the transport investment as a whole

New results Original results

Net present value benefits 374,078 376,680

Net present value costs 365,542 365,542

Net present value project 8,537 11,138

Economic internal rate of return a} 5.29 % 5.38 %

Economic internal rate of return excluding external 4.13 % 3.85%
benefits a, b)

a) for reasons of consistency with the net present values: taking into respect costs and benefits
up to the year 2044 (instead of up to 2040 as in the original calculation)

but including safety benefits, along the lines of the original structure of project appraisalb)

This shows that - at least in this case and keeping in mind all uncertainties and caveats,
e. g. about the assumptions on transport development with and without the project, a re-

evaluation of external costs makes such a regional railway project look less profitable.
However, there is some evidence that this result is not only (or even not mainly) due to
monetary evaluation of health effects using the values of lives lost, but to a dynamic change

of emission factors over time. This means, we take into respect that the alternatively used
truck fleet used for freight transport without the railway project will also become less

environmentally damaging as it is now, due to a modernisation and hence a reduction of

emissions.
Though the project shows slightly smaller benefits than before, the net present value still

remains positive, and the effect of the economic internal rate of return in the whole is small.

Leaving aside the external benefits due to emissions, the economic rate of return increases
- this is due to the growth of willingness-to-pay for the increase in safety, i. e. to avoid fatal

and non-fatal accidents. Here, the elimination of 80 level crossings along the line makes the
most substantial impact.
Furthermore, it has to be mentioned that the HEATCO guidelines also suggest - if a

common rate for the European Union shall be used instead of a specific national discount
rate - using a smaller discount rate (3 %) than the 5 % used as a standard value in EIB
project appratsal.!" This in tendency would lead to a substantial increase in the net present

value. Comparing the internal rate of return with alternative potential discount rates for
calculation, this means that using a smaller discount rate of 3 %, the net present value
would even be positive when external benefits due to lower emissions were not taken into

account. This relativizes the newly calculates result of the slightly smaller estimation of

benefits in the sum.
Moreover, it has to be emphasized again that transport noise effects have also not been

148 Bickel et al. (2006), p. 33 recommend that "a common discount rate regime across EU countries should
be used in sensitivity analysis. For lower-bound sensitivity testing, a rate of 3 % may be used and can be
derived from using values for the components of the social time preference rate"
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taken into account, as well as a further reduction of time for passenger transport due to the
reduction of congestion by truck traffic. This, however, would have an upward effect on the

efficiency of rail projects. As shown in the alternative calculation in Chapter 2.1.2, also

further boundary conditions can influence the result significantly, e. g. the source and

mixture of electricity (or in principle also other inputs) for rail. Therefore, one might think of

issuing requirements to the operating company if the predicted financial rate of return of a

project is of borderline values, e. g. on using environmentally friendly electricity, fuel or heat,
as a prerequisite for financing a project.

2.1.6. Separate evaluation of individual effects

From such an overall result as shown before, a general conclusion about the relative
economic profitability of a project as a whole can be drawn. However, there is no immediate
possibility to identify which part of the value of the project is due to the different individual
effects. Therefore, in addition to the overall result on economic rentability of the project, a
re-evaluation of the effects shall be broken down into three particular measures:

• the general modernisation of the line, leading to an increase in diverted as well as newly

generated traffic and all traffic-related effects on internal and external costs (excluding
the effects of the following two items)

• the accident reduction due to the elimination of level crossings

• the electrification, i. e. a complete substitution of diesel engines by electric engines for all
passenger and freight transport.

This makes the different effects more transparent, because it splits them up to be evaluated
differently, assuming that these investment steps were performed one by one.

A crucial question is whether the estimated investment costs and the operating costs can

also be attributed to the three "steps" of measures, so that individual economic rates of
return or net present values could be calculated!". However, in any case the steps would
only have the character of fictitious (i. e. hypothetical) investments, because a simultaneous

combined investment would probably generate fewer costs than an investment of the three

measures one after the other. In fact it has to be emphasized that in this case an increase of
rail transport in this amount would not be possible without electrification because only
electrification of the northern part of the line enables a connection without transfer.

One problem is the attribution of costs to the three components of the project. For the
estimates of investment costs of the project, this attribution is still reasonably possible

according to the detailed investment plan 150. For train operating costs, it is assumed that

149
An attribution of costs to these three steps is only possible for investment costs (e. g. with regard to the
overhead contact installations for the traction system), but not to operational costs, since the estimations
of the promoter do not give information about this (Fernandez Riveiro 2007).
Based on figures of Fernandez Riveiro (2007), the initial investment costs in the years 2005 to 2010 can
be attributed in the undiscounted sum by 45 % to electrification, by 32 % to general rehabilitation, and
by 23 % to the elimination of level crossings. The additional major re-investment in the year 2025 is
due to the electrification components with an assumed lifetime of 15 years. The difference to the
alternative investment costs in the "do-minimum" case without the project for 2005 to 2010 is totally
attributed to general rehabilitation.

150
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they are completely due to rehabilitation, because they chiefly depend on the increased

train-kms for freight traffic. For rail infrastructure maintenance costs for which the annual
additional amount of the project remains constant from the year 2008 on, an attribution is
less clear, since the estimations of the operator do not allow this. It seems sound to perform

alternative calculations with attributing them 100 % to rehabilitation, 100 % to electrification,
and 50 % to rehabilitation and electrification each. It can be assumed that the elimination of
level crossings does not lead to positive additional operational costs - rather the operation,

attendance and maintenance of a level crossing is probable to cause more costs than a
bridge instead.

• General modernisation of the line

We now assume that the general modernisation or rehabilitation of the line generates the
complete impact on changes in transport demand, i. e. leading to an increase in diverted as
well as newly generated traffic. Excluded are only the effects on reduced accidents due to

level crossings, and on the difference in external effects due to the change of fuel types
(electricity versus diesel).
In this case the external benefits are negative, both for passenger and for freight transport.

The reason for the result is the assumption that all additional transport is served by diesel
trains; it is obvious from Figures 2.1 and 2.2 that - according to the underlying TREMOVE

scenario - diesel trains have higher external costs per passenger-km and per ton-km than

any road transport, at least after the year 2010. In spite of that, the remaining benefits of the
project are in any case higher than the costs. This is due to the essential part of the truck

operating costs savings in Table 2.16 that dominate the result. Table 2.18 shows the results,

expressed both as net present values and as economic internal rates of return.

Table 2.18: Net present values (in 1,000 €; 5 % discount rate) and economic rate of
return of the modernisation of the line only (supposed additional rail
traffic is all diesel)

Alternative: Rail infrastructure modernisation 50 % modernisation, Electrification
maintenance costs to be 50 % electrification only
attributed to:
Net present value benefits I 285,700 285,700 285,700

Net present value costs
, 216,925 172,606 128,287

Net present value project 68,775 113,093 157,412

Economic internal rate of return a) 12.62 % 21.59 % 44.15 %

Economic internal rate of return 14.31 % 23.01 % 45.24 %

excluding external benefits a, b)

a) for reasons of consistency with the net present values: taking into respect costs and benefits
up to the year 2044 (instead of up to 2040 as in the original calculation)

but including safety benefits due to a change in transport modeb)
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The figures also show that the operating costs of infrastructure is a major cost component

and so the attribution of these costs to electrification or general modernisation is crucial for

the relationship of costs and benefits. Anyway it also shows that this hypothetical splitting of
different components of the investment seems to be of limited explanatory power, because

these assumptions apart from the other measures are not realistic. However, it also serves
the purpose of a comparison of diesel and electricity railway service in one of the next steps.
Such a comparison of an electrified and non-electrified railway line has not yet been

explicitly examined within earlier ExternE-Transport (including HEATeO) projects.

• Elimination of level crossings

This partial step is the least complex one, because it only consists of one benefit, the
accident reduction at level crossings. How to evaluate them in monetary terms has been
described in chapter 2.1.3.

Although the costs in this case consist of investment costs in the years 2006 to 2009 only,

and no operating costs as well as no re-investment are attributed to this effect, the benefits
do never outweigh the costs. This means, from the view of reduction of accidents, the
additional investment for removing level crossings is not profitable. However, it has to be

questioned whether the accident reduction, and within this the immaterial costs of mortality
and morbidity are the only benefit - accidents of this type are accompanied by considerable
property damage, especially for the railway operator. Furthermore, additional time savings -

also for road transport - should be attributed to this part of the investment, and also the
avoided operational costs of the level crossings themselves. Even if we attribute e. g. half of

the time savings of the project (€ 17,800) to the removal of level crossings, the net benefit
does not become positive. Therefore, the explanatory power of this partial result, as shown
in Table 2.19, may be limited as well.

Table 2.19: Net present values (in 1,000 €; 5 % discount rate) of the elimination of
level crossings (80 by the year 2010)

Net present value benefits 26,851
Net present value costs 40,747
Net present value project - 13,896
Economic internal rate of return . negative

• Electrification of the line

It has again to be emphasised that the electrification of the line has been an integral part of
the overall renovation and modernisation; however here is assumed that it can be

undertaken separately. This electrification is assumed to be accompanied by a complete
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substitution of diesel engines by electric engines for all passenger and freight transport. This

refers both to the additional transport due to the project that was assumed in step one to be
served by additional diesel trains, and the original share of diesel transport before and in the

case without the project. Therefore we isolate the comparison of the final amount of both
passenger-km and freight-km, undertaken either by a diesel locomotive fleet or by an
electric locomotive fleet. It can also be seen as a comparison of diesel and electric.

As to be foreseen, the benefits accrue by the most part from freight traffic (57.403 Mio. €),
whereas passenger traffic contributes only 4.125 Mio. €. Although this is a substantial
amount due to the reduction of emissions, it is by far not possible to equal the investment

costs of electrification, no matter how the rail infrastructure maintenance costs are attributed
to modernisation and electrification. This is displayed in Table 2.20.

Table 2.20: Net present values (in 1,000 €; 5 % discount rate) and economic rate of
return of the electrification of the line only (supposed all previous and

additional diesel rail traffic is replaced)

Alternative: Rail infrastructure modernisation 50 % modernisation, Electrification
maintenance costs to be 50 % electrification only
attributed to:
Net present value benefits 61.528 61.528 61.528

Net present value costs
I

103,376 147,694 192,013

Net present value project I -41.848 - 86.166 - 130.485

Economic internal rate of return *) negative Negative negative

Economic internal rate of return negative Negative negative

excluding external benefits *)

*) for reasons of consistency with the net present values: taking into respect costs and benefits
up to the year 2044 (instead of up to 2040 as in the original calculation)

Therefore, the latter exercise has shown that the approach to separate investments to
different steps may be, at least applied to this particular case, somewhat arbitrary. From the
result only, it should be concluded that only the rehabilitation of the line is worthwhile

carrying out, but neither the electrification nor the elimination of level crossings. From an
engineering point of view, however, this is not a serious option, as already explained before.
However, such an analysis would make more practical sense if there are really different

options, e. g. technical or route variants or stages of expansion of a project that can be
implemented separately or one by one. In this case having a look at differential or fictitious

investments can really give advice for making decisions. By the way, the partly results - e.

g. what is the quantitative difference between electric- and diesel-driven rail with regards to

external costs - are absolutely meaningful indeed.
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2.1.7. Conclusions of this case study

It has been shown, that the HEATCO methodology can be successfully applied to assess

transport costs. In the case study examined, the overall result, i.e. the net present value

calculated, is not very different from the one calculated for the original study. However,
looking into the results in detail, it is shown that larger variations occur that partly

compensate each other. Please also note that for the value of time the original values have

been taken, although HEATCO recommends higher values. The use of HEATCO values for
time would thus lead to higher (i.e. better) values of the net present value.

For this case study, the methodology was applied to a quite complex project with several
influential factors. It could be even further complicated (but also this adds strategic
relevance to the future) if a new railway line is also assumed to substitute airplane transport,

e. g. when evaluating new trans-European networks. In this case, the reliability of project
estimations would both depend on the rating of the more complex estimations of the
substitution of existing traffic by alternative transport modes as well as the generation of

newly induced traffic, and the external cost estimations of airborne transport. Data for plane
transport and respective emissions are also included in the TREMOVE data sets, so the
calculation of this component of external costs would access available data. It has to be

checked what are the other major components of external costs due to airplane transport
(noise, accidents, etc.) that have to be taken into respect.l" 152

For another type of case-study with a more local, especially urban, context such a

methodology using the same data and approach as applied here would be applicable rather
easily. A typical example would be an urban metro or tram line. In this case the different

environmental effects to be evaluated and compared are more clearly arranged and more
easily manageable. Also for metro and tram lines, country-specific data are available within
TREMOVE in the same way to be used and referred to passenger kilometres. Since those

transport modes typically use electric drive, the same estimation of external costs by local
electricity generation can be performed. It can be assumed that for such urban case studies,
time saving benefits might be even more substantial for the result on overall benefits than
health risk benefits.

The use of TREMOVE data for the estimation of emissions proved possible, it can be
applied in principle to other appraisals of transport projects of all types. The prototype
calculations may be standardized and automatized based on this experience to gain an
efficient estimation within a limited time and effort for project appraisal.

151
An elaborate study of the external costs of air traffic, focussed on the operation of an airport, has been
recently performed at IER for the airport of Frankfurt am Main that is the central and most frequented
one in Germany (Schmid et al. 2003), also examining potential variants of expansion. Besides the air
pollutants, noise and accident risks have been identified and quantified as the most important categories
of external costs. However, these results can only roughly be attributed to passenger kilometres or
freight kilometres. .
A further EIB case study of a TEN railway line with an even higher significance for the transboundary
long distance commuter service as an alternative example has also been thoroughly examined in an
earlier phase of this STAREBEI work.

152
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This general application is possible because the TREMOVE data used are available

• in a sufficiently long time frame spreading into the future that corresponds to the time

horizons of typical transport projects - and since only ratios of emissions or energy per
person-km or ton-km are used but no absolute figures, there is no substantial error

(beyond the general uncertainty of forecasting future developments towards the end of
the time horizon) if these ratios are kept constant (in the example for the time from 2030

to 2044)

• for all countries of the European Union

• in a more than sufficient detail for all relevant transport modes
If more than one country is affected, e. g. for trans-European networks, suitable weighted

averages of country-specific data or aggregated EU data can be used.
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2.2 Excursus - Value of travel time savedllost: Comparison of case study
and HEATeO values used 153

For Portugal, the value of travel time saved for car users is calculated as 6.18 €2006 per hour,
growing each year by 1.5 per cent. Assumed is a share of 10 % business travel, 30 %
commuter travel, and 60 % leisure travel. For train and bus users, the value is multiplied by
2/3, i. e. 4.12 €2006 per hour. In the project appraisal calculation, time savings are assumed
only for train and (former) bus users, but not for car passengers.

HEATCO values suggest considerably higher values!". Firstly, equal values are suggested
for car and train passengers, smaller ones for bus travellers. In €2006 PPP factor prices per

passenger per hour, adjusted from original €2002 PPP factor prices, using the same shares of

business, commuter, and leisure travel, and supposing that within both commute and other
(leisure) trips half of the trips are "short-distance" and half are "long-distance" (long-distance

values per hour are higher), we calculate an average of 11.96 €2006 PPP for car and train

users and 7.99 €2006 PPP for former bus users. This leads nearly to a doubling of the value
of travel time saved.

If applying these increased values of travel time to the case study under examination, this
would lead to a considerable increase of the total time savings in Table 2.16. Thus this
effect would in the end overcompensate the slight decrease in the valuation of the other

project benefits and lead to a higher net present value as well as economic internal rate of
return.

It has further been assumed that for freight trips there is no additional travel time saved.

This might be the case if all increasing ton-km are derived from trucks and there is no
induced freight traffic assumed!". However, it is mentioned in the report that without the trip,

freight via trains had to take the longer and more northern route. This also leads to the

question whether time is in a similar way a critical factor for freight traffic by train or truck as
it is for passenger traffic. Without having other well-founded assumptions, it seems justified
to leave out the evaluation of potential time benefits for freight traffic.

For the Barcelona metro line study, the value of travel time saved for car users is calculated
as 9.62 €2000 per hour for car users, as 5.11 €2000 per hour for bus and metro users, including

newly generated travel, and as 7.81 €2000 per hour for road network. Also this value is
assumed to grow by 1.5 per cent for the entire time horizon.

Compared with the HEATCO values suggested156, if assumed that we take (similar as for

153
These considerations emerged during a project phase when the second option of the Barcelona case
study was scheduled as well. This case would have been particularly interesting since for Spain as one
of five countries new findings on the economic evaluation of travel time saved have been gained within
the contingent valuation study of the HEA TeO project, and travel time savings would have been an
important component of the benefits of this metro line project. It was decided to keep these thoughts at
least as an excursus, because it was decided later not to concentrate in detail on travel time savings in
the case studies, and therefore they could not directly be applied to the first case study for Portugal.
See Bickel et al. (2006), p. 73 and p. 77 for passenger trips.
Fernandez Riveiro (2007)
See Bickel et al. (2006), p. 76 and p. 77.

154

155

156
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the train line assessment in Portugal) 10 % as business travel, 30 % commuter travel (short

distance), and 60 % leisure travel (short distance). This also leads to a significantly higher

average.
Besides the values recommended by HEATCO, which are gained by regression and meta-

analysis of existing studies, values have also been estimated by contingent valuation 157.The

result is 0.21 €2005PPP for a 5 minutes travel time reduction (0.23 €2005PPP if identified
"protest answerers" are deleted) and 0.37 €2005PPP for a 10 minutes travel time reduction

(0.42 €2005PPP if protest answerers are deleted). See that a doubling of time savings does
not lead to a proportional increase in willingness to pay. For Spain (as also for Germany and

Hungary), there is no significant difference in urban versus rural population. From the five
countries under examination, only in Norway a slightly higher WTP is to be found, whereas
in the UK, Hungary and Germany the WTP for both 5 and 10 minutes reduction is

Significantly lower.
Since the travel time reductions per journey in the case study range from 8 to 16 minutes, it
is assumed to take the WTP for a 10 minutes travel time reduction as a basis and multiply it

by the factors respective factors 0.8 to 1.6. Compared with the values used, 0.42 €2005PPP

(without protest answers) per 10 minutes equal to 2.52 €2005PPP per hour, which is lower
than the original values used in the case study by more than a factor of two.

It has to be emphasised that
• The question focused only on the travel to work (i.e. commuter travel), thus only people

working outside of their home have answered this question (278 out of the 1000 persons

of the full sample in Spain; excluding protest answers 249 remained).

• Reducing these values to factor prices, the difference even becomes larger.

Due to the relatively low sample and since these values are much lower than the values
gained by meta-analysis, the overall conclusion of the HEATCO team should be followed
that "the VTTS practice should therefore be regarded as an experiment on applying

Contingent Valuation for the value of time. Until this methodology is more throughout tested
for other aspects of travel time savings, we recommend that new European values for time
savings should be based on the meta-analysis conducted in other parts of the HEATCO

project, rather than on the new values from this large-scale pilot study focusing on the use
of CV-methods in assessing European travel time savings.,,158

It should also be mentioned that during the pre-test phase of this study (with a first version

of survey design applied to 20 to 30 interviewed persons in each of the countries), the value
of travel time part of the survey design had been tested in a more comprehensive way, and

in two different versions. On the one side, questions both on the evaluation of travel time to

work and travel time for leisure had been included. To the opinion of the author, travel time
for leisure (as included in the pre-test) would have produced more meaningful results in the

final survey than travel time to work as done in the final version, because

157 This has been performed for five European countries in a contingent valuation study design combined
with the WTP for the reduction of road and rail noise annoyance. See the HEA TeO deliverable report
No.4 (Navrud et al. 2006) for results. Although the main purpose has been the evaluation of noise
annoyance, the WTP for travel time done for Spain can be shown for comparison.
Navrud et al. (2006), p. 58.158
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a) less people would have been excluded from the question (all those who do not have to

travel to work by car, bus or train, which has been more than half of the total survey),
thus the sample would have been much larger. In the pre-test both work and leisure trips

have been based on hypothetical situations, and not on the factual travel to work as in
the final study.

b) due to the longer trip durations in the leisure trip designs, there had been more space for

a realistic decision situation where travel time differences become relevant than for work

(where in much individual cases there seems to be no more margin for a further
optimisation of the trip).

A second important insight of the travel time question set in the pre-test phase was that it
has been tested in two different versions, both for work and for leisure trips:

a) a choice experiment with pairwise decisions between two alternative roads that differ with
regard to type of road, amount of road toll, driving time, and congestion

b) an "open scenario" asking for the maximum willingness to pay for a road toll, compared

to an older, toll-free road. In the leisure trip case, the difference in time spent is two hours
(toll road) versus three hours (non-toll road), all other driving conditions (petrol
consumption, scenery and other things) being equal.

One interesting insight of the pre-test was that the questionnaire version 1 (choice
experiment) proved to be more practical than version 2 (open scenario). The

recommendation of the opinion research firm for Germany was: ''The scenarios on the

valuations of travel time savings (travel to work and for leisure) turned out to be easier for
the interviewee to follow. By many respondents the second version was considered as too

complex and too long. The description of the two alternative routes and of the task was

comparatively harder to understand than the direct presentation of a series of separate pairs
of choice options between two different street types. The exposition to concrete choices is
more vivid and animates the respondent to a more active partlcipanon.!"

The reason that in spite of recommendations of this type the choice experiment design has
not been elected for the final ~urvey was due to recommendations of other experts within
the HEATeO team 160.

Therefore, additional experience has been gained by this value of travel time experiment,
but a further, more elaborate design would be needed.161

159

160

161

Mannas Bonn (2005), p. I (Comments on the Pretest Interview Results for Germany).
Wardman and Laird (2005).
The decision to add a VTTS section into the already planned contingent valuation survey with the focus
on transport noise annoyance was a compromise solution following a suggestion of the scientific officer
of the HEATCO project.
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Annex A: EcoSenseWeb - Data Requirements for Case Studies 162

In order to calculate external costs per kWh of electricity the following input data for

EcoSenseWeb are necessary. The required data can be distinguished into emission data
and technical data of the corresponding (point) sources.

Emission data

The absolute minimums are the following "classical" air pollutants:

• Greenhouse gases: yearly emission of CO2, CH4 and N20
The other emissions have to be provided in terms of flue gas concentration [mg/Nm3].

• NOx

• NMVOC

• PM2.5

• PM10

• S02

• NH3

Moreover, pollutants which are emitted often in smaller amounts, so called minor pollutants,
including heavy metals and POPs have to be provided in terms of flue gas concentration
[j.Jg/Nm3]:

• Cd

• As

• Ni

• Pb

• Hg

• Cr

• Cr+6

• Formaldehyde

• Dioxin
If data are not available it will be entered as zero. However, one should be aware that the

corresponding external costs may not be zero but rather the corresponding input data for
calculation is not available.

Emission of radio nuclides

This is mainly relevant for nuclear power plants. However, also in the life cycle of fossil

fuelled power plants emission of radio nuclides may be available. These have to be
estimated in terms of 8q/kWh.

162
EcoSenseWeb has been developed and tested within the NEEDS project, Research Stream lb, Work
Package 7. Preiss (2007)
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Emissions during Generation Emissions during Emissions during
Mining/Milling Reprocessing

Emissions to Air Emissions to Air Emissions to Air
Noble gases (PWR), incl. Kr-85 Pb-210 H-3
Noble gases (BWR), incl. Kr-85 Po-210 C-14
Noble gases (GCR), incl. Kr-85 Rn-222 Kr-85
lodines Ra-226 1-129
Particles Th-230 1-131
Kr-85 U-238 Cs-137
H-3
C-14 Emissions to Water

H-3
Emissions to Water C-14
Particles 1-129
H-3 Cs-137

Land use change
Area that is needed for electricity production, for example, 2 km2 mixed forest is transformed

into build up land where a power plant is now located.

Technical data
EcoSenseWeb technical input parameters:

• Electricity production [GWh / year]

• Full load hours per year

• Flue gas volume and temperature

• Location (country and longitude and latitude in decimal)

• Stack height

• Stack diameter.
Reference technology data are allocated to a certain site. In case of the operation of a coal
fired power plant this is mainly the site of the power plant itself. However, emissions caused,

for example by electricity generation due to wind energy converters are caused by many

different processes, e.g. the steel production. Therefore, the external costs should be
calculated for these locations and for these processes.
EcoSenseWeb regional dispersion model is based on Source-Receptor matrices.
Therefore, for European countries and some sub-regions of them there is actually one factor
for each pollutant relating emissions to external costs. In other words, the exact location

within the certain sub-region has no further influence on the results. However, factors are
distinguished into high (above 100m) and low (below 100m) release height.

The local model distinguishes for primary particles the exact location and the other technical

parameters like stack height, stack diameter, etc.
If no technical data like stack height / diameter or flue gas volume or temperature are

available these have to be estimated.
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For aggregated data (e.g. emissions per kWh) average values [Euro per ton] emission per
source country. or EU27 can be used.

Annex B: EcoSenseWeb output - Detailed results for fatal and non-
fatal health impact endpoints due to the electricity
produced in the power plants under consideration

(In landscape format, therefore in a separate file stareannexb.doc)
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(Replace with: Page 95, Annex 8)
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(Replace with: Page96, Annex 8)
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Annex C: The Contingent Valuation Method and the Arrow-Solow
Quality Criteria

The Contingent Valuation method uses survey questions to elicit preferences for public
goods. It does this by asking them how much they would be willing to pay to get specified

improvements or to avoid decrements in these good. This method is thus usually aimed at
eliciting their willingness to pay (WTP). The alternative approach is also possible when
respondents are asked what level of compensation they would be willing to accept (WTA)

for taking a loss or for not getting an improvement in environmental quality.
Due to the hypothetical nature of CV markets (situations described do in general not
coincide with the reality situation of people asked), the method is susceptible to bias. There

are three main types of bias:
1. Incentives to misrepresent responses (strategic bias, and compliance bias in the

form of sponsor bias and interviewer bias)

2. Implied value cues (starting point bias, range bias when using payment cards,
relational bias, importance bias and position bias)

3. Scenario mis-specification (amenity and context mis-specification)

In order to limit these potential biases and to thus to improve the validity of newer contingent
valuation studies, especially in the environmental field, the Arrow-Solow panel's evaluation

of CV methods for assessing lost non-use values due to natural resource damages
concluded:
"The Panel concludes that CV studies can produce estimates reliable enough to be the

starting point for a judicial or administrative determination of natural resource damage -
including passive-use value. To be acceptable for this purpose, such studies should adhere
closely to the guidelines described in the report. It is not necessary that every injunction be

completely obeyed; however, the more closely the guidelines are followed, the more reliable
the result. A contingent valuation study that is carefully constructed, administered and

analysed will contain information that judges, juries and decision makers will wish to use, in
combination with other evidence, including the testimony of expert witnesses.'?"

The following guidelines for CV studies are listed in the Arrow-Solow report (selection): 164

1. Sample type and size. Probability sampling is essential for a survey used for damage
assessment. The choice of sample specific design and size requires guidance of

professional sampling statistician.

2. Minimise non-responses.

3. Pre-Testing for interviewer effects. It is possible that interviewers contribute to

"social desirability bias", since preserving the environment is widely viewed as
something positive. In order to test this possibility, major CV studies should

incorporate experiments that assess interviewer effects.

163

164
Arrow et al. (1993).
See Arrow et al. (1993), the so-called NOAA panel on Contingent Valuation. NOAA stands for
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4. Reporting. Every report of a CV study should make clear the definition of the

population sampled, the sampling frame used, the sample size, the overall sample

non-response rate and its components (e.g. refusals), and item-non-response on all
important questions. The report should also reproduce the exact wording and

sequence of the questionnaire and of other communications to respondents.

5. Careful pretesting of CV questionnaire. Careful pilot work and pretesting, plus

evidence from the final survey that respondents understood and accepted the main
description and questioning reasonably well.

6. Elicitation format. The willingness to pay format should be used instead of the

compensation required because the former is the conservative choice.
7. Accurate description of the program or policy.

8. Temporal averaging. Time dependent measures noise should be reduced by

averaging across independently drawn samples taken at different points in time.

9. "No-answer" option. A "no-answer"-option should be explicitly allowed in addition to

the "yes" and "no" vote options on the main valuation (referendum) question.

Respondents who choose the "no answer" option should be asked non-directly to
explain their choice.

10. Yes-no follow ups. Yes and no answers should be followed up by the open-ended

question: "why did you answer yes/no?" Answers should be carefully coded to show
the types or responses, for example: (i) it is (or isn't) worth it, (ii) don't know, or (iii) the
oil companies should pay.

11. Cross tabulations. The survey should include a variety of other questions that will
help to interpret the responses to the primary valuation question.

12. Checks on understanding and acceptance. The above guidelines must be satisfied
without making the instrument so complex that it poses tasks that are beyond the
ability or interest level of many participants.

13. Alternative expenditure possibilities. Respondents must be reminded that their

willingness to pay for the environmental program in question would reduce their
expenditures for private goods or other public goods. This reminder should be more
than perfunctory, but less than overwhelming. The goal is to induce respondents to
keep in mind other likely expenditures, including those on environmental goods, when
evaluating the main scenario.

14. Deflection of transaction value. The survey should be designed to deflect the

general "warm glove" of giving or the "dislike of big business" away from the specific
environmental program that is being evaluated.

15. Steady state or interim losses. It should be made apparent that respondents can
distinguish interim for steady-state losses.

16. Present valuation calculations of interim losses. It should be demonstrated that, in

revealing values, respondents are adequately sensitive to the timing of the restoration
process.

National Oceanic and Atmospheric Administratim.
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Annex 8: EcoSenseWeb output - Detailed results for fatal and non-fatal health impact endpoints due to the electricity
produced in the power plants under consideration (results using the combined local and regional range model)

Impact Risk group a), Pollutant Monetary Coal fuel cycle Gas fuel cycle
age group c) unit value

(€2000) Impact Damage Impact Damage
(ct2ooolkWh) (ct2ooolkWh)

Bronchodilator Asthmatics, adults
usage 20 and above p10 1 3.136 CaseslTWh 3.14E-07 5.36 CasesfTWh 5.36E-07

All, adults 27 and
chronic bronchitis above p10 200,000 0.01776 CasesfTWh 0.0003553 0.03036 CasesfTWh 0.0006072

Symptomatic
Lower respiratory adults 15 and
symptoms above p10 38 31.37 DaysfTWh 0.0001192 53.62 DaysfTWh 0.0002038

Children 5 to 14
Bronchodilator meeting PEACE
usage criteria p10 1 0.3861 CasesfTWh 3.86E-08 0.6599 CasesfTWh 6.60E-08Lower respiratory All, children 5 to
symptoms 14 p10 38 19.95 DaysfTWh 7.58E-05 34.1 DaysfTWh 0.0001296
Cases of Infant Infants (1 month
Mortality to 1 year) p10 3,000,000 6.55E-05 CasesfTWh 1.97E-05 0.000112 CaseslTWh 3.36E-05Cardiac hospital All, total
admissions population p10 2,000 0.004156 CasesfTWh 8.31E-07 0.007104 CasesfTWh 1.42E-06
Respiratory
hospital All, total
admissions population p10 2,000 0.006732 CasesfTWh 1.35E-06 0.01151 CasesfTWh 2.30E-06Work loss days All, adults 15 to 64 p2.5 295 6.432 DaysfTWh 0.0001898 22.77 DaysfTWh 0.0006717
Minor restriced
activity days All, adults 18 to 64 p2.5 38 17.08 DaysfTWh 6.49E-05 60.44 DaysfTWh 0.0002297
'Chronic' years of All, adults 30 and
life lost above p2.5 40,000 0.301 YearsfTWh 0.001204 1.066 YearslTWh 0.004262
Net restricted All, total
activity days population p2.5 130 4.433 DayslTWh 5.76E-05 15.69 DaysfTWh 0.000204Bronchodilator Asthmatics, adults
usage 20 and above s10 1 197.7 CasesfTWh 1.98E-05 6.269 CaseslTWh 6.27E-07

All, adults 27 and
Chronic bronchitis above s10 200,000 1.12 CasesfTWh 0.0224 0.03551 CasesfTWh 0.0007101

Symptomatic
Lower respiratory adults 15 and
symptoms above s10 38 1978 DaysfTWh 0.007516 62.71 DaysfTWh 0.0002383Impact Risk group a), Pollutant Monetary Coal fuel cycle GAS FUEL CYCLE



age group CJ unit value Impact Damage Impact Damage
(€2000) (ct2ooo/kWh) (ct2ooolkWh)

Children 5 to 14
Bronchodilator meetin~ PEACE
usage criteria ) s10 1 24.34 CaseslTWh 2.43E-06 0.7718 CaseslTWh 7.72E-08
lower respiratory All, children 5 to
~mJ~toms 14 s10 38 1258 DayslTWh 0.00478 39.87 DayslTWh 0.0001515
Cases of Infant Infants (1 month
Mortality to 1 year) s10 3,000,000 0.00413 CaseslTWh 0.001239 0.0001309 CaseslTWh 3.93E-05
Cardiac hospital All, total
admissions po~ulation s10 2,000 0.262 CaseslTWh 5.24E-05 0.008307 CaseslTWh 1.66E-06
Respiratory
hospital All, total
admissions population s10 2,000 0.4244 CaseslTWh 8.49E-05 0.01346 CaseslTWh 2.69E-06
Work loss days All, adults 15 to 64 s2.5 295 718.2 D~sITWh 0.02119 19.41 DayslTWh 0.0005727
Minor restricted
activ~d~s All, adults 18 to 64 s2.5 38 1907 DayslTWh 0.007245 51.54 DayslTWh 0.0001959
'Chronic' years of All, adults 30 and
life lost above s2.5 40,000 33.61 YearslTWh 0.1345 0.9086 YearslTWh 0.003634
Net restricted All, total
activi!l d~s population s2.5 130 495 DayslTWh 0.006435 13.38 DayslTWh 0.0001739
Minor restricted
activity d~s All, adults 18 to 64 som 38 1923 D~s/TWh 0.007306 115.6 DayslTWh 0.0004392
Bronchodilator Asthmatics, 20
usa~e and above som 1 684.8 CaseslTWh 6.85E-05 41.17 CaseslTWh 4.12E-06
Respiratory
hospital All, elderly 65 and
admissions above som 2,000 0.5159 CaseslTWh 0.0001032 0.03102 CaseslTWh 6.20E-06

All, children 5 to
Cou~h 14 som 38 2721 DayslTWh 0.01034 163.6 DayslTWh 0.0006216
lower respiratory
sysmptoms All, children 5 to
excluding co~h 14 som 38 468.1 CaseslTWh 0.001779 28.14 CaseslTWh 0.0001069

Baseline mortality,
'Acute' years of life vou = 0.75
lost a/case som 60,000 0.5819 Years/TWh 0.003491 0.03498 YearslTWh 0.0002099

(

a) "All" means that receptors are 100 % of the respective age group and not a peculiar symptomatic fraction of it, such as e. g. asthmatics (4.5 % of each age group)
b) Sensitive subgroup of children, identified within the PEACE project (EU average 20 %). See Roemer et al. (1999)
c) 2.5: Primary particulate matter with diameter < 2.5 urn; p10: Primary particulate matter with diameter < 10 urn: s2.5: Secondary inorganic aerosols with diameter < 2.5 urn:

s 10: Secondary inorganic aerosols with diameter < 10 urn; som: Sum over means over 35 ppb ozone concentration
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